N2
o

ce0d iiiiﬁ
200000
+000000
+0000000/
cc 00000
+ 200000
cc 0000
1010101010 ( > fesn e
0101010101 e
1010101010 : 5
0101010101
®
@
(- . -~ )y B
r—@_\ i : | 3 f @q
Visual Simplified Exam
Learning Concepts Revision Ready
Better Complex topics Easy to revise Helps in faster
understanding explained in important revision and
through visual simple and points and better exam
content. visual form. diagrams. J preparation.



Nz,

—l L]

-
o -

Unit-I1"

| 01001
10101




= CHARACTERISTICS oF DATABASE =

O =——

ote

A Database is an organized collection of related data that is stored and
managed to meet the needs of multiple users efficiently.

MAIN CHARACTERISTICS

/
o SELF-DESCRIBING NATURE

A database contains

its own description
(metadata) which
describes the structure,
data types, relationships,
and constraints.

A

X

9 PROGRAM-DATA INDEPENDENCE

roN
EYS

LS

Changes in the data
structure do not affect
the programs and
changes in programs
do not affect the data.

9 DATA INDEPENDENCE

The data can be
changed without
affecting the
application programs
that use the data.

9 REDUCED DATA REDUNDANCY

Data is stored once
and used many times,
which reduces
duplication and saves
storage space.

= 7
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@) sHARING OF DATA

Data is shared among
multiple users and
applications with
proper concurrency
control.

0 DATA INTEGRITY |

Integrity constraints |
ensure that the data |
is accurate, consistent

and reliable. \

&

k

0 CONCURRENCY CONTROL

A database provides O O The database system

security mechanisms am OO @ controls simultaneous

to protect data from “y ,l, access to data by

unauthorized access multiple users to

and misuse. - @ avoid conflicts.

/ J
= —— e a— N\
0 BACKUP AND RECOVERY MULTIPLE VIEWS

The database system
provides backup and
recovery facilities to
restore data in case
of failure.

?

A

Different users can
have different views
of the same data
based on their
requirements.

= =2

View 3

Vle View 2

SUMMARY |

These characteristics make a database system efficient,
reluable secure and easy to use for organlzatlons
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1. WHAT IS RELATIONAL MODEL?

It represents all data in the database
as a collection of tables (relations).
Each table consists of rows (tuples)
and columns (attributes).
Relationships between tables are
established using keys.

3. STRUCTURE OF A RELATION (TABLE)

STUDENT (A Relation / Table)

RolINo (PK) Name Course Email
101 Arjun BSc CS arjun@email.com
102 Neha BSc IT neha@email.com
‘ 103 Ravi BSc CS ravi@email.com
‘ 104 | Pooja BScIT pooja@email.com
T D1
T
Primary Key Attributes Tuples
(Identifies each row (Columns) (Rows)
uniquely)
5. RELATIONSHIP BETWEEN TABLES
STUDENT ENROLLMENT
RollNo (PK) Name RoliNo (FK) Course
101 Arjun €~ 101 DBMS
et — L
102 Neha | FK references 102 Python
103 Ravi e 103 DBMS

ENROLLMENT.RolINo is a Foreign Key (FK) that refers
to STUDENT.RolINo which is the Primary Key (PK).

7. EXAMPLE OF RELATIONAL DATABASE

RELATIONAL MODEL

The Relational Model is a way of organizing data in the form of tables (relations) made up of
‘ rows and columns. It was proposed by E.F. Codd in 1970.

2. BASIC TERMS &

% Relation (Table) A table that stores data.

9 Tuple (Row) A single row in a table.
l Attribute (Column) A column in a table.
Domain The set of all possible values
s for an attribute.
lll Degree Number of attributes (columns)
in a relation.
% Cardinality Number of tuples (rows)

in a relation.

f
“

4. KEYS IN RELATIONAL MODEL
p Super Key

ﬁ Candidate Key
P Primary Key
p Foreign Key

: One or more attributes that
uniquely identify a tuple.

: Minimal super key (no
extra attributes).

: One candidate key chosen
to identify tuples uniquely.

: “Attribute(s) in one table that
refer to the primary key of
another table.

6. FEATURES OF RELATIONAL MODEL

e Data is represented in simple table format.

e Each table has a primary key to uniquely

identify rows.

Relationships are established using keys.
Reduces data redundancy and inconsistency.
Supports data integrity and independence.

Based on mathematical foundation
(set theory and logic).

S@a

STUDENT ENROLLMENT COURSE
RollNo (PK) | Name Department 3 N EnrolliD (PK) | RollNo (FK) | CourselD (FK) N 1 CourselD (PK) CourseName
101 Arjun Cs =< 1 101 ‘ co1 —Oo—— co1 DBMS
102 Neha IT 2 | 102 Cco2 co2 Python
103 Ravi Cs N 37 a i 7 703 Cd1 7(:03 7 7D:ta S:ructures

| 5 [el:yp  Relational Model organizes data into related tables using keys and relationships,

o

making data management efficient, consistent and easy to understand.




™ Need of Database

Why Databases are Essential in Today’s World?

Data is scattered in many files + Data is organized in tables

Structured Database (Better Approach) |
|

i = Redundant and duplicate data v Minimizes redundancy

Inconsistent and unreliable data + Consistent and accurate data

Sheasis '7 = Difficult to share and access @ ' Easy data sharing and access
< = Low security and integrity + High security and integrity

Hard to maintain and update + Easier maintenance and updates | 102 | Rahul | BSA | Delhi

info.doc |}

\
\
101 | Asha BCA | Pune
\

Time-consuming search + Fast and efficient retrieval 03 | Neha | B.Com | Jaipur

DATABASE MANAGEMENT
SYSTEM (DBMS)
=i C U

> | & O
Raw facts and figures Stores, organizes, manages,

Meaningful, accurate

from various sources and processes data efficiently ; ‘ :
\ al ¥ | v anl ¥ _ and timely information
10 Key Reasons - Need of Database
' ~ N7 <A - ‘ \
Organize Large Reduce Data o Improve Data 1) " Enable o Provide
Volumes of Data Redundancy Consistency ~ Data Sharing Data Security
(\ . = g " - @
=D ‘e,
Databases store huge Eliminates duplicate data Ensures uniform data Allows data to be shared Protects data from
amounts of data in an and saves storage space format and consistent across departments, unauthorized access,
[ organized and systematic and maintenance cost. values across the system. locations and platforms. loss, theft or misuse.
ner.
man EI By Pl 7 ) j
[ ] Support Data | Allow Fast Data Offer Backup Maintain Data | @ Support Multiple ‘
Integrity ‘ Retrieval | and Recovery Independence Users and ‘
[ : Applications

|
I
|
| 000 I
Enforces accuracy and Quickly search, sort and Regular backup protects Changes in data storage Handles concurrent access
| validity of data using retrieve required data data and allows recovery or structure do not affect | by multiple users and
rules and constraints. using powerful queries. in case of failure. applications or users. ‘ different applications.
BSA Semester lll - Unit 1: = sQL and DBMS <>
Ll e .
Introduction to Database # foundation

Better Data ¢ Better Decisions ¢ Better Future




<=>) ARCHITECTURE OF DBMS

. r’, ‘ DBMS Architecture defines the structure and components
) of a Database Management System and how they interact |
to provide data storage, management and retrieval.

) 2. THREE LEVEL ARCHITECTURE (ANSI/SPARC) 7

EXTERNAL LEVEL (ViEw LEVEL) | . ,

DBMS Architecture shows the |
various components of a DBMS
system and the flow of data
between users, queries, and

the stored database. |

Each user sees the database as per Maps user views to the

conceptual level.

Multiple user views (external schemas). = External / Conceptual Mapping
|
their requirement. '

@ o0
= CONCEPTUAL LEVEL (LOGICAL LEVEL) e e

The community view of the database. s h Conceptual / Internal Mapping |

Describes what data is stored and the Maps the conceptual schema

relationships among data. to the internal level.

e i N Y el W TR ;
-~

A 4

INTERNAL LEVEL (PHYSICAL LEVEL) {5

| Data Independence
le——>{

Describes how the data is actually
stored. Concerned with storage

structures and access paths.
Users/Programs J

End users or applications

&5
W DS 4. INTERNAL ARCHITECTURE OF DBMS
using queries.
— Query Processor f a USERS / APPLICATIONS PROGRAMS
Processes DDL/DML queries, i L N

+ Logical Data Independence

3. COMPONENTS OF DBMS ARCHITECTURE
 Physical Data Independence

heck: tax and ti
S sefnan 4 Queries Results Data Flow
and generates execution plan. o N AR, ~
D/ | QUERY PROCESSOR |
Database Manager ‘ i L g o ANY — 5 ¥ @ Users send
Coordinates all activities in the I | DDL DML ‘ Q Ootimi | Execution ’ queries to
system, manages storage structures, Interpreter Compiler | SIPNES Engine | I DBMS.

transaction and concurrency control. L <4

. N
——— 2 ) Query processor
li‘ Stovage Manager \ DATABASE MANAGER <_—/ Rfiorprnis acid

Handles the interaction between J optimizes
the low-level data stored in the Authoriza.tion Transaction Concurrel:cy Recovery queries.
database and the application 1 &Mlntegnty Manager ':°""° Manager
lanager anager

programs. L 9 . @ Database manager
2ol l manages

e atabase transactions,

F The actual data stored in the STORAGE MANAGER security and

—
form of files, indexes, logs, =y S T
ol File Index Buffer Disk Space concurrency.
Manager Manager Manager | Manager
L L. i ./ S BE= . | @ Storage manager
s

5. ARCHITECTURE VIEW l 4 L %0 [~ accesses data
-~ /£ Ay A from storage.
u / ' (
2 Appf;;sﬁons DATABASE (STORED DATA) 1
v ] (5 ) Results are
r D\ ! N2t
__ QueryProcessor | B —ad T ‘ returned to
e g e - l l { users.
__ Database Manager | |
'S A I ! i Data Files Index Files Data Dictionary Log Files
Storage Manager | P (Meta Data)

Provides data ﬁ Ensies data Supports security, =~ Optimizes query n Manages and
abstraction through independence. integrity and 2 execution for V organizes data
three levels. “ concurrency. better performance. efficiently.

e it DBMS Architecture ensures that users can access data easily, data is stored securely,
’Q " and the system works efficiently even with multiple users and large volumes of data.
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DBA AND ITS ROLE

A Database Administrator (DBA) is responsible for the overall
management, security, performance and availability of the database
system to ensure that data is accurate, secure and accessible

1. WHo I1s A DBA?

>

. ADBAisa professional

"\ who manages the database
environment and ensures
that data is stored, organized,
secured and available for
authorized users.

_ DBA acts as the guardian of data
and the backbone of any organization
that relies on databases.

2. KEY RESPONSIBILITIES OF A DBA -y Ty
=

Database Design
Participates in designing the
database structure and defines
~ schema, tables, relationships,
constraints.

Installation & Configuration
Installs DBMS Software and
configures the system for

~ ~ optimal performance.

Security Management
Creates users, assigns privileges
and roles. Ensures data security
and access control.

Backup & Recovery

Plans and performs backup
regularly and ensures recovery
in case of failure or disaster.

Performance Tuning

Monitors and tunes the database
for efficient performance and

" - faster query processing.

Storage Management
Manages storage space, data
== / files, indexes and ensures
optimal utilization.

Data Integrity

Enforces data accuracy,
consistency and integrity
using constraints and rules.

N, Concurrency Control

| Manages multiple user access
and transactions to ensure
data consistency.

3. SkiLLs oF A DBA

Strong knowledge of DBMS

4. DBA ROLE IN THE ORGANIZATION

Ensures Data Availability

(Oracle, MySQL, SQL Server, etc.)
SQL and query optimization
Backup and recovery strategies
Security and user management

Problem solving and troubleshooting

PEXDH S

In Short:

11
Protects Ensures high Minimizes data
valuable performance loss and system
data assets and efficiency downtime

Keeps the database up and J

running for users.

Ensures Data Security t
Protects data from

unauthorized access,
loss or corruption.

4]

¥\ DBA
Performance monitoring and tuning Supports Business Dacisions
Provides reliable and accurate
Communication and documentation data for analysis and reporting.
|
5. DBA WoRKS WITH
0.9 or-
far @l [
End Users Developers System Administrators Management Auditors
To understand data To design database For hardware, OS and To support reporting, To ensure compliance
requirements and objects and improve network related analytics and decision  with standards and
provide access. application performance. configurations. making. regulations.

7. IMPORTANCE OF DBA

Ve

o
T4 o
v

Ensures compliance
with policies and
regulations

Supports smooth
operations and
business growth

—/ B —

Improves Performance
Optimizes database

performance for faster

access and processing.

Ensures Business Continuity
Plans for backup and recovery
to avoid data loss and

| downtime.

6. TYPES OF DBA

System DBA - Handles overall database
system and infrastructure.

Application DBA - Works with
application databases and supports
developers.

Security DBA - Focuses on database

security and user access control.

Data Warehouse DBA - Manages data
warehouses and large volumes of data.

A good DBA ensures that
the right data is available to
the right people at the right
time in the right way.

DBA plans, manages, secures and optimizes the database system
so that organizations can store data safely and use it effectively.

O




STRUCTURED QUERY LANGUAGE
(SQL) INTRODUCTION |-

_\Q’_ SQL (Structured Query Language) is a standard programming language used to

create, manage, manipulate and retrieve data from relational databases.

1. WHAT Is SQL? 2. PurpOSE oF SQL

e SQL is a non-procedural (declarative) language. 7 Q Create and modify database structures.

e |t is used to communicate with databases. ° Insert, update, delete and retrieve data.

¢ SQL follows a simple English-like syntax,

Control access to data.
making it easy to learn and use. o

e SQL is an ANSI (American National Standards 0 Maintain data integrity and security.

Institute) standard language.

Q Perform transactions and manage concurrency.

3. Key FEATURES OF SQL 4. SQL WORKS WITH RELATIONAL DATABASES

Q Standard Language SQL works with data stored in tables (relations)
SQL is a standardized language for database systems. which are made up of rows and columns.
.. Easy to Learn Example Table: Students
Uses simple, English-like commands. D N Coiree City Column
(Attribute)
q< Powerful and Flexible 101 Astll BCA Biihé
4 Supports complex queries and data operations.
102 Rahul BSA hi e Row
Data Independence . - : ey (Tuple)
Separates how data is stored from how it is used. 103 Neha B.Com Jaipur
Security

Provides built-in security and access control. ( "
SQL helps us perform operations on this data

Set-Based Language such as retrieving, inserting, updating and deleting.
Works on sets of data, not individual records. \ )

5. WHY Is SQL IMPORTANT? 6. ExaMpPLE: SIMPLE SQL QUERIES

/./ It is widely used in various applications Query Description
5 ' 'I like banking, e-commerce, education,

H B @

Bl SELECT * FROM Students; Retrieves all records from Students table,
SELECT Name, City FROM Students; Retrieves Name and City columns.
@ ® g Itis supported by almost all database 3 w oan A .
..‘ systems (MySQL, Oraclé; SQL Server, SELECT * FROM Students WHERE City = ‘Pune’; Retrieves students from Pune.
PostgreSQL, etc.). INSERT INTO Students (ID, Name, Course, City) Lt S rovraiEord
VALUES (104, 'Karan', 'BCA', 'Mumbai'); 4
It is essential for data analysts, developers, UPDATE Students SET City = 'Hyderabad' : ;
DBAS and IT professionals. WHERE ID = 101: Updates the city of student with ID 101.
DELETE FROM Students WHERE ID = 103; Deletes the record with ID 103,

az— 7 — @ — — Ll

USER SQL QUERY D’EL‘;?:ESE RESULT SET OuTPUT
User writes Query is sent to Processes the query Data is retrieved Results are displayed
SQL Query the database as result to the user

and accesses data

% In Short SQL is the foundation for managing and interacting with relational databases.

It allows us to store, access, manipulate and secure data efficiently.




SQL FEATURES
& CHARACTERISTICS £ v nme

SQL (Structured Query Language) is a powerful, standard and
user-friendly language used to create, access and manage ‘ I—

data in relational databases.

=

SQL FEATURES SQL CHARACTERISTICS

o Standard Language o Declarative (Non-Procedural)
! SQLis an ANSI/ISO standard language @ SQL is declarative, not procedural. We tell the system
(ISO/IEC 9075). It is widely accepted what data we want, not how to get it.
and used across different DBMS. {
e Set-Oriented Language

+
e Easy to Learn and Use SQL works on sets of data (rows), not on individual

SQL has simple English-like syntax and records.
keywords, making it easy to learn and |

understand. 0 Used for Relational Databases

e Bowssul and Elsiible SQL is specifically designed for relational database
% Supports a wide range of operations

management systems (RDBMS).
such as data retrieval, insertion, update, =
delete, and complex queries. High-Level Language
SQL is a high-level language. It hides the internal

o Data Manipulation storage details from the user.

] Allows users to insert, update, delete
| and retrieve data efficiently from
one or more tables.

e Data Independence |

Provides both Logical Data Independence and

< PO
o

i Physical Data Independence.
e Data Security é Portalf
Pravide? access contr.ol, user ( / ) SQL queries are portable across different database
authentication and privileges to systems with little or no modification.
protect data from unauthorized access. ‘
Integrity Constraints

SQL supports constraints like PRIMARY KEY, FOREIGN KEY,
UNIQUE, CHECK, NOT NULL to ensure data accuracy.

E o Support for Relationships

E & Easily handles relationships between
tables using keys (Primary Key,
Foreign Key) and joins.

'

0 Transaction Management
SQL supports ACID properties (Atomicity, Consistency,

m o High Performance Isolation, Durability) to ensure reliable transactions.
@ E t

O
o

Optimized query processing and indexing

improve the speed and efficiency of 0a® o Multi-User Support
data operations. & SQL allows multiple users to access and work on
' 4 the database simultaneously.
e Scalability f
SQL is suitable for small applications as @ Extensible
’ well as large enterprise-level database * SQL can be extended with additional features, functions
systems. and procedures to-meet application needs.

L SQLis a standard, powerful, flexible and easy-to-use language with strong features
In Short ',Q\‘ and characteristics that make it the ideal choice for managing relational databases

efficiently and securely.



Easy to Learn
and Use

SQL has a simple
English-like syntax that
is easy to learn for
beginners and powerful
enough for advanced
users.

Data Integrity

and Security
SQL provides strong
security features and
supports constraints

(primary key, foreign key,
unique, check, not null)
to ensure accurate

and consistent data.

~— SQL ADVANTAGES —

SQL (Structured Query Language) provides an efficient and
standardized way to manage and interact with data
in relational database systems.

©

€ standard Language

SQL is an ANSI/ISO
standard (ISO/IEC 9075)
used by almost all
relational database
systems, ensuring
compatibility.

s’
R/

o Data Independence

Changes in the database
structure do not affect
the application programs
(logical and physical
data independence is
supported).

Category

Numeric Types

Character/
String Types

Date & Time
Types

Boolean Type

Binary Types

Other Types

9 Works with Relational
Databases
Designed specifically for
relational databases, SQL
efficiently manages data
stored in tables and
the relationships
between them.

0y

© Flexibility

SQL supports a wide
range of operations

(data definition,

manipulation, control)

and can handle simple
to complex queries

easily.

- SQL DATA TYPES -

@ High Performance

SQL queries are optimized
by the database engine
for fast data retrieval
and manipulation,
improving application
performance.

© scatability

SQL is suitable for
small applications
as well as large
enterprise-level
database systems.

SELECT *
FROM Students
WHERE City = 'Pune’;

e Supports Multiple
Users

Allows multiple users
to access and work on
data simultaneously
while maintaining data

integrity.

e

@ Integration

SQL can be easily
integrated with
various programming
languages, tools and
applications.

SQL data types define the type of data that can be stored in a column of a table.

Data Types

INT / INTEGER, SMALLINT, BIGINT

DECIMAL(p.s) / NUMERIC(p,s)

FLOAT(p), REAL, DOUBLE PRECISION

CHAR(n), VARCHAR(n),
TEXT / CLOB

DATE, TIME, TIMESTAMP,
DATETIME, YEAR

BOOLEAN

BINARY (n), VARBINARY(n),
BLOB

ENUM, SET, JSON, XML

Description

Store whole numbers, decimal

numbers and approximate
floating-point numbers.

Store fixed-length, variable-length

or large text data.

Store date, time or date-time
values.

Store true/false values.

Store binary data such as images,

audio, files.

Store predefined values, multiple

values, JSON or XML data.

Example

101, -50, 1000
12.50, 999.99
3.4, 2.71828

‘AL 'sQLl
'John Doe’, '‘Pune’
‘This is a long text...'

| '2024-05-20'

| '14:30.00"
'2024-05-20 14:30:00'

TRUE, FALSE

X'ABCD'
(Binary data)

ENUM('Male’, 'Female’)
JSON object
XML document

Q Key Points

o

@

%

Choosing the right data
type improves storage
efficiency and performance.

Some data types may vary
slightly across different
DBMS (MySQL, Oracle,
SQL Server, PostgreSQL,
etc.).

Always use appropriate
size (n, p, ) to manage

SQL provides a rich set of

data types to handle
different kinds of data
accurately and efficiently.

memory effectively.




Category

SQL (Structured Query Language) is used to create. manage
and retrieve data from relational databases.

Data Types

Example

SQL DATA TYPES & OPERATORS

SELECT *
FROM Students

WHERE City = 'Pune’;

Storage / Range

‘SNJ / 'NIITEGER INT: -2,147,483,648 to
BIG‘I\IN-’I;’I Store whole numbers, decimal Lk REvgonpa
Ui v I
@ 1. NUMERIC TYPES DECIMAL(p.5) Simbierkand sprimdmets 15345 DECIMAL(5,2):
NUMERIC(p.s) floating-point numbers. 2 -999.99 to 999.99
FLOAT(p) 12.50 FLOAT: Approximate
REAL 31415 numeric values
| | DOUBLE PRECISION
[ CHAR(n) CHAR(n): Fixed length
o 2. CHARACTER / VARCHAR(n) Store fixed-length or variable- A VARCHAR(n): 0 to n
TyPES | TEXT length character data. John Doe characters
STRING TYPE CLOB *Hello World' TEXT/CLOB: Large text
data
S TD:::: :2.2;;-.3:'-20 DATE: YYYY-MM-DD
A 3. DATE & TIME : i :30: . HH-MI
m TyPes TIMESTAMP f;f:;da‘e' time or date-time > 4_05-20 14:30:00 I'ME'S:H’::'IS)S )
DATETIME : 2024-05-20 14:30:00' e b o el o
YEAR 2024' YEAR: YYYY
TRUE TRUE or FALSE
4, BooLEAN TypP BOOLEAN Store true/false values.
0 " . o ke FALSE (1 or 0 in some DBMS)
BINARY(n) . :
Store binary data such as images, = X'1A2B' Up to n bytes or large
@ 5. BINARY TYPES gigglNARY(n) audio, files. (Binary data) binary objects (BLOB)
_ENUM ENUM('Male', "Female') "
6. OTHER / ADVANCED | SET Store predefined values, multiple |~ SET(A’,'8"'C") ?: ";ZT_"‘;::S': S{‘;‘;‘S’L"
TYPES | JSON values, JSON or XML data. {"name":"Asha’} Or;'de S S:rver 3
XML | <note>Data<Inote> g S

The exact size and range may vary slightly between different DBMS (MySQL, Oracle, SQL Server, PostgreSQL, etc.).
Always use appropriate data types to save storage and ensure data integrity.

-Q - Note:
O‘ SQL OPERATORS Operators are special symbols or keywords used to perform operations on data and values in SQL.

1. ARITHMETIC OPERATORS 2. COMPARISON OPERATORS 3. LogIcAL OPERATORS

Operator Meaning Example Result Operator Meaning Example Result Operator Meaning Example
+ Addition 10+5 15 Equal to A=B True/False True if both A > 10 AND
AND
& diti tru B<20
oo _ Subtzaction 10-5 5 <>or!=  Notequalto A<>B True/False CONCITIONS 3w (TUe
g X > Greater than A>B True/False 2
* Multiplication 10*5 50 OR True if any one A>100R
< Less than Ac<B True/False condition is true B<20
/ Division 10/5 2
>= Greaterthan orequalto A >=B True/False Neg .
} N ates the
% | Mo {lenda)) 1% i <= Lessthanorequalto A <=B  True/False " condition NOT:(A>10)
4. PATTERN MATCHING OPERATORS 5. IN / BETWEEN / IS OPERATORS 6. Brrwise OPERATORS
Operator Meaning Example Matches Operator Meaning Example Operator Meaning Example
LIKE Matches a pattern | A%" Starts with 'A' IN Matches any value ina list  City IN ("Pune’, 'Delhi’) & Bitwise AND A&B
NOT IN Not matches in a list City NOT IN (‘Pune’) | Bitwise OR AlB
- (underscore) Matches any ‘AR Afoliowed by any
single character one char then B BETWEEN Between a range Age BETWEEN 18 AND 25 e Bitwise XOR A"B
percen ¢ N 1 N N 5S — E
% Y re——— — — NOT BETWEEN Not between a range :«::N gngEI'WEE Bitwise NOT A
sequence of chars anywhere << Left shift Acc2
IS NULL Checks for NULL Address IS NULL
ISNOTNULL ~Checks for NOT NULL  Address IS NOT NULL rr . | Righe st Sl
7. AsSIGNMENT OPERATORS 8. OTHER OPERATORS
Operator Meaning Operator Meaning Example
- Assign @« = 10 " B *Johat +* Do’
= Add and assign @x += 5 (Equivalent to @x = @x + 5) + ! ) - '
-= Subtract and assign @x -= 5 (Equivalentto @x = @x- 5) 0 Group expressions (A+B)*C
*n Multiply and assign @x *= 5 (Equivalentto @x = @x * 5) . Separator (in lists) SELECT id, name FROM Students
/= Divide and assign @x /= 5 (Equivalentto @x = @x/ 5) EXISTS Checks existence of rows WHERE EXISTS (SELECT 1 FROM Orders)
= Medulus and assign @x %= 5 (Equivalent to @x = @x % 5) ANY / ALL c re wiith any or sl price > ANY (SELECT price FROM Products)

SQL Data Types define what kind of data we can store.
SQL Operators help us perform calculations, comparisons, and logical operations on that data.

198



SELECT *
FROM Students
WHERE City = 'Pune’;

COMPONENTS OF SQL

SQL is divided into different components (sub-languages)
based on the type of operations they perform.

3. DCL
(Data Control Language)

4. TCL
(Transaction Control Language)

1. DDL 2. DML
(Data Definition Language) (Data Manipulation Language)

\/

Used to control access
and permissions on
data in the database.

Used to define and
manage the structure
of database objects.

Used to manage
transactions in the
database.

Used to retrieve and
manipulate the data
in database objects.

Example Commands:
GRANT, REVOKE !

Example Commands:
COMMIT, ROLLBACK, SAVEPOINT,
SET TRANSACTION

Example Commands:
SELECT, INSERT, UPDATE,
DELETE

Example Commands:
CREATE, ALTER, DROP,
TRUNCATE, RENAME

DDL commands are used to define, modify and manage the database structure
(schemas, tables, indexes, constraints, etc.). These changes affect the structure, not the data.

ComMmoN DDL COMMANDS

ommand DDL commands work on
the structure (schema) of

Example Description

l Purpose

Creates a new d i CREATE TABLE Students (

CREATE the database.
object (database, table, e i Creates‘a e’ t,al':le
o view, index, etc.). Nz.ame VARGHARISE), named Stucterigy
; ' City VARCHAR(30) Changes made by DDL
)i commands are auto
. committed.
ALTER Modifies the structure of ALTER TABLE Students Adds a new column
an existing database . . ‘Email’ in existing
o object. s e table 'Students'. DDL defines how data
is stored and organized
DROP Deletes an existing Deletes the table K e aininsg:
database object DROP TABLE Students; ‘Students' and its
completely. structure. Only authorized users
can execute DDL
TRUNCATE Removes all records from Deletes all rows from commands.
a table, but keeps the TRUNCATE TABLE Students; the table ‘Students'
‘ structure intact. but table structure Examples of objects
| remains. J.I.ll managed by DDL:
| Tables, Views, Indexes,
RENAME Renames an existing RENAME TABLE Students Zin:mets 't:ble Schemas, Constraints.
=P database object. fo; pRpr
= ‘ e udent_Info; ‘Student_Info',
ExAMPLE: DDL WoORKFLOW
@ create @ ALter © oror @ TRUNCATE © Rrename
— g — m — — e
o h
CREATE TABLE ALTER TABLE Students DROP TABLE Students; TRUNCATE TABLE RENAME TABLE Students
Students (....); ADD Email VARCHAR(50); Students; TO Student_Info;

DDL commands are the foundation of any database.
They define the structure that stores and organizes the data.




COMPONENTS OF SQL - DML [==
(DATA MANIPULATION LANGUAGE) | 1usses

DML commands are used to retrieve, insert, update and delete
data in database tables. These commands work with the data
stored in the database.

@ stucect @ NsErt € uroate O et
= {+ — 1€

Retrieves data from one Inserts new records Modifies existing Deletes existing records
or more tables. into a table. records in a table. from a table.

sy

SELECT column, column2, ...

FROM table_nam INSERT INTO table_name UPDATE table_name DELETE FROM table_name
(WHERE = diti e] (column1, column2, ...) SET columnl = valuel, WHERE condition:
n n H
e VALUES (valuel, value2, ...); column2 = value2, ...

[ORDER BY column] WHERE condition;
(GROUP BY column) avaiaiy
[HAVING condition);

Example Example Example 00 4 Example

SELECT Name, City V INSERT INTO Students UPDATE Students DELETE FROM Students

FROM Students (ID, Narme, City, Course) SET City = "Mumbai’ WHERE 1D = 101;

WHERE City = 'Pune’; VALUES (101, ‘Asha’, 'Pune’, WHERE ID = 101; |

. BCA');
EXAMPLE TABLE: Students DML IN ACTION
e e . el | Eane Aw SELECT - Retrieves data — View or Report
101 Ash P BCA 20
- - INSERT - Adds new data — New record created

0 R il h o UPDATE - Modifies data — Existing record updated

103 Neha Mumbai B.Com 19 DELETE - Removes data — Record deleted

®- KEY POINTS </ DML VS DDL
Q DML works on the data (rows) of tables. Aspect DML DDL
@ 1t does not change the structure of the table. Purpose Msniptilate data Define structure
Q Changes made by DML commands are temporary Affects Data (Rows) Structure (Tables, Schema)

gl e Examples  SELECT, INSERT, UPDATE, DELETE CREATE, ALTER, DROP, TRUNCATE

° Proper WHERE clause is important in UPDATE and DELETE

to avoid affecting all rows. Auto Commit No (Requires COMMIT) Yes (Auto Commit)

@‘ In Short DML is the heart of data handling in SQL. It allows users to retrieve,
add, modify and remove data efficiently from database tables.




COMPONENTS OF SQL - DCL [

FROM Students

(DATA CONTROL LANGUAGE) WHERE City = Pune’

DCL commands are used to control access and permissions
on database objects. They help keep data secure by allowing
only authorized users to access or perform specific actions.

DCL COMPONENTS .
SQL has two main DCL commands.
o0 @ GRANT

GRANT is used to give privileges (permissions)
to users or roles on database objects.

€© REVOKE

REVOKE is used to remove privileges that were
previously granted to users or roles.

GRANT privilage_list REVOKE privilege list
ON object_name ON object_name
TO user_name [, user_name] ... FROM user_name [, user_name] ...
[WITH GRANT OPTION]; [CASCADE | RESTRICT];

GRANT SELECT, INSERT ON Students REVOKE INSERT ON Students

TO userl; FROM userl;

GRANT ALL PRIVILEGES ON *.* REVOKE ALL PRIVILEGES ON *.*

TO user2 WITH GRANT OPTION; FROM user2 CASCADE;

Common Privileges
@ f ,‘ m + CASCADE = Removes the privilege and all rights granted
EJ by that user to others,

SELECT INSERT UPDATE DELETE EXECUTE + RESTRICT = Does not allow revoke if the privilege has
Read data Add data Modify data  Remove data  Run procedures been granted to other users.

OBJECTS ON WHICH PRIVILEGES CAN BE APPLIED

B P

0 @

Tables Views Databases Stored Procedures Functions Sequences
EXAMPLE: DCL IN ACTION KEY POINTS
0 GRANT GRANT SELECT ON Students ) DCL is used for security and access control.
Admin grants SELECT privilege on TO useri; ] .
Students table to userl. ‘ &) GRANT gives privileges to users.
e USER1 ACCESS ) REVOKE removes privileges from users.
user1 can now view data SELECT * — . -
ADMIN from Students tihla: FROM Students; () Privileges can be object specific
‘ (e.g., a table) or global.
REVOKE : . L
9 AdmicB e 5 el i REVOKE SELECT ON Students € Only users with appropriate privileges
AT EROM userd; (e.g., ADMIN) can grant or revoke access.
4 ) Helps enforce data security and
@) ACCESS REMOVED 5 maintain integrity.
user1 can no longer view data SELECT * FROM Students;
USER1 from Students table. -= EN‘C?I'I You do not have : ®
permission to execute this e ——
operation. o s
[ R
DCL SUMMARY
Command Purpose Example Effect
GRANT Gives privileges to users GRANT SELECT ON Students TO userl; userl can access the table
REVOKE Removes privileges from users REVOKE SELECT ON Students FROM userl; user1 can no longer access the table

I DCL commands (GRANT, REVOKE) are essential for controlling who can access
' In Short what in a database. They ensure that only authorized users can perform
3 actions on database objects, keeping your data safe and secure.




OMPONENTS

@ commiT

Saves all changes made
in the current transaction
permanently.

Syntax
COMMIT;

UPDATE Students

SET City = ‘Pune’
WHERE ID = 1@1;
COMMIT;

COMPONENTS OF SQL -TCL [

FROM Students

(TRANSACTION CONTROL LANGUAGE) WHERE City = ‘Pune;

TCL commands are used to manage transactions in a database.
They ensure data integrity by allowing you to save, undo,

or manage a group of SQL operations as a single unit of work.

€ ROLLBACK
Undoes all changes made

in the current transaction
and restores the database
to the last committed state.

ROLLBACK;

UPDATE Students
SET City = 'Pune’
WHERE ID = 161;
ROLLBACK; -- Changes undone

SQL has four main TCL commands.

€ SAVEPOINT

Sets a point within a transaction
to which you can later
ROLLBACK.

SAVEPOINT savepoint_name;

SAVEPOINT spl;

UPDATE Students SET City = 'Pune’
WHERE ID = 101;

ROLLBACK TO spl;

@) ROLLBACK TO SAVEPOINT

(

Rolls back the transaction to
a specific SAVEPOINT, without
affecting earlier changes.

ROLLBACK TO savepoint_name;

SAVEPOINT spl;

UPDATE Students SET City = 'Pune’
WHERE ID = 101;

ROLLBACK TO spl;

HOW TRANSACTIONS WORK

1. Start Transaction
A series of SQL statements
are executed.

_.g@q

(X

2. Perform Operations 3. Decide 4A. COMMIT 4B. ROLLBACK
INSERT / UPDATE / DELETE Choose to COMMIT Changes are saved Changes are discarded
or ROLLBACK. permanently. (not saved).

operations are performed.

EXAMPLE SCENARIO

Transfer ¥500 from Account A to Account B.
(Two update operations must succeed together.)

Step Action
1 Initial State
2 UPDATE A
3 UPDATE B
4A COMMIT
4B ROLLBACK

Description Account A Account B
Before transaction 21000 500
Debit ¥500 from A ¥500 ¥500

Credit 3500 to B ¥500 21000
All changes saved 500 1000
All changes undone 1000 ¥500

Using TCL ensures either both operations succeed (COMMIT)
or both are undone (ROLLBACK), maintaining data integrity.

TCL COMMANDS SUMMARY

Command

COMMIT

ROLLBACK

SAVEPOINT

ROLLBACK TO
SAVEPOINT

-@- IN SHORT

Purpose

Save all changes
in the transaction

Undo all changes
in the transaction

Set a point within
a transaction

Undo changes back
to a savepoint

TCL commands (COMMIT, ROLLBACK, SAVEPOINT, ROLLBACK TO SAVEPOINT)
manage transactions to ensure reliable and consistent data.

Scope

Current Transaction

Current Transaction

Current Transaction

From Savepoint
to Current

KEY POINTS

Q A transaction is a group of one or more SQL operations
treated as a single unit of work.

COMMIT makes changes permanent.
ROLLBACK undoes all changes since the last COMMIT.
SAVEPOINT allows partial rollback within a transaction.

TCL commands help maintain ACID properties
(Atomicity & Consistency) in a database.

O 0000

By default, most databases use Auto-Commit Mode \
(each statement is committed automatically).

Effect Example
Makes all changes COMMIT;
permanent
Discards all uncommitted ROLLBACK;
changes
Marks a point to which SAVEPOINT spl;
you can rollback
Keeps changes before ROLLBACK TO spil;

the savepoint intact




SQL'SELECT STATEMENT [

FROM Students

with Clauses e

The SELECT statement is used to retrieve data from one or more tables.
Clauses help filter, group, and sort the data as needed.

S = L =

J

© GRoUP BY © HavinG @ ORDER BY

(1] =%
‘ & D o] —

O
Filters rows based on a | Groups rows that have the Filters groups based on a Sorts the result set in
specified condition. same values in specified condition. ascending (ASC) or
column(s). descending (DESC) order.
(i | | e

- — . hn— N ‘

SELECT column_list SELECT column_list SELECT column_list . SELECT column_list

FROM table_name FROM table_name FROM table_name FROM table_name

SR W na Sy fier ORDER BY column_name [ASC | DESC];

WHERE condition; GROUP BY column_name; Yol
3 : ) HAVING condition;

Example Example m m

SELECT City, COUNT(*) AS Total

SELECT Name, City SELECT City, COUNT(*) AS Total : SELECT Name, Marks
ROM Students
FROM Students FROM Students GROUP BY City FROM Students
WHERE City = 'Pune’; GROUP BY City; HAVING COUNT(*) > 1; ORDER BY Marks DESC;
SAMPLE TABLE: Students USING ALL CLAUSES TOGETHER
D Name City Course Marks You can combine clauses in the following logical order:

WHERE — GROUP BY — HAVING — ORDER BY

1 Asha Pune BCA 85

SELECT City, COUNT(*) AS Total_Students, AVG(Marks) AS Avg_Marks
FROM Students

3 Neha Pune BBA 92 WHERE Course = 'BCA'

GROUP BY City

2 Rahul Delhi BCA 78

4 Rohan Mumbai BCA 87 HAVING COUNT(*) > 1
5 Priya Pune BCA 90 ORDER BY Avg_Marks DESC;
6 Karan Delhi BBA 76 Result: Explanation:
= * Get students of BCA course,

7 e Mumbai BBA 88 City Total_Students Avg_Marks o Gy

Pune 3 80.00 keep groups having more
8 Mohit Pune BCA 65 than 1 student, and

Mumbai 1 87.00 sort by average marks

in descending order.

ORDER OF CLAUSE APPLICATION

@ where © crour ey € Having @ oroereY :
adE

— —s —_—> =
v Filters individual 8. @ Groups the Y Filters the == ¥ sorts the
(@] rows.

filtered rows. groups. & final result.

Final
Result
QUICK REFERENCE KEY POINTS
Cliisa Portes Caﬂ:::c:gg:’gﬂw Filters & WHERE filters rows before grouping. ol 3
@ GROUP BY groups rows. = =
WHERE Filters rows before grouping No Row level & HAVING filters groupsafter grouping. 4 N
R BY fi s
GROUPBY  Groups rows with same values Yes Groups rows © ORDER BY sorts the final result set
@ The order of clauses (WHERE — GROUP BY — HAVING — ORDER BY)
HAVING Filters groups after grouping Yes Group level is important and must be followed.
& Aggregate functions: COUNT(), SUM(), AVG(), MIN(), MAX()
ORDER BY Sorts the final output No Final result are used with GROUP BY and HAVING.

SELECT + clauses help you retrieve the right data from your database.

= WHERE filters rows, GROUP BY groups them, HAVING filters groups,
In Short and ORDER BY sorts the final result.




DATA AND INFORMATION

From Raw Facts to Meaningful Knowledge

DATA INFORMATION iI

o )
o

Raw Facts and Figures Processed and Meaningful
Data is raw, unprocessed | Information is data that has been
facts and figures that have no processed, organized and given
specific meaning on their own. | meaning to be useful.

EXAMPLES o EXAMPLES

& 25, 30, 28, 27, 26

Average temperature in May is 27°C
a% 101, 102, 103, 104 Total number of students: 4
m 01/05/2025, 02/05/2025 Report generated on 02/05/2025

Total sales amount: ¥5750

@ 500, 1500, 2000, 2500

KEY POINTS KEY POINTS

Raw and unorganized Processed and organized

Without context or meaning Has context and meaning
Large in volume ! Useful for decision making

Input to processing Output of processing

Stored in databases Helps in knowledge generation

ANALOGY ANALOGY

Data is like Information is like

unbaked ingredients cooked and ready

(raw rice). to eat meal.

KEY DIFFERENCE AT A GLANCE
ASPECT DATA INFORMATION

@ Nature Raw, unprocessed Processed, meaningful

@ Meaning ! No meaning by itself Has meaning and context

x Use Input for processing Used for decision making

Eej Example 25, 30, 28 Average temperature is 27°C
| 11[]_[1 Result Does not reduce uncertainty Reduces uncertainty and adds value |
- - SUMMARY

N I V4

= — Data is the raw material, while Information is the final product.
=, s Good information leads to better decisions.
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' RDBMS T
CONSTRAINTS [=

Rules that ensure the accuracy,
reliability and integrity of data in
a database.

terafy
!
"

£

|

1

|

TYPES OF CONSTRAINTS

00 6@ 3

PRIMARY KEY UNIQUE NOT NULL
Uniquely fdentlfles each Ensures all values in a co]umn Enciines & colunkncanmet
row in a table. or set of columns are unique. have & NULL valus.,
No NULL values allowed. Allows NULL values.
Example Example Example
Each StudentID is unique. Email must be unique Name must be provided.
No two students can have for every user. It cannot be left empty.
the same StudentlD.
SQL Example SQL Example - SQL Example
StudentID INT Email VARCHAR(100) Name VARCHAR(50)
PRIMARY KEY UNIQUE NOT NULL
CHECK FOREIGN KEY DEFAULT
Ensures that all values in a Ensures referential integrity Sets a default value for a
column satisfy a specific by linking one table to column when no value is
condition. another. specified.
Example Example Example
Age must be greater DeptiD En I?mgloyee table Status will be ‘Active’
than or equal to 18. CMRE SESLIn TS s by default.
table.
SQL Example SQL Example _SQL Example
Age INT ggpﬂgfé"“fﬂ Jehssah Status VARCHAR(20)
N ep ' B 1
CHECK (Age >= 18) REFERENCES Department(DeptID) DEFAULT ‘Active

REFERENTIALINTEGRITY(FOREIGN KEY)
WHY CONSTRAINTS MATTER?

Department Employee
@ Maintain data accuracy and consistency DeptlD | DeptName EmpID  EmpName | DeptiD
& Prevent invalid or duplicate data 1 T J_, 101 Asha \ 1
© Enforce business rules 2 | HR 102 Ravi | 2
@ Ensure referential integrity between tables 3 Sales 103 Neha ‘ 1

o Together, constraints help build a strong and reliable database. @



= DATA CONSTRAINTS ' —

Data Constraints are rules applied to table columns

=]

v— | WHYWE
Lﬁ'- USE CONSTRAINTS? |

| data accuracy

to ensure the accuracy, consistency and integrity of data in a database. g

Prevent invalid
or duplicate data

Ensure

PRIMARY KEY

Uniquely identifies each row
in a table.

No NULL values allowed. are unique. NULL value.
Allows NULL values.
Example Example Example
StudentlD  Name = @ j Email Name
1 Asha 20 asha@email.com Asha
iz I ‘ Pl
2 Ravi 21 ravi@email.com Ravi
3 Neha 22 neha@email.com Neha
SQL Example ; SQL Example SQL Example
=
StudentID INT Email VARCHAR(10@) Name VARCHAR(5@)
PRIMARY KEY UNIQUE NOT NULL
e FOREIGN KEY 0 =
]
Ensures referential integrity by DEFAULT

linking one table to another.

Maintain consistency
across the database

8

Enforce business
rules

UNIQUE

Ensures all values in a

column or set of columns cannot have a

Sets a default value for a column

TYPES OF DATA CONSTRAINTS

°Q@
NOT NULL

Ensures a column

.-o

CHECK

Ensures that all values in a
column satisfy a specific
condition.

Example

Age
21
18
25

. SQL Example

Age INT
CHECK (Age »>= 18)

COMPOSITE KEY

A primary key that consists
of two or more columns.

Example when no value is specified. Example
Department Employee
Example OrderlD ProductID Quantity
DeptiD  DeptName EmpID EmpName DeptiD
Status 101 1 2
1 IT mdP> Asha 1
-~ Active 101 2 1
2 HR | 102 Ravi 1
[ Active 102 1 3
3 Sales | 103 Neha 2 -
Inactive
SQL Example . saL Exampli
SQL Example [
DeptID INT

FOREIGN KEY (DeptID)
REFERENCES Department(DeptID)

KEY POINTS

@ Constraints help in maintaining valid
and reliable data.

Q They reduce errors and improve
database performance.

@ Constraints are enforced by the DBMS
when data is inserted or updated.

Status VARCHAR(20)
DEFAULT 'Active’

HOW CONSTRAINTS WORK?

PRIMARY KEY (OrderID, ProductID)

B SUMMARY TABLE

Canstraint Ensures Allows NULL?
Primary Key Unique + Nat NULL No
[ ) = . ;
— Unigue All values unigue Yes
o = = Not NULL No NULL val N
01 o values o
User DBMS Checks Valid Data I .
Enters Data Constraints Stored Check Values satisfy condition Yes
wlv Foreign Key Referential integrity Yes
Default Default value set Yes
Invalid Data Composite Key Uniquenass of combination MNo

Rejected



&= OPERATIONS ON TABLE

— WITH CONSTRAINTS -—

Constraints enforce rules on data. When we perform operations
on a table, these rules are checked to maintain
accuracy, consistency and integrity.

SAMPLE TABLE: STUDENT

CREATE TABLE Student ( CONSTRAINTS IN THIS TABLE DEPARTMENT TABLE
(REFERENCE)
RollNo INT PRIMARY KEY, & PRIMARY KEY (RolINO) = Uniguely icentifes cachrom.No NULL nachglieste.
Email VARCHAR(1088) UNIQUE, ‘ DeptlD  DeptName
Name VARCHAR(S'B) NOT MULL, * UNIQUE (Emall) - All emails mustbeunique. , | i
Age INT CHECK (Age == 18), @ NOT NULL (Name) - Name cannot have NULL value.
DeptID INT 2 HR
FOREIGN KEY (DeptID) REFERENCES Department(DeptID) 9 CHECK (Age >= 18) - Agemustbe I8 or grester. s Py
ales
’ FOREIGN KEY (DeptID) - DeptiD must exist in Départment table.
) p ep
——=+ OPERATIONS AND EFFECT OF CONSTRAINTS o —
o EXAMPLE INSERT RESULT REASON
INSERT INTO Student
) B § o . All constraints satisfied.
VALUES (11, 'ashaemail.com', ‘Asha‘’, 20, 1); Row inserted.
—o INSERT INTO Student Q Failed Violates PRIMARY KEY
INSERT VALUES (101, 'ravi@email.com', 'Ravi', 21, 2); Duplicate RollNo. (RollNo must be unique).
OPERATION INSERT INTO Student o Failed Violates UNIQUE constraint
VALUES (182, 'asha@email.com', 'Asha', 22, 1); Duplicate Email. (Email must be unique).
Adds new rows
into the table. INSERT INTO Student € Failed Violates NOT NULL
VALUES (183, ‘neha@email.com', NULL, 19, 1); NULL in Name. (Name cannot be NULL).
INSERT INTO Student Q Failed Violates CHECK constraint
VALUES (184, 'neha2@email.com', 'Neha', 17, 1); Age less than 18. (Age >= 18).
INSERT INTO Student 0 Failed Violates FOREIGN KEY
VALUES (185, ‘'karan@email.com’, 'Karan', 20, 99); Invalid DeptiD. (DeptID 99 does not exist).
: UPDATE $tullent SET Age = 22 WHERE RollNo = 101; @@ Success Age remains >= 18,
Row updated.
4
e :::::ERSI:::M ::; el = Tl o o Pl Violates UNIQUE constraint.
o = 182; Dupli il
UPDATE H uplicate Emai
OPERATION UPDATE Student SET Name = NULL WHERE RollNo = 181; o Failed Violates NOT NULL constraint.

Meodifies existing NULL in Name.

rows in the table. UPDATE Student SET Age = 15 WHERE RollNe = 103; € Frailed Violates CHECK constraint.
Age less than 18,

UPDATE Student SET DeptID = 99 WHERE RollNo = 101; (G Failed Violates FOREIGN KEY constraint.
Invalid DeptiD.
DELETE FROM Student WHERE RollNo = 161; Q succes No constraint violation.
— ﬁ Row deleted.
Failed DeptID = 1is used in Student table.
DELETE FROM Department WHERE DeptID = 1;
DELETE il 7 » e Referential intSyity @rrar (If ON DELETE RESTRICT)
OPERATION
Removes rows DELETE FROM Department WHERE DeptID = 1; @ success Alowigr Jpreigrikey has
from the table. Row deleted. OMN DELETE CASCADE.
HOW CONSTRAINTS AFFECT OPERATIONS COMMON CONSTRAINTS USED

“©- KEY TAKEAWAY

@ Prevent invalid data from being inserted. 2 PRIMARY KEY - Uniquely identifies a row.
; Every operation (INSERT, UPDATE,
!_‘ Stop updates that break data rules. * HNE = Bt alinghiaxsrs o DELETE) is checked against the
@ NoT NULL - Disallows NULL values. constraints of the table.
a Restrict deletions that may break relationships. & If a rule is broken, the operation
@ CHECK - Ensures values satisfy a condition. E 4 d to k ' he d
Maintain accuracy, consistency and Is rejected to keep the data
integrity of the database. ¢ FOREIGN KEY - Ensures referential integrity. reliable and consistent.

0 Constraints + Operations = Reliable Data o



~

VIEWS INDBMS ===

NEED & ADVANTAGES
EE=as

A VIEW is a virtual table based on the result of a SELECT query. S J

)

~

It does not store data physically.

. e et

e User/Applications
WHAT IS AVIEW? EXAMPLE

Base Table: EMPLOYEE View: EMP_VIEW
» A VIEW is a named, stored SELECT query. EmplD Name DeptID Salary EmplD Name Salary
101 Asha 1 45000 E 101 Asha 45000
° !t presentsl data from one or more tables e s 3 o (Shows o'umy > 3  p e

in a specific way. selectsd coludins)
103 Neha 2 48000 103 Neha 48000
e |t provides a logical way to represent data. 104 Karan 2 52000

CREATE VIEW EMP_VIEW AS SELECT EmpID, Name, Salary FROM EMPLOYEE;

L ]

. NEED FOR VIEWS

1. SECURITY 2. SIMPLICITY 3. DATA ABSTRACTION 4. DATA INDEPENDENCE 5. REUSABILITY
Hide sensitive data Simplify complex Provide a level of Changes in base tables A view can be reused
by giving access queries and present abstraction; users see do not affect the in multiple queries,
only to required data in a user-friendly what they need, not application if view reports and
columns or rows. manner. how data is stored. structure remains same. applications.

ADVANTAGES OF VIEWS gug
1. ENHANCED SECURITY H 4. CONSISTENT DATA PRESENTATION
Restrict access to sensitive data. ==y Views ensure consistent presentation
Users see only the data they are O of data across different users and

authorized to access. applications.

2. SIMPLIFIED DATA ACCESS
E Complex joins and calculations
E can be encapsulated in a view.
(-

5. REDUCED DATA REDUNDANCY

Data is stored in base tables only.
Views do not store data, saving

Users can query the view
L storage space.

instead of writing complex SQL.

6. IMPROVED PRODUCTIVITY

Users are insulated from changes Developers can build views once and
oo gtlhe :nderlyl:g;itables. g use them repeatedly, saving time and
nly the view nition needs . aee 3
5 b gl effort in writing queries.

3. DATA ABSTRACTION

XN &0

EXAMPLE USE CASES UPDATABILITY OF VIEWS | IMPORTANT NOTE
s caits gy catet A View is a virtual table.
@ They are based on a single table

& They do not use DISTINCT, GROUP BY,
aggregate functions, etc.

® HR department can view only employee details

without salary. Any change in the base table

® Managers can view department-wise summaries. data is reflected in the view
® Applications can use views to fetch required automatically.

data easily. €3 Otherwise, they are read-only.

Views provide security, simplicity and abstraction,
making database systems more powerful and user-friendly.




BASE TABLES (Example)

STUDENT
RollNo NI—I'IIC—— DeptID. 9] City
0 Asha l l‘ y Pune
102 Ravi 1 Mumbai
102 Neha 3 Nagpur
104 Karan 2 Pune )
'\
!
@y SIMPLE VIEW

A view based on a single table.
It may include some or all columns
of the table.

Example SQL

CREATE VIEW VW_STUDENT AS
SELECT RollNo, Name, City
FROM STUDENT;

Result (View Output)
RoliNe Name __'_ City
101 Asha Pune
102 Ravi Mumbai
103 Neha Nagpur
104 Karan Pune
(4] AGGREGATE VIEW

A view that uses aggregate functions
like COUNT(), SUM(), AVG(), etc.

Example SQL

CREATE VIEH VW_DEPT_SUMMARY AS

SELECT D.DeptName, COUNT(S.RollNo) AS TotalStudents,
AVG(SALARY) AS AvgSalary

FROM STUDENT S

JOIN DEPARTMENT D ON S.DeptID = D.DeptID

JOIN SALARY SA ON $.RollNe = SA.RollNo

GROUP BY D.DeptName;

Result (View Output) Result (Output)
DeptName TotalStudents AvgSalary MName Salary
Computer Science 2 A7500,00 Ravi 50000
Electronics 2 50000.00 Karan 52000
View Type Based On Uses Updatable Stores Data Physically Example

Simple View Single table Hi;!e columns, simplify data V Yes No VW_STUDENT
Complex View Multiple tables (JOIN) Combine related data Sometimes N VW_STUDENT_DEPT
Derived View Expressions / Calculations  Computed columns Sometimes No VW_SALARY_BOMNUS
Aggregate View Aggregate functions Summary [/ Reports No No VW_DEPT_SUMMARY
Inkine View Subguery in FROM Temporary result set = Ne {Used inside query)
Materialized View Query result snapshot Performance improvement No Yes MV_SALARY_SUM

o Views make databases more secure, flexible and user-friendly by showing the right data in the right way.

VIEWS IN DBMS

TYPES OF VIEWS

A view is a virtual table based on the result of a SELECT query.
Views can be of different types based on their function and characteristics.

DEPARTMENT
DeptiD DeptName HOD
1 Computer Science  Dr. Mehta
! 2 Electronics Dr. Rao

® 0O compLExviEw
——
I

A view based on multiple tables
using JOIN.
It combines data from related tables.

Example SQL

CREATE VIEW VW_STUDENT_DEPT AS

SELECT S.RollNo, S.Name, D.DeptName

FROM STUDENT S§

JOIN DEPARTMENT D ON S.DeptID = D.DeptID;

Result (View Output)
RollNo Name DeptName
101 Asha Computer Science
102 Ravi Computer Science
103 Neha Electronics
104 Karan Electronics
© 2 INUNEVIEW

Go

A view defined within another query.
(Also called subgquery in FROM clause)

Example SQL

SELECT V.Name, V.Salary

FROM (SELECT S.Mame, SA.Salary
FROW STUDENT S
JOIN SALARY SA ON S.RollNo = SA.RollNo)
v

WHERE V.Salary > 48809;

SALARY
| RollNo Salary
101 45000
P
{ 102 50000
103 48000
}. 104 52000
*
]
a DERIVED VIEW
A view based on expressions,
calculations or derived columns.
Example SQL

CREATE VIEW VW_SALARY_BONUS AS
SELECT RollNo, Salary,

Salary * ©.18 AS Bonus
FROM SALARY;

Result (View Output)
RollNo Salary Bonus
101 45000 4500
102 50000 5000
103 48000 4800
104 52000 5200
MATERIALIZED VIEW

A view whose result is physically stored,
It is a snapshot of data at a peint of time.
(Supported in some DBMS)

Example SQL (Oracle Syntax)

CREATE MATERIALIZED VIEW MV_SALARY_SUM
BUILD IMMEDIATE

REFERSH COMPLETE ON DEMAND

AS

SELECT DeptID, SUM(Salary) AS TotalSalary
FROM SALARY S

JOIN STUDENT ST ON S.RollNo = ST.RollNo
GROUP BY DeptlID;

Result (View Output)
DeptlD TotalSalary
1 95000
e 100000

@ KEY TAKEAWAY

& Views do not store data (except materialized views).

They provide data abstraction, security,
and simplify complex queries.

@ Different types of views serve different
purposes in database systems.



An Index is a database object that improves the speed of data retrieval Q/

operations on a table, at the cost of additional storage space.

WHAT IS AN INDEX? NEED FOR INDEX

e Anindex is a data structure that Faster Data Retrieval : ¢
improves the speed of searching Indexes reduce the number of disk I/O operations

and retrieving rows from a table. by quickly gat R o F -

BOOK INDEX

AL LD..... 30

Improved Query Perfermance
e Indexes are like the index of a book, Speeds up SELECT queries, especially on large tables.
which helps find the desired topic

ittt el o Efficient Sorting &Grouping

Helps in ORDER BY, GROUP BY and DISTINCT

- 58 operations.

o |ndexes are automatically used by
Faster Joins

Indexes on join columns improve the performance
of JOIN operations.

the DBMS when they can improve
the performance of a query.

Enforce Uniqueness
Unique indexes help in enforcing PRIMARY KEY
and UNIQUE constraints.

TYPES OF INDEXES

@Q00e 0

PRIMARY INDEX

Index is created on the
primary key of an ordered
file (usually on clustered

UNIQUE INDEX

Ensures all values in the
indexed column(s) are
unique. Allows at most

©

CLUSTERED INDEX

The data rows are stored

in the order of the
clustered index key.

NON-CLUSTERED
INDEX

Index is created on a
column that does nat

COMPOSITE INDEX

Index is created on
two or more columns.

16/

FULL-TEXT INDEX

Used to search text
within large text data
(varchar, char, text).

data). One primary index one NULL value. Only one clustered index define the physical order Supported in some DBMS
per table. per table. of data. (MySQL, SQL Server).
— Index .\ Unique Clustered )  MNon-Clustered . — 3 Index
RollNo  Name Gutios " emal | odex Deptlh  Name  Index(DeptiD)  [Rollo Name | Index(Name) ;""""’ (E anier 0 Name)
| L ) . v . L L {
‘ ! e ¥ ol sk |
- 1 : - »| Asha ‘

101 Asha 01 | a@x.com | | 1 Asha 3 101 Asha , . y [

02 Ravi | 102 b@x.com ] 1 Rawi 102 Rai | Koren | "3 sl 7 Bl

103 Neha [ 103 | coxcom | M 2 Nehs z 103 Neha Neha | 0 2 Meba ol 2 Neha |

104 Karan || 104 we  ——H 2 Karan | 104 Karan | Ravi | 2 K | L ”‘"“l

+ Useful for multi-column
search conditions

« Optimized for text search
« Supports natural language
search

+ Data and index are stored
separately

ADVANTAGES OF INDEXES

+ Data physically stored
in index order

« Enforces uniqueness
+ Used for UNIQUE constraint

« Built on primary key
+ Data is stored in sorted order

s

5 l = _~

v g | w ik
Faster Data Retrieval Improved Query Efficient Sorting & Better Scalability Enforce Constraints Better User
Greatly reduces the Performance Grouping Maintains dood Helps enforce PRIMARY Experience
time taken to search Speeds up complex Helps in ORDER BY, performance even KEY and UNIQUE Applications become
and retrieve data. queries, joins, sorting GROUP BY and as data grows. constraints efficiently. faster and more

and filtering. DISTINCT operations. responsive.

EXAMPLE

Create Non-Clustered Index

IMPORTANT POINTS

Indexes improve read performance but may slow down INSERT, UPDATE, DELETE
operations.

Indexes require extra storage space. CREATE INDEX idx_name ON Student(Name);
Too many indexes can degrade overall perfoermance.

Always create indexes on columns used in WHERE, JOIN, ORDER BY, GROUP BY
clauses.

Create Composite Index

CREATE INDEX idx_dept_name ON Student(DeptID, Name);

il

The DBMS automatically decides whether to use an index or not.

o

Indexes are powerful tools to boost database performance,
but they should be used wisely and only when needed.



I l
s Q 0 I N S STUDENT (S) DEPARTMENT (D)

ID Name DeptiD DeptiD DeptName
Combine rows from two or more tables ; ’::a ;Z s Computer
based on a related column between them. = 20 Electranics
3 Neha 30
40 I
4 Karan NULL
SYNTAX
SELECT columns B slue : Table 1(STUDENT)
FROM Tablel [JOIN TYPE] JOIN Table2 [ Green : Table 2 (DEPARTMENT)
ON Tablel.column = Table2.column; | Gray :NoMatch
* TYPES OF JOINS °
INNER JOIN LEFT JOIN E) RIGHT JOIN 3 ‘FULL OUTER JOIN
Returns only matching rows Returns all rows from the Returns all rows from the Returns all rews when there is a
from both tables. left table (S) and matching right table (D) and matching match in either left (S) or right (D)
rows from the right table (D). rows from the left table (S). table. Unmatched rows are NULL.

sqL saL  saL |
SELECT * FROM Student S SELECT * FROM Student S SELECT * FROM Student S SELECT * FROM Student S
INNER JOIN Department D LEFT JOIN Department D RIGHT JOIN Department D FULL OUTER JOIN Department D
ON S.DeptID = D.DeptID; ON S.DeptID = D.DeptID; ON S.DeptID = D.DeptID; ON S.DeptID = D.DeptID;
[ Result [ Resut | D
D Name DeptiD DeptName D Name DeptID DeptName D Name DeptiD 1 DeptName o] Name DeptiD DeptName
1 Asha 10 Computer 1 Asha 10 Computer 1 Asha 10 J Computer 1 Asha 10 Computer
2 Ravi 20 Electronics (2 Ravi 20 Electronics 2 Ravi 20 Electronics ‘ 2 Ravi 20 Electronics
i "3 Neha 30 NULL NULL  NULL 40 I 3 Neha 30 NULL
4 Karan NULL NULL 4 Karan NULL NULL
y : NULL  NULL 40 T
B cross JoIN 3 sELFJoIN NATURAL JOIN
Returns the Cartesian product Joins a table with itself. Automatically jeins tables using all columns
of both tables. Useful for hierarchical data. ‘with the same name and data type.

EMPLOYEE (E) = TABLE A TABLE B
X EmpiD | Name  ManageriD @ ES D Name I City
. 1 Ali NULL \
ice ) : 1 Asha 1 Pune
Bob 1

: = 7 '\_/ 2 Ravi = 2 Mumbai
saL T | 2 3 Neha 4 Naggur
SELECT * FROM Student S saL
CROSS JOIN Department D; saL

SELECT el.Mame AS Employee, e2.Name AS Manager
=X (rotal Rows = 6 x 3= 12) FROM Employee el SELECT * FROM TableA
3 LEFT JOIN Employee e2 NATURAL JOIN TableB;

[v] N DeptiD DeptName
M iy o ON el.ManagerID = e2.EmpID;

1 Asha 10 Computer m

1 Asha 20 B _ {ﬂ ol e City
1 Asha 40 I ERPEY gen - 1 Asha Pune
2 Ravi 10 | Computer J Alice Narger Alice ‘ 2 4 Ravi Mumbai
Bob Alice Alice % =
1 : David Bolo Bob
% > & v
oin Type Rintches 'Mnoibh ! Ilig:;;l":b!a R;::T;:T:::d? @ INNER JOIN returns only matching rows.
INNER JOIN Only matches i YI; & N Yes No LEFT JOIN returns all from left, matched from right.
LEFT JOIN Allleft + matches Yes U F  Yes Left anly RIGHT JOIN returns all from right, matched from left.
RIGHT JOIN Al ight + matches Mo e Bight iy FULL OUTER JOIN returns all rows from both tables.
Z::s:j:: e ::: ;:Z::m :: :: u::: :::m 3 CROSS JOIN returns all possible combinations.
i
SELE IO o o =9 Deiirids SELF JOIN is used to join a table with itself.
ATURAL. JOIN Bassd oA i voi Vi No NATURAL JOIN automatically matches same-named columns.

column names

_‘6'_ Joins help you combine data from multiple tables to get meaningful information. (_/\/ I

’ Choose the right join type based on your requirement.



Table: EMPLOYEE (E)

EmplD Mame DeptiD
1 Asha 10
2 Ravi 20
e\ -
L] Karan NULL

Venn Diagram

€D nner JOIN

Returns only the rows that
have matching values in
both tables.

B3 Lerroom

Returns all rows from the
left table (E) and the
matching rows from the
right table (D).

RIGHT JOIN

Returns all rows from the
right table (D) and the
matching rows from the
left table (E).

€3 ruLL oUTER JOIN

Returns all rows when there is
a match in either table.
Unmatched rows will contain
NULL.

B cross o

Returns the Cartesian
product of both tables.
All combinations

& x

of rows.

B seLr o o] o [t @G
Joins a table with itself. ! Aks | WL )
Useful for hierarchical 2 Bob 1 2 (3)
data. 3 Caral 1 =

| 4 David 2

NATURAL JOIN

~ TYPES OF JOINS IN SQL

Joins are used to combine rows from two or more tables
based on a related column between them.

Table: DEPARTMENT (D)

DeptiD DepthName Location
10 Compinr S @ = Table E (Employee)
20 Electronics  Mumbai [£) = Table D (Department)
30 T Nagpur [ = Matching Rows
40 HR Delhi r
SQL Syntax Result (E JOIN D)
SELECT E.EmpID, E.Name, D.DeptName i EmplD Name DeptName
FROM Employee E 7{ Asha Computer
INNER JOIN Department D 2 Ravi Electronics
ON E.DeptID = D.DeptID; 3 Neha T

Result (E LEFT JOIN D)

SELECT E.EmpID, E.Name, D.DeptName EmplD Name DeptName
FROM Employee E ] Asha Computer
LEFT JOIN Department D 2 Ravi Electronics
ON E.DeptID = D.DeptlD; 3 Neha T

4 Karan NULL

Result (E RIGHT JOIN D)

SELECT E.EmpID, E.Name, D.DeptName EmplD Name DeptName
FROM Employee E 1 Asha Computer
RIGHT JOIN Department D 2 Ravi Electranics
ON E.DeptID = D.DeptID; 3 Neha IT
NULL NULL HR
Result (FULL OUTER JOIN)
SELECT E.EmpID, E.Name, D.DeptName FgeiD sl Dopthtsme
1 Asha Computer
e A 2 Ravi Electronics
FULL OUTER JOIN Department D 3 Neha I
ON E.DeptID = D,DeptID; N S =y
NULL NULL HR

Result (CROSS JOIN)

EmpID Name DeptName

SELECT E.EmpID, E.Name, D.DeptName 1 Acha Computer

FROM Employee E 1 Ashi Electronics
CROSS JOIN Department D; 1 Neha IT
1 Asha HR

Result (SELF JOIN)

SELECT El.Name AS Employee,

Employee Manager
E2.Name AS Manager Alice NULL
FROM Employee E1 Bob Alice
LEFT JOIN Employee E2 Carel Alice
ON El.ManagerID = E2.EmpID; David Bob

Result (NATURAL JOIN)

- SELECT * EmplD Name DeptiD DeptName
Automatically joins tables FROM Employee 1 Asha 10 Computer
using columns that have ;

. NATURAL JOIN Department; s 7y e B 3 iz
the same name and data 3 Neha 30 T
type. A

QUICK COMPARISON | KEY TAKEAWAYS
Unmatched fro Unmatched from

Join Type Returns: . Matched Rows Lett () i nrn;igm ©) ° INNER JOIN returns only matching rows.,
INNER JOIN Only matching rews Yes No No @  LEFT JOIN keeps all rows from the left table.
LEFT JOIN Al from leh + matched righ¥ Yos Yo Mo E)  RIGHT JOIN keeps all rows from the right table.
RIGHT JOIN Al from tehad laft Ye Mo ¥

o 2 el )  FULL OUTER JOIN keeps everything from both tables.
FULL OUTER JOIN All from both sides Yes Yes Yes
R ol = 5 = CROSS JOIN returns all possible combinations.
comi

SELF JOIN Table joined with itself Yes Depend Depends 9 SELF JOIN is used to compare rows within the same table.
NATURAL JOIN Austo join on same column names Yes No Ne g NATURAL JOIN matches same-named columns automatically.

Choose the right join type to get the data you need!



UNION OF TABLES Q

AND ITS TYPES

The UNION operator is used to combine the result sets
of two or more SELECT statements.

TABLE: EMPLOYEE TABLE: CONTRACTOR BASIC UNION SYNTAX

UNION

EmplD Name Department ‘ EmplD Name Department SELECT columnl, column2, ... FROM tablel
1 Asha m ‘ 3 Neha HR UNION
SELECT columnl, column2, ... FROM table2;
2 Ravi T 4 Karan HR
3 Neta HR 5 Sohan Al o Both SELECT statements must have:
1 7 ‘ @ Same number of columns
4 Karan HR i & Poaja Admin @ ‘Similar data »
& Columns in the same order
o UNION (DISTINCT) Example: EMPLOYEE U CONTRACTOR (Using UNION)
. RESULT (UNION)
Combines the result sets and EMPLOYEE CONTRACTOR
eliminates duplicate rows. e . = P ) Sl el g e
ame rtment
(Default behavior) & - il g gkl 1 Asha T
1 Asha IT 3 Neha HR UNION 2 Ravi T
m 2 Ravi T 4 Karan HR = 3 Neha HR
SELECT column_list FROM tablel 3 Neha HR 5 Sohan Admin 4 Karan HR
UNION 4 Karan HR 6 Pooja Admin 5 Sohan Admin
SELECT column_list FROM table2; 6 Pooja Adrin
:, Duplicate rows (Neha, Karan) appear énly once. ‘
Example: EMPLOYEE U CONTRACTOR (Using UNION ALL)
© unonALL restazdhvion ALy
Combines the result sets and EMPLONES CONTRACTOR EmpiD. ' Name Department
includes all rows, ‘ EmplD Name  Department EmplD Name Department 1 Asha T
including duplicates. —0 A T 3 hiha HR UNION ALL 2 Ravi w
3 Neha HR
m 2 Ravi I 4 Karan HR — % Karan HR
3 Neha HR 5 Soh Admi
SELECT column_list FROM tablel a'n in 3 Neha HR
UNION ALL 4 Karan HR 6 Pooja Admin 4 Karan HRA
SELECT column_list FROM table2; 3 S"hf" ‘“d'“f"
Duplicate rows (Neha, Karan) appear as many times as they occur. LS i i
UNION CORRESPONDING Example: UNION CORRESPONDING BY (Name_ Department)
RESULT
BY (SQL Standard) TABLE A TABLE B
< 2 Name Department
Combines result sets by matching Ll T - EmpiD  De
columns with the same names, i it UNION Asha v
not just by position. 1 Asha m Neha 3 HR CORRESPONDING BY Ravi m
i ; Neha HR
Syntax 2 Ravi T Karan 4 HR (NS Dapartment]
SELECT column_list FROM tablel 3 Neha HR Sohan 5 Admin Karan HR
UNION CORRESPONDING 8Y (column_name, ...) Sohan Admin

SELECT column_list FROM JERSE Matching is done by column names (Name, Department), not by position.

®- IMPORTANT POINTS

° UNION removes duplicates. Type Duplicates Column Match Performance Use When

@ UNION ALL keeps all duplicates. )

@ Both SELECT statements must have the same number UNION Ramavies Cpicates Y Pag¥on ::nr.r:d-;:::k ot war:t ";:lqu.

of columns and compatible data types. PV ) R

@ Column names in the result are taken from the first SELECT. UNION ALL Keeps duplicates By poshtion Faiber Wikl recsads;

Q ORDER BY can be used only at the end of the final result. including duplicates
SELECT Name FROM Employee UNION Removes duplicates By column name Varies Column order
UNION lQ%_—a"j CORRESPONDING i
SELECT Name FROM Contractor u BY in tables

ORDER BY Name; L_..’)‘

o Use UNION for unique results, UNION ALL for complete results including duplicates, /I

and UNION CORRESPONDING BY when column order is different. al



IN-BUILT FUNCTIONS

CHARACTER FUNCTIONS & NUMBER FUNCTIONS

In-built functions are predefined functions in DBMS that perform
operations on values and return a result.

e CHARACTER FUNCTIONS (String Functions)

These functions are used to perform operations on
character or string data,

Function

Aa uppEr()

aa Lower()

Abc wmircap()

LENGTH()
y or
LEN()
SUBSTR()

- or
SUBSTRING()
INSTR()
o
CHARINDEX()
4| Mg
%’ RTRIM()

T’ TRIM()

(& coneaty

¥\
¥ REPLACE()

("3 ReveRsE(Q

A-65 ASCI()

65->A CHAR()

Deseription

Ceonverts a string
to upper case.

Converts a string
to lower case.

Converts the first
character of each
word to upper case.

Returns the length
(number of characters)
of a string.

Extracts a part of a
string.

Returns the position
of a substring in a
string.

Removes leading
(spaces) from a string.

Remaves trailing
(spaces) from a string.

Removes leading and
trailing spaces.

Concatenates two of
more strings.

Replaces a substring
with another string.

Reverses a string.

Returns ASCIl value of
the first character.

Returns character
for the given ASCI
value,

EXAMPLE QUERY (CHARACTER FUNCTIONS)

SELECT Mame,

UPPER(Name) AS UpperName,
LENGTA(Name) AS NamelLength,

SUBSTR(Name, 1, 3) AS First3Chars

FROM  Student;

vl g

Syntax

UPPER(string)

LOWER(string)

INITCAP(string)

LENGTH(string)
LEN(string)

SUBSTR(string,
start, length)

INSTR(string,
substring)
(Starts from 1)

LTRIM(string)

RTRIM({string)

TRIMstring)

CONCAT(str1, str2,
-,

REPLACE(string,
old, naw)

REVERSE(string)

ASClI(string)

CHAR(ascii_code)

Example

UPPER('forska')

LOWER('FORSKO')

INITCAP('hello
world from dbms')

LENGTH('forsko")

Result

"FORSKO'

“farsko’

“Hello World
From Dbms*

SUBSTR('database’,

1,4)
INSTR('database’,
‘base’)

LTRIM(" forsko')

RTRIM(*forsko ')

TRIM(" forsko ')

CONCAT( Data’,
' Base')

REPLACE('dbms is
fun’, ‘fun’, ‘easy")

REVERSE("hello)

ASCII(*A")

CHAR(65)

‘data’

“forsko'

*forsko'

‘farsko’

'Data Base'

‘dbms is easy’

‘olleh’

65

s

Output (Partial)

Name
Asha ASHA
Ravi  RAVI
Neha NEHA

KEY POINTS

Upperiame Namelength  FrstiChars

4 Ash
4 Rav
4 Neh

Character functions work on string (CHAR, VARCHAR, TEXT) data.
Number functions work on numeric (INT, FLOAT, DECIMAL, etc.) data.

° These functions make queries powerful and results more meaningful.

@ They are widely used in WHERE, SELECT, ORDER BY, GROUP BY, HAVING clauses.

( NUMBER FUNCTIONS

These functions are used to perform operations on

Function

@] ABS()
. , X SORTQ)

POWER()
or
POW()

y

z ROUND()
-

CEIL()
or
CEILING()

1\

i, FLOOR()
¥ TRunco

oy Mooo
or
(Modulus)
_:*‘-_- SIGH()
e* o
LOG()
log or
LNQ)
A
il GREATESTO
l'l" LEAST()

EXAMPLE QUERY (NUMBER FUNCTIONS)

SELECT Marks,

ABS(Marks) AS AbeMarks,

ROUND{Marks,1) AS Rounded,
SORT (Marks) AS Squarefoot,
MOO(Marks,3) AS NodResult

FROM Exam;

numeric data.

Description Syntax Example Result
Retums the A0ROIUSe _—rtis (uafialt) ABS(-25) 25
value.

Rkt M. SQRT(number) SQRT(16) 4
root.
Returns x raised POWER(x, y) R(2. 3 8
to the power y. POW(x, y) 2.3
Round»s B [benn ROUND(number,
a specified number 3 ROUND(45.678,2) 45.68
. decimals)
of decimal places.
Returns the smallest
§ CEIL(number)
integer greater than
v oquabioths CEILING (number) CERgH2) 8
number.
Returns the largest
integSEless o FLOOR(number) FLOOR(7.8) 7
or equal to the
number.
Truncates the decimal ~ TRUNC(number, TRUNG(45.678 45
part of a number. decimals) (45,678)
Returns the remainder MOD(a, b) MOD(10,3) 1
after division, a%b 10% 3
R the sign of
e e SIGN(number) SIGN(-10) =
a number.
Rt iaeac) b EXP(number) EXP(1) 2.71828
the given power,
Retarnis Jogar thin LOG(humber) LOG(100) 2
(base 0] or peturel LN(number) IN(2.71828) 1
logarithm.
Returns the largest e ATEST(a, by c,..)  GREATEST(S,7,3) 7
value in the list.
R il
et temiet | kte e LEAST(S,7.3) 3
value in the list.
Exam Table Qutput (Partialy
Masks Marks  AbiMatks  Rounded  SquareRost  ModResult
25 25 % 5.0 5 1
-3
“16 -6 16 -16.0 4 2
49.5 %05 0.5 49.5 7.08 1

ROUND(AVG (Marks), 2)
UPPER(TRIM(Name) )
LENGTH(CONCAT(FirstName, " °, LastName))

MOD(TotalMarks,2) = 0 = Check Even/Odd

o In-built functions save time, reduce complexity and make your SQL queries smarter! /.ii
|



operations on values and return a result.

@) DATE FUNCTIONS

These functions are used to perform operations on date and time data.

Function Description Syntax Example Result
CURREMT_DATED) Rt CURRENT_DATE() T 2025-05-15
E = current date. CURRENT_DATE();
® CURRENT_TIME g i CURRENT_TI SECT 30:25

-TINED current time, TTIMED CURRENT_TIME(); s
et Returns the
|50\ cumment_TuesTiRn  current date CURRENTTIMESTAMP) T peae
(L) B 4 CURRENT_TIMESTAMP(}; 14:30:25
and time.
T g SELECT DATE(*2025-05-15
DATE() part from a DATE(datetime) o ( "05-15 | 2025.05-15
14:30:25);
datetima value.
e SELECT TIME("2025-05-15
@ TIME() part from a TIME(datetime) 14:30:25
14:30:25");
datetime value.
pir— Returns the
YEAR() YEAR(date) SELECT YEAR("2025-05-15°); 2025
yoar part,
Returns the
@ MONTH() month part MONTH{date) SELECT MONTH{* 2025-05-15'); 5
(1-12)
- Returns the
DAY() day of month DAY(date) SELECT DAY{"2025-05-15'); s
(1-31).
Returns the
@ HOUR{) hour part HOUR(time) SELECT HOUR(*14:30:25°); 4
(0-23).
Retums the
@ MINUTE() minute part MINUTE (timo) SELECT MINUTE('14:30:25"); 30
(0-59).
Returns the
@ SECOND(} second part SECOND(time) SELECT SECOND('14:30:25'); 25
(0-5%).
pl=th) Adds interval to DATE_ADD({dae, SELECT DATE_ADD("2025-05-15",
DATE_ADD() a date. INTERVAL exprunit)  INTEAVAL 10 DAY): Adcw iy
Semmia DATE_SUB() Subtracts intarval DATE_SUB(date, SELECT DATE_SUS("2025-05-15°, 2025.05-10
?é -SUB( from a date. INTERVAL expr unit)  INTERVAL 5 DAY);
Mo i SELECT DATEDIFF( ' 2025-05-15"
él& DATEDIFF() number of days DATEDIFF{date1, dated) 2035-05-01"3 "
between two dates.
EXAMPLE (DATE FUNCTIONS;
P——
SELECT Name, Nameo DoB BirthVaor Age  NeatBithdey
ooa,
Ashs 2003.01-10 2003 2 2026.01-10
YEAR{DOB) AS BirthYear,
AGE(CURDATE(), DOB) AS Age, Rawi 20040820 2004 o] 2075-06-20
DATE_ACD{DOB, INTERVAL 1 YEMR) AS NestBirthalay Naka 3-11-08 2003 2 20261105
FROM Student;
DATE UNITS

YEAR MONTH HOUR MINUTE SECOND

INTERVAL 1 YEAR  INTERVAL 1 MONTH INTERVAL 1 DAY INTERVAL 1 MIOUR INTERVAL 1 SECOND
QUICK COMPARISON

Aspact Date Functions Group Functions

Purpose Work with date and time values Weork with groups of rews

Input A date/time value A set of values (column)

Output A single date/time or part of it A single aggregated value

Example YEAR(DOB), DATE_ADD{DOS, INTERVAL 1 DAY)  COUNT("), SUM(Salary), AVG(Marks)

o

r'." COUNTIDISTINCT)

FROM
GROUP BY DeptlD;

@ GROUP FUNCTIONS (aggregate Fu

IN-BUILT FUNCTIONS IN DBMS 4
DATE FUNCTIONS & GROUP FUNCTIONS

In-built functions are predefined functions in DBMS that perform

10|

These functions perform caleulations on a set of values

and return a single result.

= ek =T

Function Description \

Returns the number

()
r.] COUNT()

of rows.

Returns the sum of

Z SUM() ;
numaric values,
— Returns the average
X AVG() of numeric values.
Returns the
Jwo ™
minimum value.
Returns the
T WAX() maximum value.
e Returns sum of
2o SO e

Returns the count
of distinct values.

EXAMPLE (GROUP FUNCTIONS)

SELECT DeptID,

COUNT(®) AS TotalEmp,
AVG(Salary) AS AvgSalary,
MIN(Salary) AS MinSalary,
MAX(Salary) AS MaxSalary,
SUM(Salary) AS TotalSalary
Employee

Syntax

COUNT(*)

or

COUNT(column)

SUM(column)

AVG(column)

MIN(column)

MAX(column)

SUM(DISTINCT

column)

COUNT(DISTINCT

column)

DeptiD

TotslEmp

25

30

20

30

GROUP BY with HAVING

SELECT DeptID, AVG(Salary) AS AvgSal
FROM Employee

GROUP BY DeptID

HAVING AVG(Salary) > 45088;

—_—

KEY POINTS

SELECT DeptlID,
COUNT(*) AS TotalEmp,
SuUM(Salary) AS TotalSalary

FROM Employee
WHERE JoinDate »>= ‘2025-81-01°
GROUP BY DeptID

HAVING COUNT(®) > 5;

They are commanly used with GROUP BY to group rows.
COUNT(*) counts all rows including NULLs.
COUNT(column) counts enly non-NULL values in that column.
GROUP BY comas before HAVING in SQL execution.
Use HAVING to filter groups (not rows).

COMMONLY USED TOGETHER

Use the right function for the right task to make your SQL queries efficient and powerful!

Example Result
SELECT COUNT(")
120
FROM Student;
SELECT SUM(Marks) 6150
FROM Exam;
SELECT AVG(Marks) i
FROM Exam; 51.25
SELECT MIN(Marks) 12
FROM Exam;
SELECT MAX(Marks) s
FROM Exam; 9
SELECT SUM(DISTINCT 1250000
Salary) FROM Emp;
SELECT COUNT(DISTINCT
DeptiD) FROM Emp; $
Qutput
AvgSalary  MinSalary  MaxSalary TotalSalary
45560.00 22000 90000 1139000
48266.67 21000 95000 1448000
39850.00 20000 85000 797000
51666.67 25000 100000 775000
46200.00 23000 90000 1386000
Output
DeptiD AvgSal
20 4326667
a0 5166667
50 446200.00

Group functions work on a set of values and return a single result.

Rt




CONVERSION FUNCTIONS
D-D

Conversion functions are used to convert a value from one s e
data type to another.
WHY USE CONVERSION FUNCTIONS? s SYNTAX SUPPORTED DATA TYPES
° Ensure compatibility between different data types. @_@ CHAR / VARCHAR / TEXT
@ Perform calculations on different data types. FUNCTION ( expression AS target_data_type ) 5| INTEGER / BIGINT / SMALLINT
° Display data in the required format. or 1 <| DECIMAL / NUMERIC / FLOAT
V]

Avoid errors in implicit type conversion. FUNCTION ( expression, target_data_type )

DATE / TIME / TIMESTAMP

COMMON CONVERSION FUNCTIONS

Function Description Syntax Example Input (Type) Qutput (Type) Result

Converts a value of one
CAST() CAST( expression AS data_type ) SELECT CAST('123" AS INT); ‘123" (TEXT) INT 123
data type to anather.

Il

Converts a value of one
CONVERT( data_type,

Q CONVERT()  data type to another g SELECT CONVERT(INT, '456'); '456' (TEXT) INT 456
expression [, style])
(using style for date).
0 Converts a value to a . SELECT TO_CHAR(12345.678, 12345.678
Aa TO_CHAR() . TO_CHAR( expressien [, format] ) '69999.99"); (NUMBER) VARCHAR 12345.68
Converts a value to a TO_NUMBER( expression, , . '789.56" 9
123 | TO_NUMBER() e o o [ format] ) SELECT TO_NUMBER('789.56'); (TEXT) NUMBER 789.56
—h Converts a value to TO_DATE( expression, SELECT TO_DATE('15-05-2025"', *15-05-2025"
TO_DATE - = DATE 15-MAY-25
-DATEQ , pATE. *format' ) 'DD-MM-YYYY'); (TEXT)
@ 0. IMESTA Converts a value to a TO_TIMESTAMP( expressien, SELECT TO_TIMESTAMP( " 15-05-2025 '15-05-2025 A 15-MAY-2025
- U rimesTame. “format* ) 14:30:00", 'DD-MM-YYYY HH24:MI:Ss');  14:30:00 PeTAM 14:30:00
(TEXT)
@ TopaE | Comerasriigy CONVERT (DATE ion, style) SELECT CONVERT(DATE, '05/15/2025WH01); Aika, 2 023! DATE 2025-05-15
= : expression, style e 'Y s -
(with style) date using style 5 PN ¥ (TEXT)
( SQL Server ).
(0101 Converts a value to
|Tot0| TOBINARY) 3 CAST(expression AS BINARY(n) ) ~ SELECT CAST('AB' AS BINARY(2)); 'AB' (TEXT) BINARY 0x4142
S nary.
f,) Converts a value t
| | ToBoOLEAN( Ve RvEMETe CAST(expression AS BOOLEAN ) SELECT CAST(1 AS BOOLEAN); 1 (INT) BOOLEAN TRUE
L= J Boolean (TRUE/FALSE).
P
EXAMPLE QUERIES g
Purpose Query Output (Example) Explanation
o String to Integer SELECT CAST('100" AS INT); 100 Converts string *100" to integer.
String to Date SELECT TO_DATE('2025-05-15", 'YYYY-MM-DD'); 15-MAY-25 Converts string to DATE,
] Date to String SELECT TO_CHAR(SYSDATE, 'DD-MON-YYYY'); 15-MAY-2025 Converts date to formatted string.
String to Number (Decimal) ~ SELECT TO_NUMBER('123.45'); 123.45 Converts string to decimal number.
Number to String SELECT TO_CHAR(98765,'99999"); 98765 Converts number to string.
Date using CONVERT (sl Sever) SELECT CONVERT(DATE, ' 15/05/2025",103); 2025-05-15 Converts string to date using style code.
K1) Timestamp from String SEEQR ™" P I NE-2025 14:30:00°, 15-MAY-2025 14:30:00 Converts string to timestamp.
' DD-MM-YYYY HH24:MI:S5');
@ Boolean Conversion SELECT CAST(0 AS BOOLEAN); FALSE Converts number to Boolean.
KEY POINTS COMMONLY USED TOGETHER
I : - s :
Sg @ Conversion functions helpin explicit conversion of data types. TO_CHAR(SYSDATE, 'DD-MON-YYYY®) = “Display date as string
- i @ Always use corract format while converting dates.
’ . TO_DATE('15-05-2025", "DD-MM-YYYY’) - Convert string to date
@ Invalid conversions may cause errors.
@ CAST() is ANSI standard, CONVERT() is more flexible (SQL Server). CAST(*100° AS INT) = Convert string to integer
Q Use TO_CHAR() and TO_NUMBER() mainly in Oracle. TO_NUMBER("123.45") = Convert string to number
Use conversion functions to ensure accurate calculations,
proper comparisons, and formatted outputs in your queries! ~ lll



& == USE OF ALIAS, NULL, NVL & SUB QUERIES

SQL -

</> | Simplify Queries ¢« Handle Missing Data ¢ Retrieve Smart Results

1 USE OF ALIAS

Column Alias

An alias is a temporary name given to a table Column Alias SELECT emp_name AS "Employee Name",
salary AS "Monthly Salary"

or a column in a query. It is used to make
SELECT column_name AS alias_name FROM employee;

queries easier to read and understand. e b e s Employee Name Monthly Salary

Asha 45000
TYPES OF ALIAS Favd 52000
Table Alias Neha 47000
Table Alias
* Column Alias — Gives a new name to a column.
SELECT column_name(s) SELECT e.emp_id, e.emp_name, e.salary
+ Table Alias - Gives a short name to a table. FROM table_name AS alias_name; FROM employee e;

@ . Mias makes queries shorter and
’ improves readability.

EXAMPLE TAELE
Student [ NoEs ]

NULL represents a missing, unknown or RellNe Name Dept Marks o NULLfiitnaatadias oo
inapplicable value, It is not equal to zero 1 Asha m 85
PP 9 * COUNT(column_name) ignores NULL values.
or an empty string. 2 Ravi cs NULL
* COUNT(*) counts all rows.
3 Neha m 78

NULL COMPARISON
@ NULL means no value, m X -- wrong

@ NULL cannot be compared using =, -- Students with NULL in Marks SELECT * FROM Student WHERE Marks = NULL;
@ Use IS NULL or IS NOT NULL 18 eheck NULL. SELECT * FROM Student WHERE Marks IS NULL;

v -~ Correct
@ NULL in arithmetic aperations returns NULL. -= Students with NOT NULL in Marks SELECT * FROM Student WHERE Marks IS NULL:

SELECT * FROM Student WHERE Marks IS NOT NULL;

3 NVL (NULL VALUE) [ euwees |

-= Replace NULL bonus with @
@ NVL() returns the expression value if it is not NULL.

NVL() is a function used to replace NULL SELECT emp_id, name, NVL(bonus, @) AS bonus
with a specified value. FROM employee; @ W expression is NULL, it returns replacement_value,
EmplD | Name | Bonus @ Helps in calculations and display with default values,

SYNTAX
1 Asha 5000
NVL(expression, replacement_value) o Ravi o COMMON USES

* expression ~ The column or value to check, 3 Neha o Raplace NULL salary with 0
+ roplacament_value = The value retumed if expression is NULL 4 Karan 2000 ﬁ
SELECT NVL(salary, B) FROM employee;
EXAMPLE TABLE -~ Replace NULL dept with 'Not Assigned’ L —
eplace ext wil
Employee SELECT emp_id, name, NVL(dept, 'Not Assigned’) AS dept Bl § ¢ )
A SELECT NVL(address, 'NJA') FROM employee;
EmplD Name Dept Bonus FROM employee;
1 Asha " 5000 EmpiD | Name Dpt @ Replace NULL date with taday's date
1 Ashi IT -
2 Ravi e NULL s ‘ SELECT NVL(join_date, SYSDATE) FROM employee;
2 Ravi cs
3 Neha T NULL
3 Neha I o NVL(expr, value) is same as
1 Karan < 3000 4 Karan cs ' IF expr IS NULL THEN value ELSE expr END

: [ SYNTAX

A sub query (or inner query) is a query nested

1. Single Row Sub Quory

-= Employees sarning more than average salary

Single F
ingle Row SELECT column(s) SELECT * FROM emp A

inside another query. The inner query is b O FROM tabl
. q Y > ey B ey o o WHERE salary > (SELECT AVG(salary) FROM employee);
executed first, and its result is used by the WHERE column = (sub query);
outer query. 2. Multiple Row Sub Query
Multiple Row - SELECT column(s) -- Employess from departments located in location 'Pune’ or ‘Mumbai’
5 Sub Query FROM table SELECT * FROM employee
- — WHERE column IN (sub query); WHERE dept_id TN (SELECT depe id FROM department
* Single Row Sub Query = Returnsonerow. WHERE location IN (‘'Pune’, "Mumbai')};
* Multiple Row Sub Query = Returns multiple rows. Correlated SELECT column(s) 3. Corrolated Sub Quory
& tbad b & o Sub Query FROM table t1 -~ Employees who @acn mare than the average salary of their department
orrelated Su uery = Refers to outarquery. WHERE EXISTS SELECT el.* FROM @mployee e1
(SELECT 1 FROM table t2 WHERE salary > (SELECT AVG(salary)
WHERE t2.col = tl1.col); FROM employee &2

[ KeY POINTS | WHERE 2.dept_id = el.dept_id);
KEY P 3

& Sub queries can be used in SELECT, FROM, WHERE, HAVING clauses. iee ] or oo ] ’J Y S,TDJ

@ Use INJANV/ALL for multiple row sub queries, [ Uy | — — | <> O - Bini it ndinilin preiiams i amallar Rarts:

@ Use EXISTS for correlated sub queries. S Boary it i Gy © improve r ility and maintainability.
(Exacuted First) (Uses the Rosult) £) Powerlul filtering and comparison.

o
? Use these features to write smarter, cleaner and more efficient SQL queries! <= [




