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Traditional File System
Traditional file processing system or simple file processing system refers to the first
computer-based approach of handling the commercial or business applications. That
is why it is also called a replacement of the manual file system.

Before the use computers, the data in the offices or business was maintained in the
files manually. Obviously, it was very laborious, time-consuming, inefficient task
especially in large organizations. Computers were initially designed for engineering &
scientific applications. Since they helped in efficient management of data in files, file
processing environment simply transformed manual file work to computers. So,
processing becomes fast and efficient.

The concept of conventional file processing
system is shown in figure, which consists
of three applications namely Inventory,
Order Entry, and Accounts/Received
programs. These programs process the
data stored in different files such as
Customer File and Product File.
As file processing systems were used, their
problems were also realized and some of
them are very severe.











What is DBMS?



Functions of DBMS?
DBMS performs several important functions that guarantee the integrity
and consistency of the data in the database . The most important functions
of Database Management System are

(i) Data Storage Management : It provides a mechanism for management
of permanent storage of the data . The internal schema defines how the
data should be stored by the storage management mechanism and the
storage manager interfaces with the operating system to access the
physical storage .

A modern DBMS system provides storage not only for the data, but also
for related data entry forms or screen definitions, report definitions, data
validation rules, procedural code, structures to handle video and picture
formats, and so on .

Data storage management is also important for database performance
tuning . Performance tuning relates to the activities that make the
database perform more efficiently in terms of storage and access speed .
So, the data storage management is another important function of
Database Management System .







Functions of DBMS?
Encryption is a process to covert data into unreadable format .
Unauthorized person cannot read and understand this encrypted data .
Only authorized use will be able to read it .

Authentication is the process by which the system validates a user's logon
information . A user's name and password are compared to an authorized
list, and if the system detects a match, access is granted to the extent
specified in the permission list for that user.

Authorization is any process by which someone is allowed to access the
database by given user id and password, if password is not successfully
entered, the user will be denied for accessing database .

In DBMS, sometimes it is required to provide partial information of
database to some users and restrict them to access other part of
database .

Data Views may be defined by DBA to allow user to access the database
tables partially and hide other part of the tables or fields for them .





Functions of DBMS?
If database is damaged due to any reason, the DBMS restore a physical
backup of a data file or control file to the correct state of the database
and this process is called Data Recovery . It is very important to backup
data periodically for proper recovery .

(viii) Concurrency Control Service : Since DBMSs support sharing of data
among multiple users, they must provide a mechanism for managing
concurrent access to the database . When more than one transactions are
running simultaneously there are chances of a conflict to occur which can
leave database to an inconsistent state . To handle these conflicts we need
concurrency control in DBMS, which allows transactions to run
simultaneously but handles them in such a way so that the integrity of
data remains intact .





Functions of DBMS?
( ix) Transaction Management : A transaction is a series of database
operations, carried out by a single user or application program, which
accesses or changes the contents of the database . Therefore, a DBMS must
provide a mechanism to ensure either that all the updates corresponding to
a given transaction are made or that none of them is made .

A transaction is a sequence of database operations, carried out by a single
user or application program, which accesses or updates the contents of the
database . DBMS provide a mechanism to ensure either that all the updates
corresponding to a given transaction are made or that none of them is
made .

In order to fully maintain data integrity and ensure good transactional
behaviour, DBMS supports the ACID properties :
1) Atomicity : If any part of a transaction fails, the database state is left

unchanged .
2) Consistency : Any transaction will leave the database in a consistent

state .
3) Isolation : During a transaction, modified data cannot be accessed by

other operations .
4) Durability : The DBMS can always recover the results of a committed

transaction .





Advantages & Disadvantages of DBMS
Advantages
1) Reduction of Redundancies
2) Shared Data
3) Data Integrity
4) Security
5) Conflict Resolution or Concurrency Control
6) Transaction Management
7) Data Independence
8) Backup and Recovery

Disadvantages
1) Costly
2) Degradation of System Performance due to processing overhead
3) Backup and Recovery operations are complex





Structure of DBMS
1. Data Definition Language Interpreter
It execute the low-level statements and records them in a set of tables that having
metadata.

2. Data Manipulation Language Compiler
It converts DML statements in source form of query language into necessary object
form (i.e. low-level instructions) that query evaluation engine understands.

3.Embedded DML Precompiler
It converts DML statements embedded in application program to normal procedure
calls in host language. To generate appropriate code, it must interacts with DML
Compiler.

4. Query Evaluation Engine
It executes the low-level instruction generated by DML compiler.

5. Transaction Manager
It ensure that the database remains in consistent state despite the system failure, and
concurrent transaction executions proceed without conflicting.



6. Buffer Manager
It is responsible for data fetching from disk storage into main memory and deciding
what data to cache in memory.

7. File Manager
It manages allocation of space on disk storage and data structure used to represent
information that stored on disk.

Some of the Data Structure are needed as the part of physical system for
implementation:
i. Indices: These provide fast access to the data items that hold particular values.
ii. Statistical Data: This store statistical information about data in database. To

execute a query, this information is used by query processor.
iii. Data Files: These are actual files that store the data in database, i.e. these are

database files.
iv. Data Dictionary: This stores metadata about each and every entity of the

database along with the security and entity constraints.

Structure of DBMS



Structure of DBMS
Information Stored in Data Dictionary (DBMS) Statistical Data Stored in DBMS

1. Database Schema Information
Table and column details (names, data types,
sizes).
Indexes, views, and foreign key relationships.
2. Constraints and Rules
Primary keys, foreign keys, unique constraints.
NOT NULL, CHECK constraints, referential
integrity.
3. Storage and Performance Statistics
Number of rows in tables, table size.
Index usage, fragmentation details.
4. User and Security Information
Usernames, roles, and permissions.
Access privileges (READ, WRITE, EXECUTE).
Audit logs (who accessed/modified data).
5. Procedural and Programmatic Information
Stored procedures, functions, triggers.
Views, materialized views, default values.
6. Query Optimization and Execution Plans
Execution statistics of queries.
Query optimization hints, indexing suggestions.
7. Backup and Recovery Information
Last backup time, transaction logs.
Recovery and rollback details.

1. Table and Index Statistics
Number of rows, pages, and distinct values.
Index selectivity, clustering factor.
2. Column-Level Statistics
Min, max, mean, median, standard deviation.
Null values count, histogram distribution.
3. Query Execution Statistics
Query execution time, disk I/O operations.
Cache hit/miss ratio, join complexity.
4. Transaction and Concurrency Statistics
Number of transactions, commit/rollback rates.
Lock contention, deadlock occurrences.
5. System Performance Statistics
CPU, memory, and disk usage.
Network traffic in distributed databases.
6. User and Access Statistics
Number of active users, login attempts.
Access logs and security audit trails.
7. Backup and Recovery Statistics
Backup frequency, recovery time, transaction logs.











Schema, Subschema and Instance





1. Internal Schema or Physical Schema
It describes that how data are actually stored in the blocks of storage devices such
as hard disk.

2. Logical Schema or Conceptual Schema
It describes the structure of the database to the database designer. Programmers
and database administrators work at this level, at this level data can be described
as certain types of data records gets stored in data structures

3. External Schema or Subschema
It is a subset of main schema having the same properties as schema. It describes
the different parts, sets, records and data names of the database to the end user. It
allows users to view only the parts of the main database.

Schema, Subschema and Instance





Schema, Subschema and Instance



Database Instance
The data stored in database at a particular moment of time is called instance of
database. Database schema defines the variable declarations in tables that belong to a
particular database; the value of these variables at a moment of time is called the
instance of that database.

A database schema is variable declarations in a program. Variable has particular value
at a given instant. Then, the value of variable at particular instant is called database
instance.

Schema, Subschema and Instance





3-Level schema Architecture
Figure shows the DBMS architecture.
Mapping is used to transform the request and response between various database
levels of architecture. Mapping is not good for small DBMS because it takes more
time. In External / Conceptual mapping, it is necessary to transform the request from
external level to conceptual schema. In Conceptual / Internal mapping, DBMS
transform the request from the conceptual to internal level.







A Database stores data about data i.e. Metadata. Metadata itself follows a layered
architecture, so that when we change data at one layer, it does not affect the data at
another level. This data is independent but mapped to each other.

Data independence can be explained using the three-schema architecture.

Data independence refers characteristic of being able to modify the schema at one
level of the database system without altering the schema at the next higher level.

Data Independence















Database Development Life Cycle
The Database Life Cycle (DBLC) outlines the stages

involved in designing, implementing, and maintaining

a database system. It encompasses the entire

lifespan of a database, from initial planning to

ongoing maintenance. The modern DBLC consists of

six stages, which ensure a database meets business

needs efficiently and remains effective over time.

1. Database Initial Study

2. Database Design

3. Implementation and Loading

4. Testing and Evaluation

5. Operation

6. Maintenance and Evolution





Database Development Life Cycle
2. Database Design

The database design stage converts requirements into a structured database 

blueprint. It consists of logical design and physical design.

Logical Design:

Creates a conceptual structure of the database using ER diagrams, defining tables, 

attributes, primary keys, and relationships. The design is normalized to reduce 

redundancy and improve data efficiency.

o Conceptual Model: Visual representation of entities and relationships

o ER Diagram: Shows data organization and relationships

o Normalization: Removes redundancy and improves data access

Physical Design:

Focuses on performance optimization by selecting storage structures, indexes, and 

access methods suitable for the hardware and software environment.

o Performance Optimization: Uses indexing and partitioning

o Hardware Considerations: Matches database design with available resources







Database Languages
A DBMS must provide appropriate languages and interfaces for each category of users
to express database queries and updates. Database languages are used to read,
update and store data in a database. There are large numbers of database languages
like Oracle, MySQL, MS Access, dBase, FoxPro etc. SQL (Structured Query
Language) is commonly used in Oracle and MS Access can be categorized as data
definition language (DDL), data control language (DCL) and data manipulation
language (DML).



















File Organizations
The File Organization is the physical organization of the records of a file for the
convenience of storage and retrieval of data records. System designer basically
choose to organize, access and process the records of the various files in different
ways, depending upon the type of the application and needs of the uses are:

1. Ease of Retrieval
2. Convenience of Updates
3. Economy of Storage
4. Reliability
5. Security
6. Integrity

There are some commonly used file organizations are-
A. Serial File
B. Sequential File
C. Index Sequential File
D. Direct File
E. Multilist File
F. Tree based File









File Organizations





Indexed Sequential File

File Organizations





ER Model & Relational Model











ER Model (Entity Relationship Model)
Strong Entity
A strong entity is not dependent of any other entity in the schema. A strong
entity will always have a primary key.
Strong entities are represented by a single rectangle .
The relationship of two strong entities is represented by a single diamond .
Various strong entities, when combined together, create a strong entity set.

Weak Entity
A weak entity is dependent on a strong entity to ensure the its existence .
Unlike a strong entity, a weak entity does not have any primary key.
It instead has a partial discriminator key. A weak entity is represented by a
double rectangle . The relation between one strong and one weak entity is
represented by a double diamond .



ER Model (Entity Relationship Model)

A bank loan installment cannot be uniquely identified without knowing the
loan to which the installment belongs, so loan installment is a weak entity .



ER Model (Entity Relationship Model)
Attribute
Attributes are the properties which define the entity type . For example,
RollNo, Name, DOB, Age, Address, MobileNo are the attributes which
defines entity type Student . In ER diagram, attribute is represented by an
oval .

There exists a domain or range of values that can be assigned to attributes .
For example, a student's name cannot be a numeric value. It has to be
alphabetic . A student's age cannot be negative, etc.

Types of Attributes
1. Simple attribute
2. Composite attribute
3. Derived attribute
4. Single-value attribute
5. Multi -value attribute









ER Model (Entity Relationship Model)
The complete entity type Student with its attributes can be represented 
as:





Degree of a relationship set
The number of different entity sets participating in a relationship set is
called asdegree of a relationship set.
Unary Relationship
When there is only ONE entity set participating in a relation , the
relationship is called as unary relationship . For example, one person is
married to only one person .

ER Model (Entity Relationship Model)

Binary Relationship
When there are TWO entities set participating in a relation , the relationship
is called asbinary relationship . For example, Student is enrolled in Course.













Notation of ERdiagram
Database can be represented using the notations . In ER diagram, many
notations are used to express the cardinality . These notations are as follows :

ER Model (Entity Relationship Model)



Generalization
Generalization is like a bottom -up approach in which two or more entities of
lower level combine to form a higher level entity if they have some
attributes in common .
In generalization, an entity of a higher level can also combine with the
entities of the lower level to form a further higher level entity .

Generalization is more like subclass and super class system, but the only
difference is the approach . Generalization uses the bottom -up approach .

In generalization, entities are combined to form a more generalized entity,
i.e., subclasses are combined to make a super class.

ER Model (Entity Relationship Model)



Specialization
Specialization is a top -down approach, and it is opposite to Generalization .
In specialization, one higher level entity can be broken down into two lower
level entities .

Specialization is used to identify the subset of an entity set that shares some
distinguishing characteristics .

Normally, the super class is defined first, the subclass and its related
attributes are defined next, and relationship set are then added .

ER Model (Entity Relationship Model)



ER Model (Entity Relationship Model)
Aggregation
In aggregation, the relation between two entities is treated as a single
entity . In aggregation, relationship with its corresponding entities is
aggregated into a higher level entity .

For example : Center entity offers the Course entity act as a single entity in
the relationship which is in a relationship with another entity visitor . In the
real world, if a visitor visits a coaching center then he will never enquiry
about the Course only or just about the Center instead he will ask the
enquiry about both .



Steps to Create an ERD
Following are the steps to create an ERD.

Let's study them with an example :
In a university, a Student enrolls in Courses. A student must be assigned to
at least one or more Courses. Each course is taught by a single Professor . To
maintain instruction quality, a Professor can deliver only one course

Step 1) Entity Identification
We have three entities

1. Student
2. Course
3. Professor

Step 2) Relationship Identification
We have the following two relationships

1. The student is assigned a course
2. Professor delivers a course



Steps to Create an ERD
Step 3) Cardinality Identification
For them problem statement we know that,

1. A student can be assigned multiple courses
2. A Professor can deliver only one course

Step 4) Identify Attributes
You need to study the files, forms, reports, data currently maintained by
the organization to identify attributes . You can also conduct interviews
with various stakeholders to identify entities . Initially, it's important to
identify the attributes without mapping them to a particular entity .

Once, you have a list of Attributes, you need to map them to the identified
entities . Ensure an attribute is to be paired with exactly one entity . If you
think an attribute should belong to more than one entity, use a modifier to
make it unique .

Once the mapping is done, identify the primary Keys. If a unique key is not
readily available, create one.



Entity Primary Key Attribute
Student Student_ID StudentName
Professo

r
Employee_ID ProfessorNam

e
Course Course_ID CourseName

Steps to Create an ERD

For Course Entity, attributes could be Duration, Credits, Assignments, etc.
For the sake of easewe have considered just one attribute .



Steps to Create an ERD
Step 5) Create the ERD
A more modern representation of ERD Diagram

Best Practices for Developing Effective ERDiagrams
1. Eliminate any redundant entities or relationships
2. You need to make sure that all your entities and relationships are

properly labeled
3. There may be various valid approaches to an ER diagram . You need to

make sure that the ERdiagram supports all the data you need to store
4. Never connect relationships to each other



Car-Insurance Company
Construct an E-R diagram for a car-insurance company whose customers
own one or more cars each. Each car has associated with it zero to any
number of recorded accidents .



Hospital Record Management System
Construct an E-R diagram for a hospital with a set of patients and a set of
medical doctors . Associate with each patient a log of the various tests and
examinations conducted .





University Registrar Office



Consider a database used to record the marks that students get in
different exams of different course offerings .

1. Construct an E-R diagram that models exams as entities, and uses a
ternary relationship, for the above database.

Model Examination System



2. Construct an alternative E-R diagram that uses only a binary
relationship between students and course -offerings . Make sure that
only one relationship exists between a particular student and course -
offering pair, yet you can represent the marks that a student gets in
different exams of a course offering

Model Examination System



3. Design an E-R diagram for keeping track of the exploits of your favorite
sports team. You should store the matches played, the scores in each
match, the players in each match and individual player statistics for
each match . Summary statistics should be modeled as derived
attributes . Extend the E-R diagram of the previous question to track
the same information for all teams in a league.

Model Examination System







Music Database







University Database







Flight Database





Relational Data Model
Relational Data Model uses a collection of tables to represent both data and
the relationship among those data.
1) Each table has multiple columns and each column asunique name.
2) The Data is arranged in a Relation which is visually represented in a two

dimensional table .
3) The data is inserted into the table in the form of Tuples (Rows).A Tuple is

formed by one or more than one attributes . Tuple in this example is a
row (complete row) .

4) Attributes are used as basic building block in the formation of various
expression that are used to drive a meaningful information .

5) There can be number of tuples in the table (relation), but all the tuples
contains fixed and some attributes with varying values.

6) A Relation is represented by a table .



Relational Data Model
Tuple is represented by row .
An attribute is represented by a column of the table . Attribute name is the
name of the column

Example S_ID,S_Name,S_Age.

Attribute values contains the values for the column in the row .











Relational Data Model













Schema
Schema is a the logical description of the database.
The overall design of the database is called Database Schema.
Database system has several schemas and partitioned according to the levels
of abstractions . There are three level of schemas in database system.

1. Internal Schema or Physical Schema
It describes that how data are actually stored in the blocks of storage
devices such ashard disk .

2. Logical Schema or Conceptual Schema
It describes the structure of the database to the database designer .
Programmers and database administrators work at this level, at this level
data can be described as certain types of data records gets stored in data
structures

3. External Schema or Subschema
It is a subset of main schema having the same properties as schema. It
describes the different parts, sets, records and data names of the
database to the end users. It allows users to view only the parts of the
main database.

Schema, Subschema and Instance



Schema, Subschema and Instance



Database Instance
The data stored in database at a particular moment of time is called
instance of database. Database schema defines the variable declarations in
tables that belong to a particular database; the value of these variables at a
moment of time is called the instance of that database.

A database schema is variable declarations in a program . Variable has
particular value at a given instant . Then, the value of variable at particular
instant is called database instance .

Schema, Subschema and Instance



Relational Integrity constraints in DBMS are referred to conditions which
must be present for a valid relation . These Relational constraints in DBMS
are derived from the rules in the mini -world that the database represents .

Integrity = (Correctness + Consistency)

There are many types of Integrity Constraints in DBMS. Constraints on the
Relational database management system is mostly divided into three main
categories are:
1. Domain Constraints
2. Key Constraints
3. Referential Integrity Constraints

Relational Integrity Constraints



Domain Constraints
Domain constraints can be violated if an attribute value is not appearing in
the corresponding domain or it is not of the appropriate data type .

Domain constraints specify that within each tuple, and the value of each
attribute must be unique . This is specified as data types which include
standard data types integers, real numbers, characters, Booleans, variable
length strings, etc.

Example :
Create DOMAIN CustomerName CHECK (value not NULL)

The example shown demonstrates creating a domain constraint such that
CustomerName is not NULL

If a constrains AGE>0 is applied on STUDENT relation, inserting negative
value of AGE will result in failure .

Relational Integrity Constraints



Relational Integrity Constraints

Constraint 
Type Code Snippet Explanation

NOT NULL
CREATE TABLE Employees (
name VARCHAR(50) NOT NULL
);

Ensures that the name column 
cannot have NULL values, 
enforcing that every employee 
must have a name.

CHECK

CREATE TABLE Employees (
age INT CHECK (age >= 18 AND 
age <= 65)
);

Ensures that the age column values 
must be between 18 and 65, 
enforcing that employees fall 
within this age range.

DEFAULT
CREATE TABLE Employees ( 
hire_date DATE DEFAULT 
CURRENT_DATE );

Ensures that the hire_date column 
will default to the current date if no 
value is provided during insertion.

UNIQUE
CREATE TABLE Employees (
email VARCHAR(100) UNIQUE
);

Ensures that the email column 
values must be unique across all 
rows, preventing duplicate









Primary Key
A primary key is a minimal set of attributes
(columns) in a table that uniquely identifies
tuples (rows) in that table .

Primary Key Example in DBMS
Lets take an example to understand the concept of primary key. In the
following table, there are three attributes : Stu_ID, Stu_Name & Stu_Age.
Out of these three attributes, one attribute or a set of more than one
attributes can be a primary key.
1. Attribute Stu_Name alone cannot be a primary key as more than one

students can have same name.
2. Attribute Stu_Age alone cannot be a primary key as more than one

students can have same age.
3. Attribute Stu_Id alone is a primary key as each student has a unique id

that can identify the student record in the table .
Note : In some casesan attribute alone cannot uniquely identify a record in
a table, in that case we try to find a set of attributes that can uniquely
identify a row in table . We will see the example of it after this example .

Relational Integrity Constraints
Stu_Id Stu_Name Stu_Age

101 Steve 23

102 John 24

103 Robert 28

104 Steve 29

105 Carl 29





Candidate Keys: As I mentioned in the beginning, a candidate key is a
minimal super key with no redundant attributes . The following two set of
super keys are chosen from the above sets as there are no redundant
attributes in these sets.
{Emp_SSN}
{Emp_Number }
Only these two sets are candidate keys as all other sets are having
redundant attributes that are not necessary for unique identification .
Primary key
A Primary key is selected from a set of candidate keys. This is done by
database admin or database designer .
We can say that either {Emp_SSN} or {Emp_Number } can be chosen as a
primary key for the table Employee .
Alternate Key
As we have seen in the candidate key guide that a table can have multiple
candidate keys. Among these candidate keys, only one key gets selected
as primary key, the remaining keys are known as alternative or secondary
keys.

Since we have selected Emp_SSN as primary key, the remaining
key Emp_Number would be called alternative or secondary key.

Relational Integrity Constraints



Definition of Composite key: A key that has more than one attributes is 
known as composite key. It is also known as compound key.

Note: Any key such as super key , primary key , candidate key etc. can be 
called composite key if it has more than one attributes.

Composite key Example
All of the following sets of super key are able to uniquely identify a row of 
the employee table.

{Emp_SSN}
{Emp_Number }
{Emp_SSN, Emp_Number }
{Emp_SSN, Emp_Name}
{Emp_SSN, Emp_Number , Emp_Name}
{Emp_Number , Emp_Name}

Out of the above given keys, the following are the composite keys.
{Emp_SSN, Emp_Number }
{Emp_SSN, Emp_Name}
{Emp_SSN, Emp_Number , Emp_Name}
{Emp_Number , Emp_Name}

As all the keys are made up of more than one attributes.

Relational Integrity Constraints



Definition : Foreign keys are the columns of a table that points to
the primary key of another table . They act as a cross-reference between
tables.

Referential integrity Constraints
Referential integrity constraints work on the concept of Foreign Keys. A
foreign key is a key attribute of a relation that can be referred in other
relation .

Referential integrity constraint states that if a relation refers to a key
attribute of a different or same relation, then that key element must exist .

Referential Integrity Constraints



Referential Integrity Constraints

ROLL_NO NAME ADDRESS PHONE AGE BRANCH_CODE

1 RAM DELHI 9455123451 18 CSE

2 RAMESH GURGAON 9652431543 18 CSE

3 SUJIT ROHTAK 9156253131 20 ECE

4 SURESH DELHI 9136263161 18 IT

BRANCH_CODE BRANCH_NAME

CSE COMPUTER SCIENCE & ENGINEERING

IT INFORMATION TECHNOLOGY

ECE ELECTRONICS AND COMMUNICATION ENGINEERING

CE CIVIL ENGINEERING

When one attribute of a relation can only take values from other attribute
of same relation or any other relation, it is called referential integrity . Let us
suppose we have 2 relations

BRANCH_CODE of STUDENT can only take the values which are present in
BRANCH_CODE of BRANCH which is called referential integrity
constraint . The relation which is referencing to other relation is called
REFERENCING RELATION (STUDENT in this case) and the relation to
which other relations refer is called REFERENCEDRELATION (BRANCH in
this case).

Student

Branch



Referential Integrity Constraints
Cerate table branch
( branch_code varchar( 8) PRIMARY KEY,

branch_name varchar( 50));

Create table student
( rollno number( 10) PRIMARY KEY,
name varchar( 50) NOT NULL,
address varchar( 50) NOT NULL,
contact number( 10) NOT NULL,
age number( 2),
branch_code carchar (8) REFERENCESbranch( branch_code ));

OR
Create table student
( rollno number( 10) PRIMARY KEY,
name varchar( 50) NOT NULL,
address varchar( 50) NOT NULL,
contact number( 10) NOT NULL,
age number( 2),
branch_code carchar (8)
CONSTRAINT FK_Dept
FOREIGN KEY (Dept_ID )
REFERENCES Department( Dept_ID ));

















Converting ER Diagram into Tables
Rule-05: For Binary Relationships With Cardinality Ratios-

The following four casesarepossible-
Case-01: Binary relationshipwith cardinality ratio m:n
Case-02: Binary relationshipwith cardinality ratio 1:n
Case-03: Binary relationshipwith cardinality ratio m:1
Case-04: Binary relationshipwith cardinality ratio 1:1

Case-01: For Binary Relationship With Cardinality Ratio m:n

Here, three tables will be required-
1. A ( a1 , a2 )
2. R ( a1 , b1 )
3. B ( b1 , b2 )



Converting ER Diagram into Tables
Case-02: For Binary Relationship With Cardinality Ratio 1:n

Here, two tables will be required-
1. A ( a1 , a2 )
2. BR ( a1 ,b1 , b2 )
NOTE - Here, combined table will be drawn for the entity set B and relationship set R.

Case-03: For Binary Relationship With Cardinality Ratio m:1

Here, two tables will be required-
1. AR ( a1 , a2 , b1 )
2. B ( b1 , b2 )
NOTE - Here, combined table will be drawn for the entity set A and relationship set R .









Converting ER Diagram into Tables

Case-02: For Binary Relationship With Cardinality Constraint and Total
Participation Constraint From Both Sides-

If thereis a key constraint from both the sidesof an entity setwith total participation,
then that binary relationship is representedusingonly singletable.

Here, Only one table is required.
1. ARB ( a1 , a2 ,b1 , b2 )



Converting ER Diagram into Tables

Rule-07: For Binary Relationship With Weak Entity Set -

Weak entity set always appears in association with identifying relationship with total 
participation constraint.

Here, two tables will be required-
1. A ( a1 , a2 )
2. BR ( a1 , b1 , b2 )











RELATIONAL ALGEBRA























































RELATIONAL CALCULUS
Exercises on Tuple Relational Calculus (TRC) and Domain Relational Calculus (DRC)
Given Database Schema

Employee(Emp_id, Emp_Name, Dept_id, Salary)
Department(Dept_id, Dept_Name)

emp_id emp_name dept_id salary
1 Alice 10 50000
2 Bob 20 60000
3 Charlie NULL 55000
4 David 10 65000
5 Emma 30 70000

Employee Table Department Table
dept_id dept_name

10 HR
20 Finance
30 IT
40 Marketing

1. Retrieve the names of all employees who earn more than 55,000.



RELATIONAL CALCULUS
2. Find employees who work in the HR department.

3. Find the employees who do not belong to any department (i.e., dept_id is NULL).

4. Find all departments that have at least one employee.

5. Retrieve employees who work in every department.







Data Dependency/Functional Dependency
A functional dependencyis an associationbetween two attributes of the same
relational databasetable. One of the attributes is called the determinant and the
other attribute is calledthe determined. Foreachvalueof the determinant there is
associatedoneandonlyonevalueof the determined.

If A is the determinant and B is the determined then we say that A functionally
determinesB and graphicallyrepresentthis asA -> B. ThesymbolsA & B canalso
be expressedasBis functionallydeterminedby A.

Sincefor eachvalueof A there isassociatedoneandonlyonevalueof B.



Data Dependency/Functional Dependency

In this table A does not functionally
determineB.

Sincefor A = 3 there isassociatedmore than
onevalueof B.

Functionaldependencycan alsobe defined
asfollows:
An attribute in a relational model is said to
be functionally dependent on another
attribute in the table if it can take only one
valuefor a givenvalueof the attribute upon
whichit is functionallydependent.

A B
1 1
2 4
3 9
4 16
2 4
3 11
7 9















































Normalization
Normalizationof Database

DatabaseNormalization is a technique of organizingthe data in the database.

Normalizationis a systematicapproachof decomposingtables to eliminate data

redundancy and undesirable characteristicslike Insertion, Update and Deletion

Anomalies. It is a multi-step processthat puts data into tabular form by removing

duplicateddatafrom the relation tables.

Normalizationis the processof organizingdata in a databaseto reduceredundancy

andimprovedata integrity. It involvesdecomposinglargetablesinto smalleronesand

establishingrelationshipsbetweenthemto ensureefficientdata management.





Normalization
Un-Normalized Form (UNF)
If a table containsnon-atomic valuesat eachrow, it is saidto be in UNF. An atomic
value is somethingthat cannot be further decomposed. A non-atomic value, asthe
name suggests,can be further decomposedand simplified. Considerthe following
table:

In the sampletable above,there are multiple occurrencesof rows under eachkey
Emp-Id. Although consideredto be the primary key, Emp-Id cannot give us the
uniqueidentificationfacility for anysinglerow. Further,eachprimarykeypoints to a
variablelengthrecord(3 for E01, 2 for E02and4 for E03).

Emp-Id Emp-Name Month Sales Bank-Id Bank-Name

E01 AA Jan 1000 B01 SBI
Feb 1200
Mar 850

E02 BB Jan 2200 B02 UTI
Feb 2500

E03 CC Jan 1700 B01 SBI
Feb 1800
Mar 1850
Apr 1725







Normalization
First Normal Form (1NF)
A relation is saidto be in 1NFif it containsno non-atomic valuesand eachrow can
providea uniquecombinationof values. Theabovetable in UNFcanbe processedto
createthe followingtable in 1NF.

Asyou canseenow, eachrow containsuniquecombinationof values. Unlikein UNF,
this relation contains only atomic values, i.e. the rows can not be further
decomposed,sothe relation isnow in 1NF.

Emp-Id Emp-NameMonth SalesBank-Id Bank-Name

E01 AA Jan 1000 B01 SBI
E01 AA Feb 1200 B01 SBI
E01 AA Mar 850 B01 SBI
E02 BB Jan 2200 B02 UTI
E02 BB Feb 2500 B02 UTI
E03 CC Jan 1700 B01 SBI
E03 CC Feb 1800 B01 SBI
E03 CC Mar 1850 B01 SBI
E03 CC Apr 1725 B01 SBI



Normalization

Company Symbol Headquarters Date Close Price

Microsoft MSFT Redmond, WA 09/07/2013 23.96

Microsoft MSFT Redmond, WA 09/08/2013 23.93

Microsoft MSFT Redmond, WA 09/09/2013 24.01

Oracle ORCL Redwood Shores, CA09/07/2013 24.27

Oracle ORCL Redwood Shores, CA09/08/2013 24.14

Oracle ORCL Redwood Shores, CA09/09/2013 24.33

Company Symbol Headquarters Date Close Price

Microsoft MSFT Redmond, WA 09/07/2013 23.96

09/08/2013 23.93

09/09/2013 24.01

Oracle ORCL Redwood Shores, CA09/07/2013 24.27

09/08/2013 24.14

09/09/2013 24.33

Un-NormalForm 
Table

Table in First 
Normal Form



Normalization
SecondNormalForm(2NF)
A relation is said to be in 2NFf if it is alreadyin 1NFand eachand everyattribute
fully dependson the primary key of the relation. Speakinginversely,if a table has
someattributes which is not dependanton the primary key of that table, then it is
not in 2NF.
Let us explain. Emp-Id is the primary key of the aboverelation. Emp-Name,Month,
SalesandBank-Nameall dependuponEmp-Id. But the attribute Bank-Namedepends
on Bank-Id, whichisnot the primarykeyof the table. Sothe table is in 1NF,but not in
2NF. If this position canbe removedinto another related relation, it would cometo
2NF.

Emp-Id Emp-NameMonth SalesBank-Id
E01 AA JAN 1000 B01
E01 AA FEB 1200 B01
E01 AA MAR 850 B01
E02 BB JAN 2200 B02
E02 BB FEB 2500 B02
E03 CC JAN 1700 B01
E03 CC FEB 1800 B01
E03 CC MAR 1850 B01
E03 CC APR 1726 B01

Bank-Id Bank-Name
B01 SBI
B02 UTI

n can be removed into another related relation, it would come to 2NF.

After removing the portion into another
relation we store lesseramountof data in
two relations without any loss
information. There is also a significant
reductionin redundancy.







http://holowczak.com/database-normalization/3/












http://holowczak.com/database-normalization/4/








Normalization
Resolution: Split into two tables with the common key:

Portfolio ID Stock Fund
999 Janus Fund
999 Scudder Global Fund
888 Kaufmann Fund

Portfolio ID Bond Fund
999 Municipal Bonds

999 Dreyfus Short-Intermediate Municipal Bond Fund

888 T. Rowe Price Emerging Markets Bond Fund

























Dangling Tuple
Example:
Parent Table (Department)

Dept_ID(Primary Key) Dept_Name
101 CSE
102 ECE

Child Table (Student)

Student_ID Name Dept_ID(Foreign Key)
1 Alex 101
2 Bob 103

In the above example, the Student table has a dangling tuple because Dept_ID = 103 
does not exist in the Department table.



















DATABASE TRANSACTION PROCESSING, CONCURRENCY 
CONTROL & RECOVERYSYSTEM











TransactionProperties
1. Consistency: Theconsistencyrequirement here is that the sum of A & B be

unchangedby the execution of the transaction. Without the consistency
requirement,moneycanbe createdor destroyedby the transaction.
Ensuringconsistencyfor an individual transactionis the responsibilityof the
application programmer. This task may be facilitated by automatic testing
of integrity constraints.

2. Atomicity: Supposethat, just before the execution of transaction Ti the
valuesof A and B are 1000 and 2000. Now, supposethat the execution of
transaction Ti, a failure happenedafter the write(A) operation but before
the write (B) operation due to power failures, hardware failures and
software failures. In this casethe valuesof A and B reflected in the database
are 950 and 2000. Thesesystemdestroyed 50 as a result of this failure. In
this case,the sumA+Bis no longerpreserved.
Thus, the system reachesto an inconsistent state. We must ensure that
suchinconsistencyare not visible in databasesystem. However,this state is
eventually replacedby the consistentstate, where the value of accountA is
950 and the value of accountB is 2050. That is the reasonfor the atomicity
requirement- if the atomicity property is present, all actions of transaction
are reflected in the database,or noneare. (Transaction-ManagementTask)



TransactionProperties
3. Durability: Once the user has been notified that the transaction has

completed (i.e. the transfer of 50 has taken place), the update to the
databaseby the transactionmustpersistdespitefailures.
Thus the durability property guarantee that once a transaction completes
successfully,all the updatesthat carried out on the databasepersist, even if
there isa systemfailure after the transactioncompletesexecution.
(Recovery-ManagementTask)

4. Isolation: If betweenstates3 & 6, another transactionis allowed to access
the partially updated database,it will seean inconsistentdatabase(the sum
A +Bwill be lossthen it shouldbe).
The problem concurrently executing transactions are avoided by executing
transactions serially i. e. one after the other. However, executing multiple
transactionsconcurrentlyhassignificantbenefits. (Concurrency-ControlTask)





TransactionFailure
A transaction may be failed due to many different reason during its execution
time. A transaction can be aborted by several reasons from its any state of
execution. Therearemainly two different typesof failure.

TransactionFailure

CatastrophicFailure Non-CatastrophicFailure

It is related to any type of physical
problem responsible for failure.
LikePowerFailure,Fire,Theftetc.

It is not related to any type of
physical problem. It refers logical
problems or errors occur during
transaction.

Therearemanyproblemsfor transactionfailure:
1. SystemCrash: It refers to the hardware,software or network error occursin the

systemduring execution. Hardwarecrashesare usuallymedia failure like Hard
sick,RAM,Processoretc.

2. SystemError: Systemerrors are the errors which are occurredduring execution
of transaction. These errors are division by zero, integer overflow, buffer
overflow etc. Theseerrorsoccursdueto logical programmingerrors.





TransactionSchedule
Schedule- A Schedule is an ordering sequence of the operations of the
transactions. A schedule should follow the constraint that the sequence of
operations for each transactions should be same as they appear in the  
transaction.

T1

T2

T3

T4

Schedule

Transactions

01
02
03

Operations

In a schedule,sequenceof operationsof the transactionshouldnot be changedif 
two transactions are interleaved inthe process of execution.

Schedule  
S

T1 T2

read(X) 
write(X) read(Y) 

write(Y)
read(Y) 
write(Y)





CompleteSchedule
Theorder in which the operationsof multiple transactionsappearfor executionis 
calledas a schedule.



SerialSchedule
A Scheduleis called Serial, if the operations of each transaction are executed 
consecutivelywithout any interleavedoperations fromother transaction.

T1 T2

read (X);
X:=X-N;
write(X);
read (Y); 
Y:=Y+N;
write(Y);

read (X); 
X:=X+M;
write(X);

SerialSchedule

Time

A ScheduleS is Serial, if for every transaction T participating in the schedule,all
the operations of T are executedconsecutively. Otherwise the scheduleis called
non-serial. Hencein a serial schedule,only one transactionat a time is active and
no interleavingoccurs.













Serializability
Theconceptof Serializabilityof schedulesis usedto identify which schedulesare

correct when the transaction executionshave interleaving of their operations in

the schedules.

A ScheduleS of n transactions is serializable if it is equivalent to some serial

scheduleof the samen transactions. Eachserialscheduleconsistsof a sequenceof

instructions from the various transactions,where the instructions belonging to

onesingletransactionappeartogether in that schedule.

A non-serial schedule S is serializable is equivalent to say that it is correct

schedule,becauseit is sameasa serialschedule.





SerialSchedules VsSerializableSchedules
SerialSchedules SerializableSchedules

Noconcurrencyisallowed.
Thus,all the transactionsnecessarilyexecute 
seriallyone after the other.

Concurrencyisallowed.
Thus, multiple transactions can execute  
concurrently.

Serial schedules lead to less resource  
utilizationandCPU throughput.

Serializable schedulesimprove both  
resourceutilizationandCPUthroughput.

SerialSchedulesare lessefficientas compared 
to serializable schedules.

Serializable Schedules are always better  
thanserial schedules.

Typesof Serializability
Serializabilityismainlyof two types-
1. ConflictSerializability
2. ViewSerializability





ConflictSerializability
Follow the following steps to check whether a given non-serial schedule is conflict 
serializableor not-
Step-01:
Findandlist all the conflictingoperations.

Step-02:
Startcreatinga precedencegraph bydrawingonenodefor eachtransaction.

Step-03:
Draw an edge for each conflict pair such that if Xi (V) and Yj (V) forms a conflict pair then 
drawanedge from Ti to Tj.
Thisensuresthat Ti getsexecutedbeforeTj.

Step-04:
Checkif there isanycycleformedin the graph.
If there isno cyclefound, thenthe scheduleis conflictserializable otherwisenot.













ViewSerializability
Method-03:
In this method,try findinga viewequivalentserialschedule.

1. Byusingthe abovethreeconditions,write all the dependencies.
2. Then,drawa graphusingthosedependencies.
3. If there existsno cyclein the graph,then the scheduleisviewserializableotherwise 

not.































ConcurrencyControl
ConcurrencyProblemsin DBMS
When multiple transactions execute concurrently in an uncontrolled or unrestricted 
manner,then it might lead toseveral problems.
Suchproblemsarecalledasconcurrencyproblems.

Theconcurrencyproblemsare
1. DirtyReadProblem
2. UnrepeatableReadProblem
3. LostUpdateProblem
4. PhantomReadProblem











ConcurrencyControl
AvoidingConcurrencyProblems
To ensureconsistencyof the database,it is very important to prevent the occurrenceof 
aboveproblems.

ConcurrencyControlProtocolshelp to preventthe occurrenceof aboveproblemsand 
maintainthe consistency of the database.

Concurrencycontrol protocolsensureatomicity, isolation,and Serializabilityof concurrent 
transactions.The concurrencycontrol protocol canbe dividedinto three categories:

1. Lockbasedprotocol
2. Time-stampprotocol
3. Validationbasedprotocol

























ConcurrencyControl
BasicTimestamporderingprotocol
Example: 1

2 4

3



6

7

BasicTimestamporderingprotocol
Example:

5



2

BasicTimestamporderingprotocol
Example:

1 3





ConcurrencyControl
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ConcurrencyControl
DeadlockAvoidance
When a databaseis stuck in a deadlockstate, then it is better to avoid the databaserather
thanabortingor restatingthe database. Thisisa wasteof time andresource.

Deadlockavoidancemechanismis usedto detectanydeadlocksituationin advance. A method
like "wait for graph" is usedfor detecting the deadlocksituation but this method is suitable
only for the smallerdatabase. For the larger database,deadlockprevention method can be
used.

DeadlockDetection
In a database,when a transactionwaits indefinitely to obtain a lock, then the DBMSshould 
detectwhether the transaction is involved ina deadlock or not.
1. Wait for Graph
2. Timeout

















RecoveryManagement
Logrecordfor thesetransactionswill havevalues.

<T0Start>
<T0,A,950>
<T0,B,2050)
<T0,Commit>
<T1start>
<T1,C,600>
<T1Commit>

Using the log, the system can handle any failure that results in the loss of information on 
volatilestorage.

Redo(Ti): setsthe valueof all data itemsupdatedby transactionTi to the new values. Theset
of data itemsupdatedby Tiandtheir respectivenewvaluescanbe found in the log. Theredo
operationmustbe idempotent.

After a failure, the recovery subsystem consults the log to determine which transactions need 
to be redone. Transaction Ti is redone if and only if the log contains both <Ti Start> and <Ti 
Commit>statements.



RecoveryManagement
We again consider our banking example with transactions To and T1 executed one after the 
other in the order To followed T1.

A B C

<T0Start> <T0Start> <T0Start>
<T0,A,950> <T0,A,950> <T0,A,950>
<T0,B,1050) <T0,B,1050) <T0,B,1050)

<T0,Commit> <T0,Commit>
<T1start> <T1start>
<T1,C,600> <T1,C,600>

<T1Commit>

CaseA:
If systemfails just after the log record for the step write(B) of transaction T0 as shown in
figure (A). Then,during recoveryno redo operation will be doneas we haveonly <T0 Start>
in the log but not <T0 Commit>.
CaseB:
If systemcrashoccursjust after the log record write(C) as shown in figure (B). Thenduring
recoveryonly T0 is done, as we have only <T0 Start> and <T0 Commit>in log disk. At the
sametime, we have<T1 Start>in the log but not <T1 Commit>soredot1 will not bedone.
CaseC:
Similarly, if crashoccursjust after the log record <T1 Commit>as shown in figure (C), the
during recoverywe will perform both redo(To)and redo(T1) as we haveboth <T0 Start><T0
Commit>and<T1 Start><T1 Commit>in the log disk.





RecoveryManagement
We again consider our banking example with transactions To and T1 executed one after the 
other in the order To followed T1.

A B C

<T0Start> <T0Start> <T0Start>
<T0,A,950> <T0,A,950> <T0,A,950>
<T0,B,1050) <T0,B,1050) <T0,B,1050)

<T0,Commit> <T0,Commit>
<T1start> <T1start>
<T1,C,600> <T1,C,600>

<T1Commit>
CaseA:
If systemfails just after the log record for the step write(B) of transaction T0 as shown in
figure (A). Then,during recoverywe do undo(T0) operation aswe haveonly <T0 Start>in the
log but not <T0 Commit>.
CaseB:
If systemcrashoccursjust after the log record write(C) as shown in figure (B). Thenduring
recovery,we do redo(T0) and undo(T1) as we have only <T0 Start> and <T0 Commit>in log
disk. At the sametime, we have<T1 Start>in the log but not <T1 Commit>. Undo(T1) should
bedonefirst than redo(T0) shouldbedone.
CaseC:
Similarly, if crashoccursjust after the log record <T1 Commit>as shown in figure (C), the
during recoverywe will perform both redo(To)and redo(T1) as we haveboth <T0 Start><T0
Commit>and<T1 Start><T1 Commit>in the log disk.







FILE ORGANIZATION



File Organization
A file organization is a way of arranging the records in a file when the file is stored on secondary
storage (disk, tape etc.).

The different ways of arranging the records enable different operations to be carried out efficiently
over the file.

A database management system supports several file organization techniques. The most important
task of DBA is to choose a best - organization for each file, based on its use.



File Organization
The organization of records in a file is influenced by number of factors that must be taken into

consideration while choosing a particular technique. These factors are:

a) fast retrieval, updation and transfer of records,

b) efficient use of disk space,

c) high throughput,

d) type of use,

e) efficient manipulation,

f) security from unauthorized access,

g) scalability,

h) reduction in cost,

i) protection from failure.





Fixed Length Record
�‰Each record in the file has exactly of same size.

�‰The record slots are uniform and are arranged in continuous manner in a file.

Advantage

1. Insertion and deletion of records in the file are simple to implement since the space made

available by a deleted record is same as needed to insert a new record.

Disadvantages

1. In fixed length records, since the length of record is fixed, it causes wastage of memory

space. For example, if the length is set up to 50 characters and most of the are less than 25

characters, it causes wastage of precious memory space.

2. It is an inflexible approach. For example, if it is required to increase the length the record,

then major changes in program and database are needed.



Variable Length Record
�‰Every record in the file need not be of the same size. Therefore, the records in the file have

different sizes.

Advantage

1. It reduces manual mistakes as database automatically adjust the size of record

2. It saves lot of memory space in case of records of variable lengths.

3. It is a flexible approach since future enhancements are very easy to implement.

Disadvantages

1. It increases the overhead of DBMS because database have to keep record of the size of all

records.



Types Of Files
The following three types of files are used in database systems :

1. Master file

2. Transaction file

3. Report file.

1. Master file : This file contains information of permanent nature about the entities . The master

file act as a source of reference data for processing transactions. They accumulate the

information based on the transaction data.

2. Transaction file : This file contains records that describe the activities carried out by the

organization. This file is created as a result of processing transactions and preparing transaction

documents. These are also used to update the master file permanently.

3. Report file : This file is created by extracting data from the different records to prepare a report

e.g. A report file about the weekly sales of a particular item



File Organization Techniques
A file organization is a way of arranging the records in a file when the file is stored on secondary

storage (disk, tape etc.). There are different types of file organizations that are used by

applications. The operations to be performed and the selection of storage device are the major

factors that influence the choice of a particular file organization. The different types of

file organizations are as follows :

1. Heap file organization

2. Sequential file organization

3. lndexed-Sequential. file organization

4. Hashing or Direct file organization



Heap File Organization
�‰A heap file is an unordered set of records.

�‰Heap File Organization is the most basic form of file organization, based on data chunks.

�‰In such an organization, records are stored in the file in the order in which they are inserted, and

new records are always placed at the end of the file.

�‰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.





Heap File Organization
�‰Accessing a record , in this method, we need to traverse from the beginning of the file till we get

the requested record. Hence fetching the records in very huge tables, it is time consuming. This

is because there is no sorting or ordering of the records. We need to check all the data.

�‰Delete or update a record , first we need to search for the record. Again, searching a record is

similar to retrieving it-start from the beginning of the file till the record is fetched. If it is a small

file, it can be fetched quickly. But larger the file, greater amount of time needs to be spent in

fetching.

�‰In addition, while deleting a record , the record will be deleted from the data block. But it will

not be freed and it cannot be re-used. Hence as the number of record increases, the memory

size also increases and hence the efficiency. For the database to perform better, DBA has to free

this unused memory periodically.



Heap File Organization
Advantages

1. Insertion of new record is fast & efficient.

2. The filling factor of this file organization is 100%.

3. Space is fully utilized & conserved.

Disadvantages

1. Searching & accessing of record is too slow.

2. Deletion of many records result in wastage of space.

3. Updation cost of data is comparatively high.



Sequential File Organization
�‰ In sequential file organization, records are stored in a sequential order according to the "search

key".

�‰ A search Key is an attribute or a set of attributes which are used to serialize the records.

�‰ It is not necessary that search key must be primary key.

�‰ It is the simplest method of file organization.

�‰ Sequential method is based on tape model. Devices who support sequential access are

magnetic tapes, cassettes, card readers etc. Editors and compilers also use this approach to

access files.



Sequential File Organization
�‰ Structure of a sequential file is shown in Figure.

�‰ The records are stored in sequential order one after another.

�‰ To reach at the consecutive record from any record pointers are used. The Pointers are used

for fast retrieval of records.

�‰ Sequential file organization is a type of file organization used in database management

systems (DBMS) where data is stored sequentially in a file or table.

�‰ In this method, data is accessed sequentially in the order it is stored, starting from the

beginning of the file and proceeding towards the end.



Sequential File Organization
�‰In a sequential file, each record is stored one after the other, without any index or key. This

makes it easy to add new records to the end of the file, but searching for specific records can be

slow and inefficient because the system has to search through the entire file to find the desired

record.

�‰Sequential file organization is suitable for situations where data is accessed in a serial manner,

such as batch processing or generating reports. It is also used in situations where data is not

frequently updated, as adding or deleting a record can cause the entire file to be rewritten.

�‰However, this method is not efficient for situations that require frequent updates or random

access to data. To improve the efficiency of accessing data in a sequential file, various

techniques like buffering, caching, and memory-mapped files can be used.



Sequential File Organization
Advantages

1. It is easy to understand.

2. Efficient file system for small size files.

3. Construction and reconstruction are much easier in comparison to other files

4. Supports tape media, editors and compilers.

5. It contains sorted records.

Disadvantages

1. Inefficient file system for medium and large size files.

2. Updations and maintenance are not easy.

3. Inefficient use of storage space because of fixed size blocks.

4. Linear search takes more time.

5. Before Updations all transactions are stored sequentially.



Indexed Sequential File Organization
�‰Index sequential file organization is used to overcome the disadvantages of sequential file

organization.

�‰It also preserves the advantages of sequential access.

�‰This organization enables fast searching of records with the use of index.

�‰Some basic terms associated with indexed sequential file organization are as follows :

�™Block : Block is a unit of storage in which records are saved.

�™Index : Index is a table with a search key by which block of a record can be find.

�™Pointer : Pointer is a variable which points from index entry to starting address of block.



Indexed Sequential File Organization



Components Of Indexed Sequential File Organization
Data File : The records in the data file are stored in sorted order based on a key field.
Index File : The index file contains index entries, which are pointers to blocks (or records) in the
data file. These index entries are also sorted based on the key.
Overflow Area: This is used to store new records that are inserted but cannot fit into the primary
data area. The overflow area is also organized in a sorted manner.

Operations of ISAM
Searching : When searching for a record, the system first looks in the index to find the disk block
that contains the record. Then, that specific block is fetched to retrieve the record. This usually takes
two disk I/O operations.
Insertion : If a new record needs to be inserted, it is placed in its correct sorted position. If the block
is full, the record is placed in the overflow area.
Deletion : Deleting a record involves marking it as deleted. The space is then reclaimed during a
subsequent reorganization of the data file.
Updating : Updating a record involves either modifying it if the key is not changed, or deleting and
re-inserting it if the key is modified.



Components Of Indexed Sequential File Organization
Example of ISAM

Let's consider a simplified library database where we have a file containing book information sorted

by ISBN numbers.

ISBN TITLE

123 BookA

234 Book B

345 Book C

456 Book D

ISBN BlockAddress

123 1

234 2

345 3

456 4

Data File Index File

Searching for ISBN 345

1. Search in the index for ISBN 345, and find that it is located at block 3.

2. Go to block 3 in the data file to retrieve the record for ISBN 345 ("Book C").



Components Of Indexed Sequential File Organization
Inserting a new book with ISBN 133

1. The new book would ideally go into block position 1 (between ISBN 123 and 234).

2. Since the block is full, the new record with ISBN 133 ("New Book") will go into the overflow area.

3. An index entry for ISBN 133 pointing to the overflow area is added.

Updated Overflow Area

ISBN TITLE

133 NewBook



Components Of Indexed Sequential File Organization
Advantages

1. Efficient file system for medium and large size files.

2. Easy to update.

3. Easy to update than direct files.

4. Efficient use of storage.

5. Searching of records is fast.

6. Maintain advantages of sequential file.

Disadvantages

1. Inefficient file system for small size files.

2. It is an expensive method.

3. Typical structure than sequential file.

4. Indexes need additional storage space.

5. Performance degradation with respect to growth of files.



Hash File Organization
�‰ Hash file organization is a type of file organization where data is stored in a file or table using a

hash function.

�‰ A hash function is a mathematical function that converts a key value into a hash code, which is

used to map the key to the location in the file or table where the data is stored.

Key Field Address of records
Hash Function



Hash File Organization
�‰ Any type of mathematical function can be used as a hash function. It can be simple or complex.

�‰ Hash function is applied to columns or attributes to get the block address. The records are

stored randomly. So, it is also known as Direct or Random file organization.

�‰ If the generated hash function is on the column which is considered as key, then the column

can be called as hash key and if the generated hash function is on the column which is

considered as non-key, then the column can be called as hash column.

�‰ Hash file organization is suitable for situations where data needs to be accessed quickly and

efficiently based on the value of its key, and where the data is not frequently updated. However,

if the hash function is poorly designed or if there are collisions (where two different keys map to

the same location), it can result in poor performance and decreased efficiency.



Hash File Organization
�‰In the diagram above, a hash table maps the hashed keys to a specific data block in memory.

Data blocks are represented as rectangular boxes, with each box containing one or more data
records. Each data record is shown as a separate row in the data block.

�‰When a new data record is inserted into the hash file, the hash function is used to hash its key,
and the resulting hashed key is used to determine which data block it should be stored in. Then
the data record is inserted, including the appropriate data block.

�‰In this example, Record 1 and Record 4 are stored in Data Block 1, Record 5 and Record 2 in
Data Block 2, and Record 3, Record 7, and Record 6 are stored in Data Block 3, respectively.



Hash File Organization
�‰There are various hashing techniques. These are as follows :

�™Mid Square Method

�™Folding Method

�™Division

�™Division-Remainder Method

�™Radix Information Method

�™Polynomial Conversion Method

�™Truncation Method

�™Conversion using Digital Gates





�‰ Searching (Reading or retrieving from direct file) : To read a record from direct file, just enter

the key field of the record. With the help of hashing algorithm that key field is mapped into

physical location of that record.

�‰ Updation of records in direct file :

1. Adding a new record : To add a new record in direct file, specify its key field. With the help

of mapping procedure and collision resolution technique get the free address location for

that record.

2. Deleting record from direct file : To delete a record, first search that record and after,

searching, change its status code to deleted or vacant.

3. Modify any record : To modify any record, first search that record, then make the

necessary modifications. Then re-write the modified record to the same location.

Direct File Organization



Direct File Organization
Advantages

1. Records are not needed to sorted in order during addition.

2. It gives fastest retrieval of records.

3. It gives efficient use of memory.

4. Supports fast storage devices.

5. Searching time depends upon mapping procedure not logarithm of the number of search keys

as in B tree.

Disadvantages

1. Wastages of space if hashing method is not chosen properly.

2. It does not support sequential storage devices.

3. Direct file system is complex and expensive.

4. Extra overhead due to collision resolution techniques.



Indexing
�‰Indexisa collectionof dataentrieswhichisusedto locatea recordin a file.

�‰Index table recordsconsistof two parts, the first part consistsof value of prime or non-

prime attributes of file record known as indexingfield. and, the secondpart consistsof a

pointer to the locationwherethe recordisphysicallystoredin memory.

�‰In general,indextable is like the indexof a book,that consistsof the nameof topic andthe

pagenumber.

�‰Duringsearchingof a file record, index is searchedto locate the record memory address

insteadof searchinga recordin secondarymemory.



Indexing
�‰On the basis of properties that affect the efficiency of searching,the indexescan be

classifiedinto two categories.
1. Orderedindexing
2. Hashedindexing

�‰OrderedIndexingIn ordered indexing, recordsof file are stored in some sorted order in
physicalmemory. Thevaluesin the indexare ordered(sorted)so that binarysearchcanbe
performedon the index.

�‰Hashingallow us to avoid accessingan index structure. A hashedindex consistsof two
fields, the first field consistsof searchkey attribute valuesand secondfield consistsof
pointer to the hash file structure. Hashingindex is based on values of records being
uniformlydistributedusinga hashedfunction.



Ordering Indexing 
Ordered indexes can be divided into two categories.

1. Dense indexing

2. Sparse indexing.



Dense and Sparse Indexes
Dense index : In dense indexing there is a record in index table for each unique value of the

search-key attribute of file and a pointer to the first data record with that value. The other records

with the same value of search-key attribute are stored sequentially after the first record. The order

of data entries in the index differs from the order of data records as shown in Figure.

Advantages

1. It is efficient technique for small and medium sized data files.

2. Searching is comparatively fast and efficient.

Disadvantages

1. Index table is large and require more memory space.

2. Insertion and deletion is comparatively complex.

3. In-efficient for large data files.



Dense and Sparse Indexes
Sparse index : On contrary, in sparse indexing there are only some records in index table for

unique values of the search-key attribute of file and a pointer to the first data record with that value.

To search a record in sparse index we search for a value that is less than or equal to value in index

for which we are looking. After getting the first record, linear search is performed to retrieve the

desired record. There is at most one sparse index since it is not possible to build a sparse index

that is not clustered.

Advantages

1. Index table is small and hence save memory space (specially in large files).

2. Insertion and deletion is comparatively easy.

Disadvantages

1. Searching is comparatively slower, since index table is searched and then linear search is

performed inside secondary memory.



Dense and Sparse Indexes



Clustered and Non-clustered Indexes
Clustered index : ln clustering index file, records are stored physically in order on a non-prime key.

attribute that does not have a unique value for each record. The non-prime key field is known as

clustering field and index is known as clustering index. It is same as dense index. A file can have at

most one clustered index as it can be clustered on at most one search key attribute. It may be

sparse.

Non-Clustered index : An index that is not clustered is known as non-clustered index. Data file

can have more than one non-clustered index.


