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2.1 SCHEMAS, SUB-SCHEMAS, 
AND INSTANCES 

 Schemas : The plan or formulation of 
database is known as schema.

 Schema gives the names of the entities and 
attributes. It specifes relationship among 
them.

 Schema includes the defnition of database 
name, record type, components that make 
up records.

 Schema can be categorized in two ways: 
Logical schema
Physical Schema

4
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CONTINUE…

 Sub-schemas : It is a subset of schema and 
inherits the same property that schema has.

 Instances :  When the schema framework is 
flled in the data item values or the contents 
of the database at any point of time (or 
current content), it is referred to as 
INSATANCE of database.
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2.2 THREE-LEVEL ANSI SPARC 
DATABASE ARCHITECTURE: 
INTERNAL LEVEL, CONCEPTUAL 
LEVEL, EXTERNAL LEVEL 

Physical level: describes how a record (e.g., 
customer) is stored.

Logical level: describes data stored in 
database, and the relationships among the 
data.
type customer = record
customer_id : string; 

customer_name : string;
customer_street : string;
customer_city : string;

end; 6
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CONTINUE…

 View level: application programs hide details 
of data types.  Views can also hide 
information (such as an employee’s salary) 
for security purposes.
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THREE-LEVEL ANSI SPARC 
DATABASE ARCHITECTURE
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2.3 ADVANTAGES OF 3-TIER 
ARCHITECTURE 

Main objective is to isolate each user’s view of 
the database from way the database is physically 
stored.
1. Each user is able to access same data but have 

diferent customized view.
2. Each user can change the way to view the data 

and that change does not afect other user’s 
same database.

3. User’s interaction with database is 
independent of physical data storage

4. DBA can change database storage structure 
without afecting user’s view.

5. DBA is able to change conceptual structure of 
database without afecting all users.
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2.4 DATA INDEPENDENCE

There are two type of data independence:

1.  Physical Data Independence
2.  Logical Data Independence

Defnition: It is the characteristics of a 
database system to change the schema at 
one level without having to change the 
schema at next higher level.
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CONTINUE…
 PHYSICAL DATA INDEPENDENCE:  

 It is the ability to modify the internal schema 
without requiring any change in application 
programs.

Changes at internal level requires to improve 
performance. Possible modifcations are like 
change in data structures, compression techniques, 
hashing algorithms, storage devices etc.

 LOGICAL DATA INDEPENDENCE:  
 It is the ability to modify the logical schema 

without requiring any change in application 
programs.

Changes at the logical level are necessary whenever 
the logical structure of the database is altered.
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2.5 MAPPINGS

Defnition: The process of transforming requests 
and results between the three levels are called 
mappings.

Conceptual / Internal Mapping:
 It relates conceptual schema with internal 

schema.
 It defnes correspondence between the 

conceptual schema and the database stored in 
physical devices. . It specifes how conceptual 
records and felds are presented at internal 
level.

 In case of any change at physical level, the 
conceptual/internal mapping needs to be 
changed accordingly. 13
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CONTINUE…

External/Conceptual Mapping:
 It relates each external schema with 

conceptual schema.
 It defnes correspondence between a 

particular external view and conceptual 
schema. 

 It specifes how diferent names in user’s 
view are presented at the conceptual level.

14
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2.6 STRUCTURE, COMPONENTS, 
FUNCTIONS OF DBMS: 

STRUCTURE OF DBMS
Structure of DBMS, Components of a DBMS: 

Functional unit are divided in to two parts:
 Query Processor unit: It deals with execution of 

DDL and DML statements.
DDL Interpreter: Interprets DDL statements into 

set of tables.
DML Compiler: Translate DML statements into 

low level instructions.
Query evaluation engine: Executes low level 

instructions.
15
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CONTINUE…

 Storage Manager unit: It provides interface 
between low level data and application 
programs and queries.
Authorization Manager: Checks the authority 

of users.
 Integrity Manager: Checks for the integrity 

constraints.
Transaction Manager: Preserves atomicity 

and controls concurrency.
File Manager: Manages allocation of space on 

disk.
Bufer Manager: Fetches data from disk 

storage. 

16
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EXECUTION STEPS OF A DBMS:  

When a user requests to access the database 
following steps are followed.

1. Users issue a query using particular database 
language for ex. SQL Commands

2. Such requests are sent to query evaluation 
engine via DML Compiler.

3. DBMS accepts the users SQL Commands and 
analysis them.

4. It fnds the suitable way to execute the 
compiled SQL statements of query.

5. Finally, the compiled SQL statements are 
executed to perform the specifed operation. 18



VPMP POLYTECHNIC

19

FUCNTIONS AND SERVICES OF DBMS: 

A DBMS performs several important functions and 
services given below:
•Data Storage: Provide storage and manage space 
allocation and de-allocation.
•Data Independence: Provide data independence.
•Data Manipulation:BMS furnishes users with the 
ability to receive, update and delete existing data 
in database. It includes a DML processor 
component.
•Data Dictionary: It is used to track metadata.
•of data.
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• Back-up and Recovery: Provide data backup 
periodically and recovery when failures.

• Security: Only authorized users can access 
data to prevent misuse of data.

• Concurrency Control: Access same data 
among multiple users.

• Integrity Services: Check to follow integrity 
constraints.

• Transaction Management: Check atomicity to 
maintain consistency 
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2.7 DATA MODELS: 

A data model is a mechanism that provide 
abstraction for database application.

Data models can be classifed into following 
three categories:

 RECORD-based data model
 OBJECT-based data model
 PHYSICAL data model

21
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RECORD-based data model: Data model is there 
to specify overall logical structure of database. 
Each record defnes a set of attributes.

1. Relational data model
2. Network data model
3. Hierarchical data model

OBJECT-based data model: Database resolves 
around real world object. Here database consists of 
several entities, attributes and the relationship 
between entities. 

4. Entity Relationship data model (most 
widely used)

5. Object-Oriented data model
6. Semantic data model
7. Functional data model

22
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PHYSICAL data model: Database 
description involves physical storage and 
access mechanism. It describes how data are 
stored in computer using record structures, 
orderings and access paths. 

1. Unifying data model
2. Frame memory model

CONTINUE…
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cid name city
C01 Riya Bombay
C02 Diya Puna
C03 Jiya bombay

Ano Balance
A01 5000
A02 3000
A03 2000

cid Ano
C01 A01
C02 A02
C03 A03

Relational model: 

•The relational model uses a collection of tables 
to represent both data and the relationships 
among those data. 
•Each table has multiple columns, and each 
column has unique name. 
Example: Relational Database having 3 tables- 
Customer, Account, Account_Holder

Customer: Account: Account_Holder:
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C01 Riya Bombay

C02 Diay Puna

C03 Jiya Bombay

C04 Piya Surat

Network model: 

•Data in the network model are represented 
by collections of record

•Relationships among data are represented 
by links, which can be viewed as pointers.

•The records in the database are organized 
as collection of arbitrary graphs

A01 5000

A01 6000

A01 7000

A01 5000

A01 4000
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Advantages :

•Conceptual Simplicity 
•Ease of data access 
•Data independence 

Disadvantages :

•System complexity 
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Hierarchical model: 

•Data are represented by collection of 
records.
•Relationships among the data are 
represented by links or pointers. 
•It is similar to network model 
•Difers in terms of organization of 
records as collections of trees rather 
than graphs.
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ENTITY – RELATIONSHIP (E-R) DATA MODEL 

Entity-Relationship (ER) Model is based on the 
notion of real-world entities and relationships 
among them. While formulating real-world 
scenario into the database model, the ER Model 
creates entity set, relationship set, general 
attributes and constraints.

ER Model is best used for the conceptual design 
of a database.

ER Model is based on −
Entities and their attributes.
Relationships among entities.
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These concepts are explained below.

  

•Entity − An entity in an ER Model is a real-world entity 
having properties called attributes. Every attribute is 
defned by its set of values called domain. For example, in 
a school database, a student is considered as an entity. 
Student has various attributes like name, age, class, etc.
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• Relationship − The logical association 
among entities is called relationship. 
Relationships are mapped with entities in 
various ways. Mapping cardinalities defne 
the number of association between two 
entities.

Mapping cardinalities −
• one to one
• one to many
• many to one
• many to many
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OBJECT – ORIENTED DATA MODEL
• Object-oriented modeling (OOM) is the 

construction of objects using a collection 
of objects that contain stored values of the 
instance variables found within an object. 

•A core object-oriented data model consists of the 
following basic object-oriented concepts:
(1) object and object identifer: Any real world 
entity is uniformly modeled as an object 
(associated with a unique id: used to pinpoint an 
object to retrieve).
(2) attributes and methods: every object has a 
state (the set of values for the attributes of the 
object) and a behavior (the set of methods - 
program code - which operate on the state of the 
object). The state and behavior encapsulated in an 
object are accessed or invoked from outside the 
object only through explicit message passing.
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(3) class: a means of grouping all the objects which 
share the same set of attributes and methods. An 
object must belong to only one class as an instance of 
that class (instance-of relationship). A class is similar 
to an abstract data type. A class may also be 
primitive (no attributes), e.g., integer, string, Boolean.

(4) Class hierarchy and inheritance: derive a new 
class (subclass) from an existing class (superclass). 
The subclass inherits all the attributes and methods of 
the existing class and may have additional attributes 
and methods. single inheritance (class hierarchy) vs. 
multiple inheritance (class lattice).



VPMP POLYTECHNIC

34

COMPARISON BETWEEN DATA MODELS 
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2.8 TYPES OF DATABASE SYSTEMS: 
DBMS can be classifed into No of users, 
Database site locations and based on its Use.

 On the basis of no of users: 
 Single user system
 Multi user system

 On the basis of site location:
 Centralized DBMS
 Parallel DBMS
 Distributed DBMS
 Client/Server DBMS
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 On the basis of type and extent of use:
 Transactional or Production DBMS
 Decision Support DBMS
 Data Warehouse

CONTINUE…
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CENTRALISED DATABASE SYSTEM 

 It consist of a single processor.
 Data storage devices and other peripherals 

are associated with it.
 It is physically located at single 

place.
 Diferent users can access database from 

local machines or remote machines.

37
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PARALLEL DATABASE SYSTEM

 It consists of multiple central processing units(CPUs) 
and multiple disks.

 They improve processing and I/O speed.
 Several diferent architectures can be used for 

parallel database system:
 SHARED DATA STORAGE DISK: All processors 

share a common disk
 SHARED MEMORY: All processors share common 

memory
 HIERARCHICAL : Hybrid of all the other 3 

architecture
 INDEPENDENT RESOURCES : They have their own 

independent resources.
39
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CLIENT/SERVER DATABASE SYSTEM
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CONTINUE…
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1. It has two logical components namely client 
and server.

2. Application programs are kept at client side, 
while database and DBMS software are kept 
at server side.

3. Server computer is called BACK-END and 
client computer is called FRONT-END.

4. These server and client computers are 
connected into a network.

5. Clients send request to server and server 
returns result according to request.
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DISTRIBUTED DATABASE SYSTEM
 Multiple computers are used.
 Enable users to access data from remote 

system.
 Machines are geographically distributed and 

connected via communication networks.
 Application can operate at diferent location.
 The enterprise data might be distributed on 

diferent computers in such a way that data for 
one portion of enterprise is stored in one 
computer and data for another department is 
stored in another.

 Each machine can have data and application of 
its own.

 Each machine will act as a server as well as 
client.
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