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TEACHER’S INTRODUCTION

This resource is designed as an introduction to object-oriented programming (OOP), with the aim of taking
students with some experience of procedural programming, through to having the required OOP knowledge and
skills required for a KS5 course in Computer Science. It is best used by reading and working through the five
topics in order, as later topics build on the knowledge and skills that students learn in earlier topics.

There are examples of the content and programming tasks throughout each topic which provide stretch and
challenge for all students through repetition of the topic skills. Review questions have been provided at the end
of each topic to test students understanding and application of the theory covered. The answers to these written
questions are included in the answer section towards the back of this resource. VB Notes’ are also included
throughout to highlight how VB specifically deals with object-oriented concepts.

Each topic contains pseudocode examples written in these boxes

These black boxes show where VB.NET code is being used instead of pseudocode

There are three programming projects for students to test their object-oriented programming skills. These
programming projects are independent from each other, can be done in any order (although they are given in
order of increasing complexity). For each project, there are two versions of the skeleton code:

1. The Extended versions provide only the main method of the program as a starting point
2. The Basic versions, in addition to the main method, also include the program’s classes and select methods

The basic task provides a version of each project that is less complex; ideal for using when time is limited, or for
use with weaker students. Each project also comes with a model sclution (with marking guidance).

VB code files are provided electronically on the accompanying CD.

TaskCode contains the skeleton code for the four VB.NET tasks in topics 1-4.
TaskSolutions contains the answer files for each task.

ProjectCode contains the skeleton code for the three VB.NET programming projects.
ProjectSolutions contains the answer files (with marking information written as
comments) for each project.

The answer files for both the VB.NET tasks and programming projects provide working programs that contain
comments to show where marks should be awarded. In the case of the programming projects, any marks followed
by ‘ETQO’ (Extended Task Only) should be awarded only to students attempting the extended version of the project.

In addition to the code files, a HTML version of the student resources is also provided. It is recommended that you
copy the IntroToOOP folder onto your school’s secure network, and provide a shortcut to the index.html inside it.

C Standring, July 2019

Free Updates! }

Register your email address to receive any future free updates* made
to this resource or other ICT/Computing resources your school has
purchased, and details of any promotions for your subject.

* resulting from minor specification changes, suggestions from teachers
and peer reviews, or occasional errors reported by customers

Go to zzed.uk/freeupdates
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1. FUNDAMENTALS OF OBJECT-
PROGRAMMING

In this chapter you will learn:

What object-oriented programming means 7 S

The differences between procedural prrg ar ?hf;.b nd object-oriented progr
Why the object-oriented proo+=_ 1 ﬁoﬂ; )«a’digfﬁ is used

What classes, object , . ;. “" and methods (including static attributes ar«
What cgliact . jye.,r‘ad'ﬁow they are used to instantiate a class

How tc wfgﬂoﬁ basic object-oriented programs

Introduction to object-oriented programming

There are many different programming styles that can be used to create computz
(known as programming paradigms) that you are likely to be familiar with is prot:
procedural programming, every variable, constant and subroutine is defined sep#
relationships between each other.

Another commonly used programming paradigm is object-oriented programming.
define separate objects that have their own associated values and subroutines. Tf
subroutines can be easily grouped together in a logical way. Consider this intera:

In an object-oriented program, each location pin would be defined as a different :
have its own associated values, such as its name, its location and what it is marki
restaurant). Each pin object would also have some associated subroutines, such &
detailed information if the pin is clicked, or allowing -~ - > in’s information to t

Object-oriented programming is primaril" . . be _.dse of the advantages of thre
explained fully in later chaptere) <it )} s " ition, which allows different parts of i
make them easier to tir -« . j';a..d’ work on; inheritance, which allows differer:
. ar. « « re’code; and polymorphism, which allows subroutines tc

e , subroutine and what data is passed to it.
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Objects and classes

As object-oriented programs can have many different objects, many of which sha:

not need to be written to define the properties of each individual object. Insteac,
(known as a class) is created.

For example, the Pin class may look like this:

class Pin g
private name //Data belongmg to . in Loject
private location o P

private markerTpr o A

//Met! l‘fg cr te a new Pin object

public X2 ure new(pinName, pinLocation, pinMarker)
this.name = pinName
this.location = pinLocation
this.markerType = pinMarker

endprocedure

endclass

The keyword 'this' is used by an object to refer to itself, so when an object runs the 'new' subroutine, 't
to the value of 'pinName’

A Pin object could then be created using the Pin class:
templeMeads = new Pin{"Bristol Temple Meads", [51.449760, -2.581080], "
The Pin class defines the values associated witha Pin ~' -, [ (in this case, name

markerType) and the subroutines that a Pin of <« EF“] ;3err0rm. The values as:
known as attributes, and the subrout:r\'2 PO atcu‘With an object are known as

The new method is a cor~*, - . i .nethod that creates an object of a particula
values. The ceglilss 7 .iig an object from a class is known as instantiation, =

instance of A You can think of classes as blueprints, and objects as the indi
blueprints. 4
77N\
/( Pin \\
-\ Class //
N
\ 7

A class provides a template from which many objects can be cres

Most attributes and methods are only relevant to a particular object. However, s¢
attribute or method that is relevant to the class as a whole. These are known as %
methods.
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For example, the Pin class could include a static attribute to count the number ¢

class Pin
private name
private location
private markerType
public static noOfPins = 0 //Static attribute that belongs to the class

public procedure new{pinName, plnLocatlo" A\ arhoar)
this.name = pinName A
this.location = pinLocatic~.
this.markerType = ¢ - 4ar} 3.
Pin.count=«c . ¢

endclass

Notice that the static attribute is set using ‘Pin.count’ and not ‘this.count’ because the attribute belongs:
the class. Similarly, static methods are called by ‘ClassName.method()’ whereas non-static methods &<

If there is an attribute or method in a class that you may want to use, even if ther
it should be static.

VB Note

The following pseudocode program:

class Pin
private name
private location
private markerType
public static noOfPins =0
public procedure new(plnl\' a ", - .ocation, pinMarker)
this. name = pirti- o o
i : r LOCatIOI'\

endprocedure

endclass

.. would be written in VB as:

Public Class Pin
Private name As String
Private location() As Double
Private markerType As String
Public Shared noOfPins As Integer = 0

Public Sub New(ByVal pinName As Strg uVal pinlocati
ByVal stringMagrécll 4 ing)

name = pinName
location = pin
markerTy

End Class'

In VB, the constructor is always declared with the line 'Public Sub New’, and stati
the keyword 'shared’.
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Questions (Fundamentals of Object-Oriented Programming)

1. Define the term programming paradigm.

3. Explain the difference between a class and an object.

................................................................................................................................... COPYRIGHT
PROTECTED
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VB Task 1

The Task 1 skeleton code (Skeleton) is part of a program that allows a user to ¢
their account, check their balance and deposit or withdraw money from their acc:
class, that stores information about the individual bank accounts, and a Bank cla
accounts and performs operations on individual accounts when asked to by the u:

Add the missing attributes and method logic to the T &, . sk :‘,eton code to comp

No changes should be made to M~ . « ' LNew rﬁéthods should be defined, an
methods use should not »2 - . ", ueleted or added to.

Public Class Account

integer a
string e Ce

Private balance As Double

ount shoul: I with a given accous

Public Sub New(ByVal number As Integer, ByVal password As
ByVal balance As Double)
Me.balance = balance

End Sub
"This od ouid return the account nuver of this ace

Public Function getNumber () As Integr,

End Function

shor L A I a given password is equal to

L)h”&heckPassword(ByVal password As String) A

"This method should return the balance of this account

Public Function getBalance() As Double
End Function

"This method should change the balance of this account tdé
Public Sub setBalance(ByVal newBalance As Double)

£nd Sub COPYRIGHT
PROTECTED

End Class
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Bank.vb

Public Class Bank

Private accounts As ArrayList
Private Shared latestAccount As Integer

Yrrack of 301

Public Sub New () ’
accounts = New Arr?:ﬁizf
latestAccount - @L;,J

End Sub A

e

i H g [ 994

Public Function login{) As Integer

End Function

"Thig method
Tthelr count, and rectly u the t
Public Sub deposit (ByVal number As Integer)

Les e

End Sub

i

much mones
e = The b :
hdraw {(ByVal number As Integer)

This meth
‘thelr C O

Public Sub

End Sub

and a balan £ 0. The
Public Sub addAccount ()
End Sub

End Class

COPYRIGHT
PROTECTED
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Modulel.vb

Module Modulel
Sub Main ()
Dim bank As New Bank
Dim loggedIn As Boolean = False
Dim quitting As Boolean = Fals,.. ’

Dim accountNo As Integer = -1

While Not (lo~~ ~ A % quitting)

M s .= oaditeline (Yo vou have an aooount
1k@mkrééponse As String = Console.ReadLine
@%uﬁéole.WriteLine()
If response = "v" Then
accountNo = bank.login ()
If Not (accountNo = -1) Then
loggedIn = True
End If
ElselIf response = "7 Then
bank.addAccount ()
ElseIf response = “«uiit" Then
quitting = True
Fnd Tf

End While

While Not (gquitting)
Console.Writeline (" rrass o b Ty alan
console.writeline ("iraas o o s e st money )
console.Writeline (¥ 7o 5 f v menes)
Console.WritelLine ' "= & C T “ & vbCrLf)
Dim selectjcyﬂisf.t:¢d§k= Console.ReadLine
Console. -t .2 fAMé(S
s fyunlz 1 Then
iban;checkBalance(accountNo)
VWQEIf selection = 2 Then
bank.deposit (accountNo)
bank.checkBalance (accountNo)
Elself selection = 3 Then
bank.withdraw (accountNo)
bank.checkBalance (accountNo)
Elself selection = 4 Then
quitting = True
Else
Console.WritelLine ("
Console.WritelLine ()
End If
End While

End Sub

End Module
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2. ENCAPSULATION

In this chapter you will learn:

What encapsulation is

Why encapsulation is used

How to use private and protected attributes and .. »".9a
How to properly encapsulate a prograr SR

- -

1., . %,ect-oriented programming
2 N . . . .
As mention¢ napter 1, encapsulation is the idea of grouping data and subrci
to work on and understand. In object-oriented programming, encapsulation is act
should only contain the attributes and methods that it needs, and none of the log

on the internal processing of another class.

Encapsu"

Imagine a company has a system that stores various information about different ¢&:
use encapsulation, any data can be used or altered in any part of the program. Th#

1. If any errors occur it will be much harder to identify the source of the errc:.
anywhere. In a properly encapsulated program, any errors will originate eit
that isn't working correctly, or from an error in how different parts of the

2. It means that some parts of the system will have access to attributes an¢
have access to. In the example of a company’s employee information sys:
employee to be able to update some of their owr - irds (such as their i1
shouldn’t have access to change other inf i1 iwti“;s ,‘,)(su"ch as their salary) o
information about other emphf‘v <. h wstheir addresses).

private aétountPassword //This attribute is private
public function checkPassword(password) //This method is public
endclass

class Bank
private accounts //This attribute is private

iD'l'.IbliC procedure withdraw(number) //This method is public

endclass

Take the above program from Task 1. Notice hw Srf\ * sand bublic keywords ar¢
method is private, it can only be acc~= ¢ 41 ¢ "L..;Jvith"ijn the class. If an attribute ¢
by other classes. In Task 1. t&« = ﬁI‘lp,&aéézountPas sword inthe Account ¢
Bank class camant '+ o f?b,'u'S which it shouldn’t have access to. Instead, the .
s_word to check whether a user has entered their password ¢

more vulnerable it is to being stolen) and for encapsulating the program (the Bz
what the password is, it only needs to be able to check that a password is correct
that data).
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class Account
public profilelmage
public name
private age B .
public birthday
public city
private work

Private attribu
stored about a

When an attribute from another class is needed, instead of making that attribute
method that returns the value of the attribute. Similarly, to change the value of &
public method to change its value rather than directly altering it. Methods that #
attribute are known as accessors (or ‘getters’), and methods that alter the value &

as mutators (or 'setters’). These may at first appear unnecessary, but can be usefi
functionality of the class.

For example, imagine you have the following code:

class Clock
public currentTime //This attribute is public

endtiass
class Display()

clock = new Clock()

publlc procedure e N
i .me)//currentTrme is public so can be called in Display

The Display class directly accesses the clock’s current Time attribute to dispi:
if you wanted to make a change to how the clock’s time is displayed {(e.g. by makir
24-hour clock, or changing whether seconds or milliseconds are displayed) and th
currentTime in multiple places, then formatting or other checks would need te
throughout the Display class, which could mean changing a lot of code.

The program could be instead be written as:

class Clock
private currentTime //currentTime is made private

publrc function getTime() //This public metho LS ccessto currentTir
return this.currentTime -
endfunction
endclass

publlc procedure showTime()
print(clock.getTime()) //The public method is called in Display
endprocedure
endclass
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With this version of the program, the change could be made to the getTime acc:
does not need to be updated. Accessors and mutators should not just be used to ¢
but to hide information from other classes or limit the ability of other classes to ¢

[n VB, methods are public by default but attributes are p~". " 2, so:

Public Class Pin
Dim privateAttribute

Sub doSomew

...Is equivalent to:

Public Class Pin
Private privateAttribute As String

Public Sub doSomething ()
End Sub

End Class

While it is therefore not necessary to declare an attribute as private or method as
to do so to make it clearer how you intend that attribute or method to be used.

COPYRIGHT
PROTECTED

9
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Questions (Encapsulation)

1. Define the term encapsulation.

2.
3.
4.
5.
el commen

mutators. PROTECTED

9
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Education
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VB Task 2

The Task 2 skeleton code is a system that manages a hotel and its staff. Custome:
their rooms, and leave feedback depending on how their stay was (if they are suc:
room is clean they become happier with their stay, and if their room is overbooks
happy with their stay).

Recreate the Task 2 non-encapsulated code (Non-Fn- « . dl :,ted) so that it kee:
properly encapsulated. There should be clas ~. fc T’ﬁlkt,wai,"Room, Customer, Ma:
Cleaner. The manager should be = ¢ - "‘“<"V,A3 ror processing feedback; the clear:
cleaning rooms; the recer*i - 1 .~ ad be responsible for checking customers ir :
attributes skoagliabe © . ¢ _wvate (although you may add any methods that you t

@ ovided Task 2 encapsulated skeleton code (EncapsulatedSke
converted main method and constructors for each class that do not need to be alte::

Non-Encapsulated

Cleaner.vb

Public Class Cleaner
Public name As String
Public Sub New(ByVal name As String)
Me.name = name

End Sub

End Class

Customer.vb

R
Public@f%umBooking As Integer
Public name As String
Public feedback As Integer

Public Sub New(ByVal roomBooking As Integer, name As Stri:

Me.roomBooking = roomBooking
Me.name = name
feedback = 0
End Sub
End Class COPYRIGHT
Hotel.vb PROTECTED

Public Class Hotel
Public rooms As ArrayList

Public Sub New(Bv"\'j56;L5”A5¢ArrayList) lsa

Ag

Education
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Manager.vb
Public Class Manager
Public name As String
Public Sub New(ByVal name As String)
Me.name = name

End Sub

End Class

Modulel.vb

Public sub addOccupant (ByVal room As Room, ByVal occupant
If room.occupants.Count < room.size Then
room.occupants.Add (occupantIn)
occupantIn. feedback += 1
Else
occupantIn. feedback -= 1
Return
End If
If room.clean = True Then
occupantIn. feedback += 1

Else
occupantIn. feedback -= 1
End TIf
room.clean = False
End Sub

Public Sub removeOccupant (ByVal rggm’k, §o0m, ByVvVal occup
Dim index As Integer = -’ o

For i = 0 To room.~%.=
Try . j;; I
TE A;’1“odcuﬁants(i).Equals(occupantOut) Then
adex = 1
End If

End Try
Next
If index > -1 Then
room.occupants.RemoveAt (index)
End If
End Sub

Public Sub cleanRooms (ByVal cleaner As Cleaner, ByVal hot:

Dim .room As Room COPYR'GHT
For i = O_ T;)Oéleolt(eil).Count -1 PROTECTED

room =
'"Console.Writeline (F"Eoony rnumbar 7 ﬁ’(i + 1) &
room.oCrU .0 4. jount &
Tf room.occupants.Count = ’”*;”Q‘
room.clean = T U » 7
Console.Wi’@eii w & leaner.name &
End If - '9

Ag

Education

ByVal customer As Customer)
addOccupant (hotel (customer.roomBooking - 1), customer:
Console.WriteLine (receptionist.name & e T

End Sub
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Public Sub checkOut (ByVal receptionist As Receptionist, &
ByVal customer As Customer, ByVal man

removeOccupant (hotel (customer.roomBooking - 1), custcu
Console.Writeline (receptionist.name & Lo o
takeFeedback (manager, customer)
End Sub
Public Sub takeleedback(ByVal manager A< ' nager, ByVal ¢
If customer.feedback > 0 Then A
Console.WriteLine(mana”e”.’éh;,&'“ o & custo
ElseIf customer “«=dki n-€ 0 Then
Console. ¢ .. ¥ .. (manager.name & = « & custel
E‘ “9 : e e i L Vz)
fsole.Writeline (manager.name & & custa
:r)
End If
End Sub
Sub Main ()
Dim rooml As Room = New Room(l, 1, False)
Dim room2 As Room = New Room{(2, 2, False)
Dim room3 As Room = New Room(3, 1, False)
Dim hotel As New ArraylList
hotel.Add (rooml)
hotel.Add (room?2)
hotel.Add (room3)
Dim customerl As New Customer (1,
Dim customer?2 As New Customer ¢,
Dim customer3 As New CuU . - f(;pﬁ B!
Dim customerd Asyrﬁj‘i‘«{amer(3, )
Dim customer® . : . " scustomer (2, “vrol. Plan”
*t‘JﬁS‘New Customer (3, "ol . susiara?)
k,ebtionist As New Receptionist (" ans™)
Dim¢leaner As New Cleaner ("iicrasl™)
Dim manager As New Manager (" ia-avi ™)
checkIn (receptionist, hotel, customerl)
checkIn (receptionist, hotel, customer?2)
checkIn(receptionist, hotel, customer3)
checkOut (receptionist, hotel, customerl, manager)
cleanRooms (cleaner, hotel)
checkIn(receptionist, hotel, customerid) COPYRIGHT
checkOut (receptionist, hotel, customer4d, manager) PR TE TED
checkIn(receptionist, hotel, customer)) C) <:
checkOut (receptionist, hotel, custor .', manager)
checkOut (receptionist, hotel, j1;CL,§%;7 manager)
checkOut (receptionist, hot-~., *rjpdmér3, manager)
cleanRooms (clea: {hj,exfyk lsa
n (- \_Léioﬁist, hotel, customer®) Q
t ¢receptionist, hotel, customeré¢, manager) 53
W= .ReadLine () Educa-tion
End Sub
End Module
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Receptionist.vb

Public Class Receptionist
Public name As String

Public Sub New(ByVal name As String)

Me.name = name
End Sub
Fnd Class
Room.vb
Public C 20
=
Public number As Integer

Public size As Integer
Public occupants As ArrayList
Public clean As Boolean

Public Sub New(ByVal number As Integer, ByVal size As Int:

ByVal clean As Boolean)
Me.number = number

Me.size = size
Me.clean = clean
occupants = New ArraylList
End Sub
End Class
EncapsulatedSkeleton

Cleaner.vb

Public Sub New(ByVal name As String)
Me.name = name
End Sub

End Class

Customer.vb

Public Class Customer COPYRIGHT
PROTECTED

Private roomBooking As Integer
Private name As String
Private feedback As Integer

Public Sub New (ByVal rﬁ;f.»é}};g'As'Integer, name As Stri

Me .roomBookine .~ Heom leoKing lsa
Me.name = . "e -

Ag

Education

End Class
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Hotel.vb
Public Class Hotel

Private rooms As ArrayList

Public Sub New(ByVal rooms As ArrayList)

Me.rooms = rooms
End Sub

Public Function checkRooms () As Agia;ij;t
Return rooms o
End Function

End Class

Private name As String

Public Sub New(ByVal name As String)
Me.name = name
End Sub

End Class

Modulel.vb

Module Modulel

Sub Main ()
Dim rooms As New ArrayList

rooms .Add (New Room(l, 1, False))
rooms .Add (New Room (2, 2, Trre!
rooms.Add (New Room(3, 1.7 '~ 3e,,”

Dim hotel As N~ wi%%ﬁﬁ\roéms)

‘jﬁus'New Customer (1, "Mrs. White")

As New Customer (2, "Mr. Green")

As New Customer (2, "Miss. Scarlett")
As New Customer (3, "Mrs. Peacock")
Dim customer5 As New Customer (2, "Prof. Plum")

Dim customer6 As New Customer (3, "Col. Mustard")

Dim receptionist As New Receptionist ("Jane")
Dim cleaner As New Cleaner ("Michael™)
Dim manager As New Manager ("Janhavi™)

receptionist.checkIn (hotel, customerl)
receptionist.checkIn (hotel, customer?)

receptionist.checkIn(hotel, customer3) COPYRIGHT

receptionist.checkOut (hotel, customerl, manager)
PROTECTED
cleaner.cleanRooms (hotel)

receptionist.checkIn(hotel, custc, ") -
receptionist.checkOut (hotel (j§1\§3;4, manager)
receptionist.checkIn(hc .’ ?upgémer5)

receptionist.cheﬂPﬁJll* *.4r, customer5, manager)
receptionist | ~f}m“;afhbtel, customer?2, manager) lsa
reCo i . 'i-kzeckOut(hotel, customer3, manager)

- ag
. j.cleanRooms(hotel) Ed _t.
uCcQtion

receptionist.checkOut (hotel, customer6, manager)
Console.ReadLine ()

End Sub
End Module
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Receptionist.vb
Public Class Receptionist
Private name As String
Public Sub New(ByVal name As String)
Me.name = name

End Sub

Fnd Class

Room.vb

Privat® number As Integer
Private size As Integer
Private occupants As ArrayList
Private clean As Boolean

Public Sub New(ByVal number As Integer, ByVal size As Int:
ByVal clean As Boolean)

Me.number = number
Me.size = size
Me.clean = clean
occupants = New ArrayList
End Sub
End Class

COPYRIGHT
PROTECTED

9
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3. INHERITANCE AND ABSTRAC

In this chapter you will learn:

What inheritance is and what parent and child classes are
What super methods are
What interfaces and abstract methods are and hr .. * "2y “re used
How to create object-oriented program~ it 'Yirj“fnu.rs“t‘a'hce
Inheritance 4
9 . . . . 5
When creat *ses,"you may begin to realise that some classes have certain 5
. A
code being ogntated across classes.

For example, in Task 2, the Manager, Receptionist, Cleaner and Custome
name attribute:

class Customer
private roomBooking
private name //Customer has a ‘name’ attribute

endclass

class Receptionist
private name //Receptionist has a ‘name’ attribute

endclass

This is not too much of an issue wher *F . . ve y"few similarities, but as soori
multiple identical attributes. ¢z 7en 2 netcal methods, a lot of time can be speiy
one class to another. V7, “1 o1 . téd programming solves this dilemma through

Computer

JAN

Desktop Smartphone
COPYRIGHT

iPhone | Android Phone PROTECTED
You can find examples of inheritance . v iy \ e Iﬁe above image shows the ik
different types of computer ™ ! "bv'j,s,;.vna"ritphones and laptops are all specific 3 |9
and Android pegner . - v * “specific types of smartphone. Inheritance only wor':
come up w_ﬁz swwon for a smartphone, then that definition will also work f¢ 09
work for eveka@#®nputer. Education

Simply put, inheritance refers to when one class copies the characteristics of anei
or alter that class’s methods or attributes. This means that a generic class can be
basic characteristics of a class, as shown on the next page.
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class Bird
protected featherColour

public procedure new(colour)
featherColour = colour
endprocedure

public procedure fly()
print("This bird is flying")
endprocedure
endclass

e . keyword on the featherColour attribute. If an &
llsgw only be accessed from within that class or from a class that in
<

Bird class o®mes the attributes and abilities that every bird has. However, we #

specific class that builds on this one:

class SwimmingBird inherits Bird //Inherits the attributes and methods of Bir«
public procedure swim()
print("This bird is swimming")
endprocedure
endclass

Note that this class has no defined constructor. It uses the same constructor as its parent class and s¢:

A class that inherits from another class is known as a child class, and the class th:
its parent class. In this case, the class SwimmingBird is a chjld of the parent ci:
SwimmingBird class keeps all of the characteristice .. + e in the Bird class, |

In the following code:
public procedire w2 1 <

Bi, " usown )
’ ’,WImmlngBlrd( Brown")

bird1 .ﬂy()
bird2.fly(} //SwimmingBirds can use the ‘fly’ method defined in Bird
bird2.swim()
bird1.swim(} //Birds cannot use the ‘swim’ method defined in Swimmiri
endprocedure

birdl.fly()and bird2. fly () will both print ‘This bird is flying’ because alt
does not define the £1y method, it can still use it because it is defined in its pare

bird2.swim () will print This bird is swimming’, birdl.swim () will cause ar:
does not have access to the methods defined in the child class SwimmingBird,

Inheritance is not just used to add to a parent cla-.,4 at : 1 acso be used to char
parent class act in the child class: o

class Flamingo inhpri“a AN mn_:jBlrd
public (e [URE W §
su °%9 w('Pink") //Calls the ‘new’ method from the SwimmingBir¢d
pri®Jew flamingo created”)
endprocedure
endclass

A class can inherit from a class that inherits from yet another class
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The Flamingo class inherits from the SwimmingBird class, but defines a new ct
a Flamingo object is created, the inherited Bird constructor will be replaced by ¢

The Flamingo constructor uses what is known as a super method. Super metho:
class’s parent class. So, in the previous case, super.new {) calls the new metha
(which in this case is just the new method from the Bird class).

A parent class can have multiple child classes tha*r ‘n'x."»,\c. .,:,3, along with the &t

class FlightlessBird inherits Blr,u,, \ \‘:‘ nngBlrd and FlightlessBird both ink:
public procedure ﬂ o

Any number of child classes can expand on the same parent class in different wa:

Abstract classes

While a class can have multiple child classes without causing any problems, if a ¢
than one class (known as multiple inheritance) there can be issues regarding whs
should inherit. For example, if a class tried to inherit from multiple classes as foil

class A
public procedure method()
print("Do this")
endprocedure
endclass

class B inherits A//Inherlts me”‘ < T A
endclass S

endprocedure
endclass

class D inherits B, C //Class D inherits ‘method’ from B and C
endclass

It is not clear if the result of method () in class D should be ‘Do this’ (as a result
‘Do that’ (as a result of inheritance from class C). Some programming languages
multiple classes, while others try to solve this issue by defining a priority for eacr
the classes are arranged (but this can be confusing or unintuitive to work with).

One way to get around the issues with multiple inheri*~r -, 'to use abstract cles
that declares methods without specifying how th ¢ <’E ~ 4 chese methods are knc:
example, the following class would b7z vc ™ « 3ct class:

class Abstrar*‘”la"

public abstract procedure abstractMethod(number) //This method is abstra:
endprocedure
endclass
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An abstract method only defines the method’s name and parameters (and the dat.
parameters in some programming languages) of the method. Any class that cont:
abstract class, but an abstract class can contain non-abstract methods.

You cannot create an object from an abstract class, and any class that inherits fro
all of its parent class’ abstract methods using the specified n~rameters for each =
any of the abstract methods undefined, then it will‘ b' > s ract class itself.

S

class ConcreteClass inherits AR, « | s
public procedure ahr". . “. 4= }.od(number) //This method is no longer abi

L3 L

ConcreteClass defines the abstract method in 2bstractClass, and as it ha
methods remaining, ConcreteClass objects can be created.

Abstract methods are useful because they tell the programmer what functionality
without defining a generic method in the parent class that may not be useful. For
class Dog, with child classes for different breeds of dog, there are some functior::
to implement, although they may all implement it differently.

class Dog
public abstract procedure whatBreed()
endprocedure

endclass

class Labrador inherits Dog
public procedure whatBreed(}
print("Thisdogisa' !iag )
endprocedure T

Dog would need to replace the method anyway, so declaring it as an abstract m:
Abstract methods should be used when all child classes require a certain method
implementation.

Some languages, including Visual Basic don't permit inheritance from multiple sii
implementation of multiple interfaces. Interfaces are similar to superclasses, but
not constructors or attributes.
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VB Note

VB does not allow for multiple inheritance, so the following would not be a vali¢

Public Class First
Inherits Second, Third.

In VB, abstract methods cannot be given any functior” ™~ ai 1 must be declarec¢:
MustOverride keyword. The class itself r us ‘al<. ".edeclared using the Mu=

e Sub abstractMethod ()

The method abstractMethod has been declared as an abstract method with:#
parameters. This means that any child classes will need to implement a method ¢
requires no parameters and returns no values in order to be instantiated.

In Visual Basic, super methods are implemented by using the keyword 'MyBase'. |
declared as follows:

Public Class Parent

Private a As Integer
Protected b As Integer

Public Sub New ()
a =1
=2
End Sub

Public Sub New ()
MyBase.New
b +=1

End Sub

Fnd Class

...the Child constructor will use MyBase .New to run the constructor meth¢s COPYRIGHT
increases the value of b by 1. When a Child object is created, it will not have &

attribute and so not inherited, and it will have an attribute b with a value of 3. PROTECTED

9
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Questions (Inheritance and Abstract Methods)

1. Define the term inheritance.

3. Use the pseudocode below to answer the questions that follow:

class Guitar
private noOfStrin~_ ~ 5

o JrerholdFret()

public procedure strum()

endprocedure
endclass

class ElectricGuitar inherits Guitar
public procedure adjustVolume()

endp;;bcedure COPYRIGHT
endclass PROTECTED

a) ldentify the parent class and the child <le ./ :

9
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4. Describe what happens when a class calls a super method.

5. Explain the issue caused by allowing multiple inheritar~:

6. Define the term abstract method, and explain when you might use an abstrasi

COPYRIGHT
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VB Task 3

The Task 3 skeleton code (Skeleton) contains classes for various animals, desc:
and what actions they can do.

Recreate the Task 3 skeleton code so that it keeps the same functionality but ad¢
Animal, Reptile and Mammal. The Animal class should i~ clude abstract met}

Classes should inherit from other classes as apor pii. *nmd as much functional
moved to the three new classes. The 3 . * « 10u should not be altered.

T —

Private coldBlooded As Boolean
Private skinType As String
Private tail As Boolean
Private legs As Integer
Private arms As Integer
Private wings As Integer

Public Sub New ()
coldBlooded = False

skinType =

tail = True

legs = 2

arms = 0

wings = 2
End Sub

Private Sub move{) . ,
Console.Writ .- i 4o animal {lies’)

‘ n
Prlvaxwﬁé ,,,,, o eat ()

Console.WriteLine (" "h s animal 15 an oanive e™)
End Sub

Public Sub birth{()
Console.WritelLine (
End Sub

Private Sub hibernate ()

Consocle.WriteLine ("7 s anina) Lhornatea™)
£nd Sub COPYRIGHT
Public Sub getInfo() PROTECTED
Console.WriteLine ("ian ™)

If coldBlooded Then L

Console.WritelLine (171 ,affym~{[lg~v~, st
Else R A '
Console.Wr*ffffhé,favf% s imal Le wanmeDloooiad™) lsa
End If S -

11 0, < osNot Nothing Then (JS;
:%wsole.WriteLine(“ Fe ariiing SO T ;7 & sk g
En Education
If tail Then

Console.Writeline (" his wyims . Sae s b ")
End If
If legs > 0 Then

Console.Writeline (” . e ras U & legs &
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End If
If arms > 0 Then

Conscle.WritelLine (" 'his arims : Y& arms &
End Tf
Tf wings > 0 Then
Console.WritelLine("ihiis aninma’ has 7 & wings &
End Tf
move {)
eat ()
birth ()
hibernate () )
Console.Write™ + < ° R
End Sub T

Gorilla.vb

Public Class Gorilla

Private coldBlooded As Boolean
Private skinType As String
Private tail As Boolean
Private legs As Integer
Private arms As Integer
Private wings As Integer

Public Sub New ()
coldBlooded = False

skinType =

tail = False

legs = 2

arms = 2

wings = O
End Sub

End Sub

Private Sub eat ()
Conscle.WritelLine (77 RO s e s =7
End Sub

Public Sub birth{()
Conscle.WritelLine ("7
End Sub

COPYRIGHT
Public Sub getInfo() PROTECTED

Console.Writeline ("fior: 207
If coldBlooded Then ]
Console.Writeline ("95his o e Ay;ixwh S ARSI N A

Else

Console.Writel® . )
End If IR 19
If =&inTy - ..loc Nothing Then

sc};;WfiteLine(”11¢ Anial Ls coverad C& sK (JE;
It Then Education
Conscle.Writeline (" . s anlimal nas o Tal ™)
End If
If legs > 0 Then
Conscle.WriteLine (”© 2o nes T & legs &
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End If
If arms > 0 Then

Console.WritelLine (" 'his arims : Y& arms &
End If
If wings > 0 Then
Console.WritelLine("ihiis aninma’ has 7 & wings &
End If
move {)
eat ()
birth ()
Console.WritelLine (' .~
End Sub o

Module Modulel

Sub Main ()

Dim tortoise As New Tortoise
Dim turtle As New Turtle

Dim snake As New Snake

Dim otter As New Otter

Dim gorilla As New Gorilla
Dim bat As New Bat

tortoise.getInfo ()
turtle.getInfo ()
snake.getInfo ()
otter.getInfo ()
gorilla.getInfol() .
bat.getInfo () oo

End Module

Otter.vb

Public Class Otter

Private coldBlooded As Boolean
Private skinType As String

Private tail As Boolean COPYRIGHT
Private legs As Integer PROTECTED

Private arms As Integer
Private wings As Integer

Public Sub New ()
coldBlooded = False{

SkinType = " R S l
tail = F=1 S 9

Ag

; Education

End Sub

Private Sub move ()
Console.WritelLine ("7 nis sviyms . wa e s sy ima®)
End Sub
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Private Sub eat ()
Console.WriteLine (7' SomT s woan ormmivoars’™)
End Sub

Public Sub birth{()
Console.WriteLine ("7

End Sub

Public Sub getInfo()

Console.WriteLine(;Q~w:ijj,w“
If coldBlood=a" ' .~ |
conso ow . Terine (TUhiv snlmsl le o oolooblocdad”)

B :ole . Writeline ("7This snimsl Lo walm-bnloodad’)
Ena lf
If skinType IsNot Nothing Then
Consocle.WritelLine (7 ue s aooove e on Y& sk
End If
If tail Then
Console.WritelLine (" i arnimal bas o= a7
End If
If legs > 0 Then
Console.WritelLine (" 'his o : “ & legs &
End If
If arms > 0 Then
Consocle.WritelLine (" 'nos - e s Y& arms &
End If
If wings > 0 Then
Console.WritelLine ("7his animal b - | & wings &
End If g g
move ()
eat ()
birth ()

Console. V- "t “n.)"

Snake.vb

Public Class Snake

Private coldBlooded As Boolean
Private skinType As String
Private tail As Boolean
Private legs As Integer

Pr%vate a'rms As TInteger COPYRIGHT
Private wings As Integer PROTECTED

Public Sub New()
coldBlooded = True

skinType =

tail = True . y

legs =0 e o

P |9
a9

Private Sub move () EdUCQ'thn

Consocle.WritelLine (" nis animal siitnoos™)
End Sub

Private Sub eat ()
Consocle.WritelLine ("7 mis anims Lnon carnavare™)
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End Sub

Public Sub birth{()
Console.WriteLine ("ini s aninal Lavs agas™)
End Sub

Private Sub hibernate{)
Console.WritelLine (" 7his animal =~ e foaa )
End Sub

Public Sub getInfo{)
Console.WriteLir_. ~r @ oo
If coldBlors s i v’

fygtéiine(”“? B s bole L ooded™)

If skinType IsNot Nothing Then

Console.WritelLine (“ ;o E e e " & Sk
End If
If tail Then

Console.WriteLine (" i nAim SR 2

End If
If legs > 0 Then
Console.Writeline (" 7nis aniwmal has 7 & legs &
End If
If arms > 0 Then
Console.WritelLine (* . e nasn Y& arms &
End If
If wings > 0 Then
Console.Writeline ("This animal has 1 & wings &
End If T
move ()
eat ()
birth ()
hibernate ()
CoNnga e .~ S ne{)

End Class

Tortoise.vb

Public Class Tortoise

Private coldBlooded As Boolean
Private skinType As String
Private tail As Boolean

Private legs As Integer COPYRIGHT

Private arms As Integer

Private wings As Integer PROTECTED

Public Sub New ()
coldBlooded = True

skinType = .
tail = True s - E o
o)
Education
Private Sub move ()
Console.WriteLine (" "is aninal walks’)
End Sub
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Private Sub eat ()
Console.WriteLine (77 SRR CIENTCR G Ch R R A
End Sub

Public Sub birth{)
Console.WriteLine ("Uiis srnima. Savs eggs’)
End Sub

Private Sub hibernate ()
Console.WritelLine ("
End Sub

Public Szb - L‘Lﬁpkf“
>, iceline ("Tortoise: )

It ¥Blooded Then

Céhsole.WriteLine(”??.« s s Le oold-blooded™)
Else

Console.WritelLine (" i avima .l Lo warm-Dloodsd™)
End If
If skinType IsNot Nothing Then

Console.WriteLine (" BT & s
Fnd If
If tail Then

Console.WritelLine (" 'his v : E !
End If
If legs > 0 Then

Consocle.WritelLine (© & legs &
End If
If arms > 0 Then

Console.WritelLine (* & arms &
End If
If wings > 0 Then )

Console.WriteLin ?'f,f&i?;, hes Y& wings &
End If - -

Console.WritelLine ()
End Sub

End Class

Turtle.vb

Public Class Turtle

Private coldBlooded As Boolean COPYRIGHT
Private skinType As String PROTECTED

Private tail As Boolean
Private legs As Integer
Private arms As Integer
Private wings As Integer

Public Sub New () k'ﬁ( i v lsa
coldld oc  Trag
T ;. R ag
ta W True .
Il Education
arms = 0
wings = 0

End Sub
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Private Sub move ()
Console.WriteLine ("7 SRR EE N B Ot sl mwtma )
End Sub

Private Sub eat ()
Console.Writeline (" s srims. soar omniuny e ™)
End Sub

Public Sub birth ()
Console . Writeline (77
End Sub

© 7 s atc( )
L vAdveline (PThis snimal hiberneios”)

Public Sub getInfol()
Console.WriteLine (77 sy =)
I1f coldBlooded Then

Console.WriteLine (" i« nAim oo id-Dioodad™)
Else

Console.WritelLine (© 2o Cown e Loocdad™)
End If
If skinType IsNot Nothing Then

Console.WriteLine (" s v DoV T .7 & sk
End If

If tail Then
Console.WriteLine ("t animal has a4 )

End If

If legs > 0 Then )
Console.WriteLine ("7hiv wn’ 7 % - & legs &

End If ' .

If arms > 0 Then . g
Console.erﬁﬁ[;nékj?ﬁgﬁ ariwal has 7 & arms &

End If A

IS _NJ'Then
: wgole.WriteLine(”Titz sriimal has Y& wings &

eat ()

birth ()

hibernate ()

Console.WriteLine ()
End Sub

End Class
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4. POLYMORPHISM

In this chapter you will learn:

What polymorphism is

What the different types of polymorphism are and how they are used
What virtual methods are and how they are ucnc' ; :

How to create object-oriented prograrr Vit L,«.'torphlsm

- -

1. Overriding (which replaces one method with a new method of the same ¢
2. Overloading (which allows multiple methods with the same name to exis

Polymorphism is important for object-oriented programming because it means ti
multiple implementations depending on how it is being used, instead of declarir:
for each different implementation. This is useful because it allows different pari:
without needing to know which specific implementation is required, allowing for
program.

Overriding

One of the most common uses for polymorphism is to b A /. child class to ‘over:
class. This is an example of overriding. ’ '

Overriding simply replaces one ir we T \’ «ton of a method with another. For ex
parent and child classe~; -+ ".» 7 -

private teg’s

public procedure new()
this.legs = 4

endclass
class SlowWorm inherits Lizard

public procedure new() //This replaces the ‘new’ method from Lizard
this.legs=0

endclass

The SlowWorm class inherits every metb ~os Iu ;“ /inthe Lizard class by dei:
constructor method new. =

Because a S]cgmio: * e ;- t Liave any legs, it cannot use the same new method
however, 33

1199 ec .-oriented programming languages require constructors to h:
st
case new’), N

iy
override the new method of its parent class, Lizard.

PO the only way a constructor can be defined for the SlowWorm#
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The constructor is not the only method that can be overridden. Any method that :
class is known as a virtual method. Virtual methods are declared differently depsei
language; for example, methods in Java are virtual by default and are made non-%

keyword (which prevents child classes from overriding it), whereas in VB the Ove
to allow the method to be overridden.

class Lizard

public procedure move()
print("The lizard wz"2x ) °
endprocedure C L

‘inherits Lizard

final public procedure move() //This method cannot be overridden
print{"The lizard slithers")
endprocedure
endclass

This program overrides the virtual method move in the 11 zard class. The inclug
definition for the move method in the SlowWorm class means that if another cla:
SlowWorm it would not be able to override move because it is defined as a non-:

VB Note

[n VB, methods are made virtual using the Overridabl -~ - yword:
Public Class Lizard

Public Overrid

The NotOverridable keyword, applied to any methods that override the meth
method non-virtual:

Public Class SlowWorm
Inherits Lizard

Public NotOverridable Overrides Sub move ()
Console.Writeline ("The lizard Slithers") COPYRIGHT

End Sub PROTECTED

End Class

A class that inherits from SlowWorm we St b .bleto override the move m«
NotOverridablekeyWOH1erme 5);x""
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Overloading

The other type of polymorphism is overloading. Overloading allows multiple me?
combinations of parameters to use the same name. For example, you may want i
when instantiating an object:

class Cat
private age I
private legs

public procedure re .. . /115 ‘new’ method takes 1 argument
thiS Ty T Lt !

public procedure new(age, legs) //A second ‘new’ method takes 2 argu:

this.age = age
this.legs = legs
endprocedure
endclass

mia = new Cat(6)
percy = new Cat(12, 3) //Both ‘new’ methods can be called

The Cat class is defined with two different constructors. The constructor to be i
depending on the arguments that are passed to it; so, when mia is instantiated, &
(because one argument is given), but when percy is instantiated the second cor
arguments are given). '

It's possible to have two different constr’ =+ - m "~ ne’same number of paramei
do not have the same data types ..« = . -.eorder. You could have a string folla
followed by a Boolean. ' 4 .« ""'j:a ~ven have a string followed by integer for oné
g 1.other. The only thing you can’t do is create two const::
: ,;.Zerks with an identical sequence of data types, even if those par.

Unlike overriding, which allows one method to act in place of another, overloadiz
methods which simply share a name, so overloading is not considered to be ‘true’

VB Note

[n VB, the following constructors could exist within the same class:

Public Class Cat

COPYRIGHT
Public Sub New(ByVal name as String, ByVal age as Int PROTECTED
End Sub

End Sub

Public Sub New(ByVal age as Intcmxl Owner as S

Fnd Class

9
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Public Sub New (ByVal legs as Integer, ByVal name as S
End Sub
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Questions (Polymorphism)

1. Define the term polymorphism, and explain why polymorphism is useful.

print("Type: Object")
endprocedure

final public procedure display()
print(this.value)
endprocedure
endclass

class Number inherits Object

public procedure type()
print("Type: Number")
endprocedure

public function add(num1, num?2)
return{num1 + num?2)
endfunction

public function add{(num1 .. v = "Nu.3)
return{(num? - ..a % .an3)
endfunctic-, -~ oo
endzas

COPYRIGHT
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VB Task 4

The Task 4 skeleton code (Skeleton) provides a series of calls to various methex
and provides expected results for each method call.

Use polymorphism (method overriding/overloading) to implement the methods ¢:
skeleton code so that the expected results are produced. Ne ~hanges should be

Shape.vb

Public Class Shape

A 9 - ,»“L . )
1kgﬁrlaNum As New StringToNumber
26\350"

End Class

StringToNumber.vb

Public Class StringToNumber
Public Function convert (ByVal s As String) As Integer

If s = “"=ne™ Then
Return 1

ElselIf s = "two" Then
Return 2

ElsclIf s = "tnrao” Then
Return 3

ElseIf s = "icuov® Then
Return 4

Elself s = "iiv#" Then
Return 5

ElseIf s = "uix® T4¢1"
Return € "

ElselIf s = *© =" Then
Return 9

Else
Return -1

End If

End Function

Public Function convert(ByVal number As Integer) As Integ:
If number >= 1 And number <= 9 Then COPYRIGHT
Return 9 PROTECTED
Else
Return -1
End If
End Function

End Class ) ‘,i'”;ynw A lsa
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Modulel.vb

Module Modulel

NS € Oone vailuer U

circlel As New Shape(2)
circle2 As New Shape ("thre "'~

Dim rectangleTﬂwaNéyAhhabe
Dim rectzn. .. A Néw Shape

P
P
gos

“)wQ%@; “z have three
Dif®Crianglel As New

Dim triangle2 As New

pl x
the

th.Powia

.

i

circlel.perimeter ()
circlel.area() °*

£t
>

rectangle2.perimeter ()
rectangleZ.area () "Shoulc

TOC

COPYRIGHT
b PROTECTED

triangleZ.perimeter ()
triangleZ.area ()

‘ﬁf}if”ﬁf 19
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5. CLASS RELATIONSHIPS

In this chapter you will learn:

What class diagrams are, why they are used, and how to create and understs
What composition and aggregation are

When composition should be used over inheritar .. "

Class diagrams

A very impog 35, 4 . ;'j,vauje'cvf-oriented programs is the relationships betwee:n
There are n ffer‘e"ht types of relationship in object-oriented programs, and &
SCope, it can"di'i‘ﬁcult to understand the relationships between different classz
by using Unified Modelling Language (UML) class diagrams - visualisations that :

methods and relationships that form systems.

In a UML class diagram, the following symbols represent the following visibility
attribute or a method may have:

e Public(¥)

e Private (-)

e Protected (#)

e Static (underlined)

e Abstract (italics)

Classes are defined in UML diagrams as follows:

W s W

I P

Take, for exam’p[‘é, the Bank class from Task 1:

class Bank

private accounts

private latestAccount

public procedure new()
pub'l.i.c function login()

pubii.gprocedure deposit(number)

pubii.gprocedure withdraw(number)
pub‘l.i.c function checkBalance(le',~,' v
pub‘l.i.c procedure - 1 \.U =

endclas;. 11
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A UML class diagram would represent the Bank class as follows. Note that the ¢
shares the name of the class instead of the keyword 'new':

Bank

-accounts
-latestAccount

Ea?kg} " . da. ; flag.ams can sometimes inci:
"Hngi} . .0 . ..idraw(number)’), but this is not:s
i 4 « . ciutse whether or not to include the pai:

d%pﬂSﬁ(} : o ; are for understanding the system.
+withdraw(}
+checkBalancal)

UML class diagrams can also show association between classes. For example, in &
customer class is associated with the room class because there is a relationshi;
(i.e. customers have bookings for certain rooms, and each room can contain differ
his is demonstrated by a line connecting these classes in the diagram as follows:

Customer -
-roomBooking -number
pame -5a
feadback -otcupants
: -clean
+Customer() hasbibiste ML |
+positiveExperience() :Rgggé}u .
+negativeExperience(} j‘ f E{}m
+getFeedback() il
+getRoom() +HsEmpty()
* étName(} L S *clean()
i o] +getRooms| |
As well as 1, a ,1Lm*l”o'ns,l UML class diagrams can include inheritance relat
Altibutes <] Altibutes
Methods() Methods()

In a UML class diagram, a child class does not need to display the methods and &
parent class, although it can be helpful to display any inherited methods that hav

Composition and aggregation

Another type of association between classes that is often seen is called compositi
composite object is formed from a collection of different corronent objects, whe
objects can only exist as part of a composite object . '

For example, a university is formed bv = csie « . 101 different departments. Each ¢
a department will only exist fa .« {‘o?jt_@,s tnie university does. If the university close

This relationsbia wrt = %, « j0.vn as follows:

sssss

Altributes @ | Alrbutes
Methods() Methods()
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The end of the line with the filled-in diamond is the composite class, and the ot#
component class. In this case, University is a composite class and Departme:

There is another type of association whereby several component objects combini
as aggregation. Aggregation is very similar to composition, but the component ¢k
the aggregated object. For example, a computer is made up from a number of se;
component exists as an object in its own right; therefore *  su disassemble the ¢
continue to exist even though the computer no e .t “ ¢ s. This relationship wa

- - ;---H Ao

oy. ... Computer
© o pAttributes
: R Methods()
CPU / \mmm
Attributes Aliributes
Methods() Methods()
Monitor
Allribules
Methods()

The end of each line with the hollow diamond is * .iv i’”&j«“; ,‘Qation class, and the &
component classes. In this case, Compt <. . n agygregated class, while CPU, M«
component classes. s

vs 7 ustinction between composition and aggregation. For
M and universities a composition, as a lecturer is no longer a lect

. e o . .
orisitan ag‘cg’atlon, because a lecturer still exists as a person without a univer

whatever model is most useful for the system that you are designing.

When designing an object-oriented program, there are some basic principles that

¢ Encapsulate what varies — if the implementation of a particular aspect of a pi:
being developed, then it should be encapsulated from the rest of the program

¢ Favour composition over inheritance - inheritance relationships can get comp
created, especially if using multiple inheritance. Instead, it is often better to i
can use parts of many different components while avoiding this complexity. CP:ISCS'I'YElacI:?EHJ

e Program to interfaces, not implementation - use abstract methods wherever ¢
implementation from a parent class so that you de=™* - & to change child cla
the parent class changes. S
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Questions (Class Relationships)

1. Explain what UML class diagrams are and why they are used.

2. State the similarity ba_ = <. ih;n,,yusitibn and aggregation.

ram N i
Attributes @ - - — Alrbutes
Methods() S Methods()
1
5 :::
e Allributes
Methodsi)
a) Describe the relationship between class A and class B.
b) Describe the relationship between class A and class C. COPYRIGHT

PROTECTED
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UML Class Diagram Tasks

1. Draw a UML class diagram for the system created by the ‘Task 1 (Answers) cos
2. Draw a UML class diagram for the system created by the ‘Task 2 (Answers)’ coc
3. Draw a UML class diagram for the system created by th~ "Task 3 (Answers)’ cot

4. Draw a UML class diagram for the system -re tec. i‘j,at{a‘e “Task 4 (Answers)’ coc
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PROJECT 1: FOUR IN A ROW

Introduction
Four in a Row 1s a game in which players take turns adding tokens to
one of the columns on the game board.

Tokens fall to the lowest position in the ch <& 1. ‘urrin that does not
already have a token in it. Once 0 ..+ . 2 plaj/efs has placed four of
their tokens in a straight I".. /(e ’ = vertically, horizontally or
diagonally), they v .~ g..é.

9!/ and no player has won, then the game
ends in a diaw.

Task
Using the following UML class diagram and class descriptions to help
in a Row.

e The game must allow for a minimum of two and a maximum o:

e The game must allow each player to enter their name (duplicat: F
accepted) | °°

e The game should give the players the ability to choose how mar
10), and how many columns (between forr - "’10) the game boz

You may use the FourinaRow %= &1, odé'to help you.

Board
-columns
-TOWS
-board
+Board{)
+display() COPYRIGHT
+columnFull() PROTECTED

Player +boardF 7
-playerName + ol W LAY
-playerNumber _ + racdToken()
+Player() - -——*checkWinner() 9
-checkVertical()
-checkHorizontal(}

%
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-checkRightDiagonal(}
+checkWinner() -checkLeftDiagonal()
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Class Descriptions

Player
Attribute/Method Description .
playerName Specifies this player’s name. W
playerNumber Specifies the number of += - Slayer’s token.
Player () Createsa new F e, eaaj_ect
getName () Arm_ st irzaqy‘érName.

getNumber ()

A cessor for playerNumber.

| Asks the player to pick a column to place their to!

column is given, and adds their token to the giver

Returns the player’s name if they have won, or "}

Board
Attribute/Method Description m
columns Specifies the number of columns on the game bo
TOWS Specifies the number of rows on the game boarc:
board Keeps track of which player’s token (if any) is stor
board.
Board () Creates a new Board object.
display () Displays the current state of the board.

columnFull ()

Checks whether a giver -~ mn is full.

A

boardFull ()

Checks whether ine ’:E,mg board is full.

getWidth ()

addToken ()

R

" * .as a given token to a given column.

Ar .5 . columns.

Checks the board for a winner, returning the wiri
there is no winner.

Checks for vertical lines of four matching tokens,
of the player who made the line, or O if there are

checkHorizontal ()

Checks for horizontal lines of four matching toke:
playerNumber of the player who made the Li¢
lines of four.

checkRightDiagonal ()

Checks for left-to-right diagonal lines of four mat
playerNumber of the player who made the Lir
to low-right diagonal lines of four.

checkLeftDiagonal ()

Checks for right-to-left diagonal lines of four mat
playerNumber of the player who made the li¢

to low-left lines of frjj v
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PROJECT 2: SINKING SHIPS

Introduction

Sinking Ships is a game in which two players place a number of
ships of various length on their own board, which 1s hzdden from ‘
the other player.

R

Smaa

i
i
¢ 1

Players then take tumns calling out on. < “1. e Lc:é on their
opponent’s board Their oppC;. it °r o dtells them whether the
shot hit ormissed ar < .. #. ships.

s re Vez’y tile that contains a ship on their opponet:

Task
Using the following UML class diagram and class descriptions to help *
Sinking Ships.

e The game must have one human player, and one player control.
computer player can be made to target random tiles).

e The player should be able to choose how many rows (between 1!
columns (between 10 and 26) the game boards should have.

e Players cannot shoot tiles that they have already shot, and befc:
their shot, they should have the option to look at their own boar:
their ships and the tiles that the computer plaver has taken shc
shots hit or missed) or the opponent’s br~t - s \owing the tiles £
taken shots at, and whether thos: s of<. “ .t or missed, but not s
opponent’s ships). !

. Player input ¢t 2 J - 91Ven as a number, to indicate the colun:
e mdlcate the row (firstrow is A, second row is B, ¢

You may use the Smkmg Ships skeleton code to help you.

UML Class Diagram
Player HumanPiayer
#plaverNumber #placeShips()
fiplayerBoard  g(—————+takeShol{)
+Player() H#HoetColurmn()
+getNumber{) #HgetRow() CO PY RIGHT
+getBoard() P ROT ECTE D
tiplaceShips()
+HakeShol(}
#igetColurmng)
#igetRow() Board ;
-columns e P
-TOWS o T
- 1 yertlumber
"1 +Board() 09
o +display() H
ComputerPlayer| +getWidth() EdUCQthn
#placeShips() +getHeight(}
+akeShol() / +takeShol(}
#getColumn() +placeShip{)
#gelRow() +checkWinner()

Introduction to OOP (VB.NET) Page 46 of 61



Class Descriptions

Board

Attribute/Method Description -
columns Specifies the number of columns on the game board. W
rows Specifies the number of rows on **.  jame board.

board Keeps track of the ship | «d. fwr “nd'shot locations on th:
playerNumber Specifies th~ =~ x y_ftr;é/playerthat the board belongs
Board () €.y A Fc_v Board object.

display o ',jis;léys the current state of the board, only showing shig

at their own board.

getWidthyvy )

Accessor for columns.

getHeight ()

Accessor for rows.

takeShot ()

Takes a shot at the given location on the board.

placeShip ()

Asks the player to pick a location on the board and an orit
for a ship of a given length until a valid location and orier
ship on the board, and then adds the ship to the board as

checkWinner ()

Checks whether all of the ships on the board have been =i

Player
Attribute/Method Description
playerNumber Specifies this player’s number.
playerBoard Specifies this player's bo- 1 ~ _
Player () Creates a new "._ -, —r w_féctr."

getNumber ()

getBoard /g

Acey o ?f{fin kgla’i}ekrNumber.

,,,;;"es‘sic‘)r for playerBoard.

o3
o |
HumanPla X5

Attribute/Method

Description

placeShips ()

Places all of this player’s ships onto their board, displayit
which ship they are placing and to confirm that they have

takeShot ()

Gets a valid location on a board and takes a shot at it, dis;
the player another chance to take a shot if they select ar

getColumn ()

Gets a valid column on a board from player input, displavi
player another chance to select a column if they select an

getRow () Gets a valid row on a board from player input, displaying :
another chance to select a row if they select an invalid re:
ComputerPlayer
Attribute/Method Description

placeShips ()

| ,, ’t,‘.vis_bflpayyer’s ships onto their board, displayizj;g

~ Npuer is placing its ships and another message to say °
1 have been placed.

Gets a valid location on a board and takes a shot at it.

getColumn ()

Gets a valid column on a board.

getRow ()

Gets a valid row on a board.

Introduction to OOP (VB.NET)
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PROJECT 3: CHESS

Your Task
Chess is a game played on an 8 x 8 game board whereby two players F:
ncluding one King. Players take turns to move one of their preces.

Each piece has different rules for how it ca~ ..z 0 : Y",é?[uUHd the board, &:
onto a tile containing one of the ov-..» s ~1eces, the opponent’s pie:

The winner 1s the pla= - i w f,faﬂézgés to take their opponent’s King.

gig fj«bi\/fL'Class diagram and class descriptions to help ®

e When it is a player's turn, they must select the tile with the piec:
move (if this tile doesn't contain one of their pieces, a message ¢
the player that they don't have a piece on that tile and they shot
selection again) and then select the tile that they would like to
not a valid move, a message should be displayed to tell the play¢
and they should be asked for their move again).

e Player input should be given as a number, to indicate the colun:
and a letter, to indicate the row (first row is A, second row is B, &

e You may use the Chess skeleton code to help you.
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UML Class Diagram

Player

#oolour

+Player()
+qetColour()

+movePiecel)

HumaﬁPIayer

#rrovePiecel)

l3tard

P '*‘w ‘2(1

Lt

gameOver

Boar~

i

+Board{}
+display(}
+petWidth{}
“getHeight(]
+qamelver()

-getFos)

Knight
+Knight()
+yalidhdove()

Bishop

+Bishop()
+yalidhigvel)

+pieceAl)
smoveoPioco)
HakePiece()
-upgradePiece()
~setupll

ey
A

Queen

+Queent)
+yalidblovel)

DiagonalMovement

+yalidhMovel)

BasicMovement

svalidhtovel)

¢

Piece

#eolour
#type
#range

+Piace()
+getType()
+qetColour()
+yalidMove()

King

+King{)
+validhove()
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Class Descriptions

Board
Attribute/Method Description -
columns Specifies the number of columns on the game board. M
TOWsS Specifies the number of rows on thc « ame board.
board Keeps track of the piece ! ,.4 i’"bz_,s 7; the game board.
gameQOver Specifies whett \_. ?Lre""gafhe has been won.
Board{) Cre~ o § ne h 304rd object.
display () \lay_s the current state of the board.
getwidt \ ‘Accessor for columns.

Accessor for rows.

getGameOver ()

Accessor for gameQver.

piecelAt ()

Returns the piece at a given location, or none if that locat::

movePiece ()

Tries to make a given move, displaying a message saying
message saying that the move is invalid.

takePiece ()

Displays a message to say which piece has been taken by ¥
gameQOver = True if the piece which has been taken |

upgradePiece ()

Replaces a pawn with a queen if it reaches the end of the |

setUp ()

Sets up the board with all pieces in their starting positions

Player
Attribute/Method Description ;
colour Specifies this player’s role i . .
Player () Createsanev = 7a :L;bjéét. |
getColour () | Ac . . ‘v colour.
HumanPl:
Attribute/M#%5q Description

movePlece ()

Asks a player for the start and end locations of their move @
locations, then makes the move and returns whether or nct

getPos () Checks that the player has given a valid location, returning
numbers if one location has been passed to getPos or mid
two locations have been passed.

Piece

Attribute/Method Description m

colour Specifies the colour of this piece.

type Specifies the name of this type of nic - ..

range Specifies the number of ti' ..~ 1"i5_;.féze*'can move in a turn;

Piece() Creates a new ® . . ij(:ﬁ; ;

getPieceType ()

getColou g

Acces o for Ly pel

s« . ssof for colour.

‘| When moving, a piece must end on a tile on the board, cany

started on, and cannot tand on a tile containing a friendly @
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Pawn

Attribute/Method

Description

Pawn ()

Creates a new Pawn object, with type = "pawn'".

validMove ()

A pawn can move one tile straight forward if there is no pi&
diagonally forward if there is an enemy piece in that locatic
straight forward if it is in its startina ~ sition and there are
tiles in front of it. -

Knight

Attribute/Method N 2 m— -

Knight (g " dates a new Knight object, with type = " knight:
validMo e o A knight can move two tiles vertically and one tile horizont:

one tile vertically. A knight can jump over pieces.

Rook

Attribute/Method Description

Rook () Creates a new Rook object, with type = "rook™.

validMove ()

A rook can move any number of tiles in a straight line as Loy
between it and the end tile.

Bishop
Attribute/Method Description
Bishop () Creates a new Bishop object, with type = "bishop!

validMove ()

A bishop can move any number of ¥ * 'in a diagonal line &-
between it and the end tile_, ~

Queen
Attribute/Method | "2 -4 v °
Queen () .rdates a new Queen object, with type = "Queen".

A Queen can make any move that a rook or bishop can mai

King
Attribute/Method Description
King () Creates a new King object, with type = "King".

validMove ()

A King can move one tile in any direction.

BasicMovement
Attribute/Method Description COPYRIGHT
validMove () Makes sure that the given move meets the basic criteria for PROTECTED
StraightMovement
Attribute/Method Description

validMove ()

Make~ 1 et 3 .<’given move meets the criteria for a vaii
gt e

9
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Description

validMove ()

Makes sure that the given move meets the criteria for a vali
diagonal line.
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CROSSWORD (OOP CONCEPTS)

15
16
17 18
20
2
PR

23 24

25
Across Down
1 Allowing different implementations of a method to use the same 2  When one type of

method name (12) a different type of &
4  Forming one larger object from multiple smaller objects, where the 3 When achild class

smaller objects cannot exist separately to the larger object (11) (8,11)
7 A method or attribute of a particular class that can be called by any 4  Atemplate defining

other class (6) object from which =
10 Aninstance of a data structure that has its own attribute values and 5 Aclass thatis inhes

associated methods (6) 6 Class method that ¢ CO PY RIGHT
11 The process of creating an object from a particular class (13) class have been ir:s PROTECTE D
13 A class that contains abstract methods and cannot be instantiated 7 A programming pai;

(8,5) ’ series of steps that
15 A method whose name and parameters are defined butthat ¢ .. + .- "8  Avariable or constz

have any implementation (8,6) A object (9)
17 A method or attribute of a particular class the s » be wdlled 9 A method that cre::!

within that class or its child classes /7, + ~ V. 12 Any method that ¢
18 A public method that char~z . » T - ora private attribute (7) 13 A public method ths lg
20 A method oggaribt "= ¢ ; suidr class that can only be called attribute (8)

within tr - ) 14 When a child class 09
22 Creating gau¢°'€ implementations of the same method that take a method (5,6) .

different aX#%ient types (11) 16 A subroutine belori EdUCQ—tlon
23 Aclass that inherits fram anather class (5,5) 18  Superseding the i
24 Grouping together related data and subroutines into classes, and in its child class (14

providing controlled access to that class's private attributes (13) 21 A particular approz:
25 Forming one larger object from multiple smaller objects, where the (8)

smaller objects can exist separately to the larger object (11)
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ANSWERS

Questions (Chapters 1-5)

1 - Fundamentals of Object-Oriented Programming

1. A programming paradigm is a particular style ¢* .- @ ,Yj"mn'ng. (1)

2. Object-oriented programming ar~' ¢ €0 « o v values and subroutines as object!
programming runs throi~l ~ erie f subroutines in sequence. (1)

Lo ar defines what attributes and methods an object should

4,  Astatic method may be used to perform an operation that corresponds to the ci:
particular object of that class, (1) or when the method may be used even if the ¢
mark

5. 1 mark for suitable attributes; 1 mark for including a constructor method; 1 maz?
the time; 1 mark for including a method to display the time; 1 mark for displayis:
1 mark for including a method that updates the display time each minute.
Accept any sensible approach that meets the requirements of the question. For ¢

class DigitalClock
private hours
private minutes

public procedure new{currentHour, currer\H\ L a)
this.hours = currentHour % o
this.minutes = currentMI' . P

endprocedure - ;e

@ rC . U etrfour(currentHour)
hours’= currentHour

public procedure setMinute(currentMinute)
this.minutes = currentMinute
endprocedure

public procedure displayTime(currentMinute)
print(this.hours + ":" + this.minutes)

endprocedure
public procedure newMinute() COPYRIGHT
if this.minutes < 60 then
this.minutes = this.minutes + 1 PROTECTED
else

this.minutes =0
this.hours = this. hourc i 1
endprocedure .

9

\is " uis'< 24 then 09

wcow“ this.hours = this.hours + 1 Education
this.hours=0
endprocedure

endclass
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2 -

Encapsulation

N =

Encapsulation is the grouping of data and subroutines that relate to each other.

If an attribute or method is public, it will be available to any part of the prograri
private, it can only be accessed from within the class in which it is defined. (1)

An attribute may be made private to prevent it from bein. icorrectly altered ei:

An accessor is a method that returns the va'ue st'a ",,J'ukte attribute. (1) A mutat
value of a private attribute. (1)

Accessors are used tc ¢ - i~ Jawie of a private attribute outside of its class. {
value Ofaglilva @~ ue outside of its class. (1)

e
Xt

If full agPedh the attribute is needed outside of the class, the attribute should !
accessors and mutators, (1) because accessors and mutators should be used to //
attributes. (1)

3 - Inheritance and Abstract Methods

4.
5.

Inheritance is when one class uses another class as a base which can then be ex’
1 mark for showing a correct inheritance relationship; 1 mark if all inheritance ¢
Accept any diagram that shows a clear inheritance structure between at least th:

2 marks: all inheritance relationships are correct between at least three things, ¢

Reptile

VAN

Lizard

PN

*"ﬂ:.f.’ta'ri‘Ce relationship shown, e.g.:

h¥

Lizard

0 marks: no correct inheritance relationships shown, e.g.:

Reptile

Snake  f——> Lizard

a) The parent classis Guit- ;1" 'r*‘j(; <hild class is ElectricGuitar. (1@

the parent class = - . .. “".d class)
b) Els@ic> - :inheritsthe attribute noOfstrings (1) and the methc

ta"rf (Max. 2 marks if adjustVolume is given as an inherited mz
When a su‘bér method is called, the version of the method in the current class’s :

Multiple inheritance can cause conflicts if a particular method has one impleme:
different implementation in another parent class, (1) as the program may be uris
the method should be inherited. (1)
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An abstract method is a method that has been left undefined in a particular clas:
any child class that inherits it. (1) You might use an abstract method to highligt
implemented in child classes but that will have a different implementation in e

Polymorphism

Polymorphism is a way of allowing a particular method fc | ave multiple differei
Polymorphism is useful for allowing methods tr "¢ << . d ca different data type:
the specific implementation of the metht e (1' -

a) Object cannot over e an\/ ) e methods in Number because Object
by typedsar-v. 1 e nethod (1) because the implementation in the chiiz

Nt orin the parent class Object. (1)

) ty g&v’ Jd is an overloaded method (1) because it has multiple implemeis
arguments. (1)

d) type/addis a virtual method (1) because it can be overridden in a child ¢

A method would be made final to prevent child classes that inherit the method ?

Class Relationships

UML class diagrams are visual representations of object-oriented systems (1) th:
and understanding object-oriented systems. (1)

Composition and aggregation both form an object from multiple smaller objects

The component objects that form a composite object only exist for as long as ti
whereas the component objects that form an aggregate'4 ject can exist as sep:
aggregated object is destroyed. (1) I

a) Class B inherits from Class A ™" is: + 1. the parent class, Class B is the chilc

relationship, i.e. mt‘f ot 1ce 1 mark for getting classes the correct way rct
b) ClassAisa -~ "y te _.ass formed with Class C component objects. (1 ma:
tic ;"matk for getting classes the correct way round, i.e. ‘C forn:s

29 an aggregated class formed with Class B component objects. (1
aggregatlon ; 1 mark for getting classes the correct way round, i.e. ‘B formi
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UML Class Diagram Solutions

Task 1

+Bank{)

+login()
+deposit])
+withdraw()
+checkBalance()
+addAccount()

Account .
-accountNumber
-accountPassword
-accountiBalance

COPYRIGHT
PROTECTED

+Account()
+getNumber()
+checkPassword(}

e

Education
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Task 2

Receptionist
-name

+checkin()
+checkOut(,

-~ kel

1-rooms

+Receplionist() |-—" " = —

Customer

-roomBooking
-name
-feedback

“=humber

+Customer()

+getRoom()

+getName()

+Hotel()
+checkRooms()

¢

- /
b e NS s

T T.oom

-size
-occupants
-clean

Manager

-ame

o8 o0
+takeFeeXZ5e)

+Room()
+addOccupant()
+removeOccupant()
+1sEmpty()
+clear’' -
+ SN oer()
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Task 3 { Animal 6 m1a§:§%
y fcoidBEooded : 12
© |#skinType pro
Hail o 1
Hlegs wit
#arms e 17
#wings cor
o 1
+Animall) invi
#move() o 1w
Heat() inv:
#birth{)
+getinfo()
Reptile NS
+Reptile() .
#birth()
#hibemate()
+getinfo() {
AN
Tortoise Snake Otter
#move() +Snake{) +Otter(}
Heat() #movel() #movel) COPYRIGHT
+getinfo() #eat() #eat() PROTECTED
+getinfo() ! +getinfo()
CTute Qg
e s o Education
+§j'e§§nfo()

Introduction to OOP (VB.NET)

Page 58 of 61



Task 4

StrinngNumi‘}er

+convert()

Shape

-shape

+Shape()
+perimeter()
+area()

< -circlePerimeter()

-circleArea()
rectanglePerimeter

' |-rectangleArea()

-trianglePerimeter(;
-triangleArea()

4 marks:
1 Mark for showing all classes

" e 1 Mark for showing all attribute

s 1 Mark for showing all attribute
e 1 Mark for showing the compos
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Crossword (OOP Concepts)

1 2 3 4 5 G
P| O] L] Y| M] O] R] Pl H] I] S| M C| O] M] P|] O
N U L A
Bl L] I C H L A R
10 o]
o|l 8| J| E) 2~ °S E
Nl S| T| Al NI T
12 1
v ) | P T
E R
| e ST R Al Tl )L s| s c
L L,
R Cl U A E L
T C P N I A
U E E C N S
A S| T| R| Al C| T| M| E|] T| H D S
16
L S M E M
18
M Ol T) EIf C| T] E| D R E
20
E R T R|] | Al T] E
T H T H
H 0 A 0
2
g| Vv O] A] D] I| N| G N D
D C
F.
23 I L 2%
clH[ 1] t]olcf]al E[ N Al P[s]ultL
25 ]
A Al T] I] O] N
Across Down
1  Allowing different implementations of a method to use the same 2 When one type of &
method name (12) a different type of &
4  Forming one larger object from multiple smaller objects, where the 3  When achild clasg
smaller objects cannot exist separately to the larger object (11) (8,11)
7 A method or attribute of a particular class that can be called by any 4  Atemplate defining
other class (6) object from which i
10 Aninstance of a data structure that has its own attribute values and 5 Aclass thatisinhet
associated methods (6) 6 Class method that
11 The process of creating an object from a particular class (13) class have been ins
13 A class that contains abstract methods and cannot be instantiated 7 A programming pai-
(8,5) series of steps tha:
15 A method whose name and parameters are defined but that doesr™ 8 Avariable or consi:
have any implementation (8,6) o object (9)
17 A method or aftribute of a particular class thatcar i yt ¢ c" 9 A method that crea!
within that class or its child classes (9) 12 Any method that ca
18 A public method that changes the v ue'c e . dte éttribute (7 13 A public method ths
20 Amethod or attribute of 2 .4 "L o 8 that can only be called attribute (8)
within that coe (7' 14 When a child class
22 Creating o Cin._ieméntations of the same method that take a method (5,6)
different Ysgt types (11) 16 A subroutine belor;
23 A class thavinherits from another class (5,5) 19 Superseding the i
24 Grouping together related data and subroutines into classes, and in its child class (1¢
providing controlled access to that class's private attributes (13) 21 A particular approi
25 Forming one larger object from multiple smaller objects, where the (8)

smaller objects can exist separately to the larger object (11)
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GLOSSARY

Abstract Class A class that contains abstract methods and cann¢

Abstract Method A method whose name and parameters are define
implementation

Accessor A public method that rety 4. <t relating to a pr\

Aggregation Formingone I~ ™ b, A Iférﬁ multiple smaller ¢
objecte rua .. .separately to the larger object

Attribute : "’f,ﬂyfi.QLie“échonstant belonging to a particular clz

Child Cla¢ - A class that inherits from another class

Class A template defining the attributes and methods ¢!
objects can be created

Composition Forming one larger object from multiple smaller ¢
objects cannot exist separately to the larger object

Constructor A method that creates an object of a particular cla:

Encapsulation Grouping together related data and subroutines i1:
controlled access to that class's private attributes

Inheritance When one type of object or class adopts functiona!
object or class

Instantiation The process of creating an object from a particuléé

Method A subroutine belonging to a par* zular class or obj«

Multiple When a child classinb..i § m multiple parent ¢

Inheritance ) . '

Mutator Apts me 1.ou that changes the value of a priva

Object \ ;gisf‘anée of a data structure that has its own at

“associated methods

Overloading Creating different implementations of the same 1=
argument types

Overriding Superseding the implementation of a parent class

Parent Class

A class that is inherited by another class
Allowing different implementations of a method i

A method or attribute of a particular class that can
A programming paradigm that structures a progra

A particular approach vt "Sé‘),vgﬁin'g and creating p:

A method ~. vt ,1eof a particular class that car

Polymorphism
name
Private
class
Procedural
Programming are followed in sequence
Paradigm
Protected 4 !
cla~ - *te taid classes
Public

, ~aethod or attribute of a particular class that cai:

" class

Static Class method that can be called even if no objects
Instantiated

Super Method When a child class calls its parent class’ impleme:

Virtual Method Any method that can be overridden by a child claz
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