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Review of Lecture 2-1

• Relational database: tables

• Set, simple attribute

• Order of row vs. order of column

• ICs

• Domain

• PK

• FK

• Used to associate table with table

• Referencing table and referenced table
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Lecture 2-2: Today’s Plan

• Introduction to Relational Algebra

• Select

• Project

• Assignment

• Union

• Intersect

• Minus

• Exercise
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RELATIONAL ALGEBRA 

AND CALCULUS

CHAPTER 03
Collin Roberts

University of Waterloo
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Recommended Readings

• Textbook Chapter 06
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Company Relational Schema

Union

Union

Join

Natural

Exercise

Review

Optimize
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Populated 

Database--

Fig.5.6

7



Relational Query Language
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Procedural vs. Non-procedural
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Relational Query Language

• Relational Algebra: procedural, focus on a sequence of 

actions to access the data

• Relational Calculus: declarative, let users specify what 

they want rather than how to compute it

Query language is NOT a programming 

language!

10



What is Algebra?
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Relational Algebra

• Use to specify retrieval request

• Operand: Relation treated as set

• Operator: Set operators

• The result of a retrieval is a new relation

• Each relational operator takes in relations and produces a new 

relation

• A sequence of relational algebra operations forms a 

relational algebra expression

• Part of the model for SQL

• Explain semantics formally

• Basis for implementations

• Fundamental to query optimization
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Relational Algebra Operators
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How would you do this manually?

• Find employees who work in department #4?

14



Select Operation

• A unary relational operations

• Used to select a subset of the tuples from a relation that 
satisfy a selection condition.
• Boolean expression

    <selection condition>(R) 
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Boolean Condition

• A statement that can be true or false depending on the 

input

• Typical form: some value compare with other value (>, <, 

=, !=, >=, <=)

• Example: Balance > 1000

• Can be combined using AND, OR, NOT

• Example: (Balance >= 1000) AND (Owner != ‘J Smith’)

• Other forms will be introduced later in SQL
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Select: Example
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Select: Another Example
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Select Operation Properties

• Produces a relation S that has the same schema as R

• Commutative:

 <condition1>( < condition2> ( R)) =  <condition2> ( < condition1> ( R))

• A cascaded SELECT operation may be applied in any order:

 <condition1>( < condition2> ( <condition3> ( R)) 

=  <condition2> ( < condition3> ( < condition1> ( R)))

• Compound condition: 

 <condition1>( < condition2> ( <condition3> ( R)) 

=  <condition1> AND < condition2>  AND < condition3> ( R)

• Operation composition: Output of SELECT can be fed to another 
operation 
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How would you do this manually?

• List the last name and first name of all employees.
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Project Operation

• A unary relational operations

• This operation selects certain columns from the table and 

discards the other columns. 

 

   <attribute list>(R) 

• Duplicate?
• Eliminate in RA (based on set)

• Not so in practice (when using SQL)
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Project: Example
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Example
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Assignment Operation - Motivation

Example: To retrieve the first name, last name, and 
salary of all employees who work in department 
number 5, we must apply a select and a project 
operation. We can write a single relational algebra 
expression as follows: 

  FNAME, LNAME, SALARY( DNO=5(EMPLOYEE))

 OR we can do it step by step using the assignment 
operator:

  DEP5_EMPS   DNO=5(EMPLOYEE)

  RESULT   FNAME, LNAME, SALARY (DEP5_EMPS) 
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Assignment Operation
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Union Operation

• The result of this operation, denoted by R  S, is a relation that 
includes all tuples that are either in R or in S or in both R and S. 
Duplicate tuples are eliminated. 

 

• Example: To retrieve the SSNs of all employees who either work 
in department 5 or directly supervise an employee who works in 
department 5, we can use the union operation as follows:

  R1  DNO=5 (EMPLOYEE)

  RESULT1   SSN(R1)

  RESULT2   SUPERSSN(R1)

  RESULT  RESULT1  RESULT2
 

 

Company

Company
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R1 Fname Mini! Lname Ssn Bdate Address Sex Salary Super_ssn Ono

John B Smith 123 456789 1965-01-09 73 1 Fondren, Houston, TX M 30000 333445555 5

Franklin T Wong 333445555 1955-12-08 638  Voss, Houston, TX M 40000 888665555 5

Ramesh K Narayan 666884444 1962-09-15 975 Fire Oak, Humble, TX M 38000 333445555 5

Joyce A English 453453453 1972-07-31 563 1 Rice, Houston, TX F 25000 333445555 5



STUDENT  INSTRUCTOR

Union: Example
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Union: Requirement

• What if we do a union between department and Employee:
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Union Compatible
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Union Compatible: Example
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Intersection Operation

• The result of this operation, denoted by R  S, is a relation that 

includes all tuples that appear in both R and S. The two operands 

must be “union compatible"

• Example: Find those who are both students and instructors.

  

STUDENT  INSTRUCTOR
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Exercise: Intersection
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Difference (or Minus) Operation

The result of this operation, denoted by R - S, is a relation that includes all 

tuples that are in R but not in S. The two operands must be “union compatible”. 
 

 Example: The figure shows the names of students who are not instructors.

STUDENT-INSTRUCTOR

INSTRUCTOR-STUDENT
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Properties of Set Operators

• Notice that both union and intersection are commutative 

operations; that is

  R  S = S  R, and R  S = S  R

• Both union and intersection can be treated as n-ary operations 

applicable to any number of relations as both are associative 

operations; that is

 R  (S  T) = (R  S)  T, and (R  S)  T = R  (S  T)

• The minus operation is not commutative; that is, in general

  R - S ≠ S – R
SI Example

SI Example
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In-class Exercise #1

1. Find all the owners who have only 
checking account.

2. Find all the owners who have only 
saving account.

3. Find all the owners who have both 
accounts.

4. Find all the owners who have an 
account with us. (maybe 
ambiguous?)

5. Find all the owners who have some 
account with us.

Assumption: owner name is unique
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Summary of Lecture 2-2

• Some basic RA operations

• Select, Project, Assignment, Union, Intersect, Minus

• Make sure you understand the schema of the result for 

each operation

36


	Slide 1: What would be the proper Candidate Key/Primary Key?
	Slide 2: Review of Lecture 2-1
	Slide 3: Lecture 2-2: Today’s Plan
	Slide 4: Relational Algebra and Calculus  Chapter 03
	Slide 5: Recommended Readings
	Slide 6: Company Relational Schema
	Slide 7: Populated Database--Fig.5.6
	Slide 8: Relational Query Language
	Slide 9: Procedural vs. Non-procedural
	Slide 10: Relational Query Language
	Slide 11: What is Algebra?
	Slide 12: Relational Algebra
	Slide 13: Relational Algebra Operators
	Slide 14: How would you do this manually?
	Slide 15: Select Operation
	Slide 16: Boolean Condition
	Slide 17: Select: Example
	Slide 18: Select: Another Example
	Slide 19: Select Operation Properties
	Slide 20: How would you do this manually?
	Slide 21: Project Operation
	Slide 22: Project: Example
	Slide 23: Example
	Slide 24: Assignment Operation - Motivation
	Slide 25: Assignment Operation
	Slide 26: Union Operation
	Slide 27: Union: Example
	Slide 28: Union: Requirement
	Slide 29: Union Compatible
	Slide 30: Union Compatible: Example
	Slide 31: Intersection Operation
	Slide 32: Exercise: Intersection
	Slide 33: Difference (or Minus) Operation
	Slide 34: Properties of Set Operators
	Slide 35: In-class Exercise #1
	Slide 36: Summary of Lecture 2-2

