Inheritance - Second Pillar of OOP

8, Zouhair Rimale, Ph.D.
| Expert technique .NET | SharePoint | ASP.NET MVC | WEB API | Angular

C# Intermediate



Access Modifiers

, Zouhair Rimale, Ph.D.
| Expert technique .NET | SharePoint | ASP.NET MVC | WEB API | Angular

C# Intermediate




Agenda

 Why access modifiers are important
e Black box metaphor

e C# access modifiers
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Black Box
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Black Box
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Access Modifiers

* public

e private

e protected
e Internal

e protected internal
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PUbl'C public class Customer

{
L
. pubic void Promote()
Accessible from everywhere. {
h
h
var customer = new Customer():;

customer .Promote( ) ;
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P”Vate public class Customer

{
| private int CalculateRating(
Accessible only from the class. {
h
h
var customer = new Customer():;

. Zouhair Rimale, Ph.D.

C# Intermediate

y ) Expert technique .NET | SharePoint | ASP.NET MVC | WEB API | Angular



PrOteCted public class Customer

{
| protected int CalculateRatir
Accessible only from the class {
and its derived classes. }
h
var customer = new Customer():;
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internal class RateCalculator
Internal ;

h
Accessible only from the same
assembly.

// In the same assembly
var calc = new RateCalculator();

// In another assembly
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internal class RateCalculator

Internal :
;

Accessible only from the same
assembly.

// In the same assembly
var calc = new RateCalculator();

// In another assembly
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Protected Internal

public class Customer
r

Accessible only from the same 1
assembly or any derived classes.

protected internal void Weir

[
1

}

e o
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Demo Access Modifiers
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anamespace AccessModifiers

{
| public class Customer
{
public int Id { get; set; }
public string Name { get; set; }
e public void Promote()
{
}
}
= class Program
{
= static void Main(string[] args)
{
var customer = new Customer();
customer.|
} > [EGUSEIIN (obiect obj)bool
} ' GetHashCode | petermines whether the specified Object is equal to the current Object.
. & GetType
(5 Name
& e

‘& ToString



“ AccessModifiers (DebuglAny CPU) - Microsoft Visual Studio &  Stack Overflow Quick Launch Pl
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM SQL SQLPROMPT TJOOLS VISUALSVN TEST ARCHITECTURE SQLCONNECT DOTCOVER RESHARPER ANALYZE WINDOW  HELP

e - B-aldd 2- - P Start - Debug - M % Synchronize. - W@ L% N 1 0 L ¢ - © AttachTollS -
¢ [ r— T ——
é, #3 AccessModifiers.Customer - @, CalculateRating(bool excludeOrders) . A % 0-208]
§ using System; f Search Solution Explorer - AccessModifie
= &) Solution ‘AccessModifiers’ (1 project
8 snamespace AccessModifiers 4 = AccessModifiers
g { b # Properties
= _ b +a References
g © public class Customer 2 App.config
g { b o Customercs
5] - . P © Program.cs
3 public int Id { get; set; } &

public string Name { get; set; }

{D

public void Promote()

{
var rating = CalculateRating(excludeOrders: true);
if (rating == 0)
Console.WriteLine("Promoted to Level 1");
else
Console.WriteLine("Promoted to Level 2");
}
«IS Erogectedlint CalculateRating(bool excludeOrders)
return ©;
}
_ }
[}

100% ~



bq AccessModifiers (Debug|Any CPU) - Microsoft Visual Studio 3 Stack Overflow Quick Launch P

L

FILE EDIT MEW PROJECT BUILD DEBUG TEAM S0OL  SOLPROMPT TOOLS  VISUALSVN  TERT ARCHITECTURE  SQLCONMECT DOTCOVER  RESHARPER  ANALYZE  WINDOW  HELP

e - B-adld 9 - - P Start ~ Debug -~ M % Synchronize. - W ME V% N 3 4 - O AachToDS -
:g Customerncs o Program.cs® + X = Solution Explorer - AccessModifiers
E_ #3 AccessModifiers.GoldCustomer - @ OfferVouchar() - A % o-208]
End
'y
% f Search Solution Explorer - AccessModifie
:, & Solution 'AccessModifiers’ (1 project
8 sEnamespace AccessModifiers 4 = AccessModifiers
g { b # Properties
o > b em References
g 8 public class GoldCustomer : Customer B Aspoonfi
%1 { i b = Customer.cs
2 8 public void OfferVouchar() Sl Ll
& | .Calcula‘teﬂating(Excludeorder‘s: true); -
} I -
= class Program
& static void Main(string[] args)

var customer = new Customer();

100 % -



4 &4 AccessModifiers Snamespace Amazon

b # Properties

4 @ References { )
*8 Amazon = pu D ass Customer
*# Microsoft.CSharp {
*u System

+# System.Core ¢ int Id { get; set; }

*# System.Data public string Name { get; set; }
+u System.Data.DataSetExtensions
*8 System.Xml

*# SystemXml.Ling T YA 2L BAZER Pr‘omote( )
¥« App.config {
b o ;’I’Cg!d!n.(ﬂ vanr calculator\ = new ( ) ;
4 £5 Amazon - R
B bicsarties var rating = calculator. (this);

P == References

Console.WritelLine("Promote logic changed.");

*# Microsoft.CSharp - class Pr‘ogr‘am

O *8 System

B *u System.Core {
»a System.Data = static void Main(string[] args)
»& System.Data.DataSetExtensions {

»& System.Xml
] sttem_)(m:.lmq customer = new Customer‘( ) ’
D App.config S Amazon. calculator = new £ ;
b < Programcs }
4 5 Amazon
# Properties | }
b »= References }
P o Customercs
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‘ AccessModifiers (DebuglAny CPU) - Microsoft Visual Studio &  Stack Overfiow Quick Launch
ILE EDIT VIEW PROJECT BUILD DEBUG TEAM SQL SQLPROMPT TOOLS VISUALSVN TEST ARCHITECTURE SQLCONNECT DOTCOVER RESHARPER ANALYZE WINDOW  HELP
O - B-a - - P Stat - Debug ~ M = Synchronize.. - n : - S AttachTolIS -

4| Customer.cs ‘Drogram.cs- ICus(omer.cso RateCalculator.cs +# X

3

4 % o-200p & 3 AmazonRateCalculator - © Calculate(Customer customer)

Search Solution Explorer - AccessModifiers (Ct P ~ gnamespace Amazon

RNV TV W D

&) Solution 'AccessModifiers’ (2 projects) {
4 [ AccessModifiers 8 public class RateCalculator
b # Properties {
P += References - .
D App.config = public int Calculate(Customer customer)
b o Customer.cs {
P ¢ Program.cs

A SR
b & Ploperties | }

b «= References }
b o Customercs 5
b o RateCalculatorcs L}

ity | e

FWSWEYN S YL

4 [ AccessModifiers Bnamespace Amazon
b # Properties {
4 @l References
% Amazon 8 public class Customer

*# Microsoft.CSharp {

*u System . .
»a System.Core EUBIIE :nt Id { get: Set: }
*# System.Data public string Name { get; set; }

*# System.Data.DataSetExtensions

*u System.Xml 1 . .
o8 SystemXmlLing = public void Promote()

¥ App.config { } .
ViDL OGRS var calculator = new RateCalculator();
4 B Amazon % (A
var rating = calculat%r.Calculate(thls);

JRIUIGAY 9] AUGILUO

P # Properties
*& References

b
b Customercs . : " s "y,
D o RataCHlRtor s Console.WriteLine("Promote logic changed.");




T WVANRA VIV o Nwadt Wl
*# System

+a System.Core :
+u System.Data {

*# System.Data.DataSetExtensions = internal class RateCalculator
*& System.Xml {_

12JO|0X

=& System.XmlLing
2 App.config = public int Calculate()
P © Program.cs {
4 ) Amazon
# Properties
*# References | }

vvVevww

e Customer.cs [ }
¢ RateCalculator.cs

S 4 & AccessModifiers Snamespace Amazon
# Properties {
» 4 @l References i )
3 &8 Amazon = public class Customer
& »2 Microsoft.CSharp {
:' *® System L opimie e . .
. »# System.Core PUv s\ - : Id { get; set; }
*# System.Data public string Name { get; set; }
+8 System.Data.DataSetExtensions
*a System.Xml g Vs ety
»# System.Xml.Ling T Pt e s TR W A8 pr\omOte( )
%« App.config {
V) YO0 var calculator = new RateCalculator();

4 £+ Amazon - {
# Properties var rating = calculator.(gloylafe(this);
*8 References (local variable) RateCalculator calculator

< Customer.cs

Console.WritelLine("Promote logic changed.");
¢ RateCalculator.cs

v v 9O wew
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b # Properties

4 @l References
*% Amazon
»8 Microsoft.CSharp class Pr‘ogr‘am
*8 System
*& System.Core
*# System.Data : static void Main(string[] args)
*# System.Data.DataSetExtensions
»& System.Xml

*# SystemXml.Ling vd customer = new CUStomer‘( ) 5
D App.config Amazon.RateCalculator calculator new RateCalculator();
< Program.cs |
= Amazon
# Properties

*# References

& Customer.cs
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Constructors and Inheritance
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Constructor Inheritance

 Base class constructors are always executed first.

e Base class constructors are not inherited.
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Constructor Inheritance

>

public class Vehicle
!
L

.

private string registrationNumber;

public Vehicle(string registrationNumber)

{

_registratiopNumber = registrationNumber;
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Constructor Inheritance

public class Car : Vehicle

{
public Car(string registrationNumber)
{
1
J
}
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The base keyword

public class Car : Vehicle

{
public Car(string registrationNumber)
base(registrationNumber)
{
// Initialise fields specific to the Car class
h
1
J
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Demo Constructors and Inheritance
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& v 'R RCicrences

:}j el P ublic class VehiC ].e W App.config
& { P © Program.cs
5 S % b o Vehiclecs
3 public Vehicle()

Console.WritelLine("Vehicle is being initialized.");

-l Lo e < a v elrerences
® publLlC Class Ca el Veh 1C le W App.config
2 { b o Carcs

P o Program.cs

: : public Car() D

& Vehiclecs

Console.WriteLine("Car is being initialized.");

P Properties
P += References
: { 2 App.config

static void Main(-—:t 2 f:":;‘_[] a;) : , S—— i """l_—ulm.x'-lJ

= class Program

S §

Uehicle is being initialized.
Car is being initialized.
IfPress any key to continue




. P v® References

-~ 10 miithlss rlacc :

2 = public class Vehicle W« App.config
& { b o Carcs

ﬂ S s B : . P © Program.cs
3 private readonly string -

5 ' NS e~ e ’ b o Vehiclecs

put Vehicle(string registrationNumber)
{
_registrationNumber = registrationNumber;
A Console.WritelLine("Vehicle is being initialized. {@}", registrationNumbenr);
}
}

}
e ——
r = put lic class Car : Vehicle W App.config
; { l b e Carcs
3 D Car(string registrationNumber) z :33&?25

) E : base(registrationNumber)
{
Console.WriteLine("Car is being initialized.");
}
}
}
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e - B -@RM 9 - P Start - Debug ~ M % Synchronize. - WM VL O _N A Artach To 1S

Carcs Program.cs # X |Vehiclecs

. . . e . s tructors
— ‘ llUehicle 1s being initialized. XY21234 - =
A CONSUUCIaTE POGIAm * YaMairllear s being initialized. XY21234 - & 0 &

Press any key to continue .

J2I0IAXT JaAIOS

Snamespace Constructors

{

= class Program

{

ors” (1 project)

|
rt
)

void Main(string[] args)

A
m
>

var car = new Car("XYZ1234");

Car.Car(si}ing registrationNumber)
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Upcasting / Downcasting
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Agenda

» Conversion from a derived class to a base class (upcasting)
» Conversion from a base class to a derived class (downcasting)

* The as and is keywords
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Upcasting

public class Shape

{
L

}

public class Circle : Shape
{

L
1
J
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Upcasting

Circle circle = new Circle();
Shape shape = circle;
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Downcasting

Circle circle = new Circle();
Shape shape = circle;

Circle anotherCircle = (Circle)shape;

Car car = (Car)shape; // throws InvalidCastException
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The as keyword

Car car = (Car) obj:

Car car = obj as Car;
1f (car != null)

{
L

.
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The is keyword

rES(eobjiis  Cax)
{
Car car = (Car) obj;
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Demo Upcasting / Downcasting
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3 public class Shape 4 ¥ Casting
{ b J Properties
L. SR o b == References
public int Width { get; set; } 9 App.config
public int Height { get; set; } z “z:mmus
¢ Shape.cs

public int X { get; set; }
public int Y { get; set; }

()

void Draw()

[}

| ") !Iu|rcn I_

g (1 projeci)

3 - public class Text : Shape 4 & Casting
§ { b Properties

P = References

3 public int FontSize { get; set; } B
8 public string FontName { get; set; } b Program.cs
5 } b © Shapecs

b o Textces

Text text = new Text(); @
Shape shape = text; 100 .
Press any key to continue .

text .Width = 200;
shape .Width = 100; . E

\ Console.WritelLine(text.Width);




Object Browser Prognm.a' X Shape.c Tm. w Solution Explorer - Casting

%, Casting.Program ~ O, Main(string[] args) . QA % 0-2080%8
= + A
G y " ) Solution "Casting’ (1 project)
- using System.Collections; 4+ Casting
2 ing System.Collections.Generic; P TopeIes
i - b »= References
. ) App.config
P © Program.cs
5 : b Shape
3 namespace Casting SoatpeLs
{ P o Textcs

lass Program
id Main(string[] args) -
var list = new ArraylList();
list.Add(1);
list.Add("Mosh™);

list.Add(new Text());

var anotherList = new List(Shapé>();
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: ) B c 5]- ape.cs
am b o Textcs

nespace Casting
= class Program l
static void Main(string[] args)

Shape shape = new Text();
Text text = (Text) shape;
text.

¥ Draw

—
L {

[

Equals
| } ‘| FontName
} " FontSize | Property int Casting.TextFontSize
GetHashCode
GetType
i Height
@ ToString
L Width
i X
i Y

&

O
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Object Browser +# X v Solution Explorer

Browse: My Solution

| b Recent NET Framework 4.5 - Sortby: Default =0 (3= P~
O hiaInformation:Try Dyoislsga e i c ‘ #-lenled m Windows Forms Application Visual C# Type: Visual C#
4 Templates —D Windows Presentation Foundation client
4 Visual C# ’(CJ WPFApplmion Visual C# application
Windows ~ c
Web E Console Application Visual C#
Cloud c
Reporting ﬁ:‘! Class Library Visual C#
Silverlight cn
Test f"! Portable Class Library Visual C#
WCF s
Workflow s WPF Browser Application Visual C#
SQL Connect — .
LightSwitch h _] Empty Project Visual C#
b Other Languages ch
b Other Project Types 2] windows Service Visual C#
Modeling Projects cCe
Samples '!).! WPF Custom Control Library Visual C#
b0 «
b Online mg  WPF User Control Library Visual C#
an
. Cl
n._] Windows Forms Control Library Visual C#
Name: WpiApplicationl
Location: C\Projects\CSharpintermediate\Section3 . m
Solution name: WpfApplicationl v Create directory for solution

Add to source control
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C# Intermediate

VUNRC \J ININ \J \JV o FANF AN vy \/

bt . S AttachTollS -

¥a Button_Click(object sender, RoutedEventArgs e)

) Solution WpfApplicationl’ (1 project

4
b
b

b
b

Button Click(object sender, RoutedEventArgs e)

MessageBox.Show("Hello World!");

Hello World!

OK I
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~ WpfApplicationl

# Properties

8 References

v App.config

D App.xaml

D MainWindow.xaml




» Solution Explorer - WpfApplicationl

JONIDS

Object Browser MainWindow.xaml MainWindow.xamlcs® # X
#3 WpfApplicationl.MainWindow » W, Button_Click(object sender, RoutedEventArgs €) v o) > P-208

1

s

J2J018X3

& Solution WpfApplicationl' (1 project
4 > WpfApplicationl
b Properties

)i e e B - . *# References
= public partial class MainWindow : 2
W App.config
{ P D Appxaml
P D MainWindow.xaml

13 1591

- public MainWindow()

InitializeComponent();

- orivate void Button Click(object sender, RoutedEventArgs e)

var button = (Button) sender;
button.

{5 InputBinding ~ Property double System.Windows.FrameworkElementActualHeight
& InputHitTest Gets the rendered height of this element.

' InputScope A
InvalidateArrange

InvalidateMeasure

InvalidateProperty

InvalidateVisu®

IsAncestorOf

[ IsArrangeValid

'] IsCancel

‘i IsDefault -

00000
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NLALRLIAY U 4TSN 1. R v | . s o2 Al iolo o

[~ | MainWindo == X

v Solution Explorer - WpfApplication]

@B % 0-2087%

o Button_Click(object sender, RoutedEventArgs )

121010XT J9AISS

+ 4
X

& Solution ‘WpfApplicationl’ (1 project
4 = WpfApplicationl
# Properties
*# References
W App.config
P D Appxaml

191010X3

P D MainWindowxaml

or, RoutedEventArgs e)

button = sender as Button;
if (button != null)
{

MessageBox.Show(button.ActualHeight.ToString());

MessageBox.Show("Hello World!");
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Boxing and Unboxing
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Agenda

» Value Types and Reference Types

* Boxing and Unboxing
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Typesin C

» Value types

* Reference types
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Value Types

* Are stored on the stack.
 Examples:
 All primitive types: byte, int, float, char, bool

* The struct type
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Reference Types

* Are stored in the heap.
 Examples:

* Any classes (Object, Array, String, DbMigrator, etc)
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Earlier in this section...

* An object reference can be implicitly converted to a base class
reference.

Circle circle = new Circle();
Shape shape = circle;
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Also...

 The Object class is the base of all classes in .NET Framework.

Circle circle = new Circle();
Shape shape = circle;
object shape = circle;
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Boxing

* The process of converting a value type instance to an object

reference

int number = 10;
object obj = number;
// or A

object obj = 10;
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Boxing

Stack Heap

number
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Unboxing

object ob] 10;
int number = (int)obj;
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Boxing / Unboxing

 Have a performance penalty.
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Demo Boxing and Unboxing
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g o , M tud tack Overf : P

FILE  EDIT  VIEW  PROJECT BUILD DEBUG TEAM SQL SQLPROMPT TOOLS VISUALSVN TEST ARCHITECTURE SQLCONNECT DOTCOVER RESHARPER  ANALYZE WINDOW  HELP

O - B -@ M 2 P Start - Debug ~ /M S Synchronize.. - W % N - ) AttachTollS -
: %, Boxing.Program ~ 1, Main(string(] args) . B % 0-206B
O < A
- T
ﬂ LNg SyStem; &) Solution ‘Boxing’ (1 project)
using System.Collections; 4 ¢ Boxing
b K Properties
iy . P == References
R Snamespace Boxing 9 App.config
: { b © Program.cs
3 class Program
= static void Main(string[] args)
list = new ArraylList();

list.Add(1);
list.Add("Mosh");
list.Add(DateTime.Today);

number = (int) list[1];
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FILE  EDIT  VIEW  PROJECT BUILD DEBUG TEAM  5QL  SQLPROMPT  TOOLS  VISUALSVN  TEST  ARCHITECTURE  SQLCONNECT  DOTCOVER  RESHARPER  ANALYZE  WINDOW  HELP

e - B -@m M D -C - PStat- Debug -~ M "o Synchronize.. - W TE VD N - 5 AttachTo IIS

x "%, Boxing.Program ~ W Main(string(] args) - @ % 0-2087%6
5 +8
_ 1LNg System; &) Solution 'Boxing’ (1 project)
3 using System.Collections; 4 i~ Boxing
J b # Properties
: . P »& References
3 Snamespace Boxing D App.config
v { b o Program.cs
3 class Program

= static void Main(string[] args)

var list = new ArraylList();

list.Add(1);
list.Add("Mosh");
list.Add(DateTime.Today);
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FILE  EDIT  VIEW  PROJECT BUILD DEBUG TEAM  5QL  SQLPROMPT  TOOLS  VISUALSVN  TEST  ARCHITECTURE  SQLCONNECT  DOTCOVER  RESHARPER  ANALYZE  WINDOW  HELP

e - B -@m M D -C - PStat- Debug -~ M "o Synchronize.. - W TE VD N - 5 AttachTo IIS

x "%, Boxing.Program ~ W Main(string(] args) - @ % 0-2087%6
5 +8
_ 1LNg System; &) Solution 'Boxing’ (1 project)
3 using System.Collections; 4 i~ Boxing
J b # Properties
: . P »& References
3 Snamespace Boxing D App.config
v { b o Program.cs
3 class Program

= static void Main(string[] args)

var list = new ArraylList();

list.Add(1);
list.Add("Mosh");
list.Add(DateTime.Today);
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INHERITANCE - Exercises

8, Zouhair Rimale, Ph.D.
| Expert technique .NET | SharePoint | ASP.NET MVC | WEB API | Angular

C# Intermediate




Exercise: Design a Stack

A Stack is a data structure for storing a list of elements in a LIFO (last in, first out) fashion. Design a class called Stack with three methods.
void Push(object obj)

object Pop()

void Clear()

The Push() method stores the given object on top of the stack. We use the “object” type here so we can store any objects inside the stack. Remember the
“object” class is the base of all classes in the .NET Framework. So any types can be automatically upcast to the object. Make sure to take into account the scenario
that null is passed to this object. We should not store null references in the stack. So if null is passed to this method, you should throw an
InvalidOperationException. Remember, when coding every method, you should think of all possibilities and make sure the method behaves properly in all these
edge cases. That’s what distinguishes you from an “average” programmer.

The Pop() method removes the object on top of the stack and returns it. Make sure to take into account the scenario that we call the Pop() method on an empty
stack. In this case, this method should throw an InvalidOperationException. Remember, your classes should always be in a valid state and used properly. When
they are misused, they should throw exceptions. Again, thinking of all these edge cases, separates you from an average programmer. The code written this way
will be more robust and with less bugs.

The Clear() method removes all objects from the stack.

We should be able to use this stack class as follows:
var stack = new Stack();

stack.Push(1);

stack.Push(2);

stack.Push(3);

Console.WriteLine(stack.Pop());
Console.WriteLine(stack.Pop());
Console.WriteLine(stack.Pop());

The output of this program will be
3
2
1



