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Objectives

Relational Algebra Operators
* Joins
* Implementation in SQL
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Cartesian Product

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

* cross join (X)
Customers Table:

CustomeriD CustomerName

1 Alice
Orders Table:

2 Bob

. OrderID  OrderDate

3 Charlie
101 2023-01-10
102 2023-01-15
103 2023-01-20
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Cartesian Product

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

® 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
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Cartesian Product

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

e Cross join (X) CustomerlID CustomerName  OrderID OrderDate
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
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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 ltalian

102 Taste of India Indian

103 Savory Bites Mediterranean

Pri 1 &
J DHI!%E:I:’D&W?EI‘L‘.::J 2" N I' Man Geni Addysg Uwch yng Mghymin
'h University of Wales

Where Higher Education Began in Wales
Trinity Saint David 1822 - 2022 - 3




Cartesian Product

Result (Cartesian Product):

VenuelD VenueName Capacity CateringlD Caterer Cuisine
1 Grand Ballroom 200 101 Gourmet Italian
Delight
1 Grand Ballroom 200 102 Taste of India Indian
1 Grand Ballroom 200 103 Savory Bites Mediterranean
2 Garden Pavilion 100 101 Gourmet Italian
Delight
2 Garden Pavilion 100 102 Taste of India Indian
2 Garden Pavilion 100 103 Savory Bites Mediterranean
: Gourmet .
3 Lakeside Lodge 150 101 Delight Italian
3 Lakeside Lodge 150 102 Taste of India Indian
3 Lakeside Lodge 150 103 Savory Bites Mediterranean
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Cartesian Product - SQL

Client

clientNo | fName | IName | telNo prefType | maxRent | eMall

CR76 John Kay 0207-774-5632 | Flat 425 john.kay@gmail.com
CR56 Aline | Stewart | 0141-848-1825 | Flat 350 astewart@hotmail.com
CR74 Mike | Ritchie | 01475-392178 | House 750 mritchie01@yahoo.co.uk
CR62 Mary | Tregear | 01224-196720 | Flat 600 maryt@hotmail.co.uk
Viewing

clientNo | propertyNo | viewDate | comment

CR56 PA14 24-May-13 | too small

CR76 PG4 20-Apr-13 | too remote

CR56 PG4 26-May-13

CR62 PA14 14-May-13 | no dining room

CR56 PG36 28-Apr-13
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Cartesian Product - SQL

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
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Cartesian Product - SQL

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;
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Joins

e Cartesian product creates mess results.
* Need to ensure that they are done using specific conditions.
* Join operation does it for us.

* 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.
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Natural Join

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

Bar Beer Price

Bar Address
Joe’s Bud 2.50
Joe’s Miller 2.75 Joe’s Maple St.
Sue’s Bud 2.50 Sue’s River Rd.
Sue’s Coors 3.00
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Natural Join X - Step 1 Perform X Join

Bar Beer  Price __Bas

Joe’s Bud 2.50 Bar Address
Joe’s Miller 2.75 X Joe’s Maple St.
Sue’s Bud 2.50 Sue’s River Rd.
Sue’s Coors 3.00
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Natural Join X - Step 1 Perform X Join
—

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

Sue’s Bud 2.50

Joe’s Miller 2.75 Joe’s Maple
Sue’s Coors 3.00 St.

Sue’s Bud 2.50 Joe’s Maple

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



Natural Join X - Step 2 Apply selection

Bar Beer Price Joe’s Bud 2.50 Joe’s Maple St.
Joe’s Bud 2.50
. Joe’s Miller 2.75 Joe’s Maple St.
Joe’s Miller 2.75
Sue’s Bud 2.50 Suels Bud 2.50 Joels Maple St
Sue’s Coors 3.00
Bar Address Joels Bud 250 Sue’s RiverRd-
Joe’s Maple St.
P Joe’s Miller 275 Suels RiverRd-
Sue’s River Rd.
Sue’s Bud 2.50 Sue’s River Rd.
Sue’s Coors 3.00 Sue’s River Rd.
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Natural Join X - Step 2 Apply selection

Bar Beer Price Bar Address
Barinfo — Step 2
Joe’s Bud 2.50 Joe’s Maple St. Bar Beer Price Bar Address
Joe’s Miller 2.75 Joe’s Maple St. Joe’s Bud 2.50 Joe’s Maple
St.
Sue’s Bud 250 joes Maple-St- » Joe’s Miller 2.75 Joe’s Maple
St.
Suels Coors 300 Joe’s Maple-St- Sue’s Bud 2.50 Sue’s River
Rd.
Joels Bud 250 Sue’s RiverRd- Sue’s Coors 3.00 Sue’s River
Rd.
Joe’s Miller 275 Sue’s RiverRd-
Sue’s Bud 2.50 Sue’s River Rd.
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Natural Join ™ - Step 3 Remove duplicates

Bar Beer Price Bar Address
Joe’s Bud 2.50 Joe’s Maple St.
Barinfo — Step 2
Joe’s Miller 2.75 Joe’s Maple St. Bar Beer Price Bar Address
Sue’s Bud 250 loe’s Maple St Joe’s Bud 2.50 Joe’s Maple
St.
Sue’s Coors 3.00 Joels Maple St » Joe’s Miller 2.75 Joe’s Maple
St.
Joels Bud 250 Suels RiverRd- Sue’s Bud 2.50 Sue’s River
Rd.
Joels Miler 275 Sue’s RiverRd- Sue’s Coors 3.00 Sue’s River
Rd.
Sue’s Bud 2.50 Sue’s River Rd.
Sue’s Coors 3.00 Sue’s River Rd.
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Natural Join
T e

Bar Beer Price Bar 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

Barinfo = Sells > Bars

Barinfo
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.
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Natural Join — How ?

Bar Beer Price Bar Address ZEL HEE Price ZEL Address
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.
St' 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 Rd. Joe’s Bud 2.50 Maple St.
Sue’s Bud 2.50 Sue’s RiverRd.  J0€’s Miller 2.75 Maple St.

Sue’s Bud 2.50 River Rd.

River Rd.
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Natural Join — How ? Steps

Bar Beer Price Bar Address ZEL HEE Price ZEL Address
Joe’s Bud 2.50 Joe’s Maple
Joe’s Bud 2.50 Joe’s Maple
St. Step 2: Barlnfo =
Joe’s Miller 2.75 Joe’s Maple
Y SeIIs.Bar=Bars.Bar(Bar|nfo)

Step 1: Barinfo = Sells x Bars Rd.
Sue’s Coors 3.00 Sue’s River
Rd.
Joe’s Bud 2.50 Sue’s River Rd. .
Bar Beer Price Address
Joe’s Miller 2.75 Sue’s River Rd. Joe’s Bud 2.50 Maple St.
Sue’s Bud 2.50 Sue’s River Rd. Step 3:

T (Barinfo)

Bar,Beer,Price,Address

River Rd.
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Different Types of SQL JOINSs

* (INNER) JOIN: Returns records that have matching values in both
tables

INNER JOIN
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Natural Join — SQL

Example:

Query: List the names of all clients who have _ along

with any comments supplied.

SELECT c.clientNo, c.fName, c.lName, v.propertyNo,
v.comments FROM Client c

INNER JOIN

Viewing v ON c.clientNo =

v.clientNo;

Viewing
clientNo | propertyNo | viewDate | comment
CR56 PAl4 24-May-13 | too small
CR76 PG4 20-Apr-13 | too remote
CR56 PG4 26-May-13
CR62 PAl4 14-May-13 | no dining room
CR56 PG36 28-Apr-13

Client

clientNo | fName | IName | telNo prefType | maxRent | eMail

CR76 John Kay 0207-774-5632 | Flat 425 john.kay@gmail.com
CR56 Aline | Stewart | 0141-848-1825 | Flat 350 astewart@hotmail.com
CR74 Mike | Ritchie | 01475-392178 | House 750 mritchie01@yahoo.co.uk
CR62 Mary | Tregear | 01224-196720 | Flat 600 maryt@hotmail.co.uk
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Example:

Query: List the names of all clients who have viewed a - along
with any comments supplied.

SQLQuery5.5ql - PC..RSITY\dc7529 (69))* + X EOIEINoIONTI e IR IR AYs (v NI )|k

-ISELECT c.clientNo, c.fName, c.lName, v.propertyNo, v.comments
FROM Client ¢

1 INNER JOIN Viewing v ON c.clientNo = v.clientNo;

100 % ~
B Results g# Messages

clientNo fName IName  propertyNo comments

1 CR56  Alne Stewart PA14 too small

2 "CR62 Mary  Tregar PAl14 no dining room
3 CR56 Aline  Stewart PG36 NULL

4 CR56 Aline  Stewart PG4 NULL

5 CR/6 John  Kay PG4 too remote
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* Query: Retrieve the staff number, first name, last name, branch
number, and city of the branches for staff members holding position
of ‘manager’?“

SELECT s.staffNo, s.fName, s.IName, b.branchNo, b.city,b.postcode
FROM Staff s
JOIN Branch b ON s.branchNo = b.branchNo

WHERE s.Position = 'Manager’; 100% ~
B8 Results g Messages
staffNo fName IName branchNo city postcode
1 SGS5 Susan Brand BO003 Glasgow G119QX
2 SL21 John  White BO005 London SW14EH
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Retrieve property viewing details along with the corresponding staff
and branch information.

SELECT v.viewdate, v.propertyno, s.staffNo, s.fName, s.IName,
b.branchNo, b.city

FROM Viewing v
JOIN Staff s ON v.staffNo = s.staffNo
JOIN Branch b ON s.branchNo = b.branchNo;
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 LEFT (OUTER) JOIN: Returns all records from
the left table, and the matched records from LEFT JOIN
the right table




Query: Retrieve All Properties and Their Corresponding Branches:

SELECT p.propertyNo, p.street, p.rent, b.branchNo,
b.city

FROM PropertyForRent p
left JOIN Branch b ON p.branchNo = b.branchNo;

100% ~ 4
B Results g Messages
propertyNo street rent  branchNo city
1 |PA14 ' 16Holhead  650.0 BO0O07 Aberdeen
2 PG16  5NovarDr 450.0 BO003 Glasgow
= PG21 18 Dale Rd 600.0 BOO03 Glasgow
B PG36 2 Manor Rd 3750 BO003 Glasgow
-+ PG4 6 Lawrence St 350.0 BO0O03 Glasgow
6 PL94 6 Argyll St 400.0 BO05 London
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* Try Left Join for all the previous Queries in full outer join
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* RIGHT (OUTER) JOIN: Returns all records from the right table, and the
matched records from the left table

RIGHT JOIN

TABLE 2
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Display all properties for rent with associated
viewings:

SELECT p.propertyNo, p.street, v.viewDate
FROM PropertyForRent p

RIGHT JOIN Viewing v ON p.propertyNo =
v.propertyNo;
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* Retrieve all viewings with staff and property details:

SELECT v.viewDate, s.staffNo, s.fName, s.1Name,
p.propertyNo, p.street

FROM Viewlng v
RIGHT JOIN Staff s ON v.staffNo = s.staffNo

RIGHT JOIN PropertyForRent p ON v.propertyNo =
p.propertyNo;
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Combine details of all staff, with property for rent and viewing details
to display comprehensive information ensuring the inclusion of all
records from the tables on the right side of the joins:

SELECT b.branchNo, b.city, s.staffNo, s.fName, s.IName, p.propertyNo,
p.street, v.viewDate

FROM Branch b

RIGHT JOIN Staff s ON b.branchNo = s.branchNo

RIGHT JOIN PropertyForRent p ON b.branchNo = p.branchNo
RIGHT JOIN Viewing v ON s.staffNo = v.staffNo;
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Combine details of all staff, with property for rent and viewing details
to display comprehensive information ensuring the inclusion of all
records from the tables on the right side of the joins:

SELECT b.branchNo, b.city, s.staffNo, s.fName, s.IName, p.propertyNo,
p.street, v.viewDate

FROM Branch b

RIGHT JOIN Staff s ON b.branchNo = s.branchNo

RIGHT JOIN PropertyForRent p ON b.branchNo = p.branchNo
RIGHT JOIN Viewing v ON s-staffNo—=statiNeo;
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Combine details of all staff, with property for rent and viewing details
to display comprehensive information:

SELECT b.branchNo, b.city, s.staffNo, s.fName, s.IName, p.propertyNo,
p.street, v.viewDate

FROM Branch b

RIGHT JOIN Staff s ON b.branchNo = s.branchNo

RIGHT JOIN PropertyForRent p ON b.branchNo = p.branchNo
RIGHT JOIN Viewing v ON p.propertyNo = v.propertyNo;
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FULL (OUTER) JOIN:
Returns all records when there is a match in either left or right table

FULL OUTER JOIN
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Retrieve staff details along with their associated branch information, ensuring that
all branches are displayed, regardless of whether they have staff assigned or all
staff members have an associated branch.

SELECT s.staffNo, s.fName, s.1lName, b.branchNo,
b.city,b.postcode

FROM Staff s
full outer JOIN Branch b ON s.branchNo = b.branchNo
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Practice exercises

e Consider the following two simplified Branch and PropertyForRent
tables, which we refer to as Branch1 and PropertyForRent1,
respectively:

Branch | PropertyForRent |

branchNo bCity propertyNo pCity
BOO3 Glasgow PA14 Aberdeen
BO04 Bristol PL94 London
B002 London PG4 Glasgow
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The (Inner) join of these two tables:

SELECT b.*, p.”
FROM Branch1 b, PropertyForRent1 p
WHERE b.bCity = p.pCity;

The result table has two rows where the cities are the
same. In particular, note

that there is no row corresponding to the branch
office in Bristol and there is

no row corresponding to the property in Aberdeen

branchNo bCity propertyMNo pCity
BOO3 Glasgow PG4 Glasgow
B002 London PL94 L ondon
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* Left Outer join

Query: List all branch offices and any properties that are in the same cit
SELECT b.*, p.”

FROM Branch1 b LEFT JOIN PropertyForRent1 p ON

b.bCity = p.pCity; y

branchNo bCity propertyNo pCity
BOO3 Glasgow PG4 Glasgow
BO04 Bristol NULL NULL
BO02 London PL94 London
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* Right Outer join
Query: List all properties and any branch offices that are in the same city.
SELECT b.*, p.”

FROM Branch1 b RIGHT JOIN PropertyForRent1 p ON b.bCity =

p.pCity;
branchNo bCity propertyNo pCity
NULL NULL PA 14 Aberdeen
BOO3 Glasgow PG4 Glasgow
BOO2 London PLS4 London
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* Full Outer join

* Query: List the branch offices and properties that are in the same city
along with any unmatched branches or properties.

SELECT b.*, p.*
FROM Branch1 b FULL JOIN PropertyForRent1l p ON b.bCity = p.pCity;

branchNo bCity propertyNo pCity
NULL NULL PAI4 Aberdeen
BOO3 Glasgow PG4 Glasgow
BO04 Bristol NULL NULL
B002 London PL94 London
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Further reading

e Chapter 6 from Connolly,T.,&begg,C.(2005). Database systems: a practical approach to design,
Implementation and management, Boston, MA: pearson Addison-Wesley

ACID Properties
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