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Database Management System (DBMS)
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• Collection of interrelated data
• Set of programs to access the data
• DBMS contains information about a particular enterprise
• DBMS provides an environment that is both convenient 

and efficient to use.

• Database Applications:
• Banking: all transactions
• Airlines: reservations, schedules
• Universities: registration, grades
• Sales: customers, products, purchases
• Manufacturing: production, inventory, orders, supply chain
• Human resources: employee records, salaries, tax 

deductions
• Databases touch all aspects of our lives



Purpose of Database Systems

• In the early days, database applications were built on top 
of file systems

• Drawbacks of using file systems to store data:
• Data redundancy and inconsistency

• Multiple file formats, duplication 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 part  of 
program code

• Hard to add new constraints or change existing ones



Purpose of Database Systems

Atomicity of updates
• Failures may leave database in an inconsistent state with 

partial updates carried out
• E.g. transfer of funds from one account to another should 

either complete or not happen at all

Concurrent access by multiple users
• Concurrent accessed needed for performance
• Uncontrolled concurrent accesses can lead to 

inconsistencies
• – E.g. two people reading a balance and updating it at the 

same  time

Security problems
• Database systems offer solutions to all the above problems



Level of Abstraction

• 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

name : string;  

street : string; 

city : integer;

end;

• View level: application programs hide details of data types.  
Views can also hide information (e.g., salary) for security  
purposes.



Instances and Schemas

Similar to types and variables in programming languages

Schema – the logical structure of the database

e.g., the database consists of information about a set of customers 

and  accounts and the relationship between them)

• Analogous to type information of a variable in a program

• Physical schema: database design at the physical level

• Logical schema: database design at the logical level

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

Analogous to the value of a variable

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.



Data models

A collection of tools for describing
• data

• data relationships  

• data semantics 

• data constraints

Entity-Relationship model

Relational model

Other models:
• object-oriented model
• semi-structured data models
• Older models: network model and hierarchical model



Entity-Relationship Model
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Example of schemas in the entity-relationship model



Entity-relationship Model
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Relational Model

Example of tabular data in the relational model
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Attributes



A Sample Relational Database
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Data Definition Language
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Data Manipulation Language
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SQL
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The Relational Model
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Example of a Relation
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Basic Structure
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Attribute Type
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Relation Schema
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Relation Instance
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Relations are unordered
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Database
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The Customer Relation
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The Depositor Relation
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ER Diagram for the Banking Enterprise
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Keys
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Determining Keys from the ER Sets
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Schema Diagram for the Banking 
Enterprise
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Query language

Language in which user requests information from the database.

Categories of languages

• procedural

• non-procedural

“Pure” languages:

• Relational Algebra

• Tuple Relational Calculus

• Domain Relational Calculus

Pure languages form underlying basis of query languages that  

people use.



Relational Algebra

Procedural language

Six basic operators
• select
• project
• union
• set difference
• Cartesian product
• rename

The operators take two or more relations as inputs and 

give a  new relation as a result.



Select operation - Example



Select operation 



Project operation -example



Project operation



Union operation - Example



Union Operation



Set Difference - Example



Set Difference



Cartesian Product - Example



Cartesian Product Operation



Rename Operation - Example



Rename Operation



Banking example

branch (branch-name, branch-city, assets)

customer (customer-name, customer-street, customer-only)

account (account-number, branch-name, balance)  

loan (loan-number, branch-name, amount)  

depositor (customer-name, account-number)  

borrower (customer-name, loan-number)



Example Queries



Example Queries



Example Queries



Example Queries



Example Queries
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Formal Definitions
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Additional Operations
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We define additional operations that do not add any power to

the  relational algebra, but that simplify common queries.

■ Set intersection

■ Natural join

■ Division

■ Assignment



Set-Intersection Operation
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Set-Intersection Operation - Example
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Natural-Join Operation
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Natural-Join Operation - Example
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Division Operation

56



57

Division Operation - Example



Another Division Example
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Division Operation
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Assignment Operation
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Assignment Operation - Example
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Example Queries
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Extended Relational Algebra 
Operations
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Generalized Projections
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Aggregate Functions and Operations
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Aggregate Operation - Example
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Aggregate Operation - Example
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Aggregate Function

68

The 
picture 
can't be  
displaye
d.



Modification of Database
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Deletion
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Deletion Examples
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Insertion



Insertion Example
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Update
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Update Example
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SQL
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Basic Structure

77



The Select Clause

78



The Select Clause (Cont.)
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The Select Clause (Cont.)

80



The Where Clause
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The Where Clause (Cont.)
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The From Clause 
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The Rename Operation 
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Tuple Variables
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String Operations
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Ordering the Display of Tuples

87



Duplicates
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Duplicates (Cont.)
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Set Operations
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Set Operations
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Aggregate Functions
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Aggregate Functions (Cont.)
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Aggregate Functions - Group By
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Aggregate Functions - Having Clause

95



Nested Subqueries
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Example Query
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Example Query
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Set Comparison
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Definition of Some Clause
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Definition of All Clause
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Example Query
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Test for Empty Relations
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Example Query
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Test for Absence of Duplicate Tuples
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Example Query
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Example Queries
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Derived Relations
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Modification of the Database - Deletion
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Example Query
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Modification of the Database - Insertion
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Modification of the Database - Insertion
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Modification of the Database - Updates
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Data Definition Language (DDL)
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Domain Types in SQL
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Create Table Construct
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Integrity Constraints in Create Table
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Drop and Alter Table Constructs
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SQL Data Definition for Part of the Bank Database
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Q & A
Please write any feedback regarding class to

sayans@slis.tsukuba.ac.jp
Sub: Informatics class feedback
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