
1

Relational Algebra

8 December 2009
Lecture 8
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Topics for today
• Introduction

• Selection

• Set operators

• Renaming

• Joins

• Division

• Source: R&G 4.1-4.2
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Logical Operators
• Set Union

• Set Difference
• Cross Product

• Set Intersection
• Natural Join

• Division
• Project (Select Columns)

• Conditional Join
• Rename

• Select Rows
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What do queries mean?
• We have talked about queries in SQL

– What do they mean?

– Semantics

• Relational algebra
– A procedural definition of what each query means
– Acted as a foundation for SQL

• Relational calculus
– A set based definition of what each query means
– Acted as a foundation for Query By Example query languages
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Processing data
• A database schema consists of

– Fields, Types, Names

• In relational algebra, we process tables at the schema 
level (just like SQL)

• We may refer to fields by
– Name: We may need to change them as we go along
– Position: In case there is ambiguity

• When processing queries we derive temporary result 
tables
– Called derived relations
– Discarded at the end
– We may use positional notation when names don’t work
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Example Tables
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What is Relational Algebra?
• Expressions that look a bit like math

• Operators (unary or binary) work over tables

• The query in algebra is how to evaluate the answer
– Step by step

– Using a fixed set of operators and strict precedence rules

• Five fundamental operations (combine them for complex ones)
– Selection

– Projection
– Union

– Cross Product
– Difference
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Selection and Projection
• Select rows from a relation

– s

• Subscript with the selection condition

• Put conditions on the selection
– Combine with 
– Check with  

• Project columns from a relation
– p

• Subscript with a list of columns to select from the relation
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Example: Selection

SELECT *
FROM Sailors S
WHERE S.rating > 8
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Example: Projection

SELECT sname, rating
FROM Sailors S
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Example: Projection

• Note that we automatically remove duplicates

SELECT DISTINCT age
FROM Sailors S
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Combining them
• We may build arbitrarily complex queries using s and p

• We always work inside out
– No ambiguity

• Roughly:
– SELECT  = p

– WHERE = s
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Example: Combining
• Select the name and rating of all sailors with a rating 

greater than 8

))2(( 8, Sratingratingsname >sp

SELECT sname, rating
FROM Sailors S
WHERE S.rating > 8

December 8, 2009 ISE 322: Database Systems 14

Up to now
• Introduction

• Selection

• Set operators

• Renaming

• Joins

• Division
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Set Operations
• Union

• Intersection

• Difference

• Cross product

• Union Compatible
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Union Compatible
• Two relations are union compatible if

1. They have the same number of fields

2. Corresponding fields, from left to right, have the same domains

– We’ll see examples of this as we explore Union, 
Intersection, and Difference
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Union
• Written

• Only if they are union compatible

• Result:
– All of the rows of R followed by all of the rows of S

– Names from R (if it has names) 

SRÈ
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Example: Union

SELECT *
FROM Sailors1 S1
UNION
SELECT *
FROM Sailors2 S2
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Intersection
• Written

• Only if they are union compatible

• Result:
– All of the rows of R that also appear in S

– Names from R (if it has names) 

SRÇ
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Example: Intersection

SELECT *
FROM Sailors1 S1
INTERSECT
SELECT *
FROM Sailors2 S2
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Set difference
• Written

• Only if they are union compatible

• Result:
– All of the rows of R that do not appear in S

– Names from R (if it has names)  

SR-
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Example: Difference

SELECT *
FROM Sailors1 S1
EXCEPT
SELECT *
FROM Sailors2 S2
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Cross Product
• Written

• Any relations

• Result:
– All of the columns of R and all of the columns of S

– Each row R paired with each row of S
–

• Naming conflicts if two columns have the same name
– Remove the names for now 

– Called “false name conflicts”
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Example: Cross Product

What does 
this table 
mean?

SELECT *
FROM Sailors S, Reserves
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What’s not atomic so far?
• What’s not atomic so far?

– Union

– Intersection
– Difference

– Cross Product

• Intersect is not atomic
–
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Up to now
• Introduction

• Selection

• Set operators

• Renaming

• Joins

• Division
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Renaming
• Conflicts

– Rename tables

– Rename fields

• Alpha-renaming
– False conflicts

December 8, 2009 ISE 322: Database Systems 28

Example: Renaming

SELECT S.sid AS sid1,
R.sid AS sid2

FROM Sailors S, Reserves R
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Up to now
• Introduction

• Selection

• Set operators

• Renaming

• Joins

• Division
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Joins
• Very common  operation on tables in relational databases
• Written

• Generally more targeted than cross product
– If you make a mistake, you get a cross product
– Conditionals

• Four kinds today
– Conditional join
– Equijoin
– Natural join
– Outer join
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Conditional Join
• Add a condition on the rows included in the join

• Syntactic sugar

• Written:

• Semantics:
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Example: Conditional Join

SELECT *
FROM Sailors S, Reserves R
WHERE S.sid < R1.sid
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Equijoins
• A refinement of conditional joins where all conditions are 

equality checks

• Same symbol:

• Except: drop columns from S which are checked in the 
condition
– Why?
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Equijoin: Example

SELECT *
FROM Sailors S, Reserves R
WHERE S.sid = R1.sid
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Natural Join
• Special case of Equijoin where the columns compared 

have the same name

• Written:

• All similarly named fields from R are dropped

• What if there are no fields with the same name?

• What if one field is called userId and the other is called 
userIdentity?
– r
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Natural Join: Example

SELECT *
FROM Sailors S, Reserves R
WHERE S.sid = R1.sid
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Conditional, Equijoin, Natural

Conditional

Natural

Equijoin
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Outer Join
• Up until now, only matching rows are included

– “Inner join”

• What if we include rows that do not match?
– “Outer join”

• Why include non-matching rows?
– If you are cross referencing a table with a partial table
– If correlations and non-correlations are important

• Example: Show a list of all Sailors and the dates they have reserved, 
but also show Sailors who have not reserved on any dates

December 8, 2009 ISE 322: Database Systems 39

How Outer Join Works
• Perform the join but:

– Rows which do match are listed as before

– Rows which do not match are listed once with NULL in the 
missing columns

• Can be with conditions, equijoins, or natural

• Kinds of outer joins:
– Left outer join
– Right outer join
– Full outer join
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Left Outer Join
• Written: 

• Include non-matching rows from R
– They appear once

– Columns from S are filled with NULL

SR ´=
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Left Outer Join: Example

What does this table mean?
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Right Outer Join
• Written: 

• Include non-matching rows from S
– They appear once

– Columns from R are filled with NULL

SR =´
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Right Outer Join: Example

What does this table mean?
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Full Outer Join
• Written: 

• Include non-matching rows from R and S
– They appear once

– Columns from the other table are filled with NULL

SR =´=
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Full Outer Join: Example
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Note on Join Notation
• SQL also offers an alternative format:

– SELECT [select-list] FROM Table1 INNER JOIN Table2 ON 
[condition] WHERE [filter-list]

SELECT * FROM Sailors S INNER 
JOIN Reserves R ON S.sid = S.sid

SELECT * FROM Sailors S, Reserves R 
WHERE S.sid = S.sid

SELECT * FROM Sailors S INNER 
JOIN Reserves R ON S.sid < R.sid

SELECT * FROM Sailors S, Reserves R 
WHERE S.sid < R.sid

SELECT * FROM Sailors S INNER 
JOIN Reserves R ON S.sid = R.sid

SELECT * FROM Sailors S, Reserves R 
WHERE S.sid = R.sid

SELECT * FROM Sailors S INNER 
JOIN Reserves R[Illegal!]

SELECT * FROM Sailors S, Reserves R

INNER JOINNormal

December 8, 2009 ISE 322: Database Systems 47

Writing Outer Joins
• The easiest way is

– SELECT [select-list] FROM Table1 [FULL | LEFT | RIGHT] 
OUTER JOIN Table2 ON [condition]

SELECT * FROM Sailors S FULL OUTER JOIN Reserves R ON 
[condition]

SELECT * FROM Sailors S RIGHT OUTER JOIN Reserves R ON 
[condition]

SELECT * FROM Sailors S LEFT OUTER JOIN Reserves R ON 
[condition]

Outer JOINAlgebra

RS ´=

RS =´

RS =´=
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More exotic Joins
• Semijoin

– Partial join calculation

– Can be used for partial computation of joins (useful for parallel 
query evaluation)

• Antijoin
– Rows which don’t match

• We may talk about them next semester
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Up to now
• Introduction

• Selection

• Set operators

• Renaming

• Joins

• Division
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Division
• Where one relation has rows which match all the rows of 

another
– Written: A/B

• To imagine it:
– A has two columns x and y
– B has one column y
– A/B is the set of all x in A which are paired with all of the y values 

in B
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Division: Semantics
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Division: Examples
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Division: Examples
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Division: Examples



10

December 8, 2009 ISE 322: Database Systems 55

Division in SQL
• There is no direct division operator, but we can emulate it 

using other constructs and sub-queries

• For A and B as before:

• A/B = 
SELECT A.sno FROM A
EXCEPT

(SELECT Res1.sno
FROM 

(SELECT DISTINCT A.sno, B.pno FROM A, B

EXCEPT
SELECT A.sno, A.pno FROM A) Res1)
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Conclusion
• Introduction
• Selection
• Set operators
• Renaming
• Joins
• Division

• Read the book – Many examples there
– Read about Relational Calculus (Domain Relational Calculus, Tuple

Relational Calculus)


