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// Fig. 8.1: Timel.cs
// Class Timel maintains time in 24-hour format.

using System; Default constructor

nstance variables

// Timel class definiti¥on
public class Timel Object

{

private int // 0-23
private ing’minute; // 0-59
private i¥nt second; // 0-59

public Timel ()

{
SetTime( O,

ecks on the data. Set invalid wvalues to
public void SetTime (

int hourValue, int minuteValue,

{

Timel.cs

Method SetTime

instance variables to

ew time value in 24-hour format. Perform validity

zZero.

int secondValue )

hour = ( hourValue >= && hourValue < ) ? )
hourValue : ;

minute = ( minuteValue >= && minuteValue < ) ?
minuteValue : :

second = ( secondValue >= && secondValue < ) ?
secondValue : ; .

Validate arguments
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35
36
37
38
39
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43
44
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46
47
48

} // end class Timel

// convert time to universal-time (24 hour) format string
public string ToUniversalString()

Timel.cs

hour, minute, second ) ;

4

// convert time to standard-time (12 hour) forma
public string ToStandardString/()

Output time in
universal format

rn String.Format ( v
( our == || hour == ) ? : hour $% ),
minutey_second, ( hour < ? : ) )

Output time in standard format
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// Fig. 8.2: TimeTestl.cs
// Demonstrating class Timel.

Call default time

using System; constructor

using System.Windows.Forms;

€s a Timel object

Call method SetTime

// main entry iht for application to set the time with
static void Main( string[] args ) valid arguments

// TimeTestl uses creates and
class TimeTestl

{

Timel time = new Timel(); ~// calls Timel constructor
string output;

// assign string pépresentation of time to output
+

TimeTestl.cs

Call method SetTime with
invalid arguments

time.SetTime ( , ’ )
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38
39
40
41
42

output +=

+ time.ToUniversalString() +

+ time.ToStandardString() ;

MessageBox.Show ( output,
} // end method Main

} // end class TimeTestl

Testing Class Timel x|

Initial universal time is; 00;00:00
Initial standard time is; 12:00:00 &M

Universal kime after SetTime is: 13:27:06
Standard kime after SetTime is: 1:27:06 PM

After attempting invalid settings:

niversal kime; 00;00:00
Standard kime: 12;00:00 AM

o 1

) ;

+

TimeTestl.cs

Program Output

10
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// Fig. 8.3: RestrictedAccess.cs
// Demonstrate compiler errors from attempt to access

// private class members.
Attempt to access

class RestrictedAccess private members

{

// main entry point for applifdation
static void Main( string][]

{

Timel time = new TimelA) ;

time.hour = 7;
time.minute = 15;
time.second = 30;

}

} // end class RestrictedAccess

2 ‘Restrictedfccess, Timel hour' is inaccessible due tao its protection level

g8 ‘RestrictedAccess, Timel.minute' is inaccessible due to its prokection level

! @ ‘Restrictedfccess, Timel second' is inaccessible due to its protection level

4| | >

(7] TaskList | Bl output |

13

RestrictedAccess
.CS
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// Fig. 8.4: Time2.cs
// Class Time2 provides overloaded constructors.

using System;

// Time2 class definitidn
public class Time2

{

Default constructor

Constructor which takes
private int ; the hour as the input

Constructor which takes the hour
and minute as input

ime2 constructor: hour and minute supplied, second
/{/defaulted to O
public Time2( int hour, int minute )

{

SetTime ( hour, minute, ) ;

}

Time2.cs

15
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

public Time2( int hour, int minute, int second )

{
}

SetTime ( hour, minute, second );

public Time2( Time2 time )

{
}

SetTime( time.hour, time.minute, time.second );

public void SetTime (
int hourValue, int minuteValue, int secondValue )

hour = ( hourValue >= && hourValue < ) ?
hourValue : ;

minute = ( minuteValue >= && minuteValue < )
minuteValue : ;

gsecond = ( secondValue >= && secondValue < )
secondValue : :

public string ToUniversalString()

{

return String.Format (
, hour, minute, second );

)

)



66
67
68
69
70
71
72
73
74

// convert time to standard-time (12 hour) format string
public string ToStandardString/()

{

return String.Format ( 7
( ( hour == || hour == ) ? : hour % ),
minute, second, ( hour < ? : ) )

}

} // end class Time2

Time2.cs

17



oJdo U dWNRE

HR R R RRO
OB WN RO

=
(o))

=
~

=
[0 0]

=
(o]

U)WU)U)U)U)I\)NNNNNNNl\)lN
O WNRPROWVOJOOULd WDN RL|O

// Fig. 8.5: TimeTest2.cs
// Using overloaded constructors.

using System;
using System.Windows.Forms;

// TimeTest2 demonstrates constructors of class Time2

class TimeTest2

{

// main entry point for application
static void Main( string[] args )

{

Time2 timel, time2, time3, timed, time
timel = new Time2 () ; //
time2 = new Time2 ( ) //
time3 = new Time2 ( ’ ) ; //
timed4 = new Time2 ( , , ) ; //
time5 = new Time2 ( , , ) ; //
time6 = new Time2( timed ); //
String output = +
+ timel.ToUniversalString/()
+ timel.ToStandardString() ;
output +=
+
+ time2.ToUniversalString/()
+ time2.ToStandardString() ;
output +=
+
+ time3.ToUniversalString /()

+ time3.ToStandardString() ;

5,

00:

02

12

00:

12

+
+

+

+

time6;

00:
:00:
21:

34

: 25

00

:00
225 ¢
00:

42
00

TimeTest2.cs

Test the constructors

142

18
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47
48
49
50
51
52
53
54

output +=

output +=

output +=

+

time4.ToUniversalString() +
time4.ToStandardString() ;

time5.ToUniversalString() +
time5.ToStandardString() ;

time6.ToUniversalString() +

+ time6.ToStandardString() ;

MessageBox.Show ( output,

} // end method Main

} // end class TimeTest2

Demonstrating Overloade |

Constructed with:
time1; all arguments defaulted
00:00:00
12:00:00 &M
timez: hour specified; minute and second defaulted
020000
Z:00:00 AM
time3: hour and minute specified; second defaulted
21:34:00
9:34:00 PM
time#: hour, minute, and second specified
12:25:42
12:25:42 PM
timeSs: all invalid values specified
O0:00:00
12:00;00 AM
times; Timez object timet specified
12:25:42
12:25:42 PM

TimeTest2.cs

Program Output

19
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// Fig. 8.6: Time3.cs
// Class Time2 provides overloaded constructors.

using System;

// Time3 class definition
public class Time3

{

private int hour; // 0-23
private int minute; // 0-59
private int second; // 0-59

// Time3 constructor initializes instance variables to
// zero to set default time to midnight
public Time3 ()
{
SetTime( 0, O, 0 );
}

// Time3 constructor: hour supplied, minute and second
// defaulted to 0
public Time3( int hour )
{
SetTime( hour, 0, 0 );
}

// Time3 constructor: hour and minute supplied, second
// defaulted to 0O
public Time3( int hour, int minute )

{

SetTime ( hour, minute, 0 );

Time3.cs

21
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38
39
40
41
42
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

// Time3 constructor: hour, mir

public Time3( int hour, int mir CONStructor that takes another

{ Time3 object as an argument. New
e Time3 object is initialized with the Time3

values of the argument.

e3 constructor: initialize using another Time3 object
public Time3( Time3 time )

{

}

Property Hour

SetTime( time.Hour, time.Minute, time.Secon

}

// Set new time value in 24-hour fo
// checks on the data. Set invali
public void SetTime (

int hourValue, int minu

Perform validity
values to zero.

alue, int secondValue )

{

Hour = hourValue;
Minute =
Second ondValue;

public int Hour

{
get

{

return hour;

hour = ( ( value >= && value < ) ? value : )

.CSs

22
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

} // end property Hour

// property Minute
public int Minute

return minute;

property Second
public int Second

{
get

{

return second;

second = ( ( value >=

}

} // end property Second

Property Second

Property Minute

&& value < ) ? value

&& value < ) ? value

) ;

);

Time3.cs

23
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116

// convert time to universal-time (24 hour) format string
public string ToUniversalString()

{

return String.Format (

}

// convert time to standard-time (12 hour) format string
public string ToStandardString/()

{

, Hour, Minute,

return String.Format (

( ( Hour ==
Minute, Second,

}

} // end class Time3

|| Hour ==
( Hour <

?

Second ) ;

Hour

%
) )

),

Time3.cs

24
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// Fig.

8.7:

TimeTest3.cs

// Demonstrating Time3 properties Hour, Minute and Second.

using
using
using
using
using
using

System;
System.
System.
System.
System.
System.

Drawing;
Collections;
ComponentModel ;
Windows.Forms;
Data;

// TimeTest3
public class

{

private
private
private

private
private
private

private
private
private

private

private
private

System.
System.

System

System.
System.
System.

System.
System.
System.
System.

System.

System

Windows.
Windows.
.Windows.

Windows.
Windows.
Windows.

Windows.
Windows.
Windows.

Windows.

Windows.
.Windows.

class definition
TimeTest3 System.
Forms.
Forms.
.Button hourButton;

Forms

Forms.
Forms.
Forms.

Forms.
Forms.
Forms.

Forms.

Forms.
.Label displaylabel2;

Forms

Windows.Forms.Form

Label hourLabel;
TextBox hourTextBox;

Label minutelabel;
TextBox minuteTextBox;
Button minuteButton;

Label secondlLabel;
TextBox secondTextBox;
Button secondButton;

Button addButton;

Label displaylabell;

// required designer variable
private System.ComponentModel.Container components

private Time3 time;

null;

TimeTest3.cs

25
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public TimeTest3 ()

{

}

// Required for Windows Form Designer support
InitializeComponent () ;

time = new Time3() ;
UpdateDisplay () ;

// Visual Studio .NET generated code

// main entry point for application
[STAThread]
static void Main ()

{

}

Application.Run( new TimeTest3() )

// update display labels
public void UpdateDisplay ()

{

displaylLabell.Text = + time.Hour +
+ time.Minute +
+ time.Second;
displaylLabel2.Text = +
time.ToStandardString() +
time.ToUniversalString() ;

TimeTest3.cs

26
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71
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97

// set Hour property when hourButton pressed

private void hourButton Click(
ject sender, System.EventArgs e

time.Hour = In rTextBox.

Set Minute property of

Time3 object

TimeTest3.cs

ext ),

Set Second property
of Time3 object

private void minuteBugton Click(
stem.EventArgs e )

.
4

en minuteButton

P@\

Set Hour property of
Time3 object

private void secondBu !
object sender, SyStem.EventArgs e )

.
4

private void addButton Click(
object sender, System.EventArgs e )

{

time.Second = ( time.Second + ) %

add one to Second when addButton pressed

27
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99

100
101
102
103
104
105
106
107
108
109

if ( time.Secon

{
time.Minute
if ( time.Mi
time.Hour
}
UpdateDisplay ()

} // end class TimeTe

== )

= ( time.Minute + ) % ;

nute == )

= ( time.Hour + ) % ;

.
14

st3

i ]

Hour: I?

Flirute: I_
Second: I_

Set Hour [:!

Set Minute |

Set Second |

ﬂdd1tnSecnnd|

Haur: 0: Minute: 0; Secaond: O

Standard tirme: 12:00:00 Akd
Iriverzal tirme: 00:00: 00

i ]

Haur: I

birwite: I_
Second: I_

Set Hour [:!

Set Minute |

Set Second |

ﬂdd1tnSecnnd|

Hour: 23; Minute: 0; Second: 0

Standard tirme: 17:00:00 Pk
niversal time: 23:00:00

TimeTest3.cs

al p 9 &
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Hour: I Set Hour |

MiriLite: |59 Set Minute Hour: 23; Minute: 0; Second: 0

Second: I Sets d Standard tirme: 11:00:00 Pk
sl | niversal time: 23:00:00

Add 1 to Second |

i x
Howr: I Set Hour |

FirLite: I Set Minute

Second: I Sets d Standard tirme: 11:59:00 P
sl | niverzal ime: 23:59:00

Haur: 23; Minute: 59; Secand: 0

Add 1 to Second |

i x
Howr: I Set Hour |

MiriLite: I Set Minute | Hour: 23; Minute: 53; Second: 0

S d: I Standard tirme: 11:53:00 Pk
= o m niverzal ime: 23:59:00

Add 1 to Second |

TimeTest3.cs
alp 2o &
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Hour: I Set Hour |

biruite: I Set Minute | Hour: 23; Minute: 53; Second: 58

Second: Sets d Standard tirme: 11:59:58 P
I ﬂ% niverzal ime: 23:59:58

Add 1 to Second |

i x|
Howr: I Set Hour
FirLite: I Set Minute

Second: I_ Set Second |
| Add 110 SE.:undr%

Haour: 23; Minute: 59; Secaond: 539

Standard tirme: 11:59:59 P
niverzal ime: 23:59:59

=T
Howr: I Set Hour
birute: I Set Minute

Second: I_ Set Second |
| Add 110 SE.:undr%

Hour: 0; Minute: 0; Second: 0

Standard tirme: 12:00:00 Akd
Iriverzal tirme: 00:00: 00

TimeTest3.cs
alp 2o &
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// Fig. 8.8: Date.cs

// Date class definition ¢

using System;

// Date class definitjon

calys Ol ST Olse a1y a5 505 cols oS (gl ok 3lon
&ﬂ&cb‘bﬂﬁfﬁﬁﬂﬁoﬁ‘f

public class Date
{
private int
private int/day;
private ipt year;

nth; // 1-12
// 1-31 based on month
// any year

// copStructor confirms proper value for month;

value for day

11 method CheckDay to confirm proper

public Date( int theMonth, int theDay, int theYear )

{
// validate month

if ( theMonth >
month = theMonth;

else

{
month = 1;
Console.WritelLine (

year = theYear;

day = CheckDay( theDay ),

&& theMonth <= )

, theMonth ) ;

// could validate year
// validate day

Date.cs

32
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}

// utility method confirms proper day value
// based on month and year
rivate int CheckDay( int testDay )

check if da
if ( testbhay >
return testDay;

in range for month

// check for leap year

if ( month == && testDay ==
( year % == | |
( year % —— && year %

return testDay;

Date.cs

testDay <= daysPerMonth[ month ] )

Console.WritelLine (
, testDay ) ;

N

Wob&ﬁﬁ@w)uﬂ
oMu.a}hi}.ALgLé)'}) Slas J..a‘)sgno..k.j}
b sl |

return 1; // leave object in consistent state

}

// return date string as month/day/year
public string ToDateString()
{

return month + + day + + year;

}

// end class Date

56
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// Fig. 8.9: Employee.cs
// Employee class definition encapsulaf
// last name, birth date and hire dat

Employee s ;e Date ;2 5s
"

using System;

// Employee class definition

public class Employee

{
private string firstName;
private string lastName;
private Date birthDate;
private Date hireDate;

// constructor initializes name, birth date and hire date

in

// create new D
birthDate = new Da
hireDate = new Date (

ublic Employee( string first, string last,
int birthMonth, int birthDay, int birthYear,
hireMonth, int hireDay, int hireYear )

e for Employee birth day
( birthMonth, birthDay, birthYear );
ireMonth, hireDay, hireYear )

Employee.cs

Lade IS pludscind 5o yb 5 U5 5,6 LU s ¢l o 5L

.,\..56;04.;.;)‘ JAJ)LLLO b
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}

// convert Employee to String format

public string ToEmplo
{

return lastName +

yeeString ()

+ firstName +

+ hireDate.ToDateString() +

}

// end class Employee

+ birthDate.ToDateString() ;

Employee.cs

35
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// Fig. 8.10: CompositionTest.cs
// Demonstrate an object with member object reference.

using System;
using System.Windows.Forms;

// Composition class definition

class CompositionTest

{
// main entry point for application
static void Main( string[] args )

{
Employee e =

new Employee ( ’ vy ’ ro 2

MessageBox.Show( e.ToEmployeeString(),
)

} // end method Main

} // end class CompositionTest

Testing Class Employee 5[

Jones, Bob Hired: 3121988 Birthdaw: 7/24/1949

36

CompositionTest.
cs
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// Fig. 8.11: Timed.cs
// Class Time2 provides overloaded

constructors.

using System;

// Timed4 class definition
public class Time4

The this reference is used to setthe | pimes . cs
class member variables to the
constructor arguments

{
private int hour; // 0-23

private int minute; // 0-59
private int second; // 0-59

// constructor

public Time4 ( int hour, int minute, int seco

{

this.hour = hour;
this.minute = minute;
this.second = second;

}

The this reference is used to
refer to an instance method

// create string ifig this and implicit references

public string Bud

this.ToStandardString() +

+

+ ToStandardString() ;

38
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// convert time to standard-time (12 hour) format string

public string ToStandardString/()

{

return String.Format (

( ( this.hou
this.hour %
( this.hour <

}

} // end class Time4

),

?

|| this.hou
this.minute,

this
) )

) ? 1

.second,

Timed.cs

39

The this reference is used to
access member variables
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// Fig. 8.12: ThisTest.cs
// Using the this reference.

using System;
using System.Windows.Forms;

// ThisTest class definition
class Classl

{
// main entry point for application
static void Main( string[] args )
{
Timed4 time = new Time4 ( , , ),
MessageBox.Show( time.BuildString(),
}
}

Demonstrating the “this™ x|

this. ToStandardString): 12:30:19 PM
ToStandardstringl): 12:30:19 PM

ThisTest.cs

wlp 9 &
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8.10 Garbage Collection
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5 B e s esls oKiLi Jlasl) @L:,o Rl sl 3151 solas| .
Sgh Sy ke sl a5 o o L (ot



8.10 Garbage Collection

5 @b sl ol 51 sl garbage collector U bls )\ ;s Finalizers m
Jj.\fb T osleiw| alasl>—
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destructor
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ASL alls (639,59 eyl Wl o e
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// Fig. 8.13: Employee.cs
// Employee class contains static data and a static method.

using System; Employee ey

// Employee class definition

Employee.cs

public class Employee A LS 05wl s K ylS sl

{ //é;trﬁbljghfhwlj¢&'ﬂdm

S 4S5 LS jasiin U cdas
Y8 U J:.QS J;»)lS

private string firstN
private string
private static

// constructor i sfatic Employee count
public Employee (

+
+ lastName + + Count );
}
// destruyftor decrements static Employee count
~Employee ()
{
--count;
Console.WritelLine ( +
firstName + + lastName + + Count );



34
35
36
37
38
39
40
41
42
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44
45
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58
59
60
61

// FirstName property
public string FirstName
{

get

{

return firstName;

}

}

// LastName property
public string LastName
{

get

{

return lastName;

}

}

// static Count property

public static int Count
{

get

{

return count;

}
}

} // end class Employee

Employee.cs
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// Fig. 8.14: StaticTest.cs
D . emb -
/7D xS e slwl Employee s 55 REPSTS

using System;

// StaticTest class definition
class StaticTest

StaticTest.cs

{

// main entry point for application
static void Main( string[] args )

Sisnull 1, Employee

.,\Abux

(s

{

Console.WritelLine (
Employee.Count + )7

// create two Employees
Employee employeel = new Employee (
Employee employee2 = new Employee (

Console.WritelLine (
+ Employee

// display the Employees

Console.WritelLine (
employeel.FirstName +

System.GC.Collect() ;

garbage « o535 ) sone
collection

46



36 Console.Writeline (
37

38 Employee.Count ) ;
39 }

40 }

Employees before instantiation: 0

Employee object constructor: Susan Baker;

coun

Employee object constructor: Bob Jones; count

Employees after instantiation: Employee.Count

Employee 1: Susan Baker
Employee 2: Bob Jones

Employee object destructor: Bob Jones; count =

Employee object destructor: Susan Baker;

Employees after garbage collection: 2

count

t

1

0

StaticTest.cs

MUJ.: f‘gf
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// Fig. 8.15: UsingConstAndReadOnly.cs

49

D j 1 j . .
// Demonstrating constant values wit Readonly variable radlus; must
be initialized in constructor

using System;

W UsingConstAndRea

using System.Windows.Forms;

Initialize readonly
member radius

radius = radiusValue;

}

} // end class Constants

// UsingConstAndReadOnly class definition
public class UsingConstAndReadOnly
{
// method Main creates Constants
// object and displays it's values
static void Main( string[] args )
{

Random random = new Random() ;

Constants constantValues =
new Constants( random.Next( 1, ) ),

dOnly.cs
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37
38
39
40
41
42
43

MessageBox . Show (

+ constantValues.radius +
+

* Constants. * constantValues.radius,

) ;

} // end method Main

} // end class UsingConstAndReadOnly

x

Radius =2
Circumference = 12.56636

x

Radius =&
Circumference = 3769903

50

UsingConstAndRea
dOnly.cs
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// Fig. 8.10:
// Indexers provide access to an object's members via a
// subscript operator.

using
using
using
using
using
using

System;
System.
System.
System.
System.
System.

// Box class
// width and

public class

{

IndexerTest.cs

e 336 G 5l il Gl e il o3 IndexerTest.cs

Drawing; &Qg);}zgijggﬁumbé\ﬁb
Collections; o
ComponentModel ; ' a;jixsj\cgb;oij<;MJJ5J:LP#L|JQ

Windows.Forms;

Data; J“i*}“.“M-’wﬂ-"\eLM Q)M&\Jg‘«).ﬁﬁbﬁdﬁﬂb—\ﬂl{

&\Jﬁ@jb)@b}jﬂﬁ&

return ( index < || index > dimensions.Length ) ?

dimensions|[ index ];
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38
39
40
41
42
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54
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58
59
60
61
62
63
64
65
66
67

get

}

set

{

( index >= && index

// locate element to get
int i = 0;

while ( i < names.Length &&

Ol ST Olge 4 1y Ao pl oS (53le i

.J..S LSA al—i‘)b

IndexerTest.cs

\\\tr%x\mLAsurg;wsq.bﬁjaSEt

LS SBL 15T s ol ptms AL 2Bl o T

name.ToLower () != names[ i ] )

i++;

return ( i == names.Length ) ? : dimensions[ i ];

// locate element to set
int i = 0;

while ( i < names.Length &&

name.Tolower () '= names[ i ] )

it++;

53
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83
84
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88
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92
93
94
95
96
97
98
99
100
101
102

if (i

}

} // end indexer

} // end class Box

// Class IndexerTest
public class IndexerTest

{

private
private

private
private

private
private

private
private

private

System.
System.

System.

System

System.
System.

System.
System.

System.

Windows.
Windows.

Windows.
.Windows.

Windows.
Windows.

Windows.

Windows

Windows.

!= names.Length )

dimensions[ i ] = wvalue;

System.Windows.Forms.Form

Forms
Forms

Forms.

Forms

Forms.

Forms

Forms.
.Forms.

Forms.

.Label indexLabel;
.Label namelabel;

TextBox indexTextBox;
.TextBox valueTextBox;

Button nameSetButton;
.Button nameGetButton;

Button intSetButton;
Button intGetButton;

TextBox resultTextBox;

// required designer variable
private System.ComponentModel.Container components

private Box box;

// constructor
public IndexerTest ()

{

// required for Windows Form Designer support
InitializeComponent () ;

IndexerTest.cs
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104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

// create block

box = new Box( , , ) ; olad s D )‘ oslaiul

}

// Visual Studio .NET generated code

sdad w3l eslatal

// main entry point for lication
[STAThread]

static void Main()

private void ShowVaXueAtIndex( string prefix, int index )

+ box[ index ];

private void ShowValueAtIndex( string prefix, string name )
{
resultTextBox.Text =
prefix + + name + + box[ name ];

}

// clear indexTextBox and valueTextBox
private void ClearTextBoxes ()
{
indexTextBox.Text = :
valueTextBox.Text = :

IndexerTest.cs
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139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

// get value at specified index
rivate void intGetButton Click(
ject sender, System.EventArgs e )

value at specified index
private void intSetButton Click(
object sender, System.EventArgs e )
{
int index = Int32.Parse( inde
box[ index ] = Double.Pa

ShowValueAtInde
(0

, index ) ;

L/~get value with specified name
private void nameGetButton Click(
object sender, System.EventArgs e )

{

| SV ¥ R Y P 0

Sl IndexerTest.cs

indexTextBox.Text ) );

u;’.ejf L;b;. U.A:MJL.» u.M.iJJ‘ )| oalaial

Jde

Sl

( valueTextBox.Text ) ;

ShowValueAtIndex ( , indexTextBox.Text ) ;

ClearTextBoxes () ;
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172
173
174
175
176
177

} // end class IndexerTest

// set value with specified name
rivate void nameSetButton_ Click(

object sender, System.EventArgs e )

{
.Parse ( valueTextBox.Text ) ;
x ( , indexTextBox.Text ) ;
ClearTextBoxes ()
}

IndexerTest.cs

Use string indexer to set value

M ndexerTest

[ndes o zet/get II:I et Yalue by Indesx

=10l x|

SetWalue by Index

Walue to zet |1 2345 Get Y alue by Mame

SetWalue by Mame

™ ndexerTest

[ndes o zet/get | et Yalue by Indesx

=10] x|

| | SetWalue by Index

Walue to zet I et Yalue by Hame

SetWalue by Mame

[set: bow] 0]=123.45

_ al » I
Before setting

value by index
number

After setting
value by index
number

57



=10 x|

IndexerTest.cs

Index to setiget IIethh Get Yalue by Index | Set Value by Index | Before getting MUJ; ‘;"9}
Walue to set I Get Walue by Mame Set value by Mame | V_alue by
dimension name

[set: bow] 0]=123.45

_(of x|
Indes to set/get | Get Yalue by Index | Set Value by Index | After getting
Walue to zet | | Giet Value by Mame SetWalue by Name | V{ilue by
dimension name

|get: bow] length ] = 123.45

O] x|
Index to setiget Iwidth Get Walue by Index | SetValue by Index | Before Settlng
value by
alue to zet |33.33 Get Walue by Mame | Setalue by Mame L\\S'J dimension name

|get: bow] length ] = 123.45




M ndexerTest

[ndes o zet/get |

et Yalue by Indesx

=10l x|

| SetWalue by Index |

Walue to zet I et Yalue by Hame

| | SetWalue by Mame D\\J

[set: bow] width ] = 33.33

M ndexerTest

[ndes o zet/get |1 et Yalue by Indesx

=10l x|

SetWalue by Index |

Walue to zet I et Yalue by Hame

SetWalue by Mame |

[set: bow] width ] = 33.33

™ ndexerTest

=10] x|

et YW alue by Index

[ndes o zet/get |

Walue to zet I et Yalue by Hame

SetWalue by Index |

SetWalue by Mame |

et bow 1]=33.33

IndexerTest.cs

After setting By oo

value by
dimension name

Before getting
value by index
number

After getting
value by index
number
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Items are dequeued (taken off the front)
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Framework Class Library (FCL)
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Rapid Application Development (RAD)
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// Fig. 8.17: Timelibrary.cs
// Placing class Time3 in an assembly for reuse.

using System;

namespace Timelibrary

{

// Time3 class definition
public class Time3

{

private int hour; // 0-23
private int minute; // 0-59
private int second; // 0-59

// Time3 constructor initializes instance variables to
// zero to set default time to midnight
public Time3 ()
{
SetTime( O, O, 0 );
}

// Time3 constructor: hour supplied, minute and second
// defaulted to 0
public Time3( int hour )
{
SetTime( hour, 0, 0 );
}

// Time3 constructor: hour and minute supplied, second
// defaulted to 0
public Time3( int hour, int minute )

{

SetTime ( hour, minute, 0 );

TimeLibrary.cs
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// Time3 constructor: hour, minute and second supplied
public Time3( int hour, int minute, int second )
{

SetTime ( hour, minute, second );

}

// Time3 constructor: initialize using another Time3 object
public Time3( Time3 time )
{

SetTime( time.Hour, time.Minute, time.Second );

}

// Set new time value in 24-hour format. Perform validity
// checks on the data. Set invalid values to zero.
public void SetTime (
int hourValue, int minuteValue, int secondValue )
{
Hour = hourValue;
Minute = minuteValue;
Second = secondValue;

}

// property Hour
public int Hour
{

get

{

return hour;

hour = ( ( value >= && value < ) ? value : ),

TimeLibrary.cs
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} // end property Hour

// property Minute
public int Minute

{
get

{

return minute;

}

set

{

minute = ( ( value >= 0 && value < 60 ) ? wvalue

}
} // end property Minute

// property Second
public int Second

{
get

{

return second;

second = ( ( value >= 0 && value < 60 ) ? wvalue

}

} // end property Second

0

0

) ;

) ;

TimeLibrary.cs
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// convert time to universal-time (24 hour) format string
public string ToUniversalString/()
{
return String.Format (
, Hour, Minute, Second ) ;

}

// convert time to standard-time (12 hour) format string
public string ToStandardString()
{
return String.Format ( ,
( ( Hour == | | Hour == ) ? : Hour % ),
Minute, Second, ( Hour < ? : ) )

}

} // end class Time3

TimeLibrary.cs
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8.16 Namespaces

L3l sdome e3lizal BB L 1330 sl
LS oo arl b 1) LS 5l ilate (s o5 ,S Namespaces =
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Dynamic Link Libraries (DLL)
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8.16 Namespaces

@0 TimeLibrary - Microsoft Yisual C# .NET [design] - Classl.cs

File Edit Wew Project Buld Debug Tools ‘Window Help

A &
&

b w [EE[22 4%%%.

1- = | G Q{;E|ﬂvﬁv v‘ p Debug

Elassl.l:sl 4b %
2R IalgTimeLibrary.CIassl j I':'-‘CIassl() -
g_' using Systemn; Tl
g =
] natnespace TimeLibrary
J]{
= FA0 <sunmar v
— A4 Summary description for Classl.
- A4 smmar v
— public class Classl
i{
= public Classli)
i
A
S TODO: Add constructor logic here
Iy
- H
- } |
i
L w
1] | _’I_I
|Output n X|
IDehug j
1 | 3

=10l x|

| Solution Explorer - Timelibrary {3 |
= |E| a8
!a Solution TimeLibrary' (1 project)
= lE,;'j TimeLibrary

- &=y References
[#] assemblvinfo.cs

e B Classl.cs

Task List  [E] output

| Ready || || Ln 1l

Col 1

ch1 [ Jms]

Fig. 8.18

Simple Class Library.
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// Fig. 8.19: AssemblyTest.cs
// Using class Time3 from assembly TimeLibrary.

Use Time3 as usual

using System;
ing TimeLibrary;

AssemblyTest.cs

W oo JdJolood WN R
o

=
o

'_l
'_l

Reference the TimeLibrary
namespace

B
w N

Time3 time = new Time3 ( , ’ ),

B
(IS

Console.WritelLine (

=
o)}

4

time.ToStandardString (), time.ToUniversalString() )

el el
© o J
-

-

Standard time: 1:27:06 PM Progran1()utput
Universal time: 13:27:06
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®m Method Overloading
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// Fig. 6.18: MethodOverload.cs
// Using overloaded methods.

using System;

using System.Drawing;

using System.Collections;
using System.ComponentModel ;
using System.Windows.Forms;
using System.Data;

public class MethodOverload : System.Windows.Forms.Form

{

private System.ComponentModel.Container components = null;
private System.Windows.Forms.Label outputLabel;

public MethodOverload()

{

InitializeComponent () ;

// call both versions of Square
outputLabel.Text =

MethodOverload.cs

70

+ Square( 7 ) +
+ Square ( 71;77\\“
}

Two versions of the square
method are called

// Visual Studio .NET-generated code



29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

// first version,

public int Square ( int x_)

{

return x * x;

}

takes one integer

“——_{ One method takes an
int as parameters

// second version, takes one double
public double Square ( double y )

{

return y * y;

}

[STAThread]

T~

MethodOverload.cs

The other version of the method uses
a double instead of an integer

static void Main()

{

Application.Run( new MethodOverload() )

}

} // end of class MethodOverload

MMethodoverload M[=]

The square of integer 7 iz 49
The zguare of double 7.5 iz 56 25

Program Output
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// Fig. 6.19: MethodOverload2.cs

72

// Overloaded methods with identical signatures and

// different return types.
using System;

class MethodOverload2

MethodOverload2.cs

{
public int Squargi_ggggif .
This

{

method returns an integer

return x * x;

}

// second Square method takes

same number,

// order and type of arguments, error

This method returns a double number

public double Square( double y )
{

return y * y;
}

// main entry point for application

static void Main()

{

int squarevalue = 2; | which method to use based on

Square ( squareValue ) ;
}

} // end of class MethodOverload2

Taszk List - 1 Build Error tazk shown [filtered]

Since the compiler cannot tell

passed values an error is generated

! | | | Description

Program Output

| File | Line |

Click. here to add a new kask,

! @ Class 'MethodOvetloadzSpace  MethodOverloadZ2' already defines a member called 'Square’ with the same parameter types  Cih....cs 19

I Task List| Bl Dutput |% Index Resuls |@ Search Results |@ Breakpoints |
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Use the foreach loop to examine

each element in the array ForEFach.cs

1 // Fig. 7.16: ForEach.cs

2 // Demonstrating for/each structure
3 using System;

4

5 class ForEach

6 {

7 // main entry point for

8 static void Main( stza

9 {

10 int[,] gradeApftay =

11 {

12

13 int lo

14

15 foreach ( i grade in gradeArray )
16 {

17 if ( grade < lowGrade )
18 lowGrade = grade;

19 }

20

21 Console.WritelLine (

22 }

23 }

The minimum grade is: 68

If the current array element is smaller
then lowGrade, set lowGrade to contain
the value of the current element

+ lowGrade ) ;
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8.17 Class View and Object Browser

m Class View and Object Browser are features of Visual

Studio that facilitate the design of object-oriented
applications

m Class View

75

Displays variables and methods for all classes in a project
Displays as treeview hierarchical structure

+ at nodes allows nodes to be expanded

- at nodes allows nodes to be collapsed

Can be seen by selecting View < Class View



8.17 Class View and Object Browser

m Object Browser
Lists all classes in a library

Helps developers learn about the functionality of a
specific class

To view the Object Browser select any NET FCL
method and select Go To Definition
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8.17 Class View and Object Browser

=
¥ T
ERE}TimeTest1:

= {} TimeTest1
=% Timel
E;l---‘ilg Bases and Interfaces
----- =@ SetTimelink,ink,ink)
----- =@ Timel()
----- =@ ToStandardString()
----- =@ TollniversalStringl)
----- a @ hour
----- =) @ minute
----- ) @ second
=% TimeTestl
Eﬂ---‘ﬁl; Bases and Interfaces
----- i @ Main(string[ 1)

E Solution Explorer ﬁ' Class Wiew

Fig. 8.20 Class View of class Timel (Fig. 8.1) and class TimeTest (Fig. 8.2).

i
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8.17 Class View and Object Browser

#% TimeTest1 - Microsoft Yisual C# NET [design] - Timel.cs -0 x|
File Edit Wiew Project Build Debug Tools ‘Window Help
- s HE | L RR o8B ) o - | o9
FRbe|FF 2% % BE(S,
Timel.cs | TimesTestl.cs | 1F X
'}@ IOI;TimeTestl.Timel j I@@ hour j
g ff Timel class definition "
= = public class Timel Chject
=
{ 4wt
private int hour; Copy
private int minute:
e private int second: Baste
= /f Timel constructor ) wariables to |-
E £ zZero to set dEfaulT@I Insert Greakpoint
= public Timel () Gl MNew Breakpaoint...
i . +=  Run To Cursor
SetTime| O, O, 0O )
I Add Task List Shaortcuk
K E= List Members
+
= S Bet new time valusg erform validity
o /7 checks on the data% Parameter Info to zero.
public woid SetTime ([ | 4+ Complete Word
= int hourValue, int%I Quick Info ondValues |
i
| hoar o= 0 hn1]TUH11]P|_& o To Definition 2 _ILI
4 3
B 5o ToReference
Oukpuk oo
| —— fff Synchronize Class Yiew |
[Build R
[ COutlining 3 1
Task List B Qutput
[ ready I ["tna Col 28 ch 2@ [ Jms]

Fig. 8.21 Object Browser when user selects Object from Timel. cs. (part 1)




8.17 Class View and Object Browser

- #* OhiectDisoosedE xcention

#0 TimeTest1 - Microsoft Yisual C# .MET [design] - Objeck Browser - |EI|E|
File Edit Wiew Projectk Build Debug Tools  Window  Help
DS EHE | RR| o - E-B| ) b )
B [FE[S 2 4% %% (B E[X.
Em | Timel.cs | TimesTestl.cs  Objeck Bruwser| 9 F X
2% Browse: Selected Components * Customize. .. %l - b x| A *’:.. ﬁ‘}
§ Dbijects Members of 'Object’
g [H-*# MTAThreadattribute all -z =@ Equalsiobject,object)
----- - MulticastDelegate -z Equalsiobject)
EEI---QI; MulkicastMotSupportedException || e ? Finalizel)
EEI---QI; Monserializedaktribute =@ GetHashCader)
| EEI---QI; MotFiniteMumberException el =@ GetTypel)
EEI---QI; MotImplementedException || e ? MemberwiseClone)
EEI---QI; MotSupportedException -z Object()
EEI---QI; mullreferenceException =@ ReferenceEqualsiobject, object)
EEI---QI; =8 Toskringl)
-

public class Object
Member of System

SumMmary:

Supports all classes in the .MET Framework, class hierarchy and provides low-level services to derived classes, This is the
ultimate superclass of all classes in the .MET Framewaork; it is the roaot of the bype hierarchy,

Ready | | | 4

Fig. 8.21 Object Browser when user selects Object from Timel. cs. (part 1)
79



o Jad
155 (o ui 9 4ol
(Inheritance) s » o



Syl W
Lt o bl s ge OIS S Gla i 5 w5 ol L OIS
S o LB O) 4 SB35k |y s ol il B e
S5 31 1 Uaeiin 5 sl L3 34 o donld okt 22 LSS S5 NS ol
e B
Sl 6 Ll s gl oS sl ok G S Ll

L;;.J\:‘\..{Li w%&d‘y&@&‘j}wouwuﬂ%gi“lsa” LLJ)‘
N

L e glasl Oy 4 b el )l clls oS 2 “has a” bLs)|
ww:qgwﬁfﬁpﬁP&W\mwx\j}&owww%
S Sl a |y o s il 5 Sl Ko sl axils

81



82

Gwwo Slawdls g AL slewdS 9.2

ol 55 PSSl 0 S el 5 S

Sl ol sl DS 5120 Gl WIS G

ey e S sl C s ol e dlds S50 )l

ol i TWO IS slone IS 4ol 05 S yesein gl
class one : two

S

Sad o odls |G “has a” bl L

RS VPN SUNGE) [P PR VNS U | OF



Base class Derived classes
Student GraduateStudent
UndergraduateStudent
Shape Circle
Triangle
Rectangle
Loan CarLoan
HomeImprovementLoan
MortgagelLoan
Employee Facul tyMember
StaffMember
Account CheckingAccount
SavingsAccount
Hg.9.1 Inheritance examples.
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CommunityMemeber

Employee Student Alumnus

S

Faculty Staff

Administrator Teacher

Fig. 9.2 Inheritance hierarchy for university Communi tyMembers.
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Shape

TwoDimensionalShape ThreeDimensionalShape

Circle Square Triangle Sphere Cube Cylinder

Fig. 9.3 Portion of a Shape class hierarchy.
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internal ¢ protected slas!9.3

protected lacl ®
wal S Gledd Gie S 2 b4l OIS 51 0E
.:JS \J\.:i. L5 e

internal lxaclm
x\oiﬁlu{.ﬂw\ﬁjbﬁ&ﬁ@w%wja&bj&»w
J; ‘J‘:‘.:’. stjl,wb

Overridden base class members can be accessed: =

base.member
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// Fig. 9.4: Point.cs
// Point class represents an x-y coordinate pair.

using System;

Point.cs

// Point class definition implicitly inherits from Object

public class Point

{
// point coordinates
private int x, y;

X and Y coordinates, declared
private so other classes cannot
directly access them

// default (no-argument) constructor

public Point()
{ .
// implicit :m Default point constructor

}

// constructor
public Point( int xValue, int yValue )

{

/ implicit call to Object constructor occu
xValue;

/
X
Y yValue;

}

// property X
public int X
{

get

{

return x;

}

with implicit call to
Object constructor

Constructor to set
coordinates to parameters,
also has implicit call to
Object constructor
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57
58
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62

set

{

X = value;

}

} // end property X

// property Y
public int Y
{

get

{

return y;

public override string ToString()

{

return "[" + x + ",

}

} // end class Point

// no need for validation

Definition of overridden
method ToString

AL + y + "]ll;

Point.cs

Program Output
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// Fig. 9.5: PointTest.cs
// Testing class Point.

Create a Point object
Calls the ToString method
of class Point implicitly

using System;
using System.Windows.Forms;

PointTest.cs

class PointTest Change coordinates of Point object

Point point = int( 72, 115 );

point = o set x-coordinate via X property
poin¥.Y = ;—// set y-coordinate via Y property

// display new point value
output += "\n\nThe new location of point is " + point;

MessageBox.Show( output, "Demonstrating Class Point" );
} // end method Main

} // end class PointTest x|

% coordinate is 72
¥ coordinake is 115

The new location of paoint is [10, 10]

90



oo a1 dWDN K

// Fig. 9.6: Circle.cs
// Circle class contains x-y coordinate pair and radius.

using System;

Circle.cs

// Circle class definition implicitly inherits from Object

public class Circle

{

private int x, y; S ce
private double radius; Circle's radius

Declare coordinates and
radius of circle as private

// default constructor
public Circle()

{

// implicit call to Object ¢ uctor occurs here

}

// constructor

public Circle( int xValue, int yValue, double radiusValue )

{

// implicit call to Object constructor occurs here
X = xValue;

y = yValue;

Radius = radiusValue;

}

// property X
public int X
{

get

{

return x;

}

Circle constructors
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set

{

x = value; // no need for wvalidation

}

} // end property X

// property Y
public int Y

{
get

{

return y;

y = value; // no need for validation

}
} // end property Y

// property Radius
public double Radius
{

get

{

return radius;

if ( value >= 0 ) // validation needed

radius = wvalue;

Circle.cs
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} // end property Radius

// calculate Circle diameter
public double Diameter ()
{

return radius * 2;

}

// calculate Circle circumference
public double Circumference ()

{

return Math.PI * Diameter() ;

}
Definition of overridden

method ToString

// calculate Circle area

public double Area ()
{

return Math.PI * Mat ow( radius, 2 );

ing representation of Circle
public override string ToString()

{
return "Center = [" + x + ", " +y + "]" +

"; Radius = " 4+ radius;

} // end class Circle

Circle.cs
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// Fig. 9.7: CircleTest.cs
// Testing class Circle.

_ Create a Circle object
using System;

using System.Windows.Forms;

// CircleTest class defihition
class CircleTest

{

// main entr oint for application.

static voigMain( string[] args ) Change coordinates and

radius of Circle object

¥nstantiate Circle
Circle circle = new Circle( 37,/43, 2.5 );
// get Circle's initial x-y cgordinates and radius
string output = "X coordinatg is " + circle.X +
"\nY coordinate is " + cfrcle.Y + "\nRadius is " +
circle.Radius;

// set Circle's x-y coordinates and radius to new values
circle.X = 2;
circle.Y = 2;
circle.Radius = 4.25;

// display Circle's string representation
output += "\n\nThe new location and radi
"circle are \n" + circle + "\n";

of " +

// display Circle's diameter
output += "Diameter is " +
String.Format( "{0:F}", circle.Diameter() ) + "\n";

CircleTest.cs

Implicit call to circle’s
ToString method
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// display Circle's circumference
output += "Circumference is " +

String.Format( "{0:F}", circle.Circumference() ) + "\n";

// display Circle's area
output += "Area is " +
String.Format( "{0:F}", circle.Area() )

MessageBox.Show( output, "Demonstrating Class Circle"
} // end method Main

} // end class CircleTest

Demonstrating Class Ci 5[

% coordinate is 37
Y coordinate is 43
Radius is 2.5

The new location and radius of circle are
Center = [2, 2]; Radius = 4,25
Diarneter is 3,50

Circumference is 26,70

Areais 56,75

)

Call Circle’s
Circumference and Area
methods for output
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// Fig. 9.8: Circle2.cs

// Circle2 class that inherits from cl
using System;

// Circle2 class defipi
class Circle2 : Point

{

Declare class Circle to
derive from class Point

ion inherits from Point

Circle2.cs

Declare radius as private

private double radius; // Circle2's radius

// default constructor

Implicit calls to base class constructor

public Circle2 ()
{

// implicit call #0 Point constructor occurs here

}

// constructo
public CircXe2( int xValue, int yValue, double radiusValue )

// implicit call to Point constructor occurs here

X = xValue;

y = yValue; Attempt to directly change
Radius = radiusValue; private base class methods
I results in an error

// property Radius
public double Radius
{

get

{

return radius;

}
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set

{
if ( value >= 0 )
radius = value;

}
} // end property Radius

// calculate Circle diameter
public double Diameter ()
{

return radius * 2;

}

// calculate Circle circumference
public double Circumference ()
{

return Math.PI * Diameter() ;

}

// calculate Circle area
public virtual double area()

{

return Math.PI * Math.Pow( radius,

}

// return string representation Circle

public override string ToString()

{

return "Center = [" + x + ", " +y + "]" +

; Radius = " 4+ radius;

}

} // end class Circle2

2

) ;

Circle2.cs

Attempt to directly access
private base class members
results in an error
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Task List - 3 Build Error tasks shown (filtered)

| | Description

| File

| Line
Click here to add a new task
el 'Circlez.Point.x' is inaccessible due to its protection level Ch ACircle2,cs 23
tds  'Circle2.Paointy' is inaccessible due o its protection level . MCircle2.cs 24
el 'Circlez.Point.x' is inaccessible due to its protection level Ch ACircle2,cs 65
4|

98

Circle2.cs
program output



// Fig. 9.9: Point2.cs
// Point2 class contains an x-y coordinate pair as protected data.

using System; .
g sy Point2.cs
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// Point2 class definition implicitly inherits from Object

public class Point2
{

// point coordinate
protected int x, y; *-~‘__§§§§~

// default constructor

Declare coordinates as
protected so derived classes
can directly access them

public Point2 ()
{

// implicit call to Object constructor occurs here

}

// constructor

public Point2( int xValue, int yValue )

{

// implicit call to Object constructor occurs here

X = xValue;
Y = yValue;
}

// property X
public int X
{

get

{

return x;

}
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35
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62

set

{

x = value; // no need for validation

}

} // end property X

// property Y
public int Y

{
get

{

return y;

y = value; // no need for validation

}
} // end property Y

// return string representation of Point2
public override string ToString()
{
return " [" + x + " , m + y + "] LAl ;
}

} // end class Point2

Point2.cs
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// Fig. 9.10: Circle3.cs
// Circle2 class that inherits from class Point2.

using System;

// Circle3 class definition inherits from Point2

Circle3.cs

public class Circle3 : Point2

{ \ Class Circle3 inherits

private double radius; // Circle's radius from Point2

// default constructor
public Circle3 ()
{

// implicit call to Point constructor occurs here

}

// constructor
public Circle3(
int xValue, int yValue, double radiusValue )

{

// implicit call to Point constructor occurs here

x = xValue;
y = yvalue; :\ Directly changing protected
Radius = radiusValue;

} base class members does not

result in error

// property Radius
public double Radius
{

get

{

return radius;

}

101
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35 set

36 {

37 if ( value >= 0 )

gg radius = value; S mellad) @
}

40

41 } // end property Radius

42

43 // calculate Circle diameter

44 public double Diameter ()

45 {

46 return radius * 2;

47 }

48

49 // calculate circumference

50 public double Circumference ()

51 {

52 return Math.PI * Diameter() ;

53 }

54

55 // calculate Circle area

56 public virtual double Area()

57 {

58 return Math.PI * Math.Pow( radius, 2 );

59 }

60

61 // return string representation of Circle3

62 public override string ToString()

:2 { . - e .o X Directly accessing
return "Center = [" b 4 MW y <l '

= v: Radius = " + radius; ‘J\ protected memt_)ers

66 } does not result in error

67

68 } // end class Circle3
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/ Fig. 9.11: CircleTest3.cs
// Testing class Circle3.

using System;

CircleTest3.cs

using System.Windows.Forms;

// CircleTest3 class definition
class CircleTest3

{

// main entry point for application
static void Main( string[] args )

{

Change coordinates and
radius of Circle3 object

// instantiate Circle3
Circle3 circle = new Circle3( 37, 43, 2.5 );

Create new Circle3 object

// get Circle3's initial x-y cpordinates and radius
string output = "X coordinate/is " + circle.X + "\n" +
"Y coordinate is " + circle.Y + "\nRadius is " +

circle.Radius;

// set Circle3's x-y coordinates and radius to new values
circle.X = 2;
circle.Y = 2;
circle.Radius = 4.25;

// display Circle3's string representation

output += "\n\n" + —
"The new location and radius of circle are " + Irnphcn:caHto
P 5 @RIEE € A Circle3’s ToString
// display Circle3's Diameter method

output += "Diameter is " +
String.Format( "{0:F}", circle.Diameter() ) + "\n"

~e
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35 // display Circle3's Circumference

36 output += "Circumference is " +

37 String.Format( "{0:F}", circle.Circumference() ) + "\n";

38

39 // display Circle3's Area Call Circle’s cs
40 output += "Area is © + _ Circumference and Area
41 String.Format( "{0:F}", circle.Area() )

12 methods for output

43 MessageBox.Show( output, "Demonstrating Class Circle3" );

44

45 } // end method Main

46

47 } // end class CircleTest3

Demonstrating Class Ci 5[

% coordinate is 37
Y coordinate is 43
Radius is 2.5

The new location and radius of circle are
Center = [2, 2]; Radius = 4,25
Diarneker is 3,50

Circumference is 26,70

Areais 56,75
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// Fig. 9.12: Point3.cs
// Point3 class represents an x-y coordinate pair.

using System;

Point3.cs

// Point3 class definition implicitly inherits from Object

public class Point3

{

// point coordinate

private int x, y;

—
<

// default constructor

public Point3()
{

Declare coordinates as private

// implicit call to Object constructor occurs here

}

// constructor

public Point3( int xValue,

{

int yValue )

// implicit call to Object constructor occurs here

X = xValue;
Y = yValue;
}

// property X
public int X
{

get

{

return x;

}

// use property X
// use property Y
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set

{

x = value; // no need for validation

} Point3.cs

} // end property X

// property Y

public int Y
{ Methods to set x
?et and y coordinates
return y;
}
set

y = value; // no need for validation

}
} // end property Y

// return string representation of Point3
public override string ToString()

{ \
return "[" + X + ", " + ¥ + "]";

}

Overridden ToString method

} // end class Point3
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// Fig. 9.13: Circled.cs
// Circled4 class that inherits from class Point3.

using System;

Circled.cs

// Circle4d class definition inherits from Point3 Constructor with
implicit call to base
class constructor

public class Circle4 : Point3
{

private double radius;

// default constructor
public Circled4 ()

{

// implicit call to Point constructor occurs her

}

// constructor

Constructor with
explicit call to base
class constructor

public Circle4( int xValue, int yValue, double radiusValue )

: base( xValue, yValue )

{
Radius = radiusValue;
}

Explicit call to base
class constructor

// property Radius
public double Radius

{
get

{

return radius;

}

set

{
if ( value >= 0 ) // validation needed

radius = wvalue;



36
37
38
39
40
41
42
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}
} // end property Radius

// calculate Circle diameter
public double Diameter ()
{

return Radius * 2;

}

// calculate Circle circumference
public double Circumference ()
{

return Math.PI * Diameter() ;

}

// calculate Circle area
public virtual double Area()
{

return Math.PI * Math.Pow( Radius, 2 );

}

/ s0 it can be overridden

Circled.cs

// use property Radius

Method area declared virtual

// use propert .
Circle4’s ToString method

overrides Point3’s ToString

// return string representation °f‘Eiffifi—"””'————’——’_rnethod
public override string ToString()

{

// use base reference to return Point string representation

Call Point3’s ToString

return "Center= " + base.ToString() + <H-~_~__~§~§-§§‘§-
"; Radius = " + Radius; // use property Radius method to dISp|ay

}

} // end class Circle4

coordinates
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// Fig. 9.14: CircleTestd.cs
// Testing class Circle4.

using System;

using System.Windows.Forms;

// CircleTest4 class definition
class CircleTest4

{

// main entry point for application
static void Main( string[] args )

{

Change coordinates and
radius of Circle4 object

// instantiate Circle4

CircleTest4d.cs

Circle4 circle = new Circle4( 37, 43, 2.5 );

// get Circled's initial x-y cpordinates and radius

Create new Circle4 object

string output = "X coordinate/is " + circle.X + "\n" +
"Y coordinate is " + circle.Y + "\n" +
"Radius is " + circle.Radius;

// set Circled's x-y coordinates and radius to new values
circle.X = 2;
circle.Y = 2;
circle.Radius = 4.25;

// display Circled's string representation

output += "\n\n" + —
"The new location and radius of circle are " + Irnphcn:caHto

"\n" + circle + "\n"; Circle4’s ToString
method

// display Circled's Diameter

output += "Diameter is " +
String.Format( "{0:F}", circle.Diameter() ) + "\n"

~e
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35 // display Circled's Circumference

36 output += "Circumference is " +

37 String.Format( "{0:F}", circle.Circumference() ) + "\n";

38

39 // display Circled's Area Call Circle’s e
40 output += "Area is " + _ Circumference and Area
41 String.Format( "{0:F}", circle.Area() )

22 methods for output

43 MessageBox.Show( output, "Demonstrating Class Circled" );

44

45 } // end method Main

46

47 } // end class CircleTest4

Demonstrating Class Ci 5[

% coordinate is 37
Y coordinate is 43
Radius is 2.5

The new location and radius of circle are
Center=[2, 2]; Radius = 4,25
Diarneker is 3,50

Circumference is 26,70

Areais 56,75
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112
// Fig. 9.15: Cylinder.cs
// Cylinder class inherits from class Circled.

using System; .
= = Cylinder.cs

// Cylinder class definition inherits from Circle4 . . ]
public class Cylinder : Circle4d +— CnaSS(:y“nderlnher“S
{ from class Circle4

private double height;
// default constructor\ Declare variable

public Cylinder() height as private
{

// implicit call to Circle4d ¢ uctor occurs her

Constructor that

implicitly calls base
// four-argument constructor
public Cylinder( int xValue, int yValue, double radiu class constructor
double heightValue ~base( xValue, yValue, radiusValue )

}

{
Height = heightValue; // set Cylinde

} Constructor that

// property Height explicitly calls base
public double Height class constructor

{

get
{

return height;

}

set

{
if ( value >= 0 ) // validate height

height = wvalue;

wwwwwwl\)NNNNNNNNND—"!—‘I—‘I—‘I—‘!—‘I—"I—‘!—‘I—‘l&OWI\IO\(ﬂnbb\)l\)l—‘
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36 }

37

38 } // end property Height

59 Cylind

40 // override Circled4 method Area to calculate Cylinder area e
41 public override double Area () .
22 ( Method Area overrides
43 return 2 * base.Area() + base.Circumference() * Height; Circle4’s Area method
44 }

45

46 // calculate Cylinder volume

47 public double Volume () <— Calculate volume of cylinder

48 {

49 return base.Area() * Height;

50 }

51

52 // convert Cylinder to string .| Overridden ToString method

53 public override string ToString()
54 {
55 return base.ToString() + "; Height = " + Height;

56 }
57 \ Call Circle4’s ToString

58 } // end class Cylinder method to get its output
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// Fig. 9.16: CylinderTest.cs
// Tests class Cylinder.

using System;
using System.Windows.Forms;

// CylinderTest class definition
class CylinderTest

{

// main entry point for application
static void Main( string[] args )

{

114

CylinderTest.cs

Create new cylinder

// instantiate object of class Cylinder ‘//////,//
Cylinder cylinder = new Cylinder (12, 23, 2.5, 5.7);

// properties get initial x-y coordinate, radius and height
string output = "X coordinate is " + cylinder.X + "\n" +
"Y coordinate is " + cylinder.Y + "\nRadius is " +
cylinder.Radius + "\n" + "Height is " + cylinder.Height;

// properties set new x-y coordinate, radius and height
cylinder.X = 2;
cylinder.Y = 2;
cylinder.Radius
cylinder.Height

Change coordinates,
radius and height

10;

// get new x-y coordinate and radius
output += "\n\nThe new location, radius and height of " +

"cylinder are\n" + cylinder + "\n\n"; 4\\\\\\\\\\\\\\
Implicit call to ToString

// display Cylinder's Diameter

output += "Diameter is " +
String.Format( "{0:F}", cylinder.Diameter() ) + "\n'";
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// display Cylinder's Circumference
output += "Circumference is " +
String.Format( "{0:F}", cylinder.Circumference() ) + "\n";

// display Cylinder's Area
output += "Area is " +
String.Format( "{0:F}", cylinder.Area() ) + "\n";

// display Cylinder's Volume
output += "Volume is " +
String.Format( "{0:F}", cylinder.Volume() )

MessageBox.Show( output, "Demonstrating Class Cylinder" ) ;
} // end method Main

} // end class CylinderTest

Demonstrating Class Cylinde X|

% coordinate is 12
Y coordinate is 23
Radius is 2.5
Height is 5.7

The new location, radius and height of cylinder are
Center= [2, 2]; Radius = 4.25; Height = 10

Diameter is 3,50
Circumference is 26,70
Areais 380,53

Volume is 567,45
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CylinderTest.cs

Call methods
Circumference,
Area and VVolume
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// Fig. 9.17: Pointd.cs
// Point4 class represents an x-y coordinate pair.

using System; Point4d.cs
// Point4 class definition
public class Point4
{
// point coordinate
private int x, y;

// default constructor
public Point4 ()

{

// implicit call to Object cons r occurs here
Console.WritelLine( "Point4d constructor: { ; i

Constructors with output
messages and implicit calls
to base class constructor

}

// constructor
public Point4( int xValue, int yValue )

{

// implicit call to Object constructor occurs here
X = xValue;
Y = yValue;
Console.WritelLine( "Point4d constructor: {0}", this )~

Output statements use
reference this to implicitly
call ToString method

}

// destructg;

<

~Pointd4 () - Destructor with
¢ output message

Console.WritelLine( "Point4d destructor: {0}", this );

}

// property X
public int X
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get
{

return x;

x = value; // no need for validation

}
} // end property X

// property Y
public int Y

{
get

{

return y;

y = value; // no need for validation

}
} // end property Y

// return string representation of Point4d
public override string ToString()

{
return "[" + x + ", " +y + "]";
}

} // end class Point4

Point4d.cs

118



©WooJoyUuldWNR

// Fig. 9.18: Circleb5.cs
// Circle5 class that inherits from class Point4.

using System;

// Circle5 class definition inherits from Point4
public class Circle5 Point4

{

private double radius;

// default constructor
public Circle5 ()

{

// implicit call to Point3 constructor oc

Console.Writeline( "Circle5 constructor: {0}", this

}

// constructor
public Circle5( int xValue, int yValue, double radiusValu
: base( xValue, yValue )
{
Radius = radiusValue;
Console.WritelLine( "Circle5 constructor: {0}", this ) ;

}

// destructor overrides version in class Point4
~Circle5() =

Circleb.cs

Constructors with
calls to base class and
output statements

119

Output statements use
reference this to implicitly
call ToString method

{ »
Console.WritelLine( "Circle5 destructor: {0}", this );

}

// property Radius
public double Radius

{

Destructor with
output message
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get
{

return radius;

if ( value >= 0 )
radius = value;

}
} // end property Radius

// calculate Circle5 diameter
public double Diameter ()
{

return Radius * 2;

}

// calculate Circle5 circumference
public double Circumference ()
{

return Math.PI * Diameter() ;

}

// calculate Circleb5 area
public virtual double Area()
{
return Math.PI * Math.Pow( Radius, 2 );
}

// return string representation of Circle5
public override string ToString()

{

Circleb.cs
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// use base reference to return Point3 string
return "Center = " + base.ToString() +
"; Radius = " + Radius;

}

} // end class Circle5

Circleb.cs
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// Fig. 9.19: ConstructorAndDestructor.cs

// Display order in which base-class and derived-class

// and destructors are called.

using System;

// ConstructorAndFinalizer class definition
class ConstructorAndFinalizer

{

// main entry point for application.
static void Main( string[] args )

{

Circle5 circlel, circle2;

// instantiate objects
circlel = new Circle5( 72, 29, 4.5 ); <«

122

constructors

ConstructorAndDe
structor.cs

Create two objects

4

circle2 = new Circle5( 5, 5, 10 ), <—
Console.WritelLine() ;

// mark objects for garbage collection
circlel = null; +—

of type Circle5

circle2 = null; &

// inform garbage collector to execute
System.GC.Collect () ; «—

Remove references
to Circle5 objects

} // end method Main

} // end class ConstructorAndDestructor

Run the garbage collector
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Point4d constructor: Center = [72, 29]; Radius = 0
Circle5 constructor: Center = [72, 29]; Radius = 4.5
Point4 constructor: Center = [5, 5]; Radius = 0
Circle5 constructor: Center = [5, 5]; Radius = 10

[ ] ConstructorAndDe
Circleb5 destructor: Center = [5, 5]; Radius = 10 structor.cs
Point4 destructor: Center = [5, 5]; Radius = 10 program output

Circle5 destructor: Center = [72, 29]; Radius = 4.5
Point4d destructor: Center = [72, 29]; Radius = 4.5
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// Fig. 10.1: Point.cs
// Point class represents

Definition of class Point

using System;

// class definition implicitly inherits from Object
public class Point
{

// point coordinate

private int x, y;

// default constructor
public Point()
{

// implicit call to Object constructor occurs here

}

// constructor

public Point( int xValue, int yValue )

{
// implicit call to Object constructor occurs here
X = xValue;
Y = yValue;

}

// property X
public int X
{

get

{

return x;

Point.cs
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set

{

x = value; // no need for wvalidation

}

} // end property X

// property Y
public int Y

{
get

{

return y;

y = value; // no need for validation

}
} // end property Y

// return string representation of Point
public override string ToString()
{

return "[" + X + ", " + Y + "]";

}

} // end class Point

Point.cs
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// Fig. 10.2: Circle.cs

// Circle class that inherits 1 Definition of class Circle which
inherits from class Point

using System;

cle class definition inherits from Point
public class Circle : Point

{

private double radius; // circle's radius

// default constructor
public Circle()
{

// implicit call to Point constructor occurs here

}

// constructor

public Circle( int xValue, int yValue, double radiusValue )
: base( xValue, yValue )

{

Radius = radiusValue;

}

// property Radius
public double Radius
{

get

{

return radius;

}

Circle.cs
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set

{
if ( value >= 0 ) // validate radius
radius = value;

}
} // end property Radius

// calculate Circle diameter
public double Diameter()
{

return Radius * 2;

}

// calculate Circle circumference
public double Circumference ()
{

return Math.PI * Diameter() ;

}

// calculate Circle area
public virtual double Area()
{
return Math.PI * Math.Pow( Radius, 2 );
}

// return string representation of Circle
public override string ToString()
{
return "Center = " + base.ToString() +
"; Radius = " 4+ Radius;

}

} // end class Circle

Circle.cs
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// Fig. 10.3: PointCircleTest.cs
// Demonstrating inheritance and polymorphism.

using System; Create a Point object

131

using System.Windows.Forms;

Assign a Point reference to
reference a Circle object

PointCircleTest.
cs

Assign a Circle refe

Use base-class reference to
access a derived-class object

to reference a Peint objto

+
data type) point2 to Circle circle2
Circle circle2 = ( Circle ) point2;
\
output += +
circle2.ToString() ; \
output += +
circle2.Area() .ToString( ) Y,

Use derived-class
reference to access a
base-class object
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// attempt to assign pointl object to Circle reference

if ( pointl is Circle )

cle2 = ( Circle ) pointl;

output +=
}
else
{

output +=
}

MessageBox.Show ( output,

} // end method Main

} // end class PointCircleTest

Demonstrating the is a° relatio -'

Point point1: [30, 50]
Circle circlel: Center = [120, 89]; Radius = 2.7

CCircle circlel (via point2): Center = [120, 89]; Radius = 2.7

Circle circlel (via circle2): Center = [120, 89]; Radius = 2.7

Area of circlel {via circle2): 22,90

pointl does nok refer ko a Circle

PointCircleTest.
cs

) ;

Test if pointl references a Circle
object — it cannot, because of the
downcasting on line 28

x|
Program Output
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Polymorphism Jbe 10.4

(2 ,lg=) Quadrilateral base-class =
(Julzs) Rectangle derived-class
(=) Square derived-class

(g1 (551 520) Parallelogram detived-class

(ai33) Trapezoid derived-class
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Polymorphism Jbe 10.4

SpaceObject base-class — contains method DrawYourself
Martian derived-class (implements DrawYourself)
Venutian derived-class (implements DrawYourself)
Plutonian derived-class (implements DrawYourself)
SpaceShip derived-class (implements DrawYourself)
S wsb SpaceObject 1)1 Jols cl Ko ioled ot Sy ks asli
Ll el e SpaceObject 5l 45wl o o e sl 4 ¢l
» DrawYourself 22U Sl amis o e oled amio 3Lk Gl
LS o Sl 3wyl 5y &
» 5 |, DrawYourself ;| Cwlw «.5 polymorphical & sz 4l
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Methods

ewlbe ol gla WIS 05 S \J.e sl » s Abstract class =

concrete ) L gd (g » &l w\ SNes S (6 508 sledIS
X i e oslaul (classes

= gLl (o gl a5l i Abstract 4l gla OIS =
e g

abstract .S 4Js 5l oSl ¢L<'~m abstract class i, 25 ¢l . ®
3 oo odlaill

ss abstract .S 4dS abstract Cewo s> L g el gl m
&l esls abstract Cos st L GU 0> g g0 odlaiul Odlel
Ll

137



10.5 Abstract Classes and
Methods
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m Abstract base class Shape
Concrete virtual method Area (default return value is 0)
Concrete virtual method Volume (default return value is 0)
Abstract read-only property Name
m (Class Point2 inherits from Shape
Overrides property Name (required)
Does NOT override methods Area and Volume
m (Class Circle2 inherits from Point2
Overrides property Name
Overrides method Area, but not Volume
m (Class Cylinder2 inherits from Circle2
Overrides property Name
Overrides methods Area and Volume
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// Fig. 10.4: Shape.cs
// Demonstrate a shape hierarchy using an abstract base class.
using System;

Declaration of virtual methods Shape.cs
Area and Volume with default
implementations

Rublic abstract class Shape

Declaration of read-only abstract property
Name; implementing classes will have to
provide an implementation for this property

Declaration of abstract class Shape

eturn Shape's name
public abstract string Name

{
get;
}
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// Fig. 10.5: Point2.cs

// Point2 inherits from abstract class Shape and represents

// an x-y coordinate pair.
using System;

Point2.cs

// Point2 inherits from abstract class Shape

public class Point2 : Shape

// constructor
public Point2( int xVa

{

e,

X = xValue;
Y = yValue;
}

// property X
public int X
{

get

{

return x;

pxivate int x, y; // Point2 coordinates

int yValue )

Class Point2 inherits from class Shape

x = value; // no validation needed

141
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}

// property Y

public int Y
{

get

read-only Name property

Point2’s implementation of the

{

return y;

}

// no validation needed

string representation of Point2 object
public bverride string ToString()

+ X + + Y + :

/ implement abstract property Name of class Shape
public override string Name
{

get

{

return S

}

}

} // end class Point2

Point2.cs
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// Fig. 10.6: Circle2.cs
// Circle2 inherits from class Point2 and overrides key members.
using System;

// Circle2 inherits from class Point2
public class Circle2 : Point2

Pxivate double radius; // Circle2 radius

// constructor
public Circle2( int xVaNue, int yValue, double radiusValue )
: base( xValue, yValue

{

Radius = radiusValue;

Definition of class Circle2 which
inherits from class Point2

}

// property Radius
public double Radius
{

get

{

return radius;

}

Circle2.cs
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set

{

// ensure non-negative radius value

if ( value >= )
radius = value;

Override the Area method
(defined in class Shape)

public double Diameter()
{

return Radius *

}

// calculate CiX¥cle2 circumference
public double/Circumference ()

Math. * Diameter() ;

calculate Circle2 area
ublic override double Area()

return Math. * Math.Pow( Radius, )

}

// return string representation of Circle2 object

public override string ToString()

{

return + base.ToString() +

+ Radius;

Circle2.cs
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// override property Name from class Point2
ublic override string Name

} // end class Circle2

Override the read-only Name property

Circle2.cs
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// Fig. 10.7: Cylinder2.cs
// Cylinder2 inherits from class Circle2 and overrides key members.
using System;

// Cylinder2 inherits from class Circle2
ublic class Cylinder2 : Circle2

rivate double height; // Cylinder2 height

efault constructor
{c Cylinder2 ()

er2( int xValue, int yValue, double radiusValue,
double heightValue ) : base( xValue, yValue, radiusValue )

// property Height
public double Height
{

Class Cylinder2

get derives from Circle2
{

return height;

}

set
{
// ensure non-negative height value
if ( value >= )
height = value;

Cylinder2.cs
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}

// calculate Cylinder2 area
ublic override double Ared()

}

} // end class Cylinder2

Override read-only property Name

Cylinder2.cs

+ Height;

Override Area implementation of class Circle2

Override Volume implementation of class Shape
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// Fig. 10.8: AbstractShapesTest.cs

// Demonstrates polymorphism in Point-Circle-Cylinder hierarchy.

using System;

using System.Windows.Forms; ASSign a Shape reference
to reference a Point2 object pbjects -

public class AbstractShapesTe

Assign a Shape reference to
reference a Cylinder2 object

reterence a CircleZ object

Point2 point new Point2 (
Circle2 ci = new Circle
Cylinde i inder2 ( ,

Shap s = new Shape]| 1

arrayOfShkape ] = point;

arrayOfShapes [ ] = circle;

’ r )

©f Shape base-class references

[ 0O ] refers to Point2 object

//[/arrayOfShapes[ 1 ] refers to Cylinder2 object

arrayOfShapes [ ] = cylinder;

string output = point.Name + + point + +
circle.Name + + circle + +
cylinder.Name + + cylinder;

148
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// display Name, Area and Volume for each object
// in arrayOfShapes polymorphically
foreach ( Shape shape in arrayOfShapes )

output += + shape.Name + + shape +
+ shape.Area() .ToString ( ) +
+ shape.Volume () .ToString (

MessaggBox.Show ( output,

149

AbstractShapesTe
st.cs

Use a foreach loop to access
every element of the array

Rely on polymorphism to call
appropriate version of methods

PointZ: [7, 11]
Circlez: Center = [22, 8]; Radius = 3.5
Cylinder2: Center = [10, 10]; Radius = 3.3; Height = 10

Poinkz: [7, 11]
Area = 0,00
Molurme = 0,00

Circle2s Center = [22, 8]; Radius = 3.5
Area = 38,48
YWolurne = 0.00

Cylinder2: Cenkter = [10, 10]; Radius = 3.3; Height = 10

Area = Z75. 77
Molume = 342,12

Program Output
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O 95> o 589 990 ArSliae 10.8
Polymorphism jf owis oolaiwt

m Base-class Employee

abstract
abstract method Earnings (11,3)

XL gd o i Employee SIS 51 a8 LlgudS
Boss
CommissionWorker
PieceWorker
HourlyWorker

LS o ol el |, Earnings 22U G LS ples

oS Sl & ga 4 gl sl sl 1 Employee gls gl oS oy it 4l
LS i il

LS o Sl s |, Earnings 5l o>es 4. Polymorphism
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// Fig. 10.9: Employee.cs
// Abstract base class for company employees.
using System;

ublic abstract class Employee

pXvate string firstName;

FirstName i eValue;
LastName = lastNameVa

: Definition of abstract class Employee

// property FirstName
public string FirstName

{
get

{

return firstName;

firstName = value;

Employee.cs
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// property LastName
public string LastName

{

et .
({3 Declaration of abstract class
return lastName; Earnings — implementation must
} be provided by all derived classes

// AAbstract method that must be implemented for each derived
class of Employee to calculate specific earnings
public abstract decimal Earnings() ;

} // end class Employee

Employee.cs
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// Fig. 10.10: Boss.cs
// Boss class derived from Employee.
using System;

ublic class Boss : Employee

psivate decimal salary; // Boss's salary

( string firstNameValue, string lastNameValue,
laryValue)
: base( firstNameValue, lastNameValue )

WeeklySalary = salaryValue;

// property WeeklySalary
public decimal WeeklySalary

{

Definition of class Boss —

get derives from Employee

{

return salary;

}

set

{

// ensure positive salary value
if ( value > )
salary = value;

Boss.cs
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// override base-class method to calculate Boss's earnings
ublic override decimal Earnings ()

turn WeeklySalary;

+ base.ToString() ;

Boss.cs

Implementation of method Earnings (required
by classes deriving from Employee)
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// Fig. 10.11: CommisionWorker.cs

// CommissionWorker class derived from Employee

using System;

public class CommissionWorker : Employee

ivate decimal salary; //
priyate decimal commission; //
private int quantity; //

base weekly salary
amount paid per item sold
total items sold

issionValue, int quantityValue )

base( firstNameValue, lastNameValue )

WeeklySalary = salaryValue;

Commission = commissionValue;

Quantity = quantityValue;
}

156

CommisionWorker.
cs

// property WeeklySalary

public decimal WeeklySalary

Definition of class CommissionWorker
— derives from Employee

{
get

{

return salary;
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set

{

// ensure non-negative salary value
if ( value > 0 )
salary = value;

}

// property Commission
public decimal Commission

{
get

{

return commission;

}

set

{

// ensure non-negative commission value
if ( value > 0 )
commission = value;

}

// property Quantity
public int Quantity
{
get
{
return quantity;

}
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set

{

// ensure non-negative quantity value
if ( value > )
quantity = value;

}

// override base-class method to calculate
// CommissionWorker's earnings
ublic override decimal Earnings ()

rsturn WeeklySalary + Commission * Quantity;

// return s¥ring representation of CommissionWorker
public overri string ToString()

{

return + base.ToString() ;

}
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CommisionWorker.
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Implementation of method Earnings (required
by classes deriving from Employee)

} // end class CommissionWo
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// Fig. 10.12: PieceWorker.cs
// PieceWorker class derived from Employee.
using System;

public class PieceWorker : Employee

pPxivate decimal wagePerPiece; // wage per piece produced
priyate int quantity; // quantity of pieces produced

: base( firstNameValue, lastNameValue )

WagePerPiece gePerPieceValue;
Quantity = quantityValue;

Definition of class PieceWorker

// property WagePerPiece | derives from Employee
public decimal WagePerPiece

{

get
{

return wagePerPiece;

if ( value > )
wagePerPiece = value;

PieceWorker.cs
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// property Quantity
public int Quantity
{

get

{
return quantity;

}

set

{
if ( value > )
quantity = value;

}

// override base-class method to calculate
// PieceWorker's earnings
ublic override decimal Earnings ()

return Quantity * WagePerPiece;

// return ring representation of PieceWorker
public override string ToString()

{

return + base.ToString() ;

}

PieceWorker.cs

Implementation of method Earnings (required
by classes deriving from Employee)
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// Fig. 10.13: HourlyWorker.cs
// HourlyWorker class derived from Employee.
using System;

public class HourlyWorker : Employee

pxivate decimal wage; // wage per hour of work
te double hoursWorked; // hours worked during week

public HouxlyWorker ( string firstNameValue, string LastNameValue,
eValue, double hoursWorkedValue )
: base( firstNameValue, LastNameValue )

Wage = wageValu
HoursWorked = hoursWorkedValue;

}

Definition of class HourlyWorker —
// property Wage .
public decimal Wage derives from Employee
{

get
{

return wage;

}

set

{

// ensure non-negative wage value
if ( value > )
wage = value;

161
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// property HoursWorked
public double HoursWorked

{
get

{

return hoursWorked;

}

set

{

// ensure non-negative hoursWorked value
if ( value > )
hoursWorked = value;

}

// override base-class method to calculate
// HourlyWorker earnings
public override decimal Earnings ()

= 40 )

onvert.ToDecimal ( HoursWorked ) ;

return Wage

Implementation of method Earnings (required
else by classes deriving from Employee)

{

// calculate base and overtime pay

decimal basePay = Wage * Convert.ToDecimal ( ) ;

decimal overtimePay = Wage ¥* B
Convert.ToDecimal ( HoursWorked - ) ;
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}

// return string representation of HourlyWorker

return basePay + overtimePay;

public override string ToString()

{
}

return "HourlyWorker:

" + base.ToString() ;

163
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// Fig. 10.14: EmployeesTest.cs

164

// Demonstrates polymorphism by displaying earnings

// for various Employee types.
using System;
using System.Windows.Forms;

public class EmployeesTest

{

public static void Main( strin

{

Boss boss = new Boss (

: EmployeesTest.cs
Assign Employee reference to

reference a Boss object

args ) | Use method GetString to polymorphically

obtain salary information. Then use the original
Boss reference to obtain the information

4 4 4 ) ;

PieceWorker new PieceWorker ( ’ ,

), ),

Hourl new HourlyWorker ( ,

Employée employee = boss;

), )

string output = GetString( employee ) + boss + " earned " +

boss.Earnings () . ToString(

employee = commissionWorker;

) + ;

output += GetString( employee ) + commissionWorker +

+

commissionWorker.Earnings () . ToString ( ) + ;

employee = pieceWorker;
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output += GetString( employee ) + pieceWorker +

165

+ pieceWorker.Earnings () .ToString( ) +
’ Definition of method GetString,
Eleen o GewelyTTaEeE which takes as an argument an
Employee object.

EmployeesTest.cs

output += GetString( emplodyee ) + Tourryworker T
+ hourlyWorker.Earnings () . ToString ( ) +

Polymorphically call the method of
| the appropriate derived class

return worker.ToString() + +
worker .Earnings () . ToString ( ) + ;

Demonstrating Polymorphisr x|

L Boss: John Smith earned $500.00
1|) Boss: John Smith earned $300.00

Commissiondorker: Sue Jones earned $350.00
Commissioniarker: Sue Jones earned $350.00

Piecetorker: Bob Lewis earned $500.00
Pieceworker: Bob Lewis earned $500,00

HourlyWwiorker: Karen Price earned $756.25
HourlyWwiorker: Karen Price earned $756.25

Program Output
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// Fig. 10.15: IAge.cs
// Interface IAge declares property for setting and getting age.

ublic interface IAge
P g IAge.cs

;)
ame { get; }:}Nk\\\\\\\\\\

Definition of interface%\\

Classes implementing this interface
will have to define read-only
properties Age and Name

168
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// Fig. 10.16: Person.cs
// Class Person has a birthday.
using System;

Definition of Age property (required)

ublic class Person : IAge

tring firstName
private strx lastName/

Person.cs

private int yearB

Class Person implements the 1Age interface

// constructor
public Person( stfing firstNameValue, string lastNameValue,
int yearBornVAalue )

firstName firstNameValue;
lastName /=~ lastNameValue;

if ( arBornValue > && yearBornValue <= DateTime.Now.Year )
yg¢arBorn = yearBornValue;

yearBorn = DateTime.Now.Year;

/ property Age implementation of interface IAge
public int Age

{

get

{

return DateTime.Now.Year - yearBorn;

}

169
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// property Name implementation of interface IAge

ublic string Name

firstName +

+ lastName;

} // end class Person

Definition of Name property (required)

Person.cs

170
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// Fig. 1
// Class Tree contains number of rings corresponding to its age.
using System;

0.17: Tree.cs

ublic class Tree : IAge

Tree.cs

ivate int rings; // number of rings in tree trunk

Implementation of Age property ( required)

Class Tree implements the IAge interface

[/} property Age implementation of interface IAge
public int Age

{

get
{

}

return rings;
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// property Name implementation of interface IAge

ublic string Name

} // end class Tree

Definition of Name property (required)

Tree.cs

172
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// Fig. 10.18: InterfacesTest.cs
// Demonstrating polymorphism with interfaces.

using System.Windows.Forms

public class InterfacesTes

.
14

Create array qof LAae references

ge references
< new IAge[ 1;

iAgeArray | ] = tree;

iAgeArray [ ] = person;

Assign an IAge reference to
reference a Person object

173

InterfacesTest.c

reterence a I ree object

r ) ;

[ 0 ] refers to Tree object polymorphically

iAgeArray[ 1 ] refers to Person object polymorphically

// display tree information
string output = tree +

tree.Age +

.
4

+ tree.Name + +

// display person information
+ person.Name +

output += person +
+ person.Age +

.
4
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// display name and age for each IAge object in iAgeArray
foreach ( IAge ageReference in iAgeArray )

eference.Age +

MessageBox . Show
} // end method Main

} // end class InterfacesTest

Demonstrating Polyr

Tree: Tree
Age is 23

Person: Bob Jones

Age is: 30

Tree: Ageis 23

Bob Jones: Age is 30

ut += ageReference.Name +

InterfacesTest.c
s

)

Use foreach Wt
each element of th

Use polymorphism to call the
property of the appropriate class

Mlluy |

Ik,

Program Output
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// Fig. 10.19: IShape.cs
// Interface IShape for Point, Circle, Cylinder Hierarchy.

ublic interface IShape
= = IShape.cs

that implement IShape must implement these methods
// and this p
double Area() ;
double Volume () ;

string Name { get; }

Definition of IShape interface

Classes implementing the interface must define methods
Area and Volume (each of which take no arguments and
return a double) and a read-only string property Name
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// Fig. 10.20: Point3.cs

// Point3 implements interface IShape and represents
// an x-y coordinate pair.

using System;

// Point3 implements IShape
public class Point3 : IShape

rivate int x, y; // Point3 coordinates

public Point3 (\int xValue, int yValue )

X = xValue;
Y = yValue;

}
Class Point3 implements

// property X the IShape interface
public int X

{

get
{

return x;

}

Point3.cs
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// property Y
public int Y
{

get

{

return y;

Implementation of IShape method Area
(required), declared virtual to allow
deriving classes to override

/ implement interface IShape method Area
public virtual double Area/()

{

return ;

}

Point3.cs
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// implement interface IShape method Volume

ublic virtual double Volume ()

} // end class Point3

Point3.cs

Implementation of 1Shape method
Volume (required), declared virtual to
allow deriving classes to override

Implementation of IShape property
Name (required), declared virtual to
allow deriving classes to override

178



O 0 djoy T W N K

// Fig. 10.21: Circle3.cs

// Circle3 inherits from class Point3 and overrides key members.

using System;

// Circle3 inherits from class Point3

public class Circle3 : Point3

// constructor

public Circle3( Z\nt xValue,

// property Radius
public double Radius
{

get

{

return radius;

}

rivate double radius; // Circle3 radius

int yValue, double radiusValue )

Definition of class Circle3
which inherits from Point3

Circle3.cs
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set

{

// ensure non-negative Radius value

if ( value >= )
radius = value;

}

// calculate Circle3 diameter
public double Diameter()

Override the Point3
implementation of Area

{

return Radius * 2;

}

// calculate Ci

public double Circumference ()

* Diameter() ;

calculate Circle3 area
public override double Area ()

{

le3 circumference

return Math. * Math.Pow( Radius, )

}

// return string representation of Circle3 object

public override string ToString()

{

return + base.ToString() +

+ Radius;

Circle3.cs

180



64
65
66
67
68
69
70
71
72
73

// override property Name from class Point3

} // end class Circle3

ublic override string Name

Circle3.cs

Override the Point3 implementation of Name

181
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// Fig. 10.22: Cylinder3.cs
// Cylinder3 inherits from class Circle2 and overrides key members.
using System;

// Cylinder3 inherits from class Circle3
blic class Cylinder3 : Circle3

pxivate double height; // Cylinder3 height

// default constructor

// constructor
public Cylinder3( Wnt xValue, int yValue, double radiusValue,
double heightVal : base( xValue, yValue, radiusValue )
{
Height = heightValue;

}

Declaration of class Cylinder3

ey Ledefa which inherits from class Circle3

public double Height
{

get
{

return height;

}

Cylinder3.cs
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set

{ Override the Point3
/) ST R I He}g*‘/t implementation of Volume

if ( value >= ) ; _
height = value; | Qwv€rride the Circle3
Implementation of Area

S

calculate Cylinder3 volume
public override double Volume ()

{

return base.Area() * Height;

}

// return string representation of Cylinder3 object
public override string ToString()
{
return + base.ToString() +
+ Height;

Cylinder3.cs
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// override property Name from class Circle3

ublic override string Name

} // end class Cylinder3

Override the Circle3
implementation of Name

Cylinder3.cs
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// Fig. 10.23: Interfaces2Test.cs
// Demonstrating polymorphism with interfaces

185

in

// Point-Circle-Cylinder hierarchy.

using System.Windows.Forms;

Create an array of
IShape references

Interfaces2Test.
cs

public class Interfaces2Test

Assign an IShape reference
to reference a Point3 object

es|[ ] = circle;

arrayOfShapes [ ] = cylinder;

Assign an IShape reference
to reference a Circle3 object

Assign an IShape reference to
reference a Cylinder3 object

s[ 1 ] references Circle3 object

rrayOfShapes[ 2 ] references Cylinder3 object

string output = point.Name + + point + +
circle.Name + + circle + +
cylinder.Name + + cylinder;
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foreach ( IShape shape in arrayOfShapes )

{
utput +=
shape.Area () +

+ shape.Name +

MessageBox .Show ( output,

+
+ shape.Volume() ;

Use polymorphism to call the
appropriate class’s method or property

Demonstrating Polymorphism

Point3: [7, 11]
Circled: Center = [22, 8]; Radius = 3.5

Cylinder3: Center = Center = [10, 10]; Radius = 3.3; Height = 10

Poink3:
Area =0
Molume =0

Circles:
Area = 38.48451 0006475
Wolume =0

Cylinder3:

frea = £75.769003132112
Maolume = 342.119433975925

186

Interfaces2Test.
cs

Program Output
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// Fig. 10.24: DelegateBubbleSort.cs
// Demonstrating delegates for sorting numbers.

public class DelegateBubbleSort Call d9|egate method to
DelegateBubbleSo
{ compare array elements £ g
iIcL, r . cs

Method Swap, swaps the two

Delegate Comparator definition declaration;
defines a delegate to a method that takes two

integer parameters and returns a boolean
ref array[ i ], ref array[ 1 + 1),

swap two elements
private static void Swap(
ref int secondElement )

ef int firstElement,

{ .
int hold = firstElement; Method SortArray which takes an

firstElement = secondElement; | INteger array and a Comparator delegate
secondElement = hold;
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// Fig. 10.25: BubbleSortForm.cs

// Demonstrates bubble sort using delegates to determine
// the sort order.

using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel ;

using System.Windows.Forms;

public class BubbleSortForm : System.Windows.Forms.Form

{
private System.Windows.Forms.TextBox originalTextBox;
private System.Windows.Forms.TextBox sortedTextBox;
private System.Windows.Forms.Button createButton;
private System.Windows.Forms.Button ascendingButton;
private System.Windows.Forms.Button descendingButton;
private System.Windows.Forms.Label originallabel;
private System.Windows.Forms.Label sortedLabel;

private int[] elementArray = new int][ 1,

// create randomly generated set of numbers to sort
private void createButton Click( object sender,
System.EventArgs e )
{
// clear TextBoxes
originalTextBox.Clear() ;
sortedTextBox.Clear () ;

// create random-number generator
Random randomNumber = new Random() ;

190

BubbleSortForm.c
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// populate elementArray with random integers
for ( int i = 0; i < elementArray.Length; i++ )

{

elementArray[ i ] = randomNumber.Next (

);

originalTextBox.Text += elementArray[ i ] + g

}

// delegate implementation for ascending sort

rivate bool SortAscending( int elementl, int elemenE;/T/

S

BubbleSortForm.c

To sort in ascending order,
send a delegate for the

the first argunTenT TS SIEMer uTerr ute
| second; returns false otherwise

SortAscending method to
od Sort| method SortArray

Method SortAscending returns
true if the first argument is
larger then the second; returns
false otherwise

delegate implementation for descending sort
private bool SortDescending( int elementl, int

{

return elementl < element2;

}

element2 )
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// sort randomly generating numbers in descending order
private void descendingButton Click( object sender,
System.EventArgs e )
{
// sort array, passing delegate for SortDescending BubbleSortForm.c
DelegateBubbleSort.SortArray( elementArray, S
new DelegateBubbleSort.Comparator (
scending ) );

DisplayResults () ;

// display the sorted array insortedTextBox

private void DisplayResults ()
{

To sort in descending order, send a
delegate to the SortDescending

foreach ( int element in elementArray method to method SortArray
sortedTextBox.Text += element + g

sortedTextBox.Clear () ;

}

// main entry point for application
public static void Main( string[] args )

{
Application.Run( new BubbleSortForm() ),

}



¥ BubblaSortForm =10l x|

Original Order

Sorted Order

Create Data l

22
BE
25
35
4
34
24
B5
4
]

Sort Azcending |

Sort Dezcending |

RI=FY
Original Order Sorted Order
22 4
1 22
2A 24
i3] 2a
74 a4
a4 il
24 41
[33] [33]
41 1]
5 74

Create Data |

Sort Azcending 4

Sort Dezcending

¥ BubbleSortForm O] x|

Original Order Sorted Order
22 74
1 1
2A B5
i3] 41
74 a5
a4 a4
24 25
[33] 24
41 22

5 5

Create Data |

Sort Azcending |

Sort Dezcending *
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BubbleSortForm.c
s

Program Output
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// Fig. 10.26: ComplexNumber.cs

// Class that overloads operators for adding, subtracting
// and multiplying complex numbers.

public class ComplexNumber

// default
public Complex

structor

// constructor
public ComplexNumber ( i

{

a,
Real = a;
Imaginary = b;

}

// return strj

196

ComplexNumber.cs

Property Real provides access to the
real part of the complex number

int b )

Class ComplexNumber definition

g representation of ComplexNumber

public overrdde string ToString()

retur + real +
(/imaginary < ?
+ imaginary ) +

property Real
public int Real
{

get

{

return real;

}

+ ( imaginary * )

.
4
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set

{

real = value;

}

} // end property Real

Overload the addition (+) operator
for ComplexNumbers.

// property Imaginary
public int Imaginary

Property Imaginary provides
access to the imaginary part
of a complex number

// overload the addition operator
ublic static ComplexNumber operator + (
ComplexNumber x, ComplexNumber y )

return new ComplexNumber (
x.Real + y.Real, x.Imaginary + y.Imaginary );

197
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// provide alternative to overloaded + operator

// for addition

oublic static ComplexNumber Add( ComplexNumber x,

ComplexNumber y )

t Method Subtract — provides an

return x + y;

} alternative to the subtraction operator

ComplexNumber.cs

// overload the subtraegtion operator
public statyc CompleXNumber operator -
ComplexNumber %, ComplexNumber y )

retdxgn new nplexNumber (

// pr¥ovide alterhg o overloaded -

/l/ for subtraction

Overloads the multiplication (*)

( operator for ComplexNumbers

Real, x.Imagipdry - y.Imaginary )

operator

public static ComplexNumber Subtract( ComplexNumber x,

ComplexNumber y )

{ Method Add — provides an

return -y

} \alternative to the addition operator

[}/ overload the multiplication o§;:§t
public static ComplexNumber operator

Overload the subtraction (-)
operator for ComplexNumbers

ComplexNumber x, ComplexNumber y )
{

return new ComplexNumber (

x.Real * y.Real - x.Imaginary * y.Imaginary,
x.Real * y.Imaginary + y.Real * x.Imaginary );
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98
929 // provide alternative to overloaded * operator

100 // for multiplication

101 ublic static ComplexNumber Multiply( ComplexNumber x,
102
103
104
105
106
107 } // end class ComplexNumb

ComplexNumber.cs

Method Multiply — provides an
alternative to the multiplication operator
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// Fig 10.27: OperatorOverloading.cs
// An example that uses operator overloading

using
using
using
using
using
using

System;
System.Drawing;
System.Collections;
System.ComponentModel ;
System.Windows.Forms;
System.Data;

public class ComplexTest

{

private
private
private

private
private

private
private
private
private
private

private
private

System.
System.
System.

System.
System.

System.
System.
System.
System.
System.

ComplexNumber x
ComplexNumber y

[STAThread]
static void Main ()

{

Application.Run( new

Windows.
Windows.
Windows.

Windows.
Windows.

Windows.
Windows.
Windows.
Windows.
Windows.

System.Windows.Forms.Form

Forms.
Forms.
Forms.

Forms.
Forms.

Forms.
Forms.
Forms.
Forms.
Forms.

Label reallabel;
Label imaginarylabel;
Label statusLabel;

TextBox realTextBox;
TextBox imaginaryTextBox;

Button firstButton;
Button secondButton;
Button addButton;
Button subtractButton;
Button multiplyButton;

new ComplexNumber () ;

= new ComplexNumber () ;

ComplexTest() );

200
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private void firstButton_ Click(
object sender, System.EventArgs e )

{

x.Real = Int32.Parse( realTextBox.Text ) ;

x.Imaginary = Int32.Parse( imaginaryTextBox.Text );

realTextBox.Clear() ;

imaginaryTextBox.Clear() ;

statusLabel.Text = +
}

private void secondButton Click(
object sender, System.EventArgs e )

{
y.Real = Int32.Parse( realTextBox.Text ) ;

ing.cs

X,

Use addition operator to add
two ComplexNumbers

y.Imaginary = Int32.Parse( imaginaryTextBox.Text ) ;

realTextBox.Clear () ;
imaginaryTextBox.Clear() ;
statusLabel.Text =

}

// add complex numbers

+

OperatorOverload

Use subtraction operator to
subtract two ComplexNumbers

private void addButton Click( object sender, System.EventArgs e )

{
statusLabel.Text = x + + vy + + ( x +

}

// subtract complex numbers
private void subtractButton Click(
object sender, System.EventArgs e )

{

) ;

statuslabel.Text = x + + y + + (x -y )’

}
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// multiply complex numbers
private void multiplyButton Click(
object sender, System.EventArgs e )
{
statuslLabel .Text = x + + v + + (x *y ),
}

202

OperatorOverload
ing.cs

} // end class ComplexTest

Use multiplication operator to
multiply two ComplexNumbers

[ ComplexMumber T est _ |O] x|
Feal |1 Set First Camplex NumberL\\J

Imaginary IE'I Set Second Complex Mumber |

[ ComplexMumber T est _|O]

Real I ! Set First Cormplex Mumber

Imaginary I Set Second Complex Mumber |

+ | - | x|

First Complex Mumber iz [1 + 2i ]

Program Output



ﬂg[ﬁumplexﬂumheﬂest - |O] =]
|5
Imaginary IE‘ Set Second Carmplex Numbeé

Real Set First Complex Mumber |

+ |- | x|

First Comples Mumber is: [1 + 2i ]

E ComplexdumberT est =]

lmaginary |

Real Set First Complex Mumber |

{Set Second Complex Number!

+ | - x|

Second Complex Mumber iz [5+ 91 ]

E ComplexdumberT est =]

Imaginary I Set Second Complex Murnber |

Real Set First Complex Mumber |

[1+2)+[5+9]=[E+11i]

E ComplexdumberT est - |O]

Imaginary I Set Second Complex Nur‘nl:uerl

Real Set First Complex Mumber |

+ | - |

[1+Z2i]*[5+9]=[-13+15]
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Program Output






