


























































































































































UNIT-2 

Relational Model concept 

Relational model can represent as a table with columns and rows. Each row is known as a 

tuple. Each table of the column has a name or attribute. 

Domain: It contains a set of atomic values that an attribute can take. 

Attribute: It contains the name of a column in a particular table. Each attribute Ai must have a 

domain, dom(Ai) 

Relational instance: In the relational database system, the relational instance is represented by a 

finite set of tuples. Relation instances do not have duplicate tuples. 

Relational schema: A relational schema contains the name of the relation and name of all 

columns or attributes. 

Relational key: In the relational key, each row has one or more attributes. It can identify the row 

in the relation uniquely. 

Example: STUDENT Relation 

NAME ROLL_NO PHONE_NO ADDRESS AGE 

Ram 14795 7305758992 Noida 24 

Shyam 12839 9026288936 Delhi 35 

Laxman 33289 8583287182 Gurugram 20 

Mahesh 27857 7086819134 Ghaziabad 27 



Ganesh 17282 9028 9i3988 Delhi 40 

o In the given table, NAME, ROLL_NO, PHONE_NO, ADDRESS, and AGE are the 

attributes. 

o The instance of schema STUDENT has 5 tuples. 

o t3 = <Laxman, 33289, 8583287182, Gurugram, 20> 

Properties of Relations 

o Name of the relation is distinct from all other relations. 

o Each relation cell contains exactly one atomic (single) value 

o Each attribute contains a distinct name 

o Attribute domain has no significance 

o tuple has no duplicate value 

o Order of tuple can have a different sequence 

Relational Algebra 

Relational algebra is a procedural query language. It gives a step by step process to obtain the 

result of the query. It uses operators to perform queries. 

Types of Relational operation 

 

 



1. Select Operation: 

o The select operation selects tuples that satisfy a given predicate. 

o It is denoted by sigma (σ). 

Notation:  σ p(r)   

Where: 

σ is used for selection prediction 

r is used for relation 

p is used as a propositional logic formula which may use connectors like: AND OR and NOT. 

These relational can use as relational operators like =, ≠, ≥, <, >, ≤. 

For example: LOAN Relation 

BRANCH_NAME LOAN_NO AMOUNT 

Downtown L-17 1000 

Redwood L-23 2000 

Perryride L-15 1500 

Downtown L-14 1500 

Mianus L-13 500 

Roundhill L-11 900 

Perryride L-16 1300 

 



Input: 

σ BRANCH_NAME="perryride" (LOAN)   

Output: 

BRANCH_NAME LOAN_NO AMOUNT 

Perryride L-15 1500 

Perryride L-16 1300 

2. Project Operation: 

o This operation shows the list of those attributes that we wish to appear in the result. Rest 

of the attributes are eliminated from the table. 

o It is denoted by ∏. 

Notation: ∏ A1, A2, An (r)    

Where 

A1, A2, A3 is used as an attribute name of relation r. 

Example: CUSTOMER RELATION 

NAME STREET CITY 

Jones Main Harrison 

Smith North Rye 



Hays Main Harrison 

Curry North Rye 

Johnson Alma Brooklyn 

Brooks Senator Brooklyn 

Input: 

∏ NAME, CITY (CUSTOMER)   

Output: 

NAME CITY 

Jones Harrison 

Smith Rye 

Hays Harrison 

Curry Rye 

Johnson Brooklyn 

Brooks Brooklyn 



3. Union Operation: 

o Suppose there are two tuples R and S. The union operation contains all the tuples that are 

either in R or S or both in R & S. 

o It eliminates the duplicate tuples. It is denoted by ∪. 

Notation: R ∪ S    

A union operation must hold the following condition: 

o R and S must have the attribute of the same number. 

o Duplicate tuples are eliminated automatically. 

Example: 

DEPOSITOR RELATION 

CUSTOMER_NAME ACCOUNT_NO 

Johnson A-101 

Smith A-121 

Mayes A-321 

Turner A-176 

Johnson A-273 

Jones A-472 



Lindsay A-284 

BORROW RELATION 

CUSTOMER_NAME LOAN_NO 

Jones L-17 

Smith L-23 

Hayes L-15 

Jackson L-14 

Curry L-93 

Smith L-11 

Williams L-17 

Input: 

∏ CUSTOMER_NAME (BORROW) ∪ ∏ CUSTOMER_NAME (DEPOSITOR)   

Output: 

CUSTOMER_NAME 

Johnson 



Smith 

Hayes 

Turner 

Jones 

Lindsay 

Jackson 

Curry 

Williams 

Mayes 

4. Set Intersection: 

o Suppose there are two tuples R and S. The set intersection operation contains all tuples 

that are in both R & S. 

o It is denoted by intersection ∩. 

Notation: R ∩ S    

Example: Using the above DEPOSITOR table and BORROW table 

Input: 

∏ CUSTOMER_NAME (BORROW) ∩ ∏ CUSTOMER_NAME (DEPOSITOR)   

 

 



Output: 

CUSTOMER_NAME 

Smith 

Jones 

5. Set Difference: 

o Suppose there are two tuples R and S. The set intersection operation contains all tuples 

that are in R but not in S. 

o It is denoted by intersection minus (-). 

Notation: R - S   

Example: Using the above DEPOSITOR table and BORROW table 

Input: 

∏ CUSTOMER_NAME (BORROW) - ∏ CUSTOMER_NAME (DEPOSITOR)   

Output: 

CUSTOMER_NAME 

Jackson 

Hayes 

Willians 



Curry 

6. Cartesian product 

o The Cartesian product is used to combine each row in one table with each row in the 

other table. It is also known as a cross product. 

o It is denoted by X. 

Notation: E X D   

Example: 

EMPLOYEE 

EMP_ID EMP_NAME EMP_DEPT 

1 Smith A 

2 Harry C 

3 John B 

DEPARTMENT 

DEPT_NO DEPT_NAME 

A Marketing 

B Sales 

C Legal 



Input: 

1. EMPLOYEE X DEPARTMENT   

Output: 

EMP_ID EMP_NAME EMP_DEPT DEPT_NO DEPT_NAME 

1 Smith A A Marketing 

1 Smith A B Sales 

1 Smith A C Legal 

2 Harry C A Marketing 

2 Harry C B Sales 

2 Harry C C Legal 

3 John B A Marketing 

3 John B B Sales 

3 John B C Legal 

7. Rename Operation: 

The rename operation is used to rename the output relation. It is denoted by rho (ρ). 



Example: We can use the rename operator to rename STUDENT relation to STUDENT1. 

Join Operations: 

A Join operation combines related tuples from different relations, if and only if a given join 

condition is satisfied. It is denoted by ⋈. 

Example: 

EMPLOYEE 

EMP_CODE EMP_NAME 

101 Stephan 

102 Jack 

103 Harry 

SALARY 

EMP_CODE SALARY 

101 50000 

102 30000 

103 25000 

 

 

 



1. Operation: (EMPLOYEE ⋈ SALARY)    

Result: 

EMP_CODE EMP_NAME SALARY 

101 Stephan 50000 

102 Jack 30000 

103 Harry 25000 

 

Types of Join operations: 

 

 



1. Natural Join: 

o A natural join is the set of tuples of all combinations in R and S that are equal on their 

common attribute names. 

o It is denoted by ⋈. 

Example: Let's use the above EMPLOYEE table and SALARY table: 

Input: 

1. ∏EMP_NAME, SALARY (EMPLOYEE ⋈ SALARY)   

Output: 

EMP_NAME SALARY 

Stephan 50000 

Jack 30000 

Harry 25000 

 

2. Outer Join: 

The outer join operation is an extension of the join operation. It is used to deal with missing 

information. 

Example: 

 

 



EMPLOYEE 

EMP_NAME STREET CITY 

Ram Civil line Mumbai 

Shyam Park street Kolkata 

Ravi M.G. Street Delhi 

Hari Nehru nagar Hyderabad 

FACT_WORKERS 

EMP_NAME BRANCH SALARY 

Ram Infosys 10000 

Shyam Wipro 20000 

Kuber HCL 30000 

Hari TCS 50000 

Input: 

1. (EMPLOYEE ⋈ FACT_WORKERS)   

 

 



Output: 

EMP_NAME STREET CITY BRANCH SALARY 

Ram Civil line Mumbai Infosys 10000 

Shyam Park street Kolkata Wipro 20000 

Hari Nehru 
nagar 

Hyderabad TCS 50000 

An outer join is basically of three types: 

a. Left outer join 

b. Right outer join 

c. Full outer join 

a. Left outer join: 

o Left outer join contains the set of tuples of all combinations in R and S that are equal on 

their common attribute names. 

o In the left outer join, tuples in R have no matching tuples in S. 

o It is denoted by ⟕. 

Example: Using the above EMPLOYEE table and FACT_WORKERS table 

Input: 

1. EMPLOYEE ⟕ FACT_WORKERS    

EMP_NAME STREET CITY BRANCH SALARY 



Ram Civil line Mumbai Infosys 10000 

Shyam Park street Kolkata Wipro 20000 

Hari Nehru street Hyderabad TCS 50000 

Ravi M.G. Street Delhi NULL NULL 

b. Right outer join: 

o Right outer join contains the set of tuples of all combinations in R and S that are equal on 

their common attribute names. 

o In right outer join, tuples in S have no matching tuples in R. 

o It is denoted by ⟖. 

Example: Using the above EMPLOYEE table and FACT_WORKERS Relation 

Input: 

1. EMPLOYEE ⟖ FACT_WORKERS   

Output: 

EMP_NAME BRANCH SALARY STREET CITY 

Ram Infosys 10000 Civil line Mumbai 

Shyam Wipro 20000 Park street Kolkata 

Hari TCS 50000 Nehru street Hyderabad 



Kuber HCL 30000 NULL NULL 

c. Full outer join: 

o Full outer join is like a left or right join except that it contains all rows from both tables. 

o In full outer join, tuples in R that have no matching tuples in S and tuples in S that have 

no matching tuples in R in their common attribute name. 

o It is denoted by ⟗. 

Example: Using the above EMPLOYEE table and FACT_WORKERS table 

Input: 

1. EMPLOYEE ⟗ FACT_WORKERS   

Output: 

EMP_NAME STREET CITY BRANCH SALARY 

Ram Civil line Mumbai Infosys 10000 

Shyam Park street Kolkata Wipro 20000 

Hari Nehru street Hyderabad TCS 50000 

Ravi M.G. Street Delhi NULL NULL 

Kuber NULL NULL HCL 30000 



3. Equi join: 

It is also known as an inner join. It is the most common join. It is based on matched data as per 

the equality condition. The equi join uses the comparison operator(=). 

Example: 

CUSTOMER RELATION 

CLASS_ID NAME 

1 John 

2 Harry 

3 Jackson 

PRODUCT 

PRODUCT_ID CITY 

1 Delhi 

2 Mumbai 

3 Noida 

Input: 

1. CUSTOMER ⋈ PRODUCT     

Output: 



CLASS_ID NAME PRODUCT_ID CITY 

1 John 1 Delhi 

2 Harry 2 Mumbai 

3 Harry 3 Noida 

Integrity Constraints 

o Integrity constraints are a set of rules. It is used to maintain the quality of information. 

o Integrity constraints ensure that the data insertion, updating, and other processes have to 

be performed in such a way that data integrity is not affected. 

o Thus, integrity constraint is used to guard against accidental damage to the database. 

Types of Integrity Constraint 

 

 

 



1. Domain constraints 

o Domain constraints can be defined as the definition of a valid set of values for an 

attribute. 

o The data type of domain includes string, character, integer, time, date, currency, etc. The 

value of the attribute must be available in the corresponding domain. 

Example: 

 

 

2. Entity integrity constraints 

o The entity integrity constraint states that primary key value can't be null. 

o This is because the primary key value is used to identify individual rows in relation and if 

the primary key has a null value, then we can't identify those rows. 

o A table can contain a null value other than the primary key field. 

Example: 

 

 

 



3. Referential Integrity Constraints 

o A referential integrity constraint is specified between two tables. 

o In the Referential integrity constraints, if a foreign key in Table 1 refers to the Primary 

Key of Table 2, then every value of the Foreign Key in Table 1 must be null or be 

available in Table 2. 

Example: 

 

 

 

4. Key constraints 

o Keys are the entity set that is used to identify an entity within its entity set uniquely. 

o An entity set can have multiple keys, but out of which one key will be the primary key. A 

primary key can contain a unique and null value in the relational table. 

 



Example: 

 

Relational Calculus 

There is an alternate way of formulating queries known as Relational Calculus. Relational 

calculus is a non-procedural query language. In the non-procedural query language, the user is 

concerned with the details of how to obtain the end results. The relational calculus tells what to 

do but never explains how to do. Most commercial relational languages are based on aspects of 

relational calculus including SQL-QBE and QUEL. 

Why it is called Relational Calculus? 

It is based on Predicate calculus, a name derived from branch of symbolic language. A predicate 

is a truth-valued function with arguments. On substituting values for the arguments, the function 

result in an expression called a proposition. It can be either true or false. It is a tailored version of 

a subset of the Predicate Calculus to communicate with the relational database. 

Many of the calculus expressions involves the use of Quantifiers. There are two types of 

quantifiers: 

o Universal Quantifiers: The universal quantifier denoted by ∀ is read as for all which 

means that in a given set of tuples exactly all tuples satisfy a given condition. 

o Existential Quantifiers: The existential quantifier denoted by ∃ is read as for all which 

means that in a given set of tuples there is at least one occurrences whose value satisfy a 

given condition. 



Before using the concept of quantifiers in formulas, we need to know the concept of Free and 

Bound Variables. 

A tuple variable t is bound if it is quantified which means that if it appears in any occurrences a 

variable that is not bound is said to be free. 

Free and bound variables may be compared with global and local variable of programming 

languages. 

Types of Relational calculus: 

 

1. Tuple Relational Calculus (TRC) 

It is a non-procedural query language which is based on finding a number of tuple variables also 

known as range variable for which predicate holds true. It describes the desired information 

without giving a specific procedure for obtaining that information. The tuple relational calculus 

is specified to select the tuples in a relation. In TRC, filtering variable uses the tuples of a 

relation. The result of the relation can have one or more tuples. 

Notation: 

A Query in the tuple relational calculus is expressed as following notation 



{T | P (T)}   or {T | Condition (T)}      

Where 

T is the resulting tuples 

P(T) is the condition used to fetch T. 

For example:  

{ T.name | Author(T) AND T.article = 'database' }     

Output: This query selects the tuples from the AUTHOR relation. It returns a tuple with 'name' 

from Author who has written an article on 'database'. 

TRC (tuple relation calculus) can be quantified. In TRC, we can use Existential (∃) and 

Universal Quantifiers (∀). 

For example: 

{ R| ∃T ∈ Authors(T.article='database' AND R.name=T.name)}   

Output: This query will yield the same result as the previous one. 

2. Domain Relational Calculus (DRC) 

The second form of relation is known as Domain relational calculus. In domain relational 

calculus, filtering variable uses the domain of attributes. Domain relational calculus uses the 

same operators as tuple calculus. It uses logical connectives ∧ (and), ∨ (or) and ┓ (not). It uses 

Existential (∃) and Universal Quantifiers (∀) to bind the variable. The QBE or Query by example 

is a query language related to domain relational calculus. 

Notation: 

{ a1, a2, a3, ..., an | P (a1, a2, a3, ... ,an)}   



Where 

a1,a2 areattributes 

P stands for formula built by inner attributes 

For example: 

{< article, page, subject > |  ∈ javatpoint ∧ subject = 'database'}   

Output: This query will yield the article, page, and subject from the relational javatpoint, where 

the subject is a database. 

SQL Commands 

o SQL commands are instructions. It is used to communicate with the database. It is also 

used to perform specific tasks, functions, and queries of data. 

o SQL can perform various tasks like create a table, add data to tables, drop the table, 

modify the table, set permission for users. 

Types of SQL Commands 

There are five types of SQL commands: DDL, DML, DCL, TCL, and DQL. 

 

 



1. Data Definition Language (DDL) 

o DDL changes the structure of the table like creating a table, deleting a table, altering a 

table, etc. 

o All the command of DDL are auto-committed that means it permanently save all the 

changes in the database. 

Here are some commands that come under DDL: 

o CREATE 

o ALTER 

o DROP 

o TRUNCATE 

a. CREATE It is used to create a new table in the database. 

Syntax: 

CREATE TABLE TABLE_NAME (COLUMN_NAME DATATYPES[,....]);   

Example: 

CREATE TABLE EMPLOYEE(Name VARCHAR2(20), Email VARCHAR2(100), DOB DATE);   

b. DROP: It is used to delete both the structure and record stored in the table. 

Syntax 

DROP TABLE table_name;   

Example 

DROP TABLE EMPLOYEE;   
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c. ALTER: It is used to alter the structure of the database. This change could be either to modify 

the characteristics of an existing attribute or probably to add a new attribute. 

Syntax: 

To add a new column in the table 

ALTER TABLE table_name ADD column_name COLUMN-definition;     

To modify existing column in the table: 

ALTER TABLE table_name MODIFY(column_definitions....);   

EXAMPLE 

ALTER TABLE STU_DETAILS ADD(ADDRESS VARCHAR2(20));   

ALTER TABLE STU_DETAILS MODIFY (NAME VARCHAR2(20));   

d. TRUNCATE: It is used to delete all the rows from the table and free the space containing the 

table. 

Syntax: 

TRUNCATE TABLE table_name;   

Example: 

TRUNCATE TABLE EMPLOYEE;   
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2. Data Manipulation Language(DML) 

o DML commands are used to modify the database. It is responsible for all form of changes 

in the database. 

o The command of DML is not auto-committed that means it can't permanently save all the 

changes in the database. They can be rollback. 

Here are some commands that come under DML: 

o INSERT 

o UPDATE 

o DELETE 

a. INSERT: The INSERT statement is a SQL query. It is used to insert data into the row of a 

table. 

Syntax: 

INSERT INTO TABLE_NAME (col1, col2, col3,.... col N)  VALUES (value1, value2, value3, .... valueN);   

Or 

INSERT INTO TABLE_NAME  VALUES (value1, value2, value3, .... valueN);     

For example: 

INSERT INTO javatpoint (Author, Subject) VALUES ("Sonoo", "DBMS");   

b. UPDATE: This command is used to update or modify the value of a column in the table. 

Syntax: 

UPDATE table_name SET [column_name1= value1,...column_nameN = valueN] [WHERE CO

NDITION]    
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For example: 

UPDATE students     

SET User_Name = 'Sonoo'     

WHERE Student_Id = '3';   

c. DELETE: It is used to remove one or more row from a table. 

Syntax: 

DELETE FROM table_name [WHERE condition];   

For example: 

DELETE FROM javatpoint   

WHERE Author="Sonoo";   

3. Data Control Language(DCL) 

DCL commands are used to grant and take back authority from any database user. 

Here are some commands that come under DCL: 

o Grant 

o Revoke 

a. Grant: It is used to give user access privileges to a database. 

Example 

GRANT SELECT, UPDATE ON MY_TABLE TO SOME_USER, ANOTHER_USER;   

b. Revoke: It is used to take back permissions from the user. 

Example 

REVOKE SELECT, UPDATE ON MY_TABLE FROM USER1, USER2;   



4. Transaction Control Language(TCL) 

TCL commands can only use with DML commands like INSERT, DELETE and UPDATE only. 

These operations are automatically committed in the database that's why they cannot be used 

while creating tables or dropping them. 

Here are some commands that come under TCL: 

o COMMIT 

o ROLLBACK 

o SAVEPOINT 

a. Commit: Commit command is used to save all the transactions to the database. 

Syntax: 

COMMIT;   

Example: 

DELETE FROM CUSTOMERS   

WHERE AGE = 25;   

COMMIT;   

b. Rollback: Rollback command is used to undo transactions that have not already been saved to 

the database. 

Syntax: 

ROLLBACK;   

 

 



Example: 

DELETE FROM CUSTOMERS   

WHERE AGE = 25;   

ROLLBACK;   

c. SAVEPOINT: It is used to roll the transaction back to a certain point without rolling back the 

entire transaction. 

Syntax: 

SAVEPOINT SAVEPOINT_NAME;   

5. Data Query Language(DQL) 

DQL is used to fetch the data from the database. 

It uses only one command: 

o SELECT 

a. SELECT: This is the same as the projection operation of relational algebra. It is used to select 

the attribute based on the condition described by WHERE clause. 

Syntax: 

SELECT expressions     

FROM TABLES     

WHERE conditions;   

For example: 

SELECT emp_name  FROM employee  WHERE age > 20;   

 



Difference between DDL and DML 

A database is a list of related records, and the Database Management System is the most 

common way to manage these databases (DBMS). The SQL (Structured Query Language) 

Commands are needed to interact with database systems. These SQL commands can be used to 

build tables, insert data into tables, remove or drop tables, change tables, and set permissions for 

users. We can categorize the SQL commands as DDL, DQL, DCL, and DML. 

This article explains the complete overview of DDL and DML languages. The difference 

between DDL and DML commands is the most common part of an interview question. The key 

distinction is that the DDL command is used to create a database schema, while the DML 

command is used to modify the table's existing data. Before making the comparison, we will 

first know these SQL commands 

What is a DDL command? 

DDL stands for Data Definition Language. As the name suggests, the DDL commands help to 

define the structure of the databases or schema. When we execute DDL statements, it takes effect 

immediately. The changes made in the database using this command are saved permanently 

because its commands are auto-committed. The following commands come under DDL 

language: 

o CREATE: It is used to create a new database and its objects such as table, views, 

function, stored procedure, triggers, etc. 

o DROP: It is used to delete the database and its objects, including structures, from the 

server permanently. 

o ALTER: It's used to update the database structure by modifying the characteristics of an 

existing attribute or adding new attributes. 

o TRUNCATE: It is used to completely remove all data from a table, including their 

structure and space allocates on the server. 

o RENAME: This command renames the content in the database. 
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Why we use DDL commands? 

The following are the reasons to use DDL commands: 

o It allows us to store shared data in a database. 

o It improved integrity due to the data independence feature. 

o It will enable multiple users to work on the same databases. 

o It improved security efficient data access. 

What is a DML command? 

It stands for Data Manipulation Language. The DML commands deal with the manipulation of 

existing records of a database. It is responsible for all changes that occur in the database. The 

changes made in the database using this command can't save permanently because its commands 

are not auto-committed. Therefore, changes can be rollback. The following commands come 

under DML language: 

o SELECT: This command is used to extract information from a table. 

o INSERT: It is a SQL query that allows us to add data into a table's row. 

o UPDATE: This command is used to alter or modify the contents of a table. 

o DELETE: This command is used to delete records from a database table, either 

individually or in groups. 

Why we use DML commands? 

The following are the reasons to use the DML commands: 

o It helps users to change the data in a database table. 

o It helps users to specify what data is needed. 

o It facilitates human interaction with the system. 



Key Differences between DDL and DML Commands 

The following points explain the main differences between DDL and DML commands: 

o Data Definition Language (DDL) statements describe the structure of a database or 

schema. Data Manipulation Language (DML) statements, on the other hand, allow 

altering data that already exists in the database. 

o We use the DDL commands for creating the database or schema, while DML commands 

are used to populate and manipulate the database. 

o DDL commands can affect the whole database or table, whereas DML statements only 

affect single or multiple rows based on the condition specified in a query. 

o Since DDL commands are auto-committed, modifications are permanent and cannot be 

reversed. DML statements, on the other hand, are not auto-committed, which means that 

modifications are not permanent and can be reversed. 

o DML is an imperative and procedural method, whereas DDL is a declarative method. 

o The data in DML statements can be filtered with a WHERE clause, while the records in 

DDL statements cannot be filtered with a WHERE clause. 

 

 

DDL vs. DML Comparison 

The following comparison chart explains their main differences in a quick manner: 

Comparison 
Basis 

DDL DML 

Basic It helps us define a database's 
structure or schema and deals with 
how data is stored in the database. 

It allows us to manipulate, i.e., 
retrieve, update, and delete the 
data stored in the database. 



Full-Form The full form of DDL is Data 
Definition Language. 

The full form of DML is Data 
Manipulation Language. 

Categorization The DDL commands have no 
further classification. 

The DML commands are 
classified as procedural and non-
procedural (declarative) DMLs. 

Command uses The commonly used commands 
under DDL language are: 

o CREATE 

o DROP 

o ALTER 

o TRUNCATE 

o RENAME 

The commonly used commands 
under DML language are: 

o INSERT 

o UPDATE 

o DELETE 

o SELECT 

Auto-commit DDL commands are auto-
committed, so changes that happen 
in the database will be permanent. 

DML commands are not auto-
committed, so database changes 
are not permanent. 

Rollback DDL commands made changes 
permanent; therefore, we cannot 
roll back these statements. 

DML commands do not make 
changes permanent; therefore, 
rollback is possible for these 
statements. 

WHERE 
clause 

DDL commands have no use of a 
WHERE clause because here, 
filtration of records is not possible. 

The DML statements can use a 
WHERE clause while 
manipulating data in a database. 

Effect The DDL command affects the 
entire database or table. 

The DML commands will affect 
the single or multiple records 
based on the specified condition. 

 

 



UNIT-3 

SQL 

o SQL stands for Structured Query Language. It is used for storing and managing data in 

relational database management system (RDMS). 

o It is a standard language for Relational Database System. It enables a user to create, read, 

update and delete relational databases and tables. 

o All the RDBMS like MySQL, Informix, Oracle, MS Access and SQL Server use SQL as 

their standard database language. 

o SQL allows users to query the database in a number of ways, using English-like 

statements. 

Rules: 

SQL follows the following rules: 

o Structure query language is not case sensitive. Generally, keywords of SQL are written in 

uppercase. 

o Statements of SQL are dependent on text lines. We can use a single SQL statement on 

one or multiple text line. 

o Using the SQL statements, you can perform most of the actions in a database. 

o SQL depends on tuple relational calculus and relational algebra. 

SQL process: 

o When an SQL command is executing for any RDBMS, then the system figure out the 

best way to carry out the request and the SQL engine determines that how to interpret the 

task. 

o In the process, various components are included. These components can be optimization 

Engine, Query engine, Query dispatcher, classic, etc. 



o All the non-SQL queries are handled by the classic query engine, but SQL query engine 

won't handle logical files. 

 

 

 

Characteristics of SQL 

o SQL is easy to learn. 

o SQL is used to access data from relational database management systems. 

o SQL can execute queries against the database. 

o SQL is used to describe the data. 

o SQL is used to define the data in the database and manipulate it when needed. 

o SQL is used to create and drop the database and table. 

o SQL is used to create a view, stored procedure, function in a database. 

o SQL allows users to set permissions on tables, procedures, and views. 

 

 



Advantages of SQL 

o There are the following advantages of SQL: 

o High speed 

o Using the SQL queries, the user can quickly and efficiently retrieve a large amount of 

records from a database. 

o No coding needed 

o In the standard SQL, it is very easy to manage the database system. It doesn't require a 

substantial amount of code to manage the database system. 

o Well defined standards 

o Long established are used by the SQL databases that are being used by ISO and ANSI. 

Portability 

SQL can be used in laptop, PCs, server and even some mobile phones. 

Interactive language 

SQL is a domain language used to communicate with the database. It is also used to 
receive answers to the complex questions in seconds. 

Multiple data view 

Using the SQL language, the users can make different views of the database structure. 

SQL Datatype 

o SQL Datatype is used to define the values that a column can contain. 

o Every column is required to have a name and data type in the database table. 



Datatype of SQL: 
 

 

1. Binary Data types 

There are Three types of binary Datatypes which are given below: 

Data Type Description 

binary It has a maximum length of 8000 bytes. It contains fixed-length binary data. 

varbinary It has a maximum length of 8000 bytes. It contains variable-length binary data. 

image It has a maximum length of 2,147,483,647 bytes. It contains variable-length 
binary data. 

 

 

 

 

 

 



2. Approximate Numeric Data type: 

The subtypes are given below: 

Data type From To Description 

float -1.79E + 
308 

1.79E + 
308 

It is used to specify a floating-point value e.g. 6.2, 
2.9 etc. 

real -3.40e + 
38 

3.40E + 38 It specifies a single precision floating point number 

3. Exact Numeric Data type 

The subtypes are given below: 

Data type Description 

int It is used to specify an integer value. 

smallint It is used to specify small integer value. 

bit It has the number of bits to store. 

decimal It specifies a numeric value that can have a decimal number. 

numeric It is used to specify a numeric value. 

 

 



4. Character String Data type 

The subtypes are given below: 

Data 
type 

Description 

char It has a maximum length of 8000 characters. It contains Fixed-length non-unicode 
characters. 

varchar It has a maximum length of 8000 characters. It contains variable-length non-unicode 
characters. 

text It has a maximum length of 2,147,483,647 characters. It contains variable-length 
non-unicode characters. 

5. Date and time Data types 

The subtypes are given below: 

Datatype Description 

date It is used to store the year, month, and days value. 

time It is used to store the hour, minute, and second values. 

timestamp It stores the year, month, day, hour, minute, and the second value. 

 

SQL Commands 

o SQL commands are instructions. It is used to communicate with the database. It is also 

used to perform specific tasks, functions, and queries of data. 

o SQL can perform various tasks like create a table, add data to tables, drop the table, 

modify the table, set permission for users. 



Types of SQL Commands 

There are five types of SQL commands: DDL, DML, DCL, TCL, and DQL. 

 

 

 

1. Data Definition Language (DDL) 

o DDL changes the structure of the table like creating a table, deleting a table, altering a 

table, etc. 

o All the command of DDL are auto-committed that means it permanently save all the 

changes in the database. 

Here are some commands that come under DDL: 

o CREATE 

o ALTER 

o DROP 

o TRUNCATE 



 

a. CREATE It is used to create a new table in the database. 

Syntax: 

CREATE TABLE TABLE_NAME (COLUMN_NAME DATATYPES[,....]);   

Example: 

CREATE TABLE EMPLOYEE(Name VARCHAR2(20), Email VARCHAR2(100), DOB DAT

E);   

b. DROP: It is used to delete both the structure and record stored in the table. 

Syntax 

DROP TABLE table_name;   

Example 

DROP TABLE EMPLOYEE;   

c. ALTER: It is used to alter the structure of the database. This change could be either to modify 

the characteristics of an existing attribute or probably to add a new attribute. 

Syntax: 

To add a new column in the table 

ALTER TABLE table_name ADD column_name COLUMN-definition;     

To modify existing column in the table: 

ALTER TABLE table_name MODIFY(column_definitions....);   

EXAMPLE 



ALTER TABLE STU_DETAILS ADD(ADDRESS VARCHAR2(20));   

ALTER TABLE STU_DETAILS MODIFY (NAME VARCHAR2(20));   

d. TRUNCATE: It is used to delete all the rows from the table and free the space containing the 

table. 

Syntax: 

TRUNCATE TABLE table_name;   

Example: 

TRUNCATE TABLE EMPLOYEE;   

2. Data Manipulation Language 

o DML commands are used to modify the database. It is responsible for all form of changes 

in the database. 

o The command of DML is not auto-committed that means it can't permanently save all the 

changes in the database. They can be rollback. 

Here are some commands that come under DML: 

o INSERT 

o UPDATE 

o DELETE 

a. INSERT: The INSERT statement is a SQL query. It is used to insert data into the row of a 

table. 

Syntax: 

INSERT INTO TABLE_NAME     

(col1, col2, col3,.... col N)   

VALUES (value1, value2, value3, .... valueN);   



Or 

INSERT INTO TABLE_NAME     

VALUES (value1, value2, value3, .... valueN);     

For example: 

INSERT INTO javatpoint (Author, Subject) VALUES ("Sonoo", "DBMS");   

b. UPDATE: This command is used to update or modify the value of a column in the table. 

Syntax: 

UPDATE table_name SET [column_name1= value1,...column_nameN = valueN] [WHERE CO

NDITION]    

For example: 

UPDATE students     

SET User_Name = 'Sonoo'     

WHERE Student_Id = '3'   

c. DELETE: It is used to remove one or more row from a table. 

Syntax: 

DELETE FROM table_name [WHERE condition];   

For example: 

DELETE FROM javatpoint   

WHERE Author="Sonoo";   

3. Data Control Language 

DCL commands are used to grant and take back authority from any database user. 



Here are some commands that come under DCL: 

o Grant 

o Revoke 

a. Grant: It is used to give user access privileges to a database. 

Example 

GRANT SELECT, UPDATE ON MY_TABLE TO SOME_USER, ANOTHER_USER;   

b. Revoke: It is used to take back permissions from the user. 

Example 

REVOKE SELECT, UPDATE ON MY_TABLE FROM USER1, USER2;   

4. Transaction Control Language 

TCL commands can only use with DML commands like INSERT, DELETE and UPDATE only. 

These operations are automatically committed in the database that's why they cannot be used 

while creating tables or dropping them. 

Here are some commands that come under TCL: 

o COMMIT 

o ROLLBACK 

o SAVEPOINT 

a. Commit: Commit command is used to save all the transactions to the database. 

 

Syntax: 

COMMIT;  

  



Example: 

DELETE FROM CUSTOMERS   

WHERE AGE = 25;   

COMMIT;   

b. Rollback: Rollback command is used to undo transactions that have not already been saved to 

the database. 

Syntax: 

ROLLBACK;   

Example: 

DELETE FROM CUSTOMERS   

WHERE AGE = 25;   

ROLLBACK;   

c. SAVEPOINT: It is used to roll the transaction back to a certain point without rolling back the 

entire transaction. 

Syntax: 

SAVEPOINT SAVEPOINT_NAME;   

5. Data Query Language 

DQL is used to fetch the data from the database. 

It uses only one command: 

o SELECT 

a. SELECT: This is the same as the projection operation of relational algebra. It is used to select 

the attribute based on the condition described by WHERE clause. 



Syntax: 

SELECT expressions     

FROM TABLES     

WHERE conditions;   

For example: 

SELECT emp_name   

FROM employee   

WHERE age > 20;   

SQL Operator 

There are various types of SQL operator: 

 

 

 

SQL Arithmetic Operators 

Let's assume 'variable a' and 'variable b'. Here, 'a' contains 20 and 'b' contains 10. 

Operator Description Example 

+ It adds the value of both operands. a+b will give 

30 



- It is used to subtract the right-hand operand from the left-hand operand. a-b will give 10 

* It is used to multiply the value of both operands. a*b will give 

200 

/ It is used to divide the left-hand operand by the right-hand operand. a/b will give 2 

% It is used to divide the left-hand operand by the right-hand operand and 

returns reminder. 

a%b will give 0 

 

SQL Comparison Operators: 

Let's assume 'variable a' and 'variable b'. Here, 'a' contains 20 and 'b' contains 10. 

Operator Description Example 

= It checks if two operands values are equal or not, if the values are queal 

then condition becomes true. 

(a=b) is not 

true 

!= It checks if two operands values are equal or not, if values are not equal, 

then condition becomes true. 

(a!=b) is true 

<> It checks if two operands values are equal or not, if values are not equal 

then condition becomes true. 

(a<>b) is true 

> It checks if the left operand value is greater than right operand value, if 

yes then condition becomes true. 

(a>b) is not 

true 

< It checks if the left operand value is less than right operand value, if yes 

then condition becomes true. 

(a<b) is true 

>= It checks if the left operand value is greater than or equal to the right 

operand value, if yes then condition becomes true. 

(a>=b) is not 

true 



<= It checks if the left operand value is less than or equal to the right operand 

value, if yes then condition becomes true. 

(a<=b) is true 

!< It checks if the left operand value is not less than the right operand value, 

if yes then condition becomes true. 

(a!=b) is not 

true 

!> It checks if the left operand value is not greater than the right operand 

value, if yes then condition becomes true. 

(a!>b) is true 

 

SQL Logical Operators 

There is the list of logical operator used in SQL: 

Operator Description 

ALL It compares a value to all values in another value set. 

AND It allows the existence of multiple conditions in an SQL statement. 

ANY It compares the values in the list according to the condition. 

BETWEEN It is used to search for values that are within a set of values. 

IN It compares a value to that specified list value. 

NOT It reverses the meaning of any logical operator. 

OR It combines multiple conditions in SQL statements. 

EXISTS It is used to search for the presence of a row in a specified table. 

LIKE It compares a value to similar values using wildcard operator. 

 

 



SQL Table 

o SQL Table is a collection of data which is organized in terms of rows and columns. In 

DBMS, the table is known as relation and row as a tuple. 

o Table is a simple form of data storage. A table is also considered as a convenient 

representation of relations. 

Let's see an example of the EMPLOYEE table: 

EMP_ID EMP_NAME CITY PHONE_NO 

1 Kristen Washington 7289201223 

2 Anna Franklin 9378282882 

3 Jackson Bristol 9264783838 

4 Kellan California 7254728346 

5 Ashley Hawaii 9638482678 

In the above table, "EMPLOYEE" is the table name, "EMP_ID", "EMP_NAME", "CITY", 

"PHONE_NO" are the column names. The combination of data of multiple columns forms a 

row, e.g., 1, "Kristen", "Washington" and 7289201223 are the data of one row. 

Operation on Table 

1. Create table 

2. Drop table 

3. Delete table 

4. Rename table 



SQL Create Table 

SQL create table is used to create a table in the database. To define the table, you should define 

the name of the table and also define its columns and column's data type. 

Syntax 

create table "table_name"     

("column1" "data type",     

"column2" "data type",     

"column3" "data type",     

...     

"columnN" "data type");    

Example 

SQL> CREATE TABLE EMPLOYEE (     

EMP_ID INT NOT NULL,     

EMP_NAME VARCHAR (25) NOT NULL,     

PHONE_NO INT NOT NULL,     

ADDRESS CHAR (30),     

PRIMARY KEY (ID)     

);     

If you create the table successfully, you can verify the table by looking at the message by the 

SQL server. Else you can use DESC command as follows: 

SQL> DESC EMPLOYEE; 

Field Type Null Key Default Extra 

EMP_ID int(11) NO PRI NULL  



EMP_NAME varchar(25) NO  NULL  

PHONE_NO NO int(11)  NULL  

ADDRESS YES   NULL char(30) 

o 4 rows in set (0.35 sec) 

Now you have an EMPLOYEE table in the database, and you can use the stored information 

related to the employees. 

Drop table 

A SQL drop table is used to delete a table definition and all the data from a table. When this 

command is executed, all the information available in the table is lost forever, so you have to 

very careful while using this command. 

Syntax 

1. DROP TABLE "table_name";     

Firstly, you need to verify the EMPLOYEE table using the following command: 

1. SQL> DESC EMPLOYEE;     

Field Type Null Key Default Extra 

EMP_ID int(11) NO PRI NULL  

EMP_NAME varchar(25) NO  NULL  

PHONE_NO NO int(11)  NULL  

ADDRESS YES   NULL char(30) 

o 4 rows in set (0.35 sec) 



This table shows that EMPLOYEE table is available in the database, so we can drop it as 

follows: 

SQL>DROP TABLE EMPLOYEE;     

Now, we can check whether the table exists or not using the following command: 

Query OK, 0 rows affected (0.01 sec)     

As this shows that the table is dropped, so it doesn't display it. 

SQL DELETE table 

In SQL, DELETE statement is used to delete rows from a table. We can use WHERE condition 

to delete a specific row from a table. If you want to delete all the records from the table, then you 

don't need to use the WHERE clause. 

Syntax 

DELETE FROM table_name WHERE condition;     

Example 

Suppose, the EMPLOYEE table having the following records: 

EMP_ID EMP_NAME CITY PHONE_NO SALARY 

1 Kristen Chicago 9737287378 150000 

2 Russell Austin 9262738271 200000 

3 Denzel Boston 7353662627 100000 

4 Angelina Denver 9232673822 600000 



5 Robert Washington 9367238263 350000 

6 Christian Los angels 7253847382 260000 

The following query will DELETE an employee whose ID is 2. 

SQL> DELETE FROM EMPLOYEE   

WHERE EMP_ID = 3;   

Now, the EMPLOYEE table would have the following records. 

EMP_ID EMP_NAME CITY PHONE_NO SALARY 

1 Kristen Chicago 9737287378 150000 

2 Russell Austin 9262738271 200000 

4 Angelina Denver 9232673822 600000 

5 Robert Washington 9367238263 350000 

6 Christian Los angels 7253847382 260000 

If you don't specify the WHERE condition, it will remove all the rows from the table. 

DELETE FROM EMPLOYEE;     

Now, the EMPLOYEE table would not have any records. 

SQL SELECT Statement 

In SQL, the SELECT statement is used to query or retrieve data from a table in the 

database. The returns data is stored in a table, and the result table is known as result-set. 



Syntax 

SELECT column1, column2, ...   

FROM table_name;   

Here, the expression is the field name of the table that you want to select data from. 

Use the following syntax to select all the fields available in the table: 

SELECT  *  FROM table_name;   

Example: 

EMPLOYEE 

EMP_ID EMP_NAME CITY PHONE_NO SALARY 

1 Kristen Chicago 9737287378 150000 

2 Russell Austin 9262738271 200000 

3 Angelina Denver 9232673822 600000 

4 Robert Washington 9367238263 350000 

5 Christian Los angels 7253847382 260000 

To fetch the EMP_ID of all the employees, use the following query: 

SELECT EMP_ID FROM EMPLOYEE;   

 

 



Output 

EMP_ID 

1 

2 

3 

4 

5 

To fetch the EMP_NAME and SALARY, use the following query: 

 

SELECT EMP_NAME, SALARY FROM EMPLOYEE;   

EMP_NAME SALARY 

Kristen 150000 

Russell 200000 

Angelina 600000 

Robert 350000 

Christian 260000 

To fetch all the fields from the EMPLOYEE table, use the following query: 

SELECT * FROM EMPLOYEE   



Output 

EMP_ID EMP_NAME CITY PHONE_NO SALARY 

1 Kristen Chicago 9737287378 150000 

2 Russell Austin 9262738271 200000 

3 Angelina Denver 9232673822 600000 

4 Robert Washington 9367238263 350000 

5 Christian Los angels 7253847382 260000 

 

SQL INSERT Statement 

The SQL INSERT statement is used to insert a single or multiple data in a table. In SQL, You 

can insert the data in two ways: 

1. Without specifying column name 

2. By specifying column name 

Sample Table 

EMPLOYEE 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 



2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Russell Los angels 200000 36 

1. Without specifying column name 

If you want to specify all column values, you can specify or ignore the column values. 

Syntax 

INSERT INTO TABLE_NAME     

VALUES (value1, value2, value 3, .... Value N);     

Query 

INSERT INTO EMPLOYEE VALUES (6, 'Marry', 'Canada', 600000, 48);   

Output: After executing this query, the EMPLOYEE table will look like: 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 



5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

2. By specifying column name 

To insert partial column values, you must have to specify the column names. 

Syntax 

INSERT INTO TABLE_NAME     

[(col1, col2, col3,.... col N)]     

VALUES (value1, value2, value 3, .... Value N);     

Query 

INSERT INTO EMPLOYEE (EMP_ID, EMP_NAME, AGE) VALUES (7, 'Jack', 40);   

Output: After executing this query, the table will look like: 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

7 Jack null null 40 

 



SQL Update Statement 

The SQL UPDATE statement is used to modify the data that is already in the database. The 

condition in the WHERE clause decides that which row is to be updated. 

Syntax 

UPDATE table_name   

SET column1 = value1, column2 = value2, ...   

WHERE condition;   

Sample Table 

EMPLOYEE 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 



Updating single record 

Update the column EMP_NAME and set the value to 'Emma' in the row where SALARY is 

500000. 

Syntax 

UPDATE table_name     

SET column_name = value    

WHERE condition;    

Query 

UPDATE EMPLOYEE    

SET EMP_NAME = 'Emma'    

WHERE SALARY = 500000;   

Output: After executing this query, the EMPLOYEE table will look like: 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Emma Washington 500000 29 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 



Updating multiple records 

If you want to update multiple columns, you should separate each field assigned with a 

comma. In the EMPLOYEE table, update the column EMP_NAME to 'Kevin' and CITY to 

'Boston' where EMP_ID is 5. 

Syntax 

UPDATE table_name     

SET column_name = value1, column_name2 = value2     

WHERE condition;   

Query 

UPDATE EMPLOYEE    

SET EMP_NAME = 'Kevin', City = 'Boston'    

WHERE EMP_ID = 5;   

Output 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Kevin Boston 200000 36 

6 Marry Canada 600000 48 



Without use of WHERE clause 

If you want to update all row from a table, then you don't need to use the WHERE clause. 

In the EMPLOYEE table, update the column EMP_NAME as 'Harry'. 

Syntax 

UPDATE table_name     

SET column_name = value1;   

Query 

UPDATE EMPLOYEE    

SET EMP_NAME = 'Harry';   

Output 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Harry Chicago 200000 30 

2 Harry Austin 300000 26 

3 Harry Denver 100000 42 

4 Harry Washington 500000 29 

5 Harry Los angels 200000 36 

6 Harry Canada 600000 48 

 



SQL DELETE Statement 

The SQL DELETE statement is used to delete rows from a table. Generally, DELETE statement 

removes one or more records form a table. 

Syntax 

DELETE FROM table_name WHERE some_condition;   

Sample Table 

EMPLOYEE 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

Deleting Single Record 

Delete the row from the table EMPLOYEE where EMP_NAME = 'Kristen'. This will delete only 

the fourth row. 



Query 

1. DELETE FROM EMPLOYEE    

2. WHERE EMP_NAME = 'Kristen';   

Output: After executing this query, the EMPLOYEE table will look like: 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

 

Deleting Multiple Record 

Delete the row from the EMPLOYEE table where AGE is 30. This will delete two rows(first and 

third row). 

Query 

DELETE FROM EMPLOYEE WHERE AGE= 30;   

Output: After executing this query, the EMPLOYEE table will look like: 



EMP_ID EMP_NAME CITY SALARY AGE 

2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

Delete all of the records 

Delete all the row from the EMPLOYEE table. After this, no records left to display. The 

EMPLOYEE table will become empty. 

Syntax 

DELETE * FROM table_name;     

or   

DELETE FROM table_name;   

Query 

DELETE FROM EMPLOYEE;   

Output: After executing this query, the EMPLOYEE table will look like: 

EMP_ID EMP_NAME CITY SALARY AGE 

 

 



Views in SQL 

o Views in SQL are considered as a virtual table. A view also contains rows and columns. 

o To create the view, we can select the fields from one or more tables present in the 

database. 

o A view can either have specific rows based on certain condition or all the rows of a table. 

Sample table: 

Student_Detail 

STU_ID NAME ADDRESS 

1 Stephan Delhi 

2 Kathrin Noida 

3 David Ghaziabad 

4 Alina Gurugram 

Student_Marks 

STU_ID NAME MARKS AGE 

1 Stephan 97 19 

2 Kathrin 86 21 

3 David 74 18 



4 Alina 90 20 

5 John 96 18 

1. Creating view 

A view can be created using the CREATE VIEW statement. We can create a view from a single 

table or multiple tables. 

Syntax: 
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CREATE VIEW view_name AS   

SELECT column1, column2.....   

FROM table_name   

WHERE condition;   

2. Creating View from a single table 

In this example, we create a View named DetailsView from the table Student_Detail. 

Query: 

CREATE VIEW DetailsView AS   

SELECT NAME, ADDRESS   

FROM Student_Details   

WHERE STU_ID < 4;   

Just like table query, we can query the view to view the data. 

 



SELECT * FROM DetailsView;   

Output: 

NAME ADDRESS 

Stephan Delhi 

Kathrin Noida 

David Ghaziabad 

3. Creating View from multiple tables 

View from multiple tables can be created by simply include multiple tables in the SELECT 

statement. 

In the given example, a view is created named MarksView from two tables Student_Detail and 

Student_Marks. 

Query:  

CREATE VIEW MarksView AS   

SELECT Student_Detail.NAME, Student_Detail.ADDRESS, Student_Marks.MARKS   

FROM Student_Detail, Student_Mark   

WHERE Student_Detail.NAME = Student_Marks.NAME;   

To display data of View MarksView: 

SELECT * FROM MarksView;   



NAME ADDRESS MARKS 

Stephan Delhi 97 

Kathrin Noida 86 

David Ghaziabad 74 

Alina Gurugram 90 

4. Deleting View 

A view can be deleted using the Drop View statement. 

Syntax 

DROP VIEW view_name;   

Example: 

If we want to delete the View MarksView, we can do this as: 

DROP VIEW MarksView;  
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SQL Set Operation 

The SQL Set operation is used to combine the two or more SQL SELECT statements. 

Types of Set Operation 

1. Union 

2. Union All 

3. Intersect 

4. Minus 

1. Union 

o The SQL Union operation is used to combine the result of two or more SQL SELECT 

queries. 

o In the union operation, all the number of datatype and columns must be same in both the 

tables on which UNION operation is being applied. 

o The union operation eliminates the duplicate rows from its resultset. 

Syntax 

SELECT column_name FROM table1   

UNION   

SELECT column_name FROM table2;   

Example: 

The First table 

ID NAME 

1 Jack 

2 Harry 

3 Jackson 

 

 

 

 



 

The Second table 

ID NAME 

3 Jackson 

4 Stephan 

5 David 

Union SQL query will be: 

SELECT * FROM First    

UNION   

SELECT * FROM Second;   

The resultset table will look like: 

ID NAME 

1 Jack 

2 Harry 

3 Jackson 

4 Stephan 

5 David 

 

2. Union All 

Union All operation is equal to the Union operation. It returns the set without removing 

duplication and sorting the data. 

Syntax: 



SELECT column_name FROM table1   

UNION ALL   

SELECT column_name FROM table2;   

Example: Using the above First and Second table. 

Union All query will be like: 

SELECT * FROM First    

UNION ALL   

SELECT * FROM Second;   

The resultset table will look like: 

ID NAME 

1 Jack 

2 Harry 

3 Jackson 

3 Jackson 

4 Stephan 

5 David 

 

3. Intersect 

o It is used to combine two SELECT statements. The Intersect operation returns the 

common rows from both the SELECT statements. 

o In the Intersect operation, the number of datatype and columns must be the same. 

o It has no duplicates and it arranges the data in ascending order by default. 

 

Syntax 



SELECT column_name FROM table1   

INTERSECT   

SELECT column_name FROM table2;   

Example: 

Using the above First and Second table. 

Intersect query will be: 

SELECT * FROM First    

INTERSECT   

SELECT * FROM Second;   

The resultset table will look like: 

ID NAME 

3 Jackson 

 

4. Minus 

o It combines the result of two SELECT statements. Minus operator is used to display the 

rows which are present in the first query but absent in the second query. 

o It has no duplicates and data arranged in ascending order by default. 

Syntax: 

SELECT column_name FROM table1   

MINUS   

SELECT column_name FROM table2;   

Example 

Using the above First and Second table. 

Minus query will be: 

SELECT * FROM First    

MINUS   

SELECT * FROM Second;   

The resultset table will look like: 



ID NAME 

1 Jack 

2 Harry 

 

SQL Sub Query 

A Subquery is a query within another SQL query and embedded within the WHERE clause. 

Important Rule: 

o A subquery can be placed in a number of SQL clauses like WHERE clause, FROM 

clause, HAVING clause. 

o You can use Subquery with SELECT, UPDATE, INSERT, DELETE statements along 

with the operators like =, <, >, >=, <=, IN, BETWEEN, etc. 

o A subquery is a query within another query. The outer query is known as the main query, 

and the inner query is known as a subquery. 

o Subqueries are on the right side of the comparison operator. 

o A subquery is enclosed in parentheses. 

o In the Subquery, ORDER BY command cannot be used. But GROUP BY command can 

be used to perform the same function as ORDER BY command. 

1. Subqueries with the Select Statement 

SQL subqueries are most frequently used with the Select statement. 

Syntax 

SELECT column_name   

FROM table_name   

WHERE column_name expression operator    

( SELECT column_name  from table_name WHERE ... );   

Example 

Consider the EMPLOYEE table have the following records: 

ID NAME AGE ADDRESS SALARY 



1 John 20 US 2000.00 

2 Stephan 26 Dubai 1500.00 

3 David 27 Bangkok 2000.00 

4 Alina 29 UK 6500.00 

5 Kathrin 34 Bangalore 8500.00 

6 Harry 42 China 4500.00 

7 Jackson 25 Mizoram 10000.00 

The subquery with a SELECT statement will be: 

SELECT *    

FROM EMPLOYEE   

WHERE ID IN (SELECT ID    

FROM EMPLOYEE    

WHERE SALARY > 4500);   

 

This would produce the following result: 

ID NAME AGE ADDRESS SALARY 

4 Alina 29 UK 6500.00 

5 Kathrin 34 Bangalore 8500.00 

7 Jackson 25 Mizoram 10000.00 

2. Subqueries with the INSERT Statement 

o SQL subquery can also be used with the Insert statement. In the insert statement, data 

returned from the subquery is used to insert into another table. 

o In the subquery, the selected data can be modified with any of the character, date 

functions. 



Syntax: 

INSERT INTO table_name (column1, column2, column3....)    

SELECT *   

FROM table_name   

WHERE VALUE OPERATOR   

 

Example 

Consider a table EMPLOYEE_BKP with similar as EMPLOYEE. 

Now use the following syntax to copy the complete EMPLOYEE table into the 

EMPLOYEE_BKP table. 

 

INSERT INTO EMPLOYEE_BKP   

SELECT * FROM EMPLOYEE    

WHERE ID IN (SELECT ID    

FROM EMPLOYEE);   

 

3. Subqueries with the UPDATE Statement 

The subquery of SQL can be used in conjunction with the Update statement. When a subquery is 

used with the Update statement, then either single or multiple columns in a table can be updated. 

Syntax 

UPDATE table   

SET column_name = new_value   

WHERE VALUE OPERATOR   

(SELECT COLUMN_NAME   

FROM TABLE_NAME   

WHERE condition);   

Example 

Let's assume we have an EMPLOYEE_BKP table available which is backup of EMPLOYEE 

table. The given example updates the SALARY by .25 times in the EMPLOYEE table for all 

employee whose AGE is greater than or equal to 29. 

UPDATE EMPLOYEE   



SET SALARY = SALARY * 0.25   

WHERE AGE IN (SELECT AGE FROM CUSTOMERS_BKP   

WHERE AGE >= 29);   

This would impact three rows, and finally, the EMPLOYEE table would have the following 

records. 

 

ID NAME AGE ADDRESS SALARY 

1 John 20 US 2000.00 

2 Stephan 26 Dubai 1500.00 

3 David 27 Bangkok 2000.00 

4 Alina 29 UK 1625.00 

5 Kathrin 34 Bangalore 2125.00 

6 Harry 42 China 1125.00 

7 Jackson 25 Mizoram 10000.00 

 

4. Subqueries with the DELETE Statement 

The subquery of SQL can be used in conjunction with the Delete statement just like any other 

statements mentioned above. 

Syntax 

DELETE FROM TABLE_NAME   

WHERE VALUE OPERATOR   

(SELECT COLUMN_NAME   

FROM TABLE_NAME   

WHERE condition);    

Example 



Let's assume we have an EMPLOYEE_BKP table available which is backup of EMPLOYEE 

table. The given example deletes the records from the EMPLOYEE table for all EMPLOYEE 

whose AGE is greater than or equal to 29. 

DELETE FROM EMPLOYEE   

WHERE AGE IN (SELECT AGE FROM EMPLOYEE_BKP   

WHERE AGE >= 29 );   

This would impact three rows, and finally, the EMPLOYEE table would have the following 

records. 

 

ID NAME AGE ADDRESS SALARY 

1 John 20 US 2000.00 

2 Stephan 26 Dubai 1500.00 

3 David 27 Bangkok 2000.00 

7 Jackson 25 Mizoram 10000.00 

 

SQL Clauses 

The following are the various SQL clauses: 

 

 

 

1. GROUP BY 



o SQL GROUP BY statement is used to arrange identical data into groups. The GROUP 

BY statement is used with the SQL SELECT statement. 

o The GROUP BY statement follows the WHERE clause in a SELECT statement and 

precedes the ORDER BY clause. 

o The GROUP BY statement is used with aggregation function. 

 

 

Syntax 

SELECT column   

FROM table_name   

WHERE conditions    

GROUP BY column   

ORDER BY column   

Sample table: 

PRODUCT_MAST 

PRODUCT COMPANY QTY RATE COST 

Item1 Com1 2 10 20 

Item2 Com2 3 25 75 

Item3 Com1 2 30 60 

Item4 Com3 5 10 50 

Item5 Com2 2 20 40 

Item6 Cpm1 3 25 75 

Item7 Com1 5 30 150 

Item8 Com1 3 10 30 



Item9 Com2 2 25 50 

Item10 Com3 4 30 120 

Example: 

SELECT COMPANY, COUNT(*)   

FROM PRODUCT_MAST    

GROUP BY COMPANY;   

 

Output: 

Com1   5 

Com2   3 

Com3   2 

 

2. HAVING 

o HAVING clause is used to specify a search condition for a group or an aggregate. 

o Having is used in a GROUP BY clause. If you are not using GROUP BY clause then you 

can use HAVING function like a WHERE clause. 

Syntax: 

SELECT column1, column2    

FROM table_name   

WHERE conditions    

GROUP BY column1, column2    

HAVING conditions   

ORDER BY column1, column2;   

Example: 

SELECT COMPANY, COUNT(*)   

FROM PRODUCT_MAST    

GROUP BY COMPANY   

HAVING COUNT(*)>2;   

Output: 

Com1   5 



Com2   3 

 

3. ORDER BY 

o The ORDER BY clause sorts the result-set in ascending or descending order. 

o It sorts the records in ascending order by default. DESC keyword is used to sort the 

records in descending order. 

 

 

Syntax: 

SELECT column1, column2   

FROM table_name   

WHERE condition   

ORDER BY column1, column2... ASC|DESC;   

Where 

ASC: It is used to sort the result set in ascending order by expression. 

DESC: It sorts the result set in descending order by expression. 

Example: Sorting Results in Ascending Order 

Table: 

CUSTOMER 

CUSTOMER_ID NAME ADDRESS 

12 Kathrin US 

23 David Bangkok 

34 Alina Dubai 

45 John UK 

56 Harry US 

 



Enter the following SQL statement: 

SELECT *   

FROM CUSTOMER   

ORDER BY NAME;   

 

 

 

 

 

Output: 

CUSTOMER_ID NAME ADDRESS 

34 Alina Dubai 

23 David Bangkok 

56 Harry US 

45 John UK 

12 Kathrin US 

 

Example: Sorting Results in Descending Order 

Using the above CUSTOMER table 

SELECT *   

FROM CUSTOMER   

ORDER BY NAME DESC;   

Output: 

CUSTOMER_ID NAME ADDRESS 



12 Kathrin US 

45 John UK 

56 Harry US 

23 David Bangkok 

34 Alina Dubai 

 

 

 

SQL Aggregate Functions 

o SQL aggregation function is used to perform the calculations on multiple rows of a single 

column of a table. It returns a single value. 

o It is also used to summarize the data. 

Types of SQL Aggregation Function 

 

 

1. COUNT FUNCTION 

o COUNT function is used to Count the number of rows in a database table. It can work on 

both numeric and non-numeric data types. 

o COUNT function uses the COUNT(*) that returns the count of all the rows in a specified 

table. COUNT(*) considers duplicate and Null. 

Syntax 



COUNT(*)   

or   

COUNT( [ALL|DISTINCT] expression )   

Sample table: 

PRODUCT_MAST 

PRODUCT COMPANY QTY RATE COST 

Item1 Com1 2 10 20 

Item2 Com2 3 25 75 

Item3 Com1 2 30 60 

Item4 Com3 5 10 50 

Item5 Com2 2 20 40 

Item6 Cpm1 3 25 75 

Item7 Com1 5 30 150 

Item8 Com1 3 10 30 

Item9 Com2 2 25 50 

Item10 Com3 4 30 120 

 

Example: COUNT() 

SELECT COUNT(*)   

FROM PRODUCT_MAST;   

Output: 

10 

 

 



Example: COUNT with WHERE 

SELECT COUNT(*)   

FROM PRODUCT_MAST;   

WHERE RATE>=20;   

Output: 

7 

 

Example: COUNT() with DISTINCT 

SELECT COUNT(DISTINCT COMPANY)   

FROM PRODUCT_MAST;     

Output: 

3 

 

Example: COUNT() with GROUP BY 

SELECT COMPANY, COUNT(*)   

FROM PRODUCT_MAST   

GROUP BY COMPANY;   

Output: 

Com1    5 

Com2    3 

Com3    2 

 

Example: COUNT() with HAVING 

SELECT COMPANY, COUNT(*)   

FROM PRODUCT_MAST   

GROUP BY COMPANY   

HAVING COUNT(*)>2;   

Output: 

Com1    5 

Com2    3 



 

2. SUM Function 

Sum function is used to calculate the sum of all selected columns. It works on numeric fields 

only. 

Syntax 

SUM()   

or   

SUM( [ALL|DISTINCT] expression )   

Example: SUM() 

SELECT SUM(COST)   

FROM PRODUCT_MAST;   

Example: SUM() with WHERE 

SELECT SUM(COST)   

FROM PRODUCT_MAST   

WHERE QTY>3;   

Output: 

320 

Example: SUM() with GROUP BY 

SELECT SUM(COST)   

FROM PRODUCT_MAST   

WHERE QTY>3   

GROUP BY COMPANY;   

Output: 

Com1    150 

Com2    170 

Example: SUM() with HAVING 

SELECT COMPANY, SUM(COST)   

FROM PRODUCT_MAST   

GROUP BY COMPANY   

HAVING SUM(COST)>=170;   



Output: 

Com1    335 

Com3    170 

3. AVG function 

The AVG function is used to calculate the average value of the numeric type. AVG function 

returns the average of all non-Null values. 

Syntax 

AVG()   

or   

AVG( [ALL|DISTINCT] expression )   

Example: 

SELECT AVG(COST)   

FROM PRODUCT_MAST;   

Output: 

67.00 

 

4. MAX Function 

MAX function is used to find the maximum value of a certain column. This function determines 

the largest value of all selected values of a column. 

Syntax 

MAX()   

or   

MAX( [ALL|DISTINCT] expression )   

Example: 

SELECT MAX(RATE)   

FROM PRODUCT_MAST;   

30  



 

5. MIN Function 

MIN function is used to find the minimum value of a certain column. This function determines 

the smallest value of all selected values of a column. 

Syntax 

MIN()   

or   

MIN( [ALL|DISTINCT] expression )   

Example: 

SELECT MIN(RATE)   

FROM PRODUCT_MAST;   

Output: 

10 

 

 

SQL JOIN 

As the name shows, JOIN means to combine something. In case of SQL, JOIN means "to 

combine two or more tables". 

In SQL, JOIN clause is used to combine the records from two or more tables in a database. 

Types of SQL JOIN 

1. INNER JOIN 

2. LEFT JOIN 

3. RIGHT JOIN 

4. FULL JOIN 

EMPLOYEE 

EMP_ID EMP_NAME CITY SALARY AGE 

1 Angelina Chicago 200000 30 



2 Robert Austin 300000 26 

3 Christian Denver 100000 42 

4 Kristen Washington 500000 29 

5 Russell Los angels 200000 36 

6 Marry Canada 600000 48 

PROJECT 

PROJECT_NO EMP_ID DEPARTMENT 

101 1 Testing 

102 2 Development 

103 3 Designing 

104 4 Development 

1. INNER JOIN 

In SQL, INNER JOIN selects records that have matching values in both tables as long as the 

condition is satisfied. It returns the combination of all rows from both the tables where the 

condition satisfies. 

Syntax 

SELECT table1.column1, table1.column2, table2.column1,....   

FROM table1    

INNER JOIN table2   

ON table1.matching_column = table2.matching_column;   

Query 

SELECT EMPLOYEE.EMP_NAME, PROJECT.DEPARTMENT    

FROM EMPLOYEE   



INNER JOIN PROJECT   

ON PROJECT.EMP_ID = EMPLOYEE.EMP_ID;   

Output 

EMP_NAME DEPARTMENT 

Angelina Testing 

Robert Development 

Christian Designing 

Kristen Development 

2. LEFT JOIN 

The SQL left join returns all the values from left table and the matching values from the right 

table. If there is no matching join value, it will return NULL. 

Syntax 

SELECT table1.column1, table1.column2, table2.column1,....   

FROM table1    

LEFT JOIN table2   

ON table1.matching_column = table2.matching_column;   

Query 

SELECT EMPLOYEE.EMP_NAME, PROJECT.DEPARTMENT    

FROM EMPLOYEE   

LEFT JOIN PROJECT   

ON PROJECT.EMP_ID = EMPLOYEE.EMP_ID;   

 

Output 

EMP_NAME DEPARTMENT 



Angelina Testing 

Robert Development 

Christian Designing 

Kristen Development 

Russell NULL 

Marry NULL 

3. RIGHT JOIN 

In SQL, RIGHT JOIN returns all the values from the values from the rows of right table and the 

matched values from the left table. If there is no matching in both tables, it will return NULL. 

Syntax 

SELECT table1.column1, table1.column2, table2.column1,....   

FROM table1    

RIGHT JOIN table2   

ON table1.matching_column = table2.matching_column;   

Query 

SELECT EMPLOYEE.EMP_NAME, PROJECT.DEPARTMENT    

FROM EMPLOYEE   

RIGHT JOIN PROJECT   

ON PROJECT.EMP_ID = EMPLOYEE.EMP_ID;   

 

Output 

EMP_NAME DEPARTMENT 

Angelina Testing 



Robert Development 

Christian Designing 

Kristen Development 

4. FULL JOIN 

In SQL, FULL JOIN is the result of a combination of both left and right outer join. Join tables 

have all the records from both tables. It puts NULL on the place of matches not found. 

Syntax 

SELECT table1.column1, table1.column2, table2.column1,....   

FROM table1    

FULL JOIN table2   

ON table1.matching_column = table2.matching_column;   

Query 

SELECT EMPLOYEE.EMP_NAME, PROJECT.DEPARTMENT    

FROM EMPLOYEE   

FULL JOIN PROJECT    

ON PROJECT.EMP_ID = EMPLOYEE.EMP_ID;   

 

 

 

Output 

EMP_NAME DEPARTMENT 

Angelina Testing 

Robert Development 

Christian Designing 



Kristen Development 

Russell NULL 

Marry NULL 

 

 

NULL VALUES 

 The SQL NULL is the term used to represent a missing value. A NULL value in a table is a 

value in a field that appears to be blank. 

A field with a NULL value is a field with no value. It is very important to understand that a 

NULL value is different than a zero value or a field that contains spaces. 

Syntax 

The basic syntax of NULL while creating a table. 

SQL> CREATE TABLE CUSTOMERS( 

ID INT NOT NULL, 

NAME VARCHAR (20) NOT NULL, 

AGE INT NOT NULL, 

ADDRESS CHAR (25) , 

SALARY DECIMAL (18, 2), 

PRIMARY KEY (ID) 

); 

Here, NOT NULL signifies that column should always accept an explicit value of the given data 

type. There are two columns where we did not use NOT NULL, which means these columns 

could be NULL. 

A field with a NULL value is the one that has been left blank during the record creation. 

https://www.javatpoint.com/dbms-sql-view
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Integrity Constraints 

o Integrity constraints are a set of rules. It is used to maintain the quality of information. 

o Integrity constraints ensure that the data insertion, updating, and other processes have to 

be performed in such a way that data integrity is not affected. 

o Thus, integrity constraint is used to guard against accidental damage to the database. 

Types of Integrity Constraint 

 

 

1. Domain constraints 

o Domain constraints can be defined as the definition of a valid set of values for an 

attribute. 

o The data type of domain includes string, character, integer, time, date, currency, etc. The 

value of the attribute must be available in the corresponding domain. 

Example: 

 



2. Entity integrity constraints 

o The entity integrity constraint states that primary key value can't be null. 

o This is because the primary key value is used to identify individual rows in relation and if 

the primary key has a null value, then we can't identify those rows. 

o A table can contain a null value other than the primary key field. 

Example: 

 

3. Referential Integrity Constraints 

o A referential integrity constraint is specified between two tables. 

o In the Referential integrity constraints, if a foreign key in Table 1 refers to the Primary 

Key of Table 2, then every value of the Foreign Key in Table 1 must be null or be 

available in Table 2. 

Example 



 

 

 

4. Key constraints 

o Keys are the entity set that is used to identify an entity within its entity set uniquely. 

o An entity set can have multiple keys, but out of which one key will be the primary key. A 

primary key can contain a unique and null value in the relational table. 

Example: 

 

 



Trigger 

Trigger is invoked by Oracle engine automatically whenever a specified event occurs.Trigger is 

stored into database and invoked repeatedly, when specific condition match. 

Triggers are stored programs, which are automatically executed or fired when some event 

occurs. 

Triggers are written to be executed in response to any of the following events. 

o A database manipulation (DML) statement (DELETE, INSERT, or UPDATE). 

o A database definition (DDL) statement (CREATE, ALTER, or DROP). 

o A database operation (SERVERERROR, LOGON, LOGOFF, STARTUP, or 

SHUTDOWN). 

Triggers could be defined on the table, view, schema, or database with which the event is 

associated. 

Advantages of Triggers 

These are the following advantages of Triggers: 

o Trigger generates some derived column values automatically 

o Enforces referential integrity 

o Event logging and storing information on table access 

o Auditing 

o Synchronous replication of tables 

o Imposing security authorizations 

o Preventing invalid transactions 



 

Creating a trigger: 

Syntax for creating trigger: 

CREATE [OR REPLACE ] TRIGGER trigger_name    

{BEFORE | AFTER | INSTEAD OF }    

{INSERT [OR] | UPDATE [OR] | DELETE}    

[OF col_name]    

ON table_name    

[REFERENCING OLD AS o NEW AS n]    

[FOR EACH ROW]    

WHEN (condition)     

DECLARE   

   Declaration-statements   

BEGIN    

Executable-statements   

EXCEPTION   

Exception-handling-statements   

END;   

Here, 

o CREATE [OR REPLACE] TRIGGER trigger_name: It creates or replaces an existing 

trigger with the trigger_name. 

o {BEFORE | AFTER | INSTEAD OF} : This specifies when the trigger would be 

executed. The INSTEAD OF clause is used for creating trigger on a view. 

o {INSERT [OR] | UPDATE [OR] | DELETE}: This specifies the DML operation. 

o [OF col_name]: This specifies the column name that would be updated. 

o [ON table_name]: This specifies the name of the table associated with the trigger. 



o [REFERENCING OLD AS o NEW AS n]: This allows you to refer new and old values 

for various DML statements, like INSERT, UPDATE, and DELETE. 

o [FOR EACH ROW]: This specifies a row level trigger, i.e., the trigger would be executed 

for each row being affected. Otherwise the trigger will execute just once when the SQL 

statement is executed, which is called a table level trigger. 

o WHEN (condition): This provides a condition for rows for which the trigger would fire. 

This clause is valid only for row level triggers. 

PL/SQL Trigger Example 

Let's take a simple example to demonstrate the trigger. In this example, we are using the 

following CUSTOMERS table: 

Create table and have records: 

ID NAME AGE ADDRESS SALARY 

1 Ramesh 23 Allahabad 20000 

2 Suresh 22 Kanpur 22000 

3 Mahesh 24 Ghaziabad 24000 

4 Chandan 25 Noida 26000 

5 Alex 21 Paris 28000 

6 Sunita 20 Delhi 30000 



Create trigger: 

Let's take a program to create a row level trigger for the CUSTOMERS table that would fire for 

INSERT or UPDATE or DELETE operations performed on the CUSTOMERS table. This 

trigger will display the salary difference between the old values and new values: 

CREATE OR REPLACE TRIGGER display_salary_changes   

BEFORE DELETE OR INSERT OR UPDATE ON customers   

FOR EACH ROW   

WHEN (NEW.ID > 0)   

DECLARE   

sal_diff number;   

BEGIN   

  sal_diff := :NEW.salary  - :OLD.salary;   

  dbms_output.put_line('Old salary: ' || :OLD.salary);   

  dbms_output.put_line('New salary: ' || :NEW.salary);   

  dbms_output.put_line('Salary difference: ' || sal_diff);   

END;   

/ 

After the execution of the above code at SQL Prompt, it produces the following result. 

Trigger created. 

Check the salary difference by procedure: 

Use the following code to get the old salary, new salary and salary difference after the trigger 

created. 
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DECLARE    

total_rows number(2);   

BEGIN   

 UPDATE  customers   

  SET salary = salary + 5000;   

  IF sql%notfound THEN   

      dbms_output.put_line('no customers updated');   

  ELSIF sql%found THEN   

     total_rows := sql%rowcount;   

    dbms_output.put_line( total_rows || ' customers updated ');   

   END IF;    

END;   

/   

Output: 

Old salary: 20000 

New salary: 25000 

Salary difference: 5000 

Old salary: 22000 

New salary: 27000 

Salary difference: 5000 

Old salary: 24000 

New salary: 29000 

Salary difference: 5000 

Old salary: 26000 

New salary: 31000 

Salary difference: 5000 

Old salary: 28000 

New salary: 33000 



Salary difference: 5000 

Old salary: 30000 

New salary: 35000 

Salary difference: 5000 

6 customers updated  

Note: As many times you executed this code, the old and new both salary is incremented by 

5000 and hence the salary difference is always 5000. 

After the execution of above code again, you will get the following result. 

Old salary: 25000 

New salary: 30000 

Salary difference: 5000 

Old salary: 27000 

New salary: 32000 

Salary difference: 5000 

Old salary: 29000 

New salary: 34000 

Salary difference: 5000 

Old salary: 31000 

New salary: 36000 

Salary difference: 5000 

Old salary: 33000 

New salary: 38000 

Salary difference: 5000 

Old salary: 35000 

New salary: 40000 

Salary difference: 5000 

6 customers updated 



Important Points 

Following are the two very important point and should be noted carefully. 

o OLD and NEW references are used for record level triggers these are not avialable for 

table level triggers. 

o If you want to query the table in the same trigger, then you should use the AFTER 

keyword, because triggers can query the table or change it again only after the initial 

changes are applied and the table is back in a consistent state. 

 



UNIT – III 

Schema Refinement 

 The Schema Refinement refers to refine the schema by using some technique. The best 

technique of schema refinement is decomposition.  

Normalisation or Schema Refinement is a technique of organizing the data in the database. It 

is a systematic approach of decomposing tables to eliminate data redundancy and undesirable 

characteristics like Insertion, Update and Deletion Anomalies.  

Redundancy refers to repetition of same data or duplicate copies of same data stored in different 

locations. Anomalies: Anomalies refers to the problems occurred after poorly planned and 

normalised databases where all the data is stored in one table which is sometimes called a flat 

file database.  

Anomalies or problems facing without normalization(problems due to redundancy) : Anomalies 

refers to the problems occurred after poorly planned and unnormalised databases where all the 

data is stored in one table which is sometimes called a flat file database. Let us consider such 

type of schema – 

Here all the data is stored in a single table which causes redundancy of data or say anomalies as 

SID and Sname are repeated once for same CID . Let us discuss anomalies one by one. 

Due to redundancy of data we may get the following problems, those are- 

1. Insertion anomalies : It may not be possible to store some information unless 

some other information is stored as well. 



2. Redundant storage: some information is stored repeatedly 

3. Update anomalies: If one copy of redundant data is updated, then inconsistency is 

created unless all redundant copies of data are updated. 

4. Deletion anomalies: It may not be possible to delete some information without 

losing some other information as well. 

Problem in updation / updation anomaly – If there is updation in the fee from 5000 to 

7000, then we have to update FEE column in all the rows, else data will become 

inconsistent. 

 

Insertion Anomaly and Deletion Anomaly- These anomalies exist only due to 

redundancy, otherwise they do not exist. 

InsertionAnomalies: New course is introduced C4, But no student is there who is having 

C4 subject. 

 

 



Because of insertion of some data, It is forced to insert some other dummy data. 

Deletion Anomaly : 

Deletion of S3 student cause the deletion of course. 

 

Because of deletion of some data forced to delete some other useful data. 

Solutions To Anomalies : Decomposition of Tables – Schema Refinement 

 

 

 

 



There are some Anomalies in this again – 

 

 

What is the Solution ?? 

Solution : decomposing into relations as shown below 

 

 

 TO AVOID REDUNDANCY and problems due to redundancy, we use 

refinement technique called DECOMPOSITION. 

Decomposition: - Process of decomposing a larger relation into smaller relations. 

 Each of smaller relations contain subset of attributes of original relation. 

  



Functional Dependency 

The functional dependency is a relationship that exists between two attributes. It typically exists 

between the primary key and non-key attribute within a table. 

1. X   →   Y   

The left side of FD is known as a determinant, the right side of the production is known as a 

dependent. 

For example: 

Assume we have an employee table with attributes: Emp_Id, Emp_Name, Emp_Address. 

Here Emp_Id attribute can uniquely identify the Emp_Name attribute of employee table because 

if we know the Emp_Id, we can tell that employee name associated with it. 

Functional dependency can be written as: 

1. Emp_Id → Emp_Name    

We can say that Emp_Name is functionally dependent on Emp_Id. 



Types of Functional dependency 

 

 

 

1. Trivial functional dependency 

o A → B has trivial functional dependency if B is a subset of A. 

o The following dependencies are also trivial like: A → A, B → B 

Example: 

1. Consider a table with two columns Employee_Id and Employee_Name.   

2. {Employee_id, Employee_Name}   →    Employee_Id is a trivial functional dependency as    

3. Employee_Id is a subset of {Employee_Id, Employee_Name}.   

4. Also, Employee_Id → Employee_Id and Employee_Name   →    Employee_Name are trivial de

pendencies too.   

2. Non-trivial functional dependency 

o A → B has a non-trivial functional dependency if B is not a subset of A. 

o When A intersection B is NULL, then A → B is called as complete non-trivial. 

Example: 

1. ID   →    Name,   



2. Name   →    DOB   

 

Prime and non-prime attributes 

Attributes which are parts of any candidate key of relation are called as prime attribute, 

others are non-prime attributes. 

 

Candidate Key: 

Candidate Key is minimal set of attributes of a relation which can be used to identify 

a tuple uniquely. 

Consider student table: student(sno, sname,sphone,age) 

we can take sno as candidate key. we can have more than 1 candidate key in 

a table. types of candidate keys: 

1. simple(having only one attribute) 

2. composite(having multiple attributes as candidate key) 

Super Key: 

Super Key is set of attributes of a relation which can be used to identify a tuple uniquely. 

 

 Adding zero or more attributes to candidate key generates super key. 

 A candidate key is a super key but vice versa is not true. 

 

Relational Decomposition 

o When a relation in the relational model is not in appropriate normal form then the 

decomposition of a relation is required. 

o In a database, it breaks the table into multiple tables. 

o If the relation has no proper decomposition, then it may lead to problems like loss of 

information. 

o Decomposition is used to eliminate some of the problems of bad design like anomalies, 

inconsistencies, and redundancy. 



Types of Decomposition 

 

 

 

Lossless Decomposition 

o If the information is not lost from the relation that is decomposed, then the decomposition 

will be lossless. 

o The lossless decomposition guarantees that the join of relations will result in the same 

relation as it was decomposed. 

o The relation is said to be lossless decomposition if natural joins of all the decomposition 

give the original relation. 

Example: 

EMPLOYEE_DEPARTMENT table: 

EMP_ID EMP_NAME EMP_AGE EMP_CITY DEPT_ID DEPT_NAME 

22 Denim 28 Mumbai 827 Sales 

33 Alina 25 Delhi 438 Marketing 

46 Stephan 30 Bangalore 869 Finance 

52 Katherine 36 Mumbai 575 Production 

60 Jack 40 Noida 678 Testing 



The above relation is decomposed into two relations EMPLOYEE and DEPARTMENT 

EMPLOYEE table: 

EMP_ID EMP_NAME EMP_AGE EMP_CITY 

22 Denim 28 Mumbai 

33 Alina 25 Delhi 

46 Stephan 30 Bangalore 

52 Katherine 36 Mumbai 

60 Jack 40 Noida 

DEPARTMENT table 

DEPT_ID EMP_ID DEPT_NAME 

827 22 Sales 

438 33 Marketing 

869 46 Finance 

575 52 Production 

678 60 Testing 

Now, when these two relations are joined on the common column "EMP_ID", then the resultant 

relation will look like: 

 

 

 



Employee ⋈ Department 

EMP_ID EMP_NAME EMP_AGE EMP_CITY DEPT_ID DEPT_NAME 

22 Denim 28 Mumbai 827 Sales 

33 Alina 25 Delhi 438 Marketing 

46 Stephan 30 Bangalore 869 Finance 

52 Katherine 36 Mumbai 575 Production 

60 Jack 40 Noida 678 Testing 

Hence, the decomposition is Lossless join decomposition. 

Dependency Preserving 

o It is an important constraint of the database. 

o In the dependency preservation, at least one decomposed table must satisfy every 

dependency. 

o If a relation R is decomposed into relation R1 and R2, then the dependencies of R either 

must be a part of R1 or R2 or must be derivable from the combination of functional 

dependencies of R1 and R2. 

o For example, suppose there is a relation R (A, B, C, D) with functional dependency set 

(A->BC). The relational R is decomposed into R1(ABC) and R2(AD) which is 

dependency preserving because FD A->BC is a part of relation R1(ABC). 

Multivalued Dependency 

o Multivalued dependency occurs when two attributes in a table are independent of each 

other but, both depend on a third attribute. 

o A multivalued dependency consists of at least two attributes that are dependent on a third 

attribute that's why it always requires at least three attributes. 



Example: Suppose there is a bike manufacturer company which produces two colors(white and 

black) of each model every year. 

BIKE_MODEL MANUF_YEAR COLOR 

M2011 2008 White 

M2001 2008 Black 

M3001 2013 White 

M3001 2013 Black 

M4006 2017 White 

M4006 2017 Black 

Here columns COLOR and MANUF_YEAR are dependent on BIKE_MODEL and independent 

of each other. 

In this case, these two columns can be called as multivalued dependent on BIKE_MODEL. The 

representation of these dependencies is shown below: 

1. BIKE_MODEL   →  →  MANUF_YEAR   

2. BIKE_MODEL   →  →  COLOR   

This can be read as "BIKE_MODEL multidetermined MANUF_YEAR" and "BIKE_MODEL 

multidetermined COLOR". 

Join Dependency 

o Join decomposition is a further generalization of Multivalued dependencies. 

o If the join of R1 and R2 over C is equal to relation R, then we can say that a join 

dependency (JD) exists. 

o Where R1 and R2 are the decompositions R1(A, B, C) and R2(C, D) of a given relations 

R (A, B, C, D). 

o Alternatively, R1 and R2 are a lossless decomposition of R. 



o A JD ⋈ {R1, R2,..., Rn} is said to hold over a relation R if R1, R2,....., Rn is a lossless-

join decomposition. 

o The *(A, B, C, D), (C, D) will be a JD of R if the join of join's attribute is equal to the 

relation R. 

o Here, *(R1, R2, R3) is used to indicate that relation R1, R2, R3 and so on are a JD of R. 

What is Transitive Dependency? 

When an indirect relationship causes functional dependency it is called Transitive Dependency. 

If  P -> Q and Q -> R is true, then P-> R is a transitive dependency. 

To achieve 3NF, eliminate the Transitive Dependency. 

What is Partial Dependency? 

Partial Dependency occurs when a non-prime attribute is functionally dependent on part of a 

candidate key. 

Normalization 

A large database defined as a single relation may result in data duplication. This repetition of 

data may result in: 

o Making relations very large. 

o It isn't easy to maintain and update data as it would involve searching many records in 

relation. 

o Wastage and poor utilization of disk space and resources. 

o The likelihood of errors and inconsistencies increases. 

So to handle these problems, we should analyze and decompose the relations with redundant data 

into smaller, simpler, and well-structured relations that are satisfy desirable properties. 

Normalization is a process of decomposing the relations into relations with fewer attributes. 



 

What is Normalization? 

o Normalization is the process of organizing the data in the database. 

o Normalization is used to minimize the redundancy from a relation or set of relations. It is 

also used to eliminate undesirable characteristics like Insertion, Update, and Deletion 

Anomalies. 

o Normalization divides the larger table into smaller and links them using relationships. 

o The normal form is used to reduce redundancy from the database table. 

Why do we need Normalization? 

The main reason for normalizing the relations is removing these anomalies. Failure to 

eliminate anomalies leads to data redundancy and can cause data integrity and other problems as 

the database grows. Normalization consists of a series of guidelines that helps to guide you in 

creating a good database structure. 

Data modification anomalies can be categorized into three types: 

o Insertion Anomaly: Insertion Anomaly refers to when one cannot insert a new tuple into 

a relationship due to lack of data. 

o Deletion Anomaly: The delete anomaly refers to the situation where the deletion of data 

results in the unintended loss of some other important data. 

o Updatation Anomaly: The update anomaly is when an update of a single data value 

requires multiple rows of data to be updated. 

Types of Normal Forms: 

Normalization works through a series of stages called Normal forms. The normal forms 

apply to individual relations. The relation is said to be in particular normal form if it satisfies 

constraints. 

 



Following are the various types of Normal forms: 

 

Normal 
Form 

Description 

1NF A relation is in 1NF if it contains an atomic value. 

2NF A relation will be in 2NF if it is in 1NF and all non-key attributes are fully 
functional dependent on the primary key. 

3NF A relation will be in 3NF if it is in 2NF and no transition dependency exists. 

BCNF A stronger definition of 3NF is known as Boyce Codd's normal form. 

4NF A relation will be in 4NF if it is in Boyce Codd's normal form and has no multi-
valued dependency. 

5NF A relation is in 5NF. If it is in 4NF and does not contain any join dependency, 
joining should be lossless. 

https://www.javatpoint.com/dbms-first-normal-form
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Advantages of Normalization 

o Normalization helps to minimize data redundancy. 

o Greater overall database organization. 

o Data consistency within the database. 

o Much more flexible database design. 

o Enforces the concept of relational integrity. 

Disadvantages of Normalization 

o You cannot start building the database before knowing what the user needs. 

o The performance degrades when normalizing the relations to higher normal forms, i.e., 

4NF, 5NF. 

o It is very time-consuming and difficult to normalize relations of a higher degree. 

o Careless decomposition may lead to a bad database design, leading to serious problems. 

First Normal Form (1NF) 

o A relation will be 1NF if it contains an atomic value. 

o It states that an attribute of a table cannot hold multiple values. It must hold only single-

valued attribute. 

o First normal form disallows the multi-valued attribute, composite attribute, and their 

combinations. 

Example: Relation EMPLOYEE is not in 1NF because of multi-valued attribute EMP_PHONE. 

EMPLOYEE table: 

EMP_ID EMP_NAME EMP_PHONE EMP_STATE 

14 John 7272826385, 
9064738238 

UP 



20 Harry 8574783832 Bihar 

12 Sam 7390372389,8589830302 Punjab 

The decomposition of the EMPLOYEE table into 1NF has been shown below: 

EMP_ID EMP_NAME EMP_PHONE EMP_STATE 

14 John 7272826385 UP 

14 John 9064738238 UP 

20 Harry 8574783832 Bihar 

12 Sam 7390372389 Punjab 

12 Sam 8589830302 Punjab 

 

Second Normal Form (2NF) 

o In the 2NF, relational must be in 1NF. 

o In the second normal form, all non-key attributes are fully functional dependent on the 

primary key 

Example: Let's assume, a school can store the data of teachers and the subjects they teach. In a 

school, a teacher can teach more than one subject. 

TEACHER table 

TEACHER_ID SUBJECT TEACHER_AGE 

25 Chemistry 30 

25 Biology 30 

47 English 35 

83 Math 38 

83 Computer 38 



In the given table, non-prime attribute TEACHER_AGE is dependent on TEACHER_ID which 

is a proper subset of a candidate key. That's why it violates the rule for 2NF. 

To convert the given table into 2NF, we decompose it into two tables: 

TEACHER_DETAIL table: 

TEACHER_ID TEACHER_AGE 

25 30 

47 35 

83 38 

TEACHER_SUBJECT table: 

TEACHER_ID SUBJECT 

25 Chemistry 

25 Biology 

47 English 

83 Math 

83 Computer 

 

 

Third Normal Form (3NF) 

o A relation will be in 3NF if it is in 2NF and not contain any transitive partial dependency. 

o 3NF is used to reduce the data duplication. It is also used to achieve the data integrity. 

o If there is no transitive dependency for non-prime attributes, then the relation must be in 

third normal form. 

A relation is in third normal form if it holds atleast one of the following conditions for every 

non-trivial function dependency X → Y. 



1. X is a super key. 

2. Y is a prime attribute, i.e., each element of Y is part of some candidate key. 

Example: 

EMPLOYEE_DETAIL table: 

EMP_ID EMP_NAME EMP_ZIP EMP_STATE EMP_CITY 

222 Harry 201010 UP Noida 

333 Stephan 02228 US Boston 

444 Lan 60007 US Chicago 

555 Katharine 06389 UK Norwich 

666 John 462007 MP Bhopal 

 

Super key in the table above: 

1. {EMP_ID}, {EMP_ID, EMP_NAME}, {EMP_ID, EMP_NAME, EMP_ZIP}....so on   

Candidate key: {EMP_ID} 

Non-prime attributes: In the given table, all attributes except EMP_ID are non-prime. 

Here, EMP_STATE & EMP_CITY dependent on EMP_ZIP and EMP_ZIP dependent on 

EMP_ID. The non-prime attributes (EMP_STATE, EMP_CITY) transitively dependent 

on super key(EMP_ID). It violates the rule of third normal form. 

That's why we need to move the EMP_CITY and EMP_STATE to the new 

<EMPLOYEE_ZIP> table, with EMP_ZIP as a Primary key. 

 

 



EMPLOYEE table: 

EMP_ID EMP_NAME EMP_ZIP 

222 Harry 201010 

333 Stephan 02228 

444 Lan 60007 

555 Katharine 06389 

666 John 462007 

 

EMPLOYEE_ZIP table: 

EMP_ZIP EMP_STATE EMP_CITY 

201010 UP Noida 

02228 US Boston 

60007 US Chicago 

06389 UK Norwich 

462007 MP Bhopal 

 

Boyce Codd normal form (BCNF) 

o BCNF is the advance version of 3NF. It is stricter than 3NF. 

o A table is in BCNF if every functional dependency X → Y, X is the super key of the 

table. 

o For BCNF, the table should be in 3NF, and for every FD, LHS is super key. 

Example: Let's assume there is a company where employees work in more than one department. 

 

 



EMPLOYEE table: 

EMP_ID EMP_COUNTRY EMP_DEPT DEPT_TYPE EMP_DEPT_NO 

264 India Designing D394 283 

264 India Testing D394 300 

364 UK Stores D283 232 

364 UK Developing D283 549 

In the above table Functional dependencies are as follows: 

1. EMP_ID  →  EMP_COUNTRY   

2. EMP_DEPT  →   {DEPT_TYPE, EMP_DEPT_NO}   

Candidate key: {EMP-ID, EMP-DEPT} 

The table is not in BCNF because neither EMP_DEPT nor EMP_ID alone are keys. 

To convert the given table into BCNF, we decompose it into three tables: 

EMP_COUNTRY table: 

EMP_ID EMP_COUNTRY 

264 India 

264 India 

EMP_DEPT table: 

EMP_DEPT DEPT_TYPE EMP_DEPT_NO 

Designing D394 283 



Testing D394 300 

Stores D283 232 

Developing D283 549 

EMP_DEPT_MAPPING table: 

EMP_ID EMP_DEPT 

D394 283 

D394 300 

D283 232 

D283 549 

Functional dependencies: 

1. EMP_ID   →    EMP_COUNTRY   

2. EMP_DEPT   →   {DEPT_TYPE, EMP_DEPT_NO}   

Candidate keys: 

Forthefirsttable: EMP_ID 

Forthesecondtable: EMP_DEPT 

For the third table: {EMP_ID, EMP_DEPT} 

Now, this is in BCNF because left side part of both the functional dependencies is a key. 

Fourth normal form (4NF) 

o A relation will be in 4NF if it is in Boyce Codd normal form and has no multi-valued 

dependency. 

o For a dependency A → B, if for a single value of A, multiple values of B exists, then the 

relation will be a multi-valued dependency. 



Example 

STUDENT 

STU_ID COURSE HOBBY 

21 Computer Dancing 

21 Math Singing 

34 Chemistry Dancing 

74 Biology Cricket 

59 Physics Hockey 

The given STUDENT table is in 3NF, but the COURSE and HOBBY are two independent 

entity. Hence, there is no relationship between COURSE and HOBBY. 

In the STUDENT relation, a student with STU_ID, 21 contains two 

courses, Computer and Math and two hobbies, Dancing and Singing. So there is a Multi-

valued dependency on STU_ID, which leads to unnecessary repetition of data. 

So to make the above table into 4NF, we can decompose it into two tables: 

STUDENT_COURSE 

STU_ID COURSE 

21 Computer 

21 Math 

34 Chemistry 

74 Biology 

59 Physics 



STUDENT_HOBBY 

STU_ID HOBBY 

21 Dancing 

21 Singing 

34 Dancing 

74 Cricket 

59 Hockey 

 

Fifth normal form (5NF) 

o A relation is in 5NF if it is in 4NF and not contains any join dependency and joining 

should be lossless. 

o 5NF is satisfied when all the tables are broken into as many tables as possible in order to 

avoid redundancy. 

o 5NF is also known as Project-join normal form (PJ/NF). 

Example 

SUBJECT LECTURER SEMESTER 

Computer Anshika Semester 1 

Computer John Semester 1 

Math John Semester 1 

Math Akash Semester 2 

Chemistry Praveen Semester 1 

 



In the above table, John takes both Computer and Math class for Semester 1 but he 

doesn't take Math class for Semester 2. In this case, combination of all these fields required to 

identify a valid data. 

Suppose we add a new Semester as Semester 3 but do not know about the subject and who will 

be taking that subject so we leave Lecturer and Subject as NULL. But all three columns together 

acts as a primary key, so we can't leave other two columns blank. 

So to make the above table into 5NF, we can decompose it into three relations P1, P2 & P3: 

P1 

SEMESTER SUBJECT 

Semester 1 Computer 

Semester 1 Math 

Semester 1 Chemistry 

Semester 2 Math 

P2 

SUBJECT LECTURER 

Computer Anshika 

Computer John 

Math John 

Math Akash 

Chemistry Praveen 

 

 



P3 

SEMSTER LECTURER 

Semester 1 Anshika 

Semester 1 John 

Semester 1 John 

Semester 2 Akash 

Semester 1 Praveen 

 





























































































UNIT-V 

Physical Storage System in DBMS 

A database system provides an ultimate view of the stored data. However, data in the form of 

bits, bytes get stored in different storage devices. 

In this section, we will take an overview of various types of storage devices that are used for 

accessing and storing data. 

Types of Data Storage 

For storing the data, there are different types of storage options available. These storage types 

differ from one another as per the speed and accessibility. There are the following types of 

storage devices used for storing the data: 

o Primary Storage 

o Secondary Storage 

o Tertiary Storage 

 



Primary Storage 

It is the primary area that offers quick access to the stored data. We also know the primary 

storage as volatile storage. It is because this type of memory does not permanently store the data. 

As soon as the system leads to a power cut or a crash, the data also get lost. Main memory and 

cache are the types of primary storage. 

o Main Memory: It is the one that is responsible for operating the data that is available by 

the storage medium. The main memory handles each instruction of a computer machine. 

This type of memory can store gigabytes of data on a system but is small enough to carry 

the entire database. At last, the main memory loses the whole content if the system shuts 

down because of power failure or other reasons. 

1. Cache: It is one of the costly storage media. On the other hand, it is the fastest one. A 

cache is a tiny storage media which is maintained by the computer hardware usually. 

While designing the algorithms and query processors for the data structures, the designers 

keep concern on the cache effects. 

Secondary Storage 

Secondary storage is also called as Online storage. It is the storage area that allows the user to 

save and store data permanently. This type of memory does not lose the data due to any power 

failure or system crash. That's why we also call it non-volatile storage. 

There are some commonly described secondary storage media which are available in almost 

every type of computer system: 

o Flash Memory: A flash memory stores data in USB (Universal Serial Bus) keys which 

are further plugged into the USB slots of a computer system. These USB keys help 

transfer data to a computer system, but it varies in size limits. Unlike the main memory, it 

is possible to get back the stored data which may be lost due to a power cut or other 

reasons. This type of memory storage is most commonly used in the server systems for 



caching the frequently used data. This leads the systems towards high performance and is 

capable of storing large amounts of databases than the main memory. 

o Magnetic Disk Storage: This type of storage media is also known as online storage 

media. A magnetic disk is used for storing the data for a long time. It is capable of storing 

an entire database. It is the responsibility of the computer system to make availability of 

the data from a disk to the main memory for further accessing. Also, if the system 

performs any operation over the data, the modified data should be written back to the 

disk. The tremendous capability of a magnetic disk is that it does not affect the data due 

to a system crash or failure, but a disk failure can easily ruin as well as destroy the stored 

data. 

Tertiary Storage 

It is the storage type that is external from the computer system. It has the slowest speed. But it is 

capable of storing a large amount of data. It is also known as Offline storage. Tertiary storage is 

generally used for data backup. There are following tertiary storage devices available: 

o Optical Storage: An optical storage can store megabytes or gigabytes of data. A 

Compact Disk (CD) can store 700 megabytes of data with a playtime of around 80 

minutes. On the other hand, a Digital Video Disk or a DVD can store 4.7 or 8.5 gigabytes 

of data on each side of the disk. 

o Tape Storage: It is the cheapest storage medium than disks. Generally, tapes are used for 

archiving or backing up the data. It provides slow access to data as it accesses data 

sequentially from the start. Thus, tape storage is also known as sequential-access storage. 

Disk storage is known as direct-access storage as we can directly access the data from 

any location on disk. 

Storage Hierarchy 

Besides the above, various other storage devices reside in the computer system. These storage 

media are organized on the basis of data accessing speed, cost per unit of data to buy the 



medium, and by medium's reliability. Thus, we can create a hierarchy of storage media on the 

basis of its cost and speed. 

Thus, on arranging the above-described storage media in a hierarchy according to its speed and 

cost, we conclude the below-described image: 

 

In the image, the higher levels are expensive but fast. On moving down, the cost per bit is 

decreasing, and the access time is increasing. Also, the storage media from the main memory to 

up represents the volatile nature, and below the main memory, all are non-volatile devices. 

File Organization Storage 

There are different ways of storing data in the database. Storing data in files is one of them. A 

user can store the data in files in an organized manner. These files are organized logically as a 

sequence of records and reside permanently on disks. Each file is divided into fixed-length 

storage units known as Blocks. These blocks are the units of storage allocation as well as data 

transfer. Although the default block size in the database is 4 to 8 kilobytes, many databases allow 

specifying the size at the time of creating the database instance. 



Usually, the record size is smaller than the block size. But, for large data items such as images, 

the size can vary. For accessing the data quickly, it is required that one complete record should 

reside in one block only. It should not be partially divided between one or two blocks. In 

RDBMS, the size of tuples varies in different relations. Thus, we need to structure our files in 

multiple lengths for implementing the records. In file organization, there are two possible ways 

of representing the records: 

o Fixed-length records 

o Variable-length records 

Fixed-Length Records 

Fixed-length records means setting a length and storing the records into the file. If the record size 

exceeds the fixed size, it gets divided into more than one block. Due to the fixed size there 

occurs following two problems: 

1. Partially storing subparts of the record in more than one block requires access to all the 

blocks containing the subparts to read or write in it. 

2. It is difficult to delete a record in such a file organization. It is because if the size of the 

existing record is smaller than the block size, then another record or a part fills up the 

block. 

However, including a certain number of bytes is the solution to the above problems. It is known 

as File Header. The allocated file header carries a variety of information about the file, such as 

the address of the first record. The address of the second record gets stored in the first record and 

so on. This process is similar to pointers. The method of insertion and deletion is easy in fixed-

length records because the space left or freed by the deleted record is exactly similar to the space 

required to insert the new records. But this process  fails for storing the records of variable 

lengths. 

 

 



Variable-Length Record 

Variable-length records are the records that vary in size. It requires the creation of multiple 

blocks of multiple sizes to store them. These variable-length records are kept in the following 

ways in the database system: 

1. Storage of multiple record types in a file. 

2. It is kept as Record types that enable repeating fields like multisets or arrays. 

3. It is kept as Record types that enable variable lengths either for one field or more. 

In variable-length records, there exist the following two problems: 

1. Defining the way of representing a single record so as to extract the individual attributes 

easily. 

2. Defining the way of storing variable-length records within a block so as to extract that 

record in a block easily. 

Thus, the representation of a variable-length record can be divided into two parts: 

1. An initial part of the record with fixed-length attributes such as numeric values, dates, 

fixed-length character attributes for storing their value. 

2. The data for variable-length attributes such as varchar type is represented in the initial 

part of the record by (offset, length) pair. The offset refers to the place where that record 

begins, and length refers to the length of the variable-size attribute. Thus, the initial part 

stores fixed-size information about each attribute, i.e., whether it is the fixed-length or 

variable-length attribute. 

Slotted-page Structure 

There occurs a problem to store variable-length records within the block. Thus, such records are 

organized in a slotted-page structure within the block. In the slotted-page structure, a header is 

present at the starting of each block. This header holds information such as: 



1. The number of record entries in the header 

2. No free space remaining in the block 

3. An array containing the information on the location and size of the records. 

 

Inserting and Deleting Method 

The variable-length records reside in a contiguous manner within the block. 

When a new record is to be inserted, it gets the place at the end of the free space. It is because 

free space is contiguous as well. Also, the header fills an entry with the size and location 

information of the newly inserted record. 

When an existing record is deleted, space is freed, and the header entry sets to deleted. Before 

deleting, it moves the record and occupies it to create the free space. The end-of-free-space gets 

the update. Then all the free space again sets between the first record and the final entry. 

The primary technique of the slotted-page structure is that no pointer should directly point the 

record. Instead, it should point to the header entry that contains the information of its location. 

This stops fragmentation of space inside the block but supports indirect pointers to the record. 

 



File Organization 

o The File is a collection of records. Using the primary key, we can access the records. The 

type and frequency of access can be determined by the type of file organization which 

was used for a given set of records. 

o File organization is a logical relationship among various records. This method defines 

how file records are mapped onto disk blocks. 

o File organization is used to describe the way in which the records are stored in terms of 

blocks, and the blocks are placed on the storage medium. 

o The first approach to map the database to the file is to use the several files and store only 

one fixed length record in any given file. An alternative approach is to structure our files 

so that we can contain multiple lengths for records. 

o Files of fixed length records are easier to implement than the files of variable length 

records. 

Objective of file organization 

o It contains an optimal selection of records, i.e., records can be selected as fast as possible. 

o To perform insert, delete or update transaction on the records should be quick and easy. 

o The duplicate records cannot be induced as a result of insert, update or delete. 

o For the minimal cost of storage, records should be stored efficiently. 

Types of file organization: 

File organization contains various methods. These particular methods have pros and cons on the 

basis of access or selection. In the file organization, the programmer decides the best-suited file 

organization method according to his requirement. 

 

 

 



Types of file organization are as follows: 

 

 

o Sequential file organization 

o Heap file organization 

o Hash file organization 

o B+ file organization 

o Indexed sequential access method (ISAM) 

o Cluster file organization 

Sequential File Organization 

This method is the easiest method for file organization. In this method, files are stored 

sequentially. This method can be implemented in two ways: 

1. Pile File Method: 

o It is a quite simple method. In this method, we store the record in a sequence, i.e., one 

after another. Here, the record will be inserted in the order in which they are inserted into 

tables. 
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o In case of updating or deleting of any record, the record will be searched in the memory 

blocks. When it is found, then it will be marked for deleting, and the new record is 

inserted. 

 

Insertion of the new record: 

Suppose we have four records R1, R3 and so on upto R9 and R8 in a sequence. Hence, records 

are nothing but a row in the table. Suppose we want to insert a new record R2 in the sequence, 

then it will be placed at the end of the file. Here, records are nothing but a row in any table. 

 

2. Sorted File Method: 

o In this method, the new record is always inserted at the file's end, and then it will sort the 

sequence in ascending or descending order. Sorting of records is based on any primary 

key or any other key. 

o In the case of modification of any record, it will update the record and then sort the file, 

and lastly, the updated record is placed in the right place. 



 

Insertion of the new record: 

Suppose there is a preexisting sorted sequence of four records R1, R3 and so on upto R6 and R7. 

Suppose a new record R2 has to be inserted in the sequence, then it will be inserted at the end of 

the file, and then it will sort the sequence. 

 

Pros of sequential file organization 

o It contains a fast and efficient method for the huge amount of data. 

o In this method, files can be easily stored in cheaper storage mechanism like magnetic 

tapes. 

o It is simple in design. It requires no much effort to store the data. 

o This method is used when most of the records have to be accessed like grade calculation 

of a student, generating the salary slip, etc. 

o This method is used for report generation or statistical calculations. 



Cons of sequential file organization 

o It will waste time as we cannot jump on a particular record that is required but we have to 

move sequentially which takes our time. 

o Sorted file method takes more time and space for sorting the records. 

Heap file organization 

o It is the simplest and most basic type of organization. It works with data blocks. In heap 

file organization, the records are inserted at the file's end. When the records are inserted, 

it doesn't require the sorting and ordering of records. 

o When the data block is full, the new record is stored in some other block. This new data 

block need not to be the very next data block, but it can select any data block in the 

memory to store new records. The heap file is also known as an unordered file. 

o In the file, every record has a unique id, and every page in a file is of the same size. It is 

the DBMS responsibility to store and manage the new records. 

 



Insertion of a new record 

Suppose we have five records R1, R3, R6, R4 and R5 in a heap and suppose we want to insert a 

new record R2 in a heap. If the data block 3 is full then it will be inserted in any of the database 

selected by the DBMS, let's say data block 1. 

 

If we want to search, update or delete the data in heap file organization, then we need to traverse 

the data from staring of the file till we get the requested record. 

If the database is very large then searching, updating or deleting of record will be time-

consuming because there is no sorting or ordering of records. In the heap file organization, we 

need to check all the data until we get the requested record. 

Pros of Heap file organization 

o It is a very good method of file organization for bulk insertion. If there is a large number 

of data which needs to load into the database at a time, then this method is best suited. 

o In case of a small database, fetching and retrieving of records is faster than the sequential 

record. 



Cons of Heap file organization 

o This method is inefficient for the large database because it takes time to search or modify 

the record. 

o This method is inefficient for large databases. 

o Hash File Organization 

o Hash File Organization uses the computation of hash function on some fields of the 

records. The hash function's output determines the location of disk block where the 

records are to be placed. 

o  
o When a record has to be received using the hash key columns, then the address is 

generated, and the whole record is retrieved using that address. In the same way, when a 

new record has to be inserted, then the address is generated using the hash key and record 

is directly inserted. The same process is applied in the case of delete and update. 

o In this method, there is no effort for searching and sorting the entire file. In this method, 

each record will be stored randomly in the memory. 



o  

B+ File Organization 

o B+ tree file organization is the advanced method of an indexed sequential access method. 

It uses a tree-like structure to store records in File. 

o It uses the same concept of key-index where the primary key is used to sort the records. 

For each primary key, the value of the index is generated and mapped with the record. 

o The B+ tree is similar to a binary search tree (BST), but it can have more than two 

children. In this method, all the records are stored only at the leaf node. Intermediate 

nodes act as a pointer to the leaf nodes. They do not contain any records. 

 



The above B+ tree shows that: 

o There is one root node of the tree, i.e., 25. 

o There is an intermediary layer with nodes. They do not store the actual record. They have 

only pointers to the leaf node. 

o The nodes to the left of the root node contain the prior value of the root and nodes to the 

right contain next value of the root, i.e., 15 and 30 respectively. 

o There is only one leaf node which has only values, i.e., 10, 12, 17, 20, 24, 27 and 29. 

o Searching for any record is easier as all the leaf nodes are balanced. 

o In this method, searching any record can be traversed through the single path and 

accessed easily. 

Pros of B+ tree file organization 

o In this method, searching becomes very easy as all the records are stored only in the leaf 

nodes and sorted the sequential linked list. 

o Traversing through the tree structure is easier and faster. 

o The size of the B+ tree has no restrictions, so the number of records can increase or 

decrease and the B+ tree structure can also grow or shrink. 

o It is a balanced tree structure, and any insert/update/delete does not affect the 

performance of tree. 

Cons of B+ tree file organization 

o This method is inefficient for the static method. 

Indexed sequential access method (ISAM) 

ISAM method is an advanced sequential file organization. In this method, records are stored in 

the file using the primary key. An index value is generated for each primary key and mapped 

with the record. This index contains the address of the record in the file. 



 

If any record has to be retrieved based on its index value, then the address of the data block is 

fetched and the record is retrieved from the memory. 

Pros of ISAM: 

o In this method, each record has the address of its data block, searching a record in a huge 

database is quick and easy. 

o This method supports range retrieval and partial retrieval of records. Since the index is 

based on the primary key values, we can retrieve the data for the given range of value. In 

the same way, the partial value can also be easily searched, i.e., the student name starting 

with 'JA' can be easily searched. 

Cons of ISAM 

o This method requires extra space in the disk to store the index value. 

o When the new records are inserted, then these files have to be reconstructed to maintain 

the sequence. 

o When the record is deleted, then the space used by it needs to be released. Otherwise, the 

performance of the database will slow down. 



Cluster file organization 

o When the two or more records are stored in the same file, it is known as clusters. These 

files will have two or more tables in the same data block, and key attributes which are 

used to map these tables together are stored only once. 

o This method reduces the cost of searching for various records in different files. 

o The cluster file organization is used when there is a frequent need for joining the tables 

with the same condition. These joins will give only a few records from both tables. In the 

given example, we are retrieving the record for only particular departments. This method 

can't be used to retrieve the record for the entire department. 

 

 



In this method, we can directly insert, update or delete any record. Data is sorted based on the 

key with which searching is done. Cluster key is a type of key with which joining of the table is 

performed. 

Types of Cluster file organization: 

Cluster file organization is of two types: 

1. Indexed Clusters: 

In indexed cluster, records are grouped based on the cluster key and stored together. The above 

EMPLOYEE and DEPARTMENT relationship is an example of an indexed cluster. Here, all the 

records are grouped based on the cluster key- DEP_ID and all the records are grouped. 

2. Hash Clusters: 

It is similar to the indexed cluster. In hash cluster, instead of storing the records based on the 

cluster key, we generate the value of the hash key for the cluster key and store the records with 

the same hash key value. 

Pros of Cluster file organization 

o The cluster file organization is used when there is a frequent request for joining the tables 

with same joining condition. 

o It provides the efficient result when there is a 1:M mapping between the tables. 

Cons of Cluster file organization 

o This method has the low performance for the very large database. 

o If there is any change in joining condition, then this method cannot use. If we change the 

condition of joining then traversing the file takes a lot of time. 

o This method is not suitable for a table with a 1:1 condition. 

 



Indexing in DBMS 

o Indexing is used to optimize the performance of a database by minimizing the number of 

disk accesses required when a query is processed. 

o The index is a type of data structure. It is used to locate and access the data in a database 

table quickly. 

Index structure: 

Indexes can be created using some database columns. 

 

 

o The first column of the database is the search key that contains a copy of the primary key 

or candidate key of the table. The values of the primary key are stored in sorted order so 

that the corresponding data can be accessed easily. 

o The second column of the database is the data reference. It contains a set of pointers 

holding the address of the disk block where the value of the particular key can be found. 

Indexing Methods 

 



Ordered indices 

The indices are usually sorted to make searching faster. The indices which are sorted are known 

as ordered indices. 

Example: Suppose we have an employee table with thousands of record and each of which is 10 

bytes long. If their IDs start with 1, 2, 3....and so on and we have to search student with ID-543. 

o In the case of a database with no index, we have to search the disk block from starting till 

it reaches 543. The DBMS will read the record after reading 543*10=5430 bytes. 

o In the case of an index, we will search using indexes and the DBMS will read the record 

after reading 542*2= 1084 bytes which are very less compared to the previous case. 

Primary Index 

o If the index is created on the basis of the primary key of the table, then it is known as 

primary indexing. These primary keys are unique to each record and contain 1:1 relation 

between the records. 

o As primary keys are stored in sorted order, the performance of the searching operation is 

quite efficient. 

o The primary index can be classified into two types: Dense index and Sparse index. 

Dense index 

o The dense index contains an index record for every search key value in the data file. It 

makes searching faster. 

o In this, the number of records in the index table is same as the number of records in the 

main table. 

o It needs more space to store index record itself. The index records have the search key 

and a pointer to the actual record on the disk. 



 

Sparse index 

o In the data file, index record appears only for a few items. Each item points to a block. 

o In this, instead of pointing to each record in the main table, the index points to the records 

in the main table in a gap. 

 

Clustering Index 

o A clustered index can be defined as an ordered data file. Sometimes the index is created 

on non-primary key columns which may not be unique for each record. 

o In this case, to identify the record faster, we will group two or more columns to get the 

unique value and create index out of them. This method is called a clustering index. 

o The records which have similar characteristics are grouped, and indexes are created for 

these group. 

Example: suppose a company contains several employees in each department. Suppose we use a 

clustering index, where all employees which belong to the same Dept_ID are considered within a 

single cluster, and index pointers point to the cluster as a whole. Here Dept_Id is a non-unique 

key. 



 

 

The previous schema is little confusing because one disk block is shared by records which 

belong to the different cluster. If we use separate disk block for separate clusters, then it is called 

better technique. 



 

Secondary Index 

In the sparse indexing, as the size of the table grows, the size of mapping also grows. These 

mappings are usually kept in the primary memory so that address fetch should be faster. Then the 

secondary memory searches the actual data based on the address got from mapping. If the 

mapping size grows then fetching the address itself becomes slower. In this case, the sparse 

index will not be efficient. To overcome this problem, secondary indexing is introduced. 

In secondary indexing, to reduce the size of mapping, another level of indexing is introduced. In 

this method, the huge range for the columns is selected initially so that the mapping size of the 

first level becomes small. Then each range is further divided into smaller ranges. The mapping of 

the first level is stored in the primary memory, so that address fetch is faster. The mapping of the 

second level and actual data are stored in the secondary memory (hard disk). 



 

For example: 

o If you want to find the record of roll 111 in the diagram, then it will search the highest 

entry which is smaller than or equal to 111 in the first level index. It will get 100 at this 

level. 

o Then in the second index level, again it does max (111) <= 111 and gets 110. Now using 

the address 110, it goes to the data block and starts searching each record till it gets 111. 

o This is how a search is performed in this method. Inserting, updating or deleting is also 

done in the same manner. 

 

 

 



Hashing 

In a huge database structure, it is very inefficient to search all the index values and reach the 

desired data. Hashing technique is used to calculate the direct location of a data record on the 

disk without using index structure. 

In this technique, data is stored at the data blocks whose address is generated by using the 

hashing function. The memory location where these records are stored is known as data bucket 

or data blocks. 

In this, a hash function can choose any of the column value to generate the address. Most of the 

time, the hash function uses the primary key to generate the address of the data block. A hash 

function is a simple mathematical function to any complex mathematical function. We can even 

consider the primary key itself as the address of the data block. That means each row whose 

address will be the same as a primary key stored in the data block. 

 

 



The above diagram shows data block addresses same as primary key value. This hash function 

can also be a simple mathematical function like exponential, mod, cos, sin, etc. Suppose we have 

mod (5) hash function to determine the address of the data block. In this case, it applies mod (5) 

hash function on the primary keys and generates 3, 3, 1, 4 and 2 respectively, and records are 

stored in those data block addresses. 

 

Types of Hashing: 

 

 

o Static Hashing 

o Dynamic Hashing 

https://www.javatpoint.com/dbms-static-hashing
https://www.javatpoint.com/dbms-dynamic-hashing


Static Hashing 

In static hashing, the resultant data bucket address will always be the same. That means if we 

generate an address for EMP_ID =103 using the hash function mod (5) then it will always result 

in same bucket address 3. Here, there will be no change in the bucket address. 

Hence in this static hashing, the number of data buckets in memory remains constant throughout. 

In this example, we will have five data buckets in the memory used to store the data. 

 

Operations of Static Hashing 

o Searching a record 

When a record needs to be searched, then the same hash function retrieves the address of the 

bucket where the data is stored. 

o Insert a Record 

When a new record is inserted into the table, then we will generate an address for a new record 

based on the hash key and record is stored in that location. 



o Delete a Record 

To delete a record, we will first fetch the record which is supposed to be deleted. Then we will 

delete the records for that address in memory. 

o Update a Record 

To update a record, we will first search it using a hash function, and then the data record is 

updated. 

If we want to insert some new record into the file but the address of a data bucket generated by 

the hash function is not empty, or data already exists in that address. This situation in the static 

hashing is known as bucket overflow. This is a critical situation in this method. 

To overcome this situation, there are various methods. Some commonly used methods are as 

follows: 

1. Open Hashing 

When a hash function generates an address at which data is already stored, then the next bucket 

will be allocated to it. This mechanism is called as Linear Probing. 

For example: suppose R3 is a new address which needs to be inserted, the hash function 

generates address as 112 for R3. But the generated address is already full. So the system searches 

next available data bucket, 113 and assigns R3 to it. 

 



2. Close Hashing 

When buckets are full, then a new data bucket is allocated for the same hash result and is linked 

after the previous one. This mechanism is known as Overflow chaining. 

For example: Suppose R3 is a new address which needs to be inserted into the table, the hash 

function generates address as 110 for it. But this bucket is full to store the new data. In this case, 

a new bucket is inserted at the end of 110 buckets and is linked to it. 

 

 

Dynamic Hashing 

o The dynamic hashing method is used to overcome the problems of static hashing like 

bucket overflow. 

o In this method, data buckets grow or shrink as the records increases or decreases. This 

method is also known as Extendable hashing method. 

o This method makes hashing dynamic, i.e., it allows insertion or deletion without resulting 

in poor performance. 

 

 



How to search a key 

o First, calculate the hash address of the key. 

o Check how many bits are used in the directory, and these bits are called as i. 

o Take the least significant i bits of the hash address. This gives an index of the directory. 

o Now using the index, go to the directory and find bucket address where the record might 

be. 

How to insert a new record 

o Firstly, you have to follow the same procedure for retrieval, ending up in some bucket. 

o If there is still space in that bucket, then place the record in it. 

o If the bucket is full, then we will split the bucket and redistribute the records. 

For example: 

Consider the following grouping of keys into buckets, depending on the prefix of their hash 

address: 

 

 

The last two bits of 2 and 4 are 00. So it will go into bucket B0. The last two bits of 5 and 6 are 

01, so it will go into bucket B1. The last two bits of 1 and 3 are 10, so it will go into bucket B2. 

The last two bits of 7 are 11, so it will go into B3. 



 

Insert key 9 with hash address 10001 into the above structure: 

o Since key 9 has hash address 10001, it must go into the first bucket. But bucket B1 is full, 

so it will get split. 

o The splitting will separate 5, 9 from 6 since last three bits of 5, 9 are 001, so it will go 

into bucket B1, and the last three bits of 6 are 101, so it will go into bucket B5. 

o Keys 2 and 4 are still in B0. The record in B0 pointed by the 000 and 100 entry because 

last two bits of both the entry are 00. 

o Keys 1 and 3 are still in B2. The record in B2 pointed by the 010 and 110 entry because 

last two bits of both the entry are 10. 

o Key 7 are still in B3. The record in B3 pointed by the 111 and 011 entry because last two 

bits of both the entry are 11. 



 

Advantages of dynamic hashing 

o In this method, the performance does not decrease as the data grows in the system. It 

simply increases the size of memory to accommodate the data. 

o In this method, memory is well utilized as it grows and shrinks with the data. There will 

not be any unused memory lying. 

o This method is good for the dynamic database where data grows and shrinks frequently. 

Disadvantages of dynamic hashing 

o In this method, if the data size increases then the bucket size is also increased. These 

addresses of data will be maintained in the bucket address table. This is because the data 

address will keep changing as buckets grow and shrink. If there is a huge increase in data, 

maintaining the bucket address table becomes tedious. 

o In this case, the bucket overflow situation will also occur. But it might take little time to 

reach this situation than static hashing. 

 



RAID 

RAID refers to redundancy array of the independent disk. It is a technology which is used to 

connect multiple secondary storage devices for increased performance, data redundancy or both. 

It gives you the ability to survive one or more drive failure depending upon the RAID level used. 

It consists of an array of disks in which multiple disks are connected to achieve different goals. 

RAID technology 

There are 7 levels of RAID schemes. These schemas are as RAID 0, RAID 1, ...., RAID 6. 

These levels contain the following characteristics: 

o It contains a set of physical disk drives. 

o In this technology, the operating system views these separate disks as a single logical 

disk. 

o In this technology, data is distributed across the physical drives of the array. 

o Redundancy disk capacity is used to store parity information. 

o In case of disk failure, the parity information can be helped to recover the data. 

Standard RAID levels 

RAID 0 

o RAID level 0 provides data stripping, i.e., a data can place across multiple disks. It is 

based on stripping that means if one disk fails then all data in the array is lost. 

o This level doesn't provide fault tolerance but increases the system performance. 

Example: 

 



Disk 0 Disk 1 Disk 2 Disk 3 

20 21 22 23 

24 25 26 27 

28 29 30 31 

32 33 34 35 

In this figure, block 0, 1, 2, 3 form a stripe. 

In this level, instead of placing just one block into a disk at a time, we can work with two or 

more blocks placed it into a disk before moving on to the next one. 

Disk 0 Disk 1 Disk 2 Disk 3 

20 22 24 26 

21 23 25 27 

28 30 32 34 

29 31 33 35 

In this above figure, there is no duplication of data. Hence, a block once lost cannot be 

recovered. 

Pros of RAID 0: 

o In this level, throughput is increased because multiple data requests probably not on the 

same disk. 

o This level full utilizes the disk space and provides high performance. 

o It requires minimum 2 drives. 



Cons of RAID 0: 

o It doesn't contain any error detection mechanism. 

o The RAID 0 is not a true RAID because it is not fault-tolerance. 

o In this level, failure of either disk results in complete data loss in respective array. 

RAID 1 

This level is called mirroring of data as it copies the data from drive 1 to drive 2. It provides 

100% redundancy in case of a failure. 

Example: 

Disk 0 Disk 1 Disk 2 Disk 3 

A A B B 

C C D D 

E E F F 

G G H H 

Only half space of the drive is used to store the data. The other half of drive is just a mirror to the 

already stored data. 

Pros of RAID 1: 

o The main advantage of RAID 1 is fault tolerance. In this level, if one disk fails, then the 

other automatically takes over. 

o In this level, the array will function even if any one of the drives fails. 

Cons of RAID 1: 

o In this level, one extra drive is required per drive for mirroring, so the expense is higher. 



RAID 2 

o RAID 2 consists of bit-level striping using hamming code parity. In this level, each data 

bit in a word is recorded on a separate disk and ECC code of data words is stored on 

different set disks. 

o Due to its high cost and complex structure, this level is not commercially used. This same 

performance can be achieved by RAID 3 at a lower cost. 

Pros of RAID 2: 

o This level uses one designated drive to store parity. 

o It uses the hamming code for error detection. 

Cons of RAID 2: 

o It requires an additional drive for error detection. 

RAID 3 

o RAID 3 consists of byte-level striping with dedicated parity. In this level, the parity 
information is stored for each disk section and written to a dedicated parity drive. 

o In case of drive failure, the parity drive is accessed, and data is reconstructed from the 
remaining devices. Once the failed drive is replaced, the missing data can be restored on 
the new drive. 

o In this level, data can be transferred in bulk. Thus high-speed data transmission is 
possible. 

Disk 0 Disk 1 Disk 2 Disk 3 

A B C P(A, B, C) 

D E F P(D, E, F) 

G H I P(G, H, I) 

J K L P(J, K, L) 



Pros of RAID 3: 

o In this level, data is regenerated using parity drive. 

o It contains high data transfer rates. 

o In this level, data is accessed in parallel. 

Cons of RAID 3: 

o It required an additional drive for parity. 

o It gives a slow performance for operating on small sized files. 

RAID 4 

o RAID 4 consists of block-level stripping with a parity disk. Instead of duplicating data, 

the RAID 4 adopts a parity-based approach. 

o This level allows recovery of at most 1 disk failure due to the way parity works. In this 

level, if more than one disk fails, then there is no way to recover the data. 

o Level 3 and level 4 both are required at least three disks to implement RAID. 

Disk 0 Disk 1 Disk 2 Disk 3 

A B C P0 

D E F P1 

G H I P2 

J K L P3 

In this figure, we can observe one disk dedicated to parity. 

In this level, parity can be calculated using an XOR function. If the data bits are 0,0,0,1 then the 

parity bits is XOR(0,1,0,0) = 1. If the parity bits are 0,0,1,1 then the parity bit is XOR(0,0,1,1)= 



0. That means, even number of one results in parity 0 and an odd number of one results in parity 

1. 

C1 C2 C3 C4 Parity 

0 1 0 0 1 

0 0 1 1 0 

Suppose that in the above figure, C2 is lost due to some disk failure. Then using the values of all 

the other columns and the parity bit, we can recompute the data bit stored in C2. This level 

allows us to recover lost data. 

RAID 5 

o RAID 5 is a slight modification of the RAID 4 system. The only difference is that in 

RAID 5, the parity rotates among the drives. 

o It consists of block-level striping with DISTRIBUTED parity. 

o Same as RAID 4, this level allows recovery of at most 1 disk failure. If more than one 

disk fails, then there is no way for data recovery. 

Disk 0 Disk 1 Disk 2 Disk 3 Disk 4 

0 1 2 3 P0 

5 6 7 P1 4 

10 11 P2 8 9 

15 P3 12 13 14 

P4 16 17 18 19 



This figure shows that how parity bit rotates. 

This level was introduced to make the random write performance better. 

Pros of RAID 5: 

o This level is cost effective and provides high performance. 

o In this level, parity is distributed across the disks in an array. 

o It is used to make the random write performance better. 

Cons of RAID 5: 

o In this level, disk failure recovery takes longer time as parity has to be calculated from all 
available drives. 

o This level cannot survive in concurrent drive failure. 

RAID 6 

o This level is an extension of RAID 5. It contains block-level stripping with 2 parity bits. 

o In RAID 6, you can survive 2 concurrent disk failures. Suppose you are using RAID 5, 

and RAID 1. When your disks fail, you need to replace the failed disk because if 

simultaneously another disk fails then you won't be able to recover any of the data, so in 

this case RAID 6 plays its part where you can survive two concurrent disk failures before 

you run out of options. 

Disk 1 Disk 2 Disk 3 Disk 4 

A0 B0 Q0 P0 

A1 Q1 P1 D1 

Q2 P2 C2 D2 

P3 B3 C3 Q3 



Pros of RAID 6: 

o This level performs RAID 0 to strip data and RAID 1 to mirror. In this level, stripping is 
performed before mirroring. 

o In this level, drives required should be multiple of 2. 

Cons of RAID 6: 

o It is not utilized 100% disk capability as half is used for mirroring. 

o It contains very limited scalability. 

B+ Tree 

o The B+ tree is a balanced binary search tree. It follows a multi-level index format. 

o In the B+ tree, leaf nodes denote actual data pointers. B+ tree ensures that all leaf nodes 

remain at the same height. 

o In the B+ tree, the leaf nodes are linked using a link list. Therefore, a B+ tree can support 

random access as well as sequential access. 

Structure of B+ Tree 

o In the B+ tree, every leaf node is at equal distance from the root node. The B+ tree is of 

the order n where n is fixed for every B+ tree. 

o It contains an internal node and leaf node. 

 

Internal node 



o An internal node of the B+ tree can contain at least n/2 record pointers except the root 

node. 

o At most, an internal node of the tree contains n pointers. 

 

Leaf node 

o The leaf node of the B+ tree can contain at least n/2 record pointers and n/2 key values. 

o At most, a leaf node contains n record pointer and n key values. 

o Every leaf node of the B+ tree contains one block pointer P to point to next leaf node. 

Searching a record in B+ Tree 

Suppose we have to search 55 in the below B+ tree structure. First, we will fetch for the 

intermediary node which will direct to the leaf node that can contain a record for 55. 

So, in the intermediary node, we will find a branch between 50 and 75 nodes. Then at the end, 

we will be redirected to the third leaf node. Here DBMS will perform a sequential search to find 

55. 

 

B+ Tree Insertion 

Suppose we want to insert a record 60 in the below structure. It will go to the 3rd leaf node after 

55. It is a balanced tree, and a leaf node of this tree is already full, so we cannot insert 60 there. 



In this case, we have to split the leaf node, so that it can be inserted into tree without affecting 

the fill factor, balance and order. 

 

The 3rd leaf node has the values (50, 55, 60, 65, 70) and its current root node is 50. We will split 

the leaf node of the tree in the middle so that its balance is not altered. So we can group (50, 55) 

and (60, 65, 70) into 2 leaf nodes. 

If these two has to be leaf nodes, the intermediate node cannot branch from 50. It should have 60 

added to it, and then we can have pointers to a new leaf node. 

 

This is how we can insert an entry when there is overflow. In a normal scenario, it is very easy to 

find the node where it fits and then place it in that leaf node. 

B+ Tree Deletion 

Suppose we want to delete 60 from the above example. In this case, we have to remove 60 from 

the intermediate node as well as from the 4th leaf node too. If we remove it from the 



intermediate node, then the tree will not satisfy the rule of the B+ tree. So we need to modify it to 

have a balanced tree. 

After deleting node 60 from above B+ tree and re-arranging the nodes, it will show as follows: 
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