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Learning Objectives

S
1. Relational Algebra Operators

m Joins
m Intersection
m Division



Why more?
S

o0 The 6 fundamental operators can express all

queries in relational algebra but might require
lengthy expressions.

0 Four operations, each of which can be
implemented using only the 6 fundamental
operators, were identified to simplify many
queries:

- Join

- Intersection
- Division

- Assignment



Cartesian Product

!
0 result of combining all rows from one table with all
rows from another table
O cross join (X)
Customers Table:

CustomerID CustomerName

1 Alice
2 Bob
3 Charlie

Orders Table:

OrderID OrderDate
101 2023-01-10
102 2023-01-15
103 2023-01-20



Cartesian Product

0 result of combining all rows from one table with all
rows from another table

O cross join (X)

Customers Table:

CustomerID CustomerName OrderID OrderDate
1 Alice 101 2023-01-10
102 2023-01-15
103 2023-01-20
2 Bob 101 2023-01-10
102 2023-01-15
103 2023-01-20

3 Charlie



Cartesian Product

0 result of combining all rows from one table with all
rows from another table

O cross join (X)

CustomerID CustomerName OrderlID OrderDate

1 Alice 101 2023-01-10
1 Alice 102 2023-01-15
1 Alice 103 2023-01-20
2 Bob 101 2023-01-10
2 Bob 102 2023-01-15
2 Bob 103 2023-01-20
3 Charlie 101 2023-01-10
3 Charlie 102 2023-01-15
3 Charlie 103 2023-01-20



Cartesian Product

Venues Table:

VenuelD VenueName Capacity
1 Grand Ballroom 200
2 Garden Pavilion 100
3 Lakeside Lodge 150

Catering Options Table:

CateringID Caterer Cuisine
101 Gourmet Delight [talian
102 Taste of India Indian

103 Savory Bites Mediterranean



Cartesian Product
S

Result (Cartesian Product):

VenuelD VenueName Capacity CateringID Caterer Cuisine

1 Grand Ballroom 200 101 Gourmet Delight  Italian

1 Grand Ballroom 200 102 Taste of India Indian

1 Grand Ballroom 200 103 Savory Bites Mediterranean
2 Garden Pavilion 100 101 Gourmet Delight  Italian

2 Garden Pavilion 100 102 Taste of India Indian

2 Garden Pavilion 100 103 Savory Bites Mediterranean
3 Lakeside Lodge 150 101 Gourmet Delight  [talian

3 Lakeside Lodge 150 102 Taste of India Indian

3 Lakeside Lodge 150 103 Savory Bites Mediterranean



Cartesian Product - PostGreSQL

Employees Table:

EmployeelD EmployeeName

1 Alice
2 Bob
3 Charlie

Departments Table:

DepartmentID DepartmentName
101 Sales

102 Marketing



Cartesian Product - PostGreSQL

Employees Table: -- Create the Employees table
CREATE TABLE Employees (
EmployeeID EmployeeName EmployeelD serial PRIMARY KEY,
EmployeeName VARCHAR(255)
1 Alice );
2 Bob -- Insert sample data into the Employees table
3 Charlie INS'EBT 'INTO Employees (EmployeeName) VALUES
(‘Alice'),
(‘Bob’),
(‘Charlie');

DI PEATEIE 10l G -- Create the Departments table

DepartmentID DepartmentName CREATE TABLE Departments
DepartmentID serial PRIMARY KEY,
101 Sales DepartmentName VARCHAR(255)

102 Marketing )

-- Insert sample data into the Departments table
INSERT INTO Departments (DepartmentName) VALUES
('Sales’),
('Marketing');



Cartesian Product - PostGreSQL

Result (Cartesian Product):

EmployeelD EmployeeName DepartmentID DepartmentName

1 Alice 101 Sales
1 Alice 102 Marketing
2 Bob 101 Sales
2 Bob 102 Marketing
3 Charlie 101 Sales
3 Charlie 102 Marketing



Cartesian Product - PostGreSQL

Result (Cartesian Product):

EmployeelD EmployeeName DepartmentID DepartmentName

1 Alice 101 Sales
1 Alice 102 Marketing
2 Bob 101 Sales
2 Bob 102 Marketing
3 Charlie 101 Sales
3 Charlie 102 Marketing

SELECT * FROM Employees, Departments;



Joins

N 1 ——
0 Cartesian product creates mess results.

0 Need to ensure that they are done using specific
conditions.

0 Join operation does it for us.

0 Join is a derivative of Cartesian product,
equivalent to performing a Selection operation,
using the join predicate as the selection formula,
over the Cartesian product of the two operand
relations.

0 Most difficult operations to implement efficiently in
an RDBMS.

O - one of the reasons why relational systems have
intrinsic performance problems.



Types of Joins

0 There are various forms of Join operation, each
with subtle differences, some more useful than
others:

. Theta join
. Equi-join (a particular type of Theta join)
- |Natural join

- OQur Area of Focus

. |Outer join

- Semi-join



Natural Join X

0 R > S The Natural join is an Equijoin of the two
relations R and S over all common attributes x.

Beer Price ar Address
Joe’s Bud 2.50 Joe’s Maple St.
Joe’s Miller 2.75 Sue’s River Rd.
Sue’s Bud 2.50

Sue’s Coors 3.00



Bar

Joe’s
Joe’s
Sue’s

Sue’s

Natural Join X - Step 1 Perform X Join
N

Beer
Bud
Miller
Bud

Coors

Price

2.50
2.75
2.50
3.00

Bars

Bar Address
X Joe's Maple St.
Sue’s River Rd.



Natural Join X - Step 1 Perform X Join

Beer Price Bar
]oe’s Bud 2.50
Joe’s
Joe’s Miller 2.75
Sue’s Bud 2.50 Joe’s
Sue’s Coors 3.00 ,
Sue’s
ar Address s
Joe’s Maple St. oes
Sue’s River Rd.
Joe’s
Sue’s
Sue’s

Beer

Bud

Miller

Bud

Coors

Bud

Miller

Bud

Coors

Price

2.50

2.75

2.50

3.00

2.50

2.75

2.50

3.00

Bar

Joe’s

Joe’s

Joe’s

Joe’s

Sue’s

Sue’s

Sue’s

Sue’s

BarlInfo - Step 1

Address

Maple
St.

Maple
St.

Maple
St.

Maple
St.

River
Rd.

River
Rd.

River
Rd.

River
Rd.



Natural Join & - Step 2 Apply selection

- _ BarlInfo - Step 2 I

Bar Beer Price Bar Address
Bar Beer Price
Joe’s Bud 2.50 Joe’s Bud 2.50 Joe’s Maple St.
Joe’s Miller 2.75

Joe’s Miller 2.75 Joe’s Maple St.
Sue’s Bud 2.50
Sue’s Coors 3.00 Sue’s Bud 2.50 Joe's Maple St.

, ,

She's Coors 300 Joels Maple St.
Bar Address
Joe’s Maple St. . = = Se | bRl
Sue’s River Rd. loe’ Mill 275 Sue’ RiverRd.

Sue’s Bud 2.50 Sue’s River Rd.

Sue’s Coors 3.00 Sue’s River Rd.



Bar

Joe’s

Joe’s

Sue’s

Sue’s

Natural Join & - Step 2 Apply selection

Beer

Bud

Miller

Bud

Bud

Coors

Price

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Address

Maple St.

Maple St.

Maple St.

River Rd-

River Rd-

River Rd.

River Rd.

BarlInfo - Step 2

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Beer

Bud

Miller

Bud

Coors

Price

2.50

2.75

2.50

3.00

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Addres
S

Maple
St.

Maple
St.

River
Rd.

River
Rd.



Natural Join ™ - Step 3 Remove duplicates

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Beer

Bud

Miller

Bud

Bud

Coors

Price

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Address

Maple St. Beer
Maple St. En]
MapleSt- » Miller
Maplest: Bud
River Rd. Coors
River Rd.

River Rd.

River Rd.

BarInfo - Step 2

Price

2.50

2.75

2.50

3.00

Bar

Joe’s

Joe’s

Sue’s

Sue’s

Addres
S

Maple
St.

Maple
St.

River
Rd.

River
Rd.



Natural Join
-

“ Bars

]oe’s
Joe’s
Sue’s

Sue’s

Beer
Bud
Miller
Bud

Coors

Price Bar Address
2.50 Joe’s Maple St.
2.75 Sue’s River Rd.
2.50
3.00

BarInfo = Sells < Bars

Bar Beer Price Address
Joe’s Bud 2.50 Maple St.
Joe’s Miller 2.75 Maple St.
Sue’s Bud 2.50 River Rd.
Sue’s Coors 3.00 River Rd.



Natural Join — How
-|-

ar Beer Price Bar Address L Beer Price Bar ,:ddres
Joe’s Bud 2.50 Joe’s Maple
Joe’s Bud 2.50 Joe’s Maple St.
St.
Joe’s Miller 2.75 Joe’s Maple
Joe’s Miller 2.75 Joe’s Maple St.
18 Sue’s Bud 2.50 Sue’s River
Sue’s Bud 2.50 Joe’s Maple Rd.
St Sue’s Coors 3.00 Sue’s River
Sue’s Coors 3.00 Joe’s Maple Rd.
St.
BarInfo - Step 3
Joe’s Bud 2.50 Sue’s River .
Rd. Bar Beer Price Address
Joe's Miller 2.75 Sue’s River Joe’s Bud 2.50 Maple St.
Rd.
Sue’s Bud 2.50 Sue’s River Joe’s Miller 2.75 Maple St.
Rd.
Sue’s Bud 2.50 River Rd.
Sue’s Coors 3.00 Sue’s River
Rd.

Sue’s Coors 3.00 River Rd.



Natural Join — How ? Steps
-|-

Beer Price Address
Joe’s Bud 2.50 Joe’s Maple
St.
Joe’s Miller 2.75 Joe’s Maple

Step 1: BarInfo = Sells x Bars

Joe’s Bud 2.50 Sue’s River
Rd.
Joe’s Miller 2.75 Sue’s River
Rd.
Sue’s Bud 2.50 Sue’s River
Rd.
Sue’s Coors 3.00 Sue’s River
Rd.

ar Beer Price ar Addres
S
Joe’s Bud 2.50 Joe’s Maple

Step 2: BarlInfo =

9 Sells.Bar=Bars.Bar(Barlnfo)

Rd.
Sue’s Coors 3.00 Sue’s River
Rd.
Bar Beer Price Address
Joe’s Bud 2.50 Maple St.

Step 3:

T[Bar,Beer,Price,Address(B arl nfO)

Sue’s Coors 3.00 River Rd.



Natural Join — PostGreSQL
S

studentid | firstname | lastname | department

------------- S T YRR
1| John | Doe | Computer Science
2 | Alice | Smith | Mathematics
3 | Bob | Johnson | Physics

courseid | studentid | coursename

___________ e
1| 1 | Database Management
2| 2 | Calculus
3| 1 | Data Structures

4 | 3 | Quantum Mechanics



Natural Join — PostGreSQL

EEE
-- Create the Students table
CREATE TABLE Students (
StudentID serial PRIMARY KEY,
FirstName VARCHAR(255),
LastName VARCHAR(255),
Department VARCHAR(255)

);

-- Insert sample data into the Students table

INSERT INTO Students (FirstName, LastName, Department) VALUES
('John', 'Doe’, 'Computer Science'),
(‘Alice’, 'Smith’, 'Mathematics'),
('Bob’, 'Johnson', 'Physics’);



Natural Join — PostGreSQL

EEE
-- Create the Courses table
CREATE TABLE Courses (
CourselD serial PRIMARY KEY,
StudentID INT,
CourseName VARCHAR(255)

);

-- Insert sample data into the Courses table
INSERT INTO Courses (StudentID, CourseName) VALUES
(1, 'Database Management'),
(2, 'Calculus’),
(1, 'Data Structures’),
(3, 'Quantum Mechanics');



Natural Join — PostGreSQL

- J
Try to perform natural join with SQL Query.



Natural Join — PostGreSQL

- J
Try to perform natural join with SQL Query.

SELECT *
FROM Students
NATURAL JOIN Courses;



Natural Join — PostGreSQL

- J
Try to perform natural join with SQL Query.

studentid | firstname | lastname | department | courseid | coursename
------------- TS RN SRS RS R RS
1 |John | Doe | Computer Science | 1 | Database Management
2 | Alice | Smith | Mathematics | 2 | Calculus
1 |John | Doe | Computer Science | 3 | Data Structures
3 | Bob | Johnson | Physics | 4 | Quantum Mechanics



Outer Join

o In outer join, matched pairs are retained
unmatched values in other tables are left null.

0 More widely available in relational systems.

0 Information is preserved, that is, the Outer join
preserves tuples that would have been lost by
other types of join.

o Types:
- Full Outer Join: R>< S
- Left Outer Join: R S
- Right Outer Join: R p< S



Outer Join — Types - Example

-I“I— RS (left outer join)
Dept

Smith  Sales Dept  Head
Black Production Predncton | e
White Production Purchasing Brown Production

Dept

smith  sae Dept  Head

Black Production Production  Mori

White Production Purchasing Brown Null Purchasing | Brown

Er— T RIS (ulloueroin
Dept

Smith Sales Dept Head

Black Production Production Mori

White Production Purchasing Brown




Left Outer Join — Types - POSTGRESQL

Enroliments Table:

EnrollmentID StudentID CourseName
1 1 Mathematics
2 2 Physics

3 1 Chemistry

4 3 Biology

Students Table:

StudentID FirstName LastName
1 John Doe
2 Alice Smith

3 Bob Johnson



Left Outer Join — Types - POSTGRESQL

Enroliments Table:

EnrollmentID StudentID CourseName
1 1 Mathematics
2 2 Physics

3 1 Chemistry

4 3 Biology

Students Table:

StudentID FirstName LastName
1 John Doe

2 Alice Smith

3 Bob Johnson

SELECT Students.FirstName, Students.LastName, Enrollments.CourseName
FROM

Students LEFT JOIN Enrollments ON Students.StudentID = Enrollments.StudentID;



Right Outer Join — Types - POSTGRESQL
N

Enroliments Table:

EnrollmentID StudentID CourseName
1 1 Mathematics
2 2 Physics

3 1 Chemistry

4 3 Biology

5 4 History
Students Table:

StudentID FirstName LastName

1 John Doe

2 Alice Smith

3 Bob Johnson

SELECT Students.FirstName, Students.LastName, Enrollments.CourseName
FROM

Students RIGHT JOIN Enrollments ON Students.StudentID = Enrollments.StudentID;



Full Outer Join — Types - POSTGRESQL
N

Enroliments Table:

EnrollmentID StudentID CourseName
1 1 Mathematics
2 2 Physics

3 1 Chemistry

4 3 Biology

5 4 History
Students Table:

StudentID FirstName LastName

1 John Doe

2 Alice Smith

3 Bob Johnson

SELECT Students.FirstName, Students.LastName, Enrollments.CourseName
FROM

Students FULL OUTER JOIN Enrollments ON Students.StudentID = Enrollments.StudentID;



Lab Exercise

S
0 Download Instructions from Moodle



Coming up...
N
ACID Properties



