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Database Management Systems
• A database system is a collection of interrelated data and a set of programs that allow users to 

access and modify these data. 

• DBMS contains information about a particular enterprise

• Collection of interrelated data

• Set of programs to access the data 

• An environment that is both convenient and efficient to use

• Database systems are used to manage collections of data that are:

• Highly valuable

• Relatively large

• Accessed by multiple users and applications, often at the same time.

• A modern database system is a complex software system whose task is to manage a large, 
complex collection of data.
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Need for DBMS

• Disadvantages of file based data management

• Data redundancy and inconsistency: data is stored  in multiple file 
formats resulting induplication of information in different files

• Difficulty in accessing data 

• Need to write a new program to carry out each new task

• Data isolation 

• Multiple files and formats

• Integrity problems

• Integrity constraints  (e.g., account balance > 0) become 
“buried” in program code rather than being stated explicitly

• Hard to add new constraints or change existing ones



Need for DBMS

• Atomicity of updates

• Failures may leave database in an inconsistent state with partial updates carried out

• Example: Transfer of funds from one account to another should either complete or not happen at all

• Concurrent access by multiple users

• Concurrent access needed for performance

• Uncontrolled concurrent accesses can lead to inconsistencies

• Ex: Two people reading a balance (say 100) and updating it by withdrawing money (say 50 each) at the 
same time

• Security problems

• Hard to provide user access to some, but not all, data

Database systems offer solutions to all the above problems



Example: University Database

• Data consists of information about:

• Students

• Instructors

• Classes

• Application program examples:

• Add new students, instructors, and courses

• Register students for courses, and generate class rosters

• Assign grades to students, compute grade point averages (GPA) 
and generate transcripts



View of Data

• A major purpose of a database system is to provide users with an 
abstract view of the data.

• Data models
• A collection of conceptual tools for describing data, data relationships, data 

semantics, and consistency constraints.

• Data abstraction
• Hide the complexity  of data structures to represent data in the database 

from users through several levels of data abstraction.



DBMS View Hierarchy



Data Models

• A collection of tools for describing 
• Data 
• Data relationships
• Data semantics
• Data constraints

• Entity-Relationship data model (mainly for database design)
• Relational model
• Object-based data models (Object-oriented and Object-relational)
• Semi-structured data model  (XML)
• Other older models:

• Network model 
• Hierarchical model



Instances and Schemas

• Similar to types and variables in programming languages

• Logical Schema – the overall logical structure of the database 

• Example: The database consists of information about a set of customers and 
accounts in a bank and the relationship between them

• Analogous to type information of a variable in a program

• Physical schema – the overall physical  structure of the database 

• Instance – the actual content of the database at a particular point in time 

• Analogous to the value of a variable



Data Independence

• Physical Data Independence – the ability to modify the physical schema without 
changing the logical schema

• Applications depend on the logical schema

• In general, the interfaces between the various levels and components should 
be well defined so that changes in some parts do not seriously influence 
others.



Database Languages

• Data Definition Language - Specification notation for defining the 
database schema

• Data Manipulation Language - Language for accessing and updating the data 
organized by the appropriate data model

• DML also known as query language

• There are two types of data-manipulation language
• Procedural DML -- require a user to specify what data are needed and how to 

get those data.

• Declarative DML  -- require a user to specify what data are needed without 
specifying how to get those data. 



Database Design

• Logical Design – Deciding on the database schema. Database design requires that 
we find a “good” collection of relation schemas.

• Business decision – What attributes should we record in the database?

• Computer Science decision – What relation schemas should we have and 
how should the attributes be distributed among the various relation 
schemas?

• Physical Design – Deciding on the physical layout of the database                



Database Engine

• A database system is partitioned into modules that deal with each of the 
responsibilities of the overall system.  

• The functional components of a database system can be divided into

• The storage manager,

• The  query processor component, 

• The transaction management component.



DBMS Architecture


