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1 // Fig. 8.1: Timel.cs

2 // Class Timel maintains time in 24-hour format.

3

g using System; Default consltructor T Timel.cs
6 // Timel class definition

; lzubllc class Timel Object Method SetTime |
9 private int J // 0-23

10 private in i ; // 0-59 .

I private 2 ks JVahdate arguments |
12

13 // mel constructor initializ instance variables to

14 /& zero to set default tim o midnight

15 public Timel ()

16

17 SetTime( 0,

18 }

19

20 // Set rew time value in 24-hour format. Perform validity

21 // ecks on the data. Set invalid values to zero.

22 public void SetTime(

23 int hourValue, int minuteValue, int secondValue )

24 {

25 hour = ( hourValue >= 0 && hourValue < 24 ) ?

26 hourValue : 0;

27 minute = ( minuteValue >= 0 && minuteValue < 60 ) ?

28 minuteValue : 0;

29 second = ( secondValue >= 0 && secondValue < 60 ) ?

30 secondValue : 0;

31 }

32

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

34 pyblic string ToUniversalString()

35 {

36 ormat ( .

37 "{0:D2}:{1:D2}: ', hour, minute, second ); Timel.cs
38 }

39

40 // cz.:nvert‘time to standardjtime (12 hour) forma Outputtime in
41 public string ToStandardString() Q

22 { universal format
43 rn String.Format( "{0}:{1:D2}:{2:D2} (3}",

44 ( our == 12 || hour == 0 ) ? 12 : hour % 12 ),

45 minutej second, ( hour < 12 ? "AM" : "PM" ) );

46 }

47

48 } // end class Timel Output time in standard format

2/9/2017



9
1 // Fig. 8.2: TimeTestl.cs
2 // Demonstrating class Timel.
3 Call default time
4 using System; constructor .
5 using System.Windows.Forms; TimeTestl.cs
6
7 // TimeTestl uses creates and s a Timel object
g ‘(’lass ZieTeskl Call method SetTime
10 // main entry t for application to set the time with
11 static void Main( string[] args ) valid arguments
112 {
13 Timel time = new Timel(); ~// calls Timel constructor
14 string output;
15
16 // assign string presentation of time to output
17 output = "Init universal time is: " +
18 time.ToUnjit¥ersalString() + R R
19 41 standazdltima ds: T Call method SetTime with
20 oStandardString() ; invalid arguments
21
22 /k“attempt valid time setting
23 time.SetTime( 13, 27, 6 );
24
25) // append new string fepresentations of time to output
26 output += "\n\nUnjiversal time after SetTime is: " +
27 salString() +
28 "\nStandafd time after SetTime is: " +
29 StandardString() ;
30
31 /[ Attempt invalid time settings
32 time.SetTime( 99, 99, 99 );
33
10
34 output += "\n\nAfter attempting invalid settings: " +
35 "\nUniversal time: " + time.ToUniversalString() +
36 "\nStandard time: " + time.ToStandardString() ;
37 -
38 MessageBox.Show( output, "Testing Class Timel" ); TimeTestl.cs
39
40 } // end method Main
41
42 } // end class TimeTestl

Testing Class Timel x|

Initial universal time is: 00:00:00
Initial standard time is: 0:00 AM

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

After attempting invalid settings:

Universal time: :
Standard time: 12:00:00 AM

Program Output

2/9/2017
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// Fig. 8.3: RestrictedAccess.cs
// Demonstrate compiler errors from attempt to access
// private class members.

13

Attempt to access i
class RestrictedAccess . p RestrictedAccess
private members
{ .cs
// main entry point for appligation
static void Main( string[] gs )
{
Timel time = new TimelA) ;
time.hour = 7;
time.minute = 15;
time.second = 30;
}
} // end class RestrictedAccess
e ] e

| |click here to add a new task

» 'Re’stvict’edAcces’s.Tin’\el .7hourr' is |nécc;ssib¥é dué torlts p’votegtioﬁrleverl
H @ ‘RestrictedAccess. Time1.minute' is inaccessible due to its protection level
! @ ‘RestrictedAccess. Time1.second' is inaccessible due to its protection level

2| 1 »
" ) Taskuist [ B output |

oW jlw s WS Ll ad gl (DO yI0i0 8.5

Lss o adsl as lude (constructor) s elisle b oIS (sla 4 sal
LS o adol e 1 sl gl paze s o5l
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// Fig. 8.4: Time2.cs
// Class Time2 provides overloaded constructors.

using System; Default constructor

// Time2 class definitij
public class Time2

{

Constructor which takes
private int ; the hour as the input

Constructor which takes the hour
and minute as input

}
// TAme2 constructor: hour and minute supplied, second
//defaulted to 0

public Time2( int hour, int minute )

SetTime ( hour, minute, 0 );

Time2.cs

15

34
35
36
37
38
39
40
a1
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

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 < ) 2
hourValue : ;
minute = ( minuteValue >= && minuteValue < )
minuteValue : (;
second = ( secondValue >= && secondValue < )
secondValue : ;

public string ToUniversalString()

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

Y

2/9/2017
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66 // convert time to standard-time (12 hour) format string
67 public string ToStandardString()
68 {
69 return String.Format( "{0}:{1:D2}:{2:D2} {3}", -
70 ( (hour == 12 || hour == 0 ) ? 12 : hour % 12 ), Time2.cs
71 minute, second, ( hour < 12 ? "AM" : "PM" ) );
72 }
73
74 } // end class Time2
18
1 // Fig. 8.5: TimeTest2.cs
2 // Using overloaded constructors.
S
4 using System; .
5 using System.Windows.Forms; TimeTest2.cs
6
7 // TimeTest2 demonstrates constructors of class Time2
8 class TimeTest2 Test the constructors
9 {
10 // main entry point for application
11 static void Main( string[] args )
12 {
13 Time2 timel, time2, time3, time4, time5, time6;
14
15 timel = new Time2(); // 00:00:00
16 time2 = new Time2( 2 ); // 02:00:00
17 time3 = new Time2( 21, 34 ); // 21:34:00
18 timed4 = new Time2( 12, 25, 42 ); // 12:25:42
19 time5 = new Time2( 27, 74, 99 ); // 00:00:00
20 time6 = new Time2( timed ); // 12:25:42
21
22 String output = "Constructed with: " +
23 "\ntimel: all arguments defaulted" +
24 "\n\t" 4+ timel.ToUniversalString() +
25 "\n\t" 4+ timel.ToStandardString() ;
26
27 output += "\ntime2: hour specified; minute and " +
28 "second defaulted" +
29 "\n\t" 4+ time2.ToUniversalString() +
30 "\n\t" + time2.ToStandardString() ;
31
32 output += "\ntime3: hour and minute specified; " +
33 "second defaulted" +
34 "\n\t" 4+ time3.ToUniversalString() +
35 "\n\t" 4+ time3.ToStandardString() ;

2/9/2017



19
36
37 output += +
38 + time4.ToUniversalString() +
zg + time4.ToStandardString() ; TimeTest2.cs
41 output += ar
42 + time5.ToUniversalString() +
43 + time5.ToStandardString() ;
44
45 output += ar
46 + time6.ToUniversalString() +
47 + time6.ToStandardString() ;
48
49 MessageBox.Show ( output,
50 )i
5,
52 } // end method Main
53
54 } // end class TimeTest2
[pemonstrating Overloaded Cons x| Program Output
Constructed with:
time1: al arguments defaulted
00:00:00
12:00:00 AM
time2: hour specfied; minute and second defauked
02:00:00
2:00:00 AM
time3: hour and minute speciied; second defauked
2113400
9:34:00 PM
timed: hour, minute, and second spectied
12:25:42
12:25:42 PM
timeS: alinvalid values speciied
00:00:00
12:00:00 AM
times: Time2 object time4 specified
12:25:42
12:25:42 PM
Lo 3
.
o g 8.7
.
e o ojlml ba oS esliiul 4 public sls daras ®
private bs osls (jldis 05,51 s ) Get m
private bs osls (4 laas oluzl) Setm
Get accessor ®
LS o dpShlel gus i
Set accessor m
ol gl 03ls e Cowlio i lUde das o Oliell @
20
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1 // Fig. 8.6: Time3.cs
2 // Class Time2 provides overloaded constructors.
S
; using System; Time3.cs
6 // Time3 class definition
7 public class Time3
8 {
9 private int hour; // 0-23
10 private int minute; // 0-59
11 private int second; // 0-59
12
13 // Time3 constructor initializes instance variables to
14 // zero to set default time to midnight
15 public Time3 ()
16
17 SetTime( 0, 0, 0 );
18 }
19
20 // Time3 constructor: hour supplied, minute and second
21 // defaulted to 0
22 public Time3( int hour )
23
24 SetTime( hour, 0, 0 );
25 }
26
27 // Time3 constructor: hour and minute supplied, second
28 // defaulted to 0
29 public Time3( int hour, int minute )
30
31 SetTime ( hour, minute, 0 );
32 }
85
22
34 Time3 constructor: hour, mir
35 ;/u{lblic Time3( int hour, int mif Constructor that takes another
36 { Time3 object as an argument. New
:; ) EEGEED( o, e Time3 object is initialized with the | Time3.cs
39 values of the argument.
40 / e3 constructor: initialize using another Time3 object
41 public Time3( Time3 time )
22 { Property Hour
43 SetTime( time.Hour, time.Minute, time.Second-);
44 }
45
46 // Set new time value in 24-hour forpaft. Perform validity
47 // checks on the data. Set invalid-values to zero.
48 public void SetTime (
49 int hourValue, int minu alue, int secondValue )
50 {
51 Hour = hourValue;
52 Minute = minuteValue;
53 Second = secondValue;
54 }
55
56 //,pfoperty Hour
57 public int Hour
58 {
59 get
60 {
61 return hour;
62 }
63
64 set
65 {
66 hour = ( ( value >= 0 && value < 24 ) ? value : 0 );
67 }
68

2/9/2017
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100

} // end property Hour

// property Minute
public int Minute

Property Second

return minute;
Property Minute

( ( value >= 0 && value < 60 ) ? value : 0 );

/{/property Second
public int Second
{

get

{

return second;

second = ( ( value >= 0 && value < 60 ) ? value : 0 );
}

} // end property Second

Time3.cs

23

// convert time to universal-time (24 hour) format string
public string ToUniversalString()
{
return String.Format (
"{0:D2}:{1:D2}:{2:D2}", Hour, Minute, Second );
}

// convert time to standard-time (12 hour) format string
public string ToStandardString()
{
return String.Format( "{0}:{1:D2}:{2:D2} {3}",
( ( Hour == 12 || Hour == 0 ) ? 12 : Hour % 12 ),
Minute, Second, ( Hour < 12 ? "AM" : "PM" ) );
}

} // end class Time3

Time3.cs

24

2/9/2017
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1 // Fig. 8.7: TimeTest3.cs
2 // Demonstrating Time3 properties Hour, Minute and Second.
3
q ooy By L TimeTest3.cs
5 using System.Drawing;
6 using System.Collections;
7 using System.ComponentModel;
8 using System.Windows.Forms;
9 using System.Data;
10
11 // TimeTest3 class definition
12 public class TimeTest3 : System.Windows.Forms.Form
13 {
14 private System.Windows.Forms.Label hourLabel;
13 private System.Windows.Forms.TextBox hourTextBox;
16 private System.Windows.Forms.Button hourButton;
17
18 private System.Windows.Forms.Label minuteLabel;
19 private System.Windows.Forms.TextBox minuteTextBox;
20 private System.Windows.Forms.Button minuteButton;
21
22 private System.Windows.Forms.Label secondLabel;
23 private System.Windows.Forms.TextBox secondTextBox;
24 private System.Windows.Forms.Button secondButton;
25)
26 private System.Windows.Forms.Button addButton;
27
28 private System.Windows.Forms.Label displayLabell;
29 private System.Windows.Forms.Label displayLabel2;
30
31 // required designer variable
32 private System.ComponentModel.Container components = null;
33
34 private Time3 time;
35!
26
36 public TimeTest3 ()
37 {
38 // Required for Windows Form Designer support
23 InitializeComponent () ; TimeTest3.cs
41 time = new Time3();
42 UpdateDisplay() ;
43 }
44
45 // Visual Studio .NET generated code
46
47 // main entry point for application
48 [STAThread]
49 static void Main()
50 {
&l Application.Run( new TimeTest3() )
52 }
53
54 // update display labels
55) public void UpdateDisplay ()
56 {
57 displayLabell.Text = + time.Hour +
58 + time.Minute +
59 + time.Second;
60 displayLabel2.Text = +
61 time.ToStandardString() + +
62 time.ToUniversalString() ;
63 }
64

2/9/2017
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65 // set Hour property when hourButton pressed

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

Set Minute property of
Time3 object

69 time.Hour = In a rTextBox.Text ) ;

Set Second property
of Time3 object

TimeTest3.cs

en minuteButton px@\
75 private void minuteBugton Click( S,et Hour Property of
Time3 object

85 object sender, System.EventArgs e )

;

add one to Second when addButton pressed
93 private void addButton Click(

94 object sender, System.EventArgs e )

95 {

96 time.Second = ( time.Second + 1 ) % 60;

27

98 if ( time.Second == 0 )
99 {
100 time.Minute = ( time.Minute + 1 ) % 60;

102 if ( time.Minute == 0 )
103 time.Hour = ( time.Hour + 1 ) % 24;
104 }

106 UpdateDisplay() ;
107 }

109 } // end class TimeTest3

~ioix]
Hour: 23 Set Hour
Minute: Set Minute Hour: 0; Minute: 0; Second: 0

Second: Standard time: 12:00:00 AM
oo _Satsecond | St 120000
Add 1 to Second

[ using Properties - (0] x|
o
Minute: Set Minute Hour: 23; Minute: 0; Second: 0

3 Standard time: 11:00:00 PM
Secood M Universal time: 23:00:00
Add 1 to Second

TimeTest3.cs

by 2o 5

28
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29
o] TimeTest3.cs
W [ seHou | wbip o
Minute: IT Set Minute I Hour: 23; Minute: 0; Second: 0
Second: Standard time: 11:00:00 PM
_Swseeond | S aon
Add 1 to Second I
sing Properties =10l x|
Hour: l_ Set Hour I
Minute: I Hour: 23; Minute: 53; Second: 0
econd: Standard time: 11:53.00 PM
5 _Sassnd | et
Add 1 to Second I
=
Hou: [ SetHow |
Minute: l_ Set Minute I Hour: 23; Minute: 53; Second: 0
Second: Standard time: 11:53:00 PM
2l (ST el
Add 1 to Second
30
= TimeTest3.cs

Hour: Set Hour I
Minute: l_ Set Minute I Hour: 23; Minute: 53; Second: 58
Second: Standard time: 11:5358 PM

Universal time: 23:53:58
Add 1 to Second I

1o
Hour: l_ Set Hour I

Minute: [_ SetMinute I Hour: 23; Minute: 53; Second: 53
Second: | SetSecond | Standard time: 11:59:59 PM

Universal time: 23:59:59
Add 1 to Second k
=il

Hour: [_ Set Hour I

Minute: l_ Set Minute I Hour: 0; Minute: 0; Second: 0

ot [ _tasemt | e i
[ Sl

Wby oy
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// Fig. 8.8: Date.cs

// Date class definition { sl s OL‘;)I Olge a1y Il 5 555 cole oS (6l 03l

Al jime S sl e s lasl Lgle 5S5T .08 e
g geesls B 5 ady e il

using System;

Date.cs

// Date class definitj6on
public class Date
{

private int // 1-12
private in // 1-31 based on month
private igt year; // any year

public Date( int theMonth, int theDay, int theYear )
{
// validate month
if ( theMonth > && theMonth <= )
month = theMonth;

else
{

month =

Console.WriteLine (

, theMonth ) ;

}
year = theYear; // could validate year
day = CheckDay( theDay ) ; // validate day

32

2/9/2017
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33
33 // utility method confirms proper day value
34 // based on month and year
35 ivate int CheckDay( int testDay )
36 {
37 daysPerMonth = Date.cs
38 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
39
40 // check if dayg in range for month
41 if ( testDay > 0 testDay <= daysPerMonth[ month ] )
42 return testDay;
43
44 // check for leap year
45 if ( month == 2 && testDay == 2
46 ( year % 400 == 0 ||
47 ( year % 4 == 0 && year % 100
48 return testDay;
49 i ole S aS AS o e el
50 Console.WriteLine ( L8 ) 3 § 83 :
il "Day {0} invalid. Set to day 1.", testDay ); Sl T?U-u -blf o
52 b aals |
53 return 1; // leave object in consistent state
54 }
55)
56 // return date string as month/day/year
57 public string ToDateString()
58 {
59 return month + "/" + day + "/" + year;
60 }
61
62 } // end class Date
34
1 // Fig. 8.9: Employee.cs
2 // Employee class definition encapsulaf Employee m%,@Date e 95
3 // last name, birth date and hire dat¢/| .
4
5 using System; Employee'cs
6
7 // Employee class definition
8 public class Employee
9 {
10 private string firstName;
11 private string lastName;
12 private Date birthDate;
13 private Date hireDate;
14
15 // constructor initializes name, birth date and hire date
16 ublic Employee( string first, string last,
17 int birthMonth, int birthDay, int birthYear,
18 i hireMonth, int hireDay, int hireYear )
19 {
20
21
22
23 // create new Date for Employee birth day
24 birthDate = new Date( birthMonth, birthDay, birthYear );
25 hireDate = new Date( hireMonth, hireDay, hireYear );
26 } =
27 La.x;ﬁ)lsrl_xsr;.ul@,l:).xj,:@,l:L»UASdh.u,'L.N

S e adsl pas e |

2/9/2017

17



35
28 // convert Employee to String format
29 public string ToEmployeeString()
30 {
31 return lastName + ", " + firstName +
32 " Hired: " + hireDate.ToDateString() + Employee.cs
33 " Birthday: " + birthDate.ToDateString() ;
34 }
35
36 } // end class Employee
36
1 // Fig. 8.10: CompositionTest.cs
2 // Demonstrate an object with member object reference.
3
4 using System; PR
5 using System.Windows.Forms; Comp051t1°nTeSt'
6 cs
7 // Composition class definition
8 class CompositionTest
9 {
10 // main entry point for application
11 static void Main( string[] args )
12 {
13 Employee e =
14 new Employee( "Bob", "Jones", 7, 24, 1949, 3, 12, 1988 );
a5
16 MessageBox.Show( e.ToEmployeeString(),
17 "Testing Class Employee" );
18
19 } // end method Main
20
21 } // end class CompositionTest
]
Jones, Bob Hired: 3/12{1988 Bithday: 7/24/1949 Wby oy P

2/9/2017
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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 set the
class member variables to the
constructor arguments

Timed.cs

{
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;

}

// create string usisg this and
public string BuildString()

this.ToStandardString() +

The this reference is used to
refer to an instance method

implicit references

+

+ ToStandardString() ;

38
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39

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

30 public string ToStandardString()

31 {

32 return String.Format( "{0}:{1:D2}:{2:D2} {3}", -

33 ( ( this.hour == 12 || this.hour == 0 ) 2 12 Timed.cs

34 this.hour % 12 ), this.minute, this.second,

35 ( this.hour < 12 ? "AM" : "BM" ) );

36 }

37

0§ ol cllees e The this reference is used to

access member variables

40

1 // Fig. 8.12: ThisTest.cs

2 // Using the this reference.

3

4 using System; .

5 using System.Windows.Forms; ThisTest.cs

6

7 // ThisTest class definition

8 class Classl

9 {

10 // main entry point for application

11 static void Main( string[] args )

i) {

13 Time4 time = new Timed( 12, 30, 19 );

14

15 MessageBox.Show( time.BuildString(),

16 "Demonstrating the \"this\" Reference" );

17 }

18 }

[oemonstrating th "t Reference M “lp P

this. ToStandardstring(): 12:30:19 PM
ToStandardstring(): 12:30:19 PM

2/9/2017
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8.10 Garbage Collection
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41

8.10 Garbage Collection

5 mbe g3l sI51 ¢l garbage collector U bl | s Finalizers
J}..i ~° oslaul alssl~

O e eomen) AL atils skas OLL K Ll 0 ks WIS s
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destructor m
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(oﬁ.&,jprivate

43
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// Fig. 8.13: Employee.cs
// Employee class contains static data and a static method.

using System;

Employee < > Employee.cs

// Employee class definition
public class Employee
{

LS e S a8 sl
(s SEC T Rt 528 S
S 45 AS jaseia Udas

private string firstN:
private string

private static i ol S LS
// constructor i syatic Employee count
public Employee ( e, string lName )
{
+
+ lastName + + Count );
}
/Y destrudtor decrements static Employee count
~Employee ()
{
--count;
Console.WriteLine ( +
firstName + + lastName + + Count );

44

2/9/2017

22



45
34 // FirstName property
35 public string FirstName
36 {
Z; "(’et Employee.cs
39 return firstName;
40 }
41 }
42
43 // LastName property
44 public string LastName
45 {
46 get
47 {
48 return lastName;
49 }
50 }
il
52 // static Count property
53 public static int Count
54 {
55) get
56 {
57 return count;
58 }
59 }
60
61 } // end class Employee
46
1 // Fig. 8.14: StaticTest.cs
g /7 °| A4S e skl Employee ;.2 5
g 8 RIASVSLen/ StaticTest.cs
6 // StaticTest class definition
7 class StaticTest
8 { i i - sisnull i1, Employee .2
9 // main entry point for application
10 static void Main( string[] args ) 209 (2
11 {
12 Console.WriteLine( "Employees before instantig garbage 4.3;;):)5 e
13 Employee.Count + "\n" ); .
v collection
15 // create two Employees
16 Employee employeel = new Employee( "Susy )
17 Employee employee2 = new Employee( "Eof A }
18
19 Console.WriteLine( "\nEmployees aftfr igftantiation: " +
20 "Employee . Count = " + Employee t + "\n" );
21
22 // display the Employees
23 Console.WriteLine( "Employee R
24 employeel.FirstName + '/ + employeel.LastName +
25 "\nEmployee 2: " + empléyee2.FirstName +
26 " " + employee2.Las + "\n" );
27
28 // mark employeel and/employeel objects for
29 // garbage cg
30 employeel
31 employee
32
33 /4
34 System.GC.Collect() ;
35!
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47
36 Console.WriteLine (
37 ki
38 Employee.Count ) ;
39 .
20 } } StaticTest.cs

Employees before instantiation: 0 . .
) wlip s

Employee object constructor: Susan Baker; count = 1
Employee object constructor: Bob Jones; count = 2

Employees after instantiation: Employee.Count = 2

Employee 1: Susan Baker
Employee 2: Bob Jones

Employee object destructor: Bob Jones; count = 1
Employee object destructor: Susan Baker; count = 0

Employees after garbage collection: 2

SWled> faid g b slast! 8.12

WIS LGS dalsss s S e o] e S plash) ol slocl m
Lo 0 OOlel const gAls

Lies Static cas 5 5b 4 const glacl ®

A pd sl a3 jlis DMlel pKa WL const cLacl W

dal gt Corge L;l:,b_;‘\ OMsl gl readonly (IS audS 3l eslize) ®
A wd O 5 e Wl s gs adsl oas s szl s oS U

48
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49
1 // Fig. 8.15: UsingConstAndReadOnly.cs
3 // Demonstrating constant values wit Readonly — radius; -
4 using System; be initialized in constructor —‘ .
5 using System.Windows.Forms; L U51ngc°nStAndRea
6 dOnly.cs
7 // Constants class defi e qe
8 public class Consta Initialize readonly
9 { member radius
10 // B
E public co! 3.14159;
12
13 // =
14 /& that is un
15 public readodly int radius;
16
17 public nstants( int radiusValue )
18 {
19 radius = radiusValue;
20 }
21
22 } // end class Constants
23
24 // UsingConstAndReadOnly class definition
25 public class UsingConstAndReadOnly
26 {
27 // method Main creates Constants
28 // object and displays it's values
29 static void Main( string[] args )
30 {
31 Random random = new Random() ;
32
33 Constants constantValues =
34 new Constants( random.Next( 1, 20 ) );
35!
50
36 MessageBox.Show( "Radius = " + constantValues.radius +
37 "\nCircumference = " +
38 2 * Constants.PI * constantValues.radius,
iz Circumference" ) ; UsingConstAndRea
41 } // end method Main dOnly.cs
42
43 } // end class UsingConstAndReadOnly
x x
Radius =2 Radius = 6 by o5

Circumference = 12.56636

Circumference = 37.69908
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Sl ol 5l
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Aas o3l WS s

Gdde 8 5 63 Slpw s 3 Bl gl AlS e basle il B
iy

ol i =5 this S adS 3l esliza! ®

Lilea ([]) <815 slad 51 s 5 4ol s 5l us 51 eslazd <=L<;_za u
LS e oslaal set y get oz (gl o e 4l

51
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// Fig. 8.10: IndexerTest.cs
// Indexers provide access to an object's members via a
// subscript operator.

using System; &7 sde Gl u*-l'\-;‘ (5 g“-l-u S IndexerTest.cs

using System.Drawing; o ks J]a_. 390 day 038 jasie Gl
using System.Collections; s

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

03 gudome Sl b el ol 53 e S
el s e s 1 b ] Sor2 Gl g2 S Y
Lls S el s e ate

// Box class definition
// width and
public class

{

Zons by index number
publi is[ int index ]

return ( index < || index > dimensions.Length ) ?
: dimensions[ index ];

52
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53
36 set —
37 OlsS T Olge 4 1) day ol S (3l
e LS o 2l s
23 IndexerTest.cs
41
42 } // end nu
43
44 /
45 public double this[ string™name ]
46 {
:; c_{;et bl o ias s s 45 by e Set
gz :{X/ltl:c:te;element to get ps - J:')\s s Af‘-'"‘.‘ S xS o s
51 LS SCL | Sl s Sl e ASL azils 2
52 while ( i < names.Length &&
53 name.ToLower () '= names[ i ] )
54 slar g
55)
56 return ( i == names.Length ) ? : dimensions[ i ];
57 }
58
59 set
60 {
61 // locate element to set
62 int i = 0;
63
64 while ( i < names.Length &&
65 name.ToLower () !'= names[ i ] )
66 sy g
67
54
68 if ( i '= names.Length )
69 dimensions[ i ] = value;
70 }
71
- B cod) Smvtrre IndexerTest.cs
73
74 } // end class Box
73
76 // Class IndexerTest
77 public class IndexerTest : System.Windows.Forms.Form
78 {
79 private System.Windows.Forms.Label indexLabel;
80 private System.Windows.Forms.Label nameLabel;
81
82 private System.Windows.Forms.TextBox indexTextBox;
83 private System.Windows.Forms.TextBox valueTextBox;
84
85 private System.Windows.Forms.Button nameSetButton;
86 private System.Windows.Forms.Button nameGetButton;
87
88 private System.Windows.Forms.Button intSetButton;
89 private System.Windows.Forms.Button intGetButton;
90
91 private System.Windows.Forms.TextBox resultTextBox;
92
93 // required designer variable
94 private System.ComponentModel.Container components = null;
95
96 private Box box;
97
98 // constructor
99 public IndexerTest()
100 {
101 // required for Windows Form Designer support
102 InitializeComponent () ;

2/9/2017
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55
103
104 // create block
105 box = new Box( , , ); o o s Sl eslizal
153 b o ) IndexerTest.cs
108 // Visual Studio .NET generated
109
110 // main entry point for a oS g > S eslazal
111 [STAThread] Sl u,,_:,ul set
112 static void Main()
113 {
114
115 }
116
117 // cified index number
118 private void ShowVaXueAtIndex( string prefix, int index )
119 {
120 resultTextBox.Text =
121 prefix + + index + + box[ index ];
122 }
123
124 // Adisplay value with specified name
125 private void ShowValueAtIndex( string prefix, string name )
126 {
127 resultTextBox.Text =
128 prefix + + name + + box[ name ];
129 }
130
131 // clear indexTextBox and valueTextBox
132 private void ClearTextBoxes ()
133 {
134 indexTextBox.Text = ;
135 valueTextBox.Text = ;
136 }
137
56
138 // get value at specified index
139 rivate void intGetButton Click( Sl kil Sl ool
1:(1) . ect sender, System.EventArgs e ) Q;Jg_-‘_ﬂ 6.}_!W
142 Slaie IndexerTest.cs
143 indexTextBox.Text ) );
144
145 }
L 585 6l s Sl il 3l eslizud
147 // value at specified index . N -
148 private void intSetButton Click( SRR
149 object sender, System.EventArgs e ) O5S ly ey sl el ) ealinad
150 { e
151 int index = Int32.Parse( indexTéxtBox.T:
152 box[ index ] = Double. Pa ( valueTextBox.Text );
153
154 ShowValueAtInde , index );
155 ClearTextBo; ()
156 }
157
158 [/-Get value with specified name
159 private void nameGetButton Click (
160 object sender, System.EventArgs e )
161 {
162 ShowValueAtIndex ( , indexTextBox.Text );
163 ClearTextBoxes () ;
164 }
165
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57
166 // set value with specified name
167 rivate void nameSetButton Click(
168 object sender, System.EventArgs e )
169 {
170 indexTextBox.Text ] = IndexerTest.cs
171 .Parse( valueTextBox.Text );
172
173 ShowValueAtIndex( "set: ", indexTextBox.Text );
174 ClearTextBoxes (
175 }
176 g 3
177 } // end class IndexerTest Use strmg indexer to set value
-1o] x| ;

] = wbp (s P

Index to set/get [0 GetValuebylndex | SetValue by Index Before setting

Valuetoset  [123.45 GetVauebyName | Set Value by Name value by index

number
I
[Bindererress -Ioix]
Index to set/get Get Value by Index | SelVahJebyh‘de,(_'\I’ After sett'mg
value by index
Vale to set GetValuebyName | Set Value by Name number
[set: box{ 0]=123.45
58

imixi

Index to set/get. [length GetVaebylndes |  SetValuebylndex |
Vale to set Get Value by Name &J SetValue byName |

[set: box{ 0]=123.45

TrEE— -Iojx)
Index to set/get GetValuebylndex |  SetVauebylndex |
Valuetoset | [ Get Value by Name Rj SetValue byName |

Jet: box{ length ] = 123.45

Er imixi

Index to set/get [uidth GetVaebylndes |  SetValuebylndex |
Vaetoset  [3333 GetValuebyName | Set Value by Name Q&J

Jet: box{ length ] = 123.45

IndexerTest.cs

Before getting Wby s

value by
dimension name

After getting
value by
dimension name

Before setting
value by
dimension name

2/9/2017

29



59

=10/
. IndexerTest.cs
Indiex o set/get GetVaebylndes |  SetVauebylndex | | After setting

wly 2y &

Value to set GetValue by Name | [ Set Value by Name Z?luc by
Q imension name

[set: box{ width ] = 33.33

JR[-TE
Index to set/get [T Get Value by Index SetVauebylndex | | Before getting
Value to set GetValue by Name setvaebyhame | | V2IUC by index

number
[set: box{ width ] = 33.33
JR[-TE

Index to set/get | BetVahebylnden ] | SetValue by Index After getting

value by index
Value to set Gt Value by Name SetVaebyName | | umber

Jaet: box[ 1]=33.33

M 53l A g (13l sl 0818 8.14

LS e by gile oaly Oli = bl LS m
wl, ®

m Last-in, first-out (LIFO)

L;&(push))])%d‘YQé})ﬁuﬁT n
Lyd o (POP) axils iy VL 51, s ol m

o N

m First-in, first-out (FIFO)
m Jtems are enqueued (added to the end)

m Jtems are dequeued (taken off the front)

60
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..Li@ = ol ;_ﬁijaﬁ g;%i j‘ gf”>k§ Q‘){}A L}AL; ;5)) V{Jj gfdﬁkf AJEA%Lﬁ; |
Framework Class Library (FCL) =
sl gl o sl ISl a8 ST (6ol sl fuls S 3 sl Library & m
Saduy s sl 53 S Hsb a5 Ll edd (g atws L sd e edeel NameSpace oS
S eslial b ISl 51Ol sxe

35 ealital AL (Sas &S <350 o LU FCL sleuds =
= No bugs
= Optimized
= Well-Documented
J;S&J?@,wjbjbé\pscﬁszﬁj\;.bmnm\ u
Rapid Application Development (RAD) =

61
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62
// Fig. 8.17: TimeLibrary.cs
// Placing class Time3 in an assembly for reuse.

using System; i i
o & TimeLibrary.cs
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( 0, O, )
}

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

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

}
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63
36 // Time3 constructor: hour, minute and second supplied
37 public Time3( int hour, int minute, int second )
38 {
23 ) SetTime ( hour, minute, second ); TimeLibrary.cs
41
42 // Time3 constructor: initialize using another Time3 object
43 public Time3( Time3 time )
44 {
45 SetTime ( time.Hour, time.Minute, time.Second );
46 }
47
48 // Set new time value in 24-hour format. Perform validity
49 // checks on the data. Set invalid values to zero.
50 public void SetTime (
51 int hourValue, int minuteValue, int secondValue )
52 {
53 Hour = hourValue;
54 Minute = minuteValue;
55 Second = secondValue;
56 }
57
58 // property Hour
59 public int Hour
60 {
61 get
62 {
63 return hour;
64 }
65
66 set
67 {
68 hour = ( ( value >= 0 && value < 24 ) ? value : 0 );
69 }
70
64
71 } // end property Hour
72
73 // property Minute
;g lzubllc int Minute TimeLibrary.cs
76 get
77 {
78 return minute;
79 }
80
81 set
82 {
83 minute = ( ( value >= 0 && value < 60 ) ? value : 0 );
84 }
85
86 } // end property Minute
87
88 // property Second
89 public int Second
90 {
91 get
92 {
93 return second;
94 }
95
96 set
97 {
98 second = ( ( value >= 0 && value < 60 ) ? value : 0 );
99 }
100
101 } // end property Second
102
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103 // convert time to universal-time (24 hour) format string
104 public string ToUniversalString()
105 { _
igs e e e , Hour, Minute, Second ); TimeLibrary'cs
108 }
109
110 // convert time to standard-time (12 hour) format string
111 public string ToStandardString()
112 {
113 return String.Format( 5
114 ( ( Hour == | | Hour == ) ? : Hour % ),
115 Minute, Second, ( Hour < ? 3 ) )
116 }
117
118 } // end class Time3
119 }
8.16 Namespaces
..«\...JJL: Sd>eo oslaru] J)G Jg'b )\;9‘ (’J—’ "‘j"‘ |
LS o ol 1 LS Sl alate (g o5 ,S Namespaces m
leb aLils b L;’L‘“S:’. CL: c&u 6L.a_9 Lg-,{ BE) U""%ﬁb J..{Lg |
b u”["""gi rl.s Jw\js ~° 4&)[.5.';4 &AL LSL"” 9> > u.»%j.} ||
Al adils
oslatul (gl aS ds o o3l LS & DLL (gla L m
e (Gl Al S
Dynamic Link Libraries (DLL) =
66
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8.16 Namespaces

@0 TimeLibrary - Microsoft Yisual C# .NET [design] - Class1.cs -10] x|
Fle Edt View Project Buld Debug Tools Window Help
P-a-cH@ %R0 -8-B| ) oeug ) 2
Gl % b s = %% K,
2| classt.cs | 4 b x |[Solution Explorer - TmeLbrary % |
?Ia;hmﬂtrir Clas: =] [-ec =~ =liajEe=)
& ing S 7 —1|| oA Solution "TimeLibrary' (1 project)
- using Syseen Alle- G TimeLibrary
2 . - 2 References
[ nawespace TimeLibrary 2] Assembiyinfo.cs
¢ [#] Classt.cs
/ sumary
— Swanary description for Classl.
+ / </swmary
&l public class Classl
[
public Classi()
[
1
// TODO: hdd constructor logic here
7/
+ )
Loy | |
)
o | L’J
| output B x
Debug |
< | »
(&) TaskList ] Output
[Ready Il |[tn1 Col1 chi I Jms]
Fig. 8.18 Simple Class Library.

67

68
1 // Fig. 8.19: AssemblyTest.cs
2 // Using class Time3 from assembly TimeLibrary.
3 .
4 using System; Use Time3 as usual
5 T R AssemblyTest.cs
6
7 // Assembly
8 class AssemblyTes
9 {
10
> Reference the TimeLibrary
13 Tfme3 time = new Time3( 13, 27, 6 ); |lamespace
14
15 Console.WriteLine (
16 "Standard time: {0}\nUniversal time: {1}\n",
17 time.ToStandardString(), time.ToUniversalString() ),
18 }
19  }

Standard time: 1:27:06 PM
Universal time: 13:27:06

Program Output

68
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m Method Overloading

Bk oy Oy sleal Ll m

sl sla bl b Ll sl anils LS sl asly o m

69

Ll asls |1
Ll oplane Lol sl gla s m
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70

// Fig. 6.18: MethodOverload.cs
// Using overloaded methods.

using
using
using
using
using
using

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

MethodOverload.cs

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 =

+ Square( 7 ) + )
EuSquare (7 ‘5\ Two versions of the square
method are called

Visual Studio .NET-generated code
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71
29 // first version, takes one integer
30 public int Square ( int x_)
31 { ¥ One method takes an
32 return x * x; i
- ) int as parameters MethodOverload.cs
34
35 // second version, takes one double
36 public double Square ( double y )
37 {
38 return y * y;
2g } The other version of the method uses
il [STAThread] a double instead of an integer
42 static void Main()
43 {
44 Application.Run( new MethodOverload() );
45 }
46
47 } // end of class MethodOverload
_MMethodoverload [_[O]x] Program Output
The square of integer 7 is 49
The square of double 7.5 is 56.25
72

1 // Fig. 6.19: MethodOverload2.cs
2 // Overloaded methods with identical signatures and
3 // different return types.
4
5 ey Gy MethodOverload2.cs
6
7 class MethodOverload2
8 {
9 public int doubl A
10 { This method returns an integer
11 return x * x;
i) }
13
14 // second Square method takes same number,
15 // order and type of arguments, error
16 public double Square( double y )
17 {
ig ) EEEEE § © $76 This method returns a double number
20
21 // main entry point for application
22 tati id Main a 9
o “:’ atre vor 220 Since the compiler cannot tell
24 int squareValue = 2; / which method to use based on
25 Square( squareValue ); passed values an error is generated
26 }
27

28 } // end of class MethodOverload2

1 Build Error task shown (filtered) x|
| Line

' Class MethodOverload2Space. MethodOverload?' already defines a member called ‘Square' with the same parameter types Cil..cs 19

") Task List| B] Output | 53) Index Resus | ) Search Resuls |1 Breakpoints |

Program Output
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Sl 3425 gl ek e B
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73

ForEach.cs

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

1 // Fig. 7.16: ForEach.cs

2 // Demonstrating for/each structur

3 using System; Use the foreach loop to examine
4 each element in the array
5] class ForEach

6 {

7 // main entry point for fhe application

8 .

9

10

11

12

13

14

15 foreach ( i grade in gradeArray )

16 {

17 if ( grade < lowGrade )

18 lowGrade = grade;

19 }

20

21 Console.WriteLine ( + lowGrade );
22 }

23}

The minimum grade is: 68

74
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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

Displays variables and methods for all classes in a project

Displays as treeview hierarchical structure

"

"

m + at nodes allows nodes to be expanded
m - at nodes allows nodes to be collapsed
"

Can be seen by selecting View < Class View

75

8.17 Class View and Object Browser

m Object Browser
m Lists all classes in a library

m Helps developers learn about the functionality of a
specific class

m To view the Object Browser select any .NET FCL
method and select Go To Definition

76
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8.17 Class View and Object Browser

77

E|
%o
ERElTimeTest 1}
= {} TimeTest1
=9 Time1
-9 Bases and Interfaces
-@ SetTime(int,int,int)
=@ Time1()
=@ ToStandardString()
-@ ToUniversalString()
&¥ hour
&% minute
g¥ second
=& TimeTest1
c3) ol: Bases and Interfaces
59 Main(string[])

Q Solution Explorer 3 Class View

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

8.17 Class View and Object Browser

78

20 TimeTest1 - Microsoft Visual C# .NET [design] - Time1.cs -0l
fle Edt Vew Project Buld Debug Tooks Window Help
H-SEO| S BR| - -8-B ) oebw - | B 2

ERba |F4 2 A%%K. B K,
| Timet.cs | TimesTestt.cs | abx
R [P¢ TimeTest.Time1 =] [a#ron =l
g 7/ Timei class definition =
g public class Timel : Object
£
{ &
private int hour; Cone
private int minute;
private int second; B paste
// Timel constructor varisbles to -
/7 zero to set degaul W Insert Breakpoink
public Timel() ] New Breakpoint...
¢ =
4z
SerTime( 0, 0, o )| = RaToCuser
3 Add Task List Shortcut
[ Y [ List Members )
S // Set nev time value erform validity
// checks on the date % Parameter Info to zero.
public void SetTime( |A» Complete Word
int hourValue, int] ondvalue )
’ R QuickInfo
‘ «
| honr = ¢ honralue| g8 GoTo Definkion 24 1 > _':l
‘4 »
LB GoToReference
Output X
[ 4% Synchronize Class View &
4
[Build |
: Outiining » 3|
() TaskList _[E] Output
| Ready Il |[tng Col28 ch2s [ Ims] 4

Fig. 8.21 Object Browser when user selects Object from Timel.cs. (part 1)
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8.17 Class View and Object Browser

-10f x|
View Project Build Debug Tools Window Help
TSEHO | RR( o8 » Debug v | B =
a2 [EEIE| S S| 6% %% 180 B |26 .
&5 Timet.cs | TimesTest1.cs Object Browser | 4px
3| Browse: Selected Components v Customize... 2} v 5 v & % 48
é‘ Objects Members of 'Object’
g (-9 MTAThreadAttribute - @ Equals(object, object)
MulticastDelegate @ Equals(object)
[#-¢ MulticastNotSupportedException @ Finalize()
%2 NonSerializedattribute @ GetHashCode()
| %2 NotFiniteNumberException | @ GetType)
¢ NotImplementedException @@ MemberwiseClone()
¢ NotSupportedException @ Object()
-9 NulReferenceException @ ReferenceEquals(object, object)
EB¢gobiect] ® Tostring()
- 21# ObiectD ﬂ
public class Object
Member of System
Summary:
Supports all classes in the .NET Framework class hierarchy and provides low-level services to derived classes. This is the
ultimate superclass of all classes in the .NET Framework; it is the root of the type hierarchy.

[ Ready I I |/

Fig. 8.21 Object Browser when user selects Object from Timel.cs. (part 1)
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Gwwo Slawdls g 4L glewds 9.2

Base class Derived classes

Student GraduateStudent
UndergraduateStudent

Shape Circle
Triangle
Rectangle

Loan CarLoan
HomeImprovementLoan
MortgageLoan

Employee FacultyMember
StaffMember

Account CheckingAccount
SavingsAccount

Fg. 9.1 Inheritance examples.

83

Gwwo Slewdls g 4L glgwdS 9.2

Employee

Faculty Staff

Administrator | Teacher |

Fig. 9.2 Inheritance hierarchy for university CommunityMembers.

84

CommunityMemeber |

| Student | Alumnus
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Gwwo Slewdls g 4L glgwdS 9.2

TwoDimensionalShape | | ThreeDimensionalShape |
Circle | Square Triangle | | Sphere Cube | Cylinder |

Fig. 9.3 Portion of a Shape class hierarchy.

85

internal ¢ protected slas19.3

protected :lacl =
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// Fig. 9.4: Point.cs

// Point class represents an x-y coordinate pair.

using System; .
o & Point.cs

// Point class definition implicitly inherits from Object

public class Point

{

X and Y coordinates, declared
// point coordinate% private so other classes cannot
private int x, y; directly access them

// default (no-argument) constructor

public Point()
{ N
// implicit call to Object constructe s here I)eﬁuﬂtp01ntconsnu0tor

} with implicit call to
Object constructor

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

{
// implicit call to Object constructor occu here Constructor to set
X = xValue; )
Y = yValue; coordinates to parameters,

} also has implicit call to
Object constructor

// property X

public int X
{
get
{
return x;

}

88
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34 set
35 {
36 x = value; // no need for validation
;; } Point.cs
39 } // end property X
40
41 // property Y
42 public int Y
43 {
44 get
45 { Definition of overridden
:s return y; method ToString
48
49
50
51 validation
52
53
54 } // end
55)
56 // turn string representation of Point
57 public override string ToString()
58 {
59 return "[" + x 4+ ", "+ y + "]";
60 }
61
62 } // end class Point
Program Output
90
1 // Fig. 9.5: PointTest.cs
§ JEsstigafclasshEcinty Create a Point object
" using System; Calls the lpbmng .m.ethod PointTest . cs
5 using System.Windows.Fo: of class Point implicitly
6
7 // PointTest class d
g ‘(’lass R Change coordinates of Point object |
10 // main engfy point for tion
11 static yogid Main( stri
i) {
13 /
14 Point point = 115 );
15
16 // display int cogrdinates via X and Y properties
17 string output = "X/coordinate is " + point.X +
18 "Y coordinate is " + point.Y;
19
20 point set x-coordinate via X property
21 poinf.Y = ;—// set y-coordinate via Y property
22
23 // display new point value
24 output += "\n\nThe new location of point is " + point;
25
26 MessageBox.Show( output, "Demonstrating Class Point" );
27
28 } // end method Main
29
30 } // end class PointTest AA‘ x|

X coordinate is 72
¥ coordinate is 115

The new location of point is [10, 10]

—
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// 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

{

i i Declare coordinates and
private int x, y; W ; . :
private double radius; Circle's radius radius of circle as pr1vate

// default constructor
public Circle()

// implicit call to Object & uctor occurs here

}

// constructor Circle constructors

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;

}

92
set
{

x = value; // no need for validation

b Circle.cs

} // 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 = value;

2/9/2017
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70
71 } // end property Radius
72
73 // calculate Circle diameter .
74 public double Diameter () Circle.cs
73 {
76 return radius * 2;
77 }
78
79 // calculate Circle circumference
80 public double Circumference ()
81 {
82 return Math.PI * Diameter();
83 }
84 Definition of overridden
85 // c?lculate Circle area method ToString
86 public double Area()
87 {
88 return Math.PI * Mat] ow( radius, 2 );
89 }
90
91 // return s ng representation of Circle
92 public override string ToString()
93 {
94 return "Center = [" + x + ", "+ y + "]" +
95 "; Radius = " + radius;
96 }
97
98 } // end class Circle
94
1 // Fig. 9.7: CircleTest.cs
2 // Testing class Circle.
Z S — Create a Circle object
5] using System.Windows.Forms; CircleTest.cs
6
7 // CircleTest class defifiition
8 class CircleTest
9 {
1(1) // main entryoint for application. | chanoe coordinates and
static voi. in( string[] args ) ) ' N
12 { radius of Circle object
13 // nstantiate Circle
14 Circle circle = new Circle( 37,/43, 2.5 );
15
16 // get Circle's initial x-y cgordinates and radius
17 string output = "X coordinat¢ is " + circle.X +
18 "\nY coordinate is " + cfrcle.Y + "\nRadius is " +
19 circle.Radius;
20
21 // set Circle's x-y coordinates and radius to new values
22 circle.X = 2;
23 circle.Y = 2; T 3
24 circle.Radius = 4.25; Implicit call to circle’s
25 ToString method
26 // display Circle's string representation
27 output += "\n\nThe new location and radi
28 "circle are \n" + circle + "\n";
29
30 // display Circle's diameter
31 output += "Diameter is " +
32 String.Format( "{0:F}", circle.Diameter() ) + "\n";
33
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34 // display Circle's circumference
35) output += "Circumference is " +
36 String.Format( "{0:F}", circle.Circumference() ) + "\n";
37
38 // display Circle's area Call Circle’s
L CEETHE ¥S e 85 1 5 ) Circumference and Area
40 String.Format( "{0:F}", circle.Area() );
21 methods for output
42 MessageBox.Show( output, "Demonstrating Class Circle" );
43
44 } // end method Main
45
46 } // end class CircleTest
i

X coordinate is 37

¥ coordinate is 43

Radius is 2.5

The new location and radius of circle are

Center = [2, 2]; Radius = 4.25

Diameter is 8.50

Circumference is 26.70

Areais 56.75

96

1 // Fig. 9.8: Circle2.cs
2 Circle2 class that inherits from cl .
3 & Declare class Circle to
4 using System; derive from class Point .
5 o & Circle2.cs
6 // Circle2 class defipition inherits from Point
7 class Circle2 : Point N X
8 { A/i Declare radius as private |
9 private double radius; // Circle2's radius
10 L
n Py — Implicit calls to base class constructor |
12 public Circle2()
13 {
H // implicit call 6 Point constructor occurs here
15 }
16
17 // constructo,
18 public Circke2( int xValue, int yValue, double radiusValue )
19 {
Q // implicit call to Point constructor occurs here
21 x = xValue; .
22 ¥ = seias Attempt to directly change
23 Radius = radiusValue; private base class methods
:g } results in an error
26 // property Radius
27 public double Radius
28 {
29 get
30 {
31 return radius;
32 }
33
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34 set
35 {
36 if ( value >= 0 )
:; radius = value; Circle2.cs
}
39
40 } // end property Radius
41
42 // calculate Circle diameter
43 public double Diameter()
44 {
45 return radius * 2;
46 }
47
48 // calculate Circle circumference
49 public double Circumference ()
50 {
il return Math.PI * Diameter();
52 }
53
54 // calculate Circle area
55 public virtual double area()
56 {
57 return Math.PI * Math.Pow( radius, 2 );
58 } Attempt to directly access
59 . ) . private base class members
60 // return string representation Circle .
61 public override string ToString() results in an error
62 {
63 return "Center = [" + x + ", "+ y + "]" +
64 "; Radius = " + radius;
65 }
66
67 } // end class Circle2
98

Circle2.cs

program output

Error tasks shown (filtered) ﬂ

Fi Line |

Click here to add a new task |

'$®  Circle2Point.x is inaccessible due to its protection level Ci\..\Circle2.cs 23 |
t®  Circle2.Pointy' is inaccessible due to its protection level Ci\..\Circle2.cs 24 |
!'$  Circle2.Pointx' is inaccessible due to its protection level C:\.\Circle2.cs 65 |
«| i
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1 // Fig. 9.9: Point2.cs
2 // Point2 class contains an x-y coordinate pair as protected data.
3
g using System; Point2.cs
6 // Point2 class definition implicitly inherits from Object
7 public class Point2
8 {
9 // point coordinate Declare coordinates as
% protected int x, y; ¥———u | protected so derived classes
12 // default constructor can directly access them
13 public Point2()
14
15 // implicit call to Object constructor occurs here
16 }
17
18 // constructor
19 public Point2( int xValue, int yValue )
20 {
21 // implicit call to Object constructor occurs here
22 X = xValue;
23 Y = yValue;
24 }
25)
26 // property X
27 public int X
28 {
29 get
30 {
31 return x;
32 }
33
100
34 set
35 {
36 x = value; // no need for validation
:; b Point2.cs
39 } // end property X
40
41 // property Y
42 public int Y
43 {
44 get
45 {
46 return y;
47 }
48
49 set
50 {
51 y = value; // no need for validation
52 }
53
54 } // end property Y
55)
56 // return string representation of Point2
57 public override string ToString()
58 {
59 return "[" + x 4+ ", "+ y + "]";
60 }
61
62 } // end class Point2
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1 // Fig. 9.10: Circle3.cs
2 // Circle2 class that inherits from class Point2.
3
g using System; Circle3.cs
6 // Circle3 class definition inherits from Point2
7 public class Circle3 : Point2
8 { Class Circle3 inherits
9 private double radius; // Circle's radius from Point2
10
11 // default constructor
12 public Circle3()
13
14 // implicit call to Point constructor occurs here
15 }
16
17 // constructor
18 public Circle3(
19 int xValue, int yValue, double radiusValue )
20
21 // implicit call to Point constructor occurs here
22 x = xValue;
23 y = yvalue; :§‘ Directly changing protected
24 Radius = radiusValue;
25 } base class members does not
26 result in error
27 // property Radius
28 public double Radius
29 {
30 get
31 {
32 return radius;
33 }
34
102

35 set
36 {
37 if ( value >= 0 )
Zg radius = value; Circle3.cs

}
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()
63 { Directly accessing
64 return "Center = [" + x + ", " + y + ;li\i_““\; d b
65 "; Radius = " + radius; protecte IO
66 } does not result in error
67
68 } // end class Circle3
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1 / Fig. 9.11: CircleTest3.cs
2 // Testing class Circle3.
3
4 using System; -
5] using System.Windows.Forms; CircleTest3.cs
6
7 // CircleTest3 class definition
8 class CircleTest3
9 {
12 // main entry point for application | chanoe goordinates and
static void Main( string[] args ) N 3
12 { radius of Circle3 object
13 // instantiate Circle3
14 Circle3 circle = new Circle3( 37, 43, 2.5 );
15 B R
16 // get Circle3's initial x-y cpordinates and radius Create new Circle3 ObJeCt
17 string output = "X coordinate/is " + circle.X + "\n" +
18 "Y coordinate is " + circle.Y + "\nRadius is " +
19 circle.Radius;
20
21 // set Circle3's x-y coorgdinates and radius to new values
22 circle.X = 2;
23 circle.Y = 2;
24 circle.Radius = 4.25;
25)
26 // display Circle3's string representation
27 output += "\n\n" +
28 "The new location and radius of circle are " + Imphclt call to
2 Nt & elEEio @ el Circle3’s ToString
30
31 // display Circle3's Diameter method
32 output += "Diameter is " +
33 String.Format( "{0:F}", circle.Diameter() ) + "\n";
34
104
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
“w EEEREE o= e fs G ) Circumference and Area
41 String.Format( "{0:F}", circle.Area() );
2 methods for output
43 MessageBox.Show( output, "Demonstrating Class Circle3" );
44
45 } // end method Main
46
47 } // end class CircleTest3

Demonstrating Class Circle3 x|

X coordinate is 37
¥ coordinate is 43
Radius is 2.5

The new location and radius of circle are
Center = [2, 2]; Radius = 4.25
Diameter is 8,50

Circumference is 26.70

Areais 56.75
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1 // Fig. 9.12: Point3.cs
2 // Point3 class represents an x-y coordinate pair.
3
g using System; Point3.cs
6 // Point3 class definition implicitly inherits from Object
7 public class Point3
8 {
9 // point coordinate
10 private int x, y; ‘\I Declare coordinates as private
11
12 // default constructor
13 public Point3()
14
15 // implicit call to Object constructor occurs here
16 }
17
18 // constructor
19 public Point3( int xValue, int yValue )
20 {
21 // implicit call to Object constructor occurs here
22 X = xValue; // use property X
23 Y = yValue; // use property Y
24 }
25)
26 // property X
27 public int X
28 {
29 get
30 {
31 return x;
32 }
33
106
34 set
35 {
36 x = value; // no need for validation
;; } Point3.cs
39 } // end property X
40
41 // property Y
42 public int Y
43 { Methods to set x
:g ?et and y coordinates
46 return y;
47 }
48
49 set
50 {
51 y = value; // no need for validation
52 }
53
54 } // end property Y
55)
56 // return string representation of Point3
57 public override string ToString()
58 {
e ) return M[Y + X + T, " 4 X 4 0N Overridden ToString method
61
62 } // end class Point3
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1 // Fig. 9.13: Circled.cs
2 // Circled4 class that inherits from class Point3.
3
g T BRI Circled.cs
6 // Circled4 class definition inherits from Point3 Constructor with
7 public class Circle4 : Point3 implicit call to base
8 {
9 private double radius; class constructor
10
11 // default constructor Constructor with
% public Circled () explicit call to base
14 // implicit call to Point constructor occurs her class constructor
15 }
16
17 // constructor
18 public Circle4( int xValue, int yValue, double radiusValue )
19 : base( xValue, yValue )
20 {
21 Radius = radiusValue; Explicit call to base
22 b class constructor
24 // property Radius
25 public double Radius
26 {
27 get
28 {
29 return radius;
30 }
31
32 set
33 {
34 if ( value >= 0 ) // validation needed
35 radius = value;
108
36 }
37
38 } // end property Radius
39 -
40 // calculate Circle diameter Circled.cs
41 public double Diameter()
42 {
43 return Radius * 2; // use property Radius
44 }
45
46 // calculate Circle circumference
47 public double Circumference ()
48 {
49 return Math.PI * Diameter();
:::(1) } Method area declared virtual
52 // calculate Circle area / s0 it can be overridden
53 public virtual double Area()
54 {
55 return Math.PI * Math.Pow( Radius, 2 ); // use propert]
56 } Circle4’s ToString method
57 overrides Point3’s ToString
58 // return string representation ofM thod
59 public override string ToString() ey
60 {
61 // use base reference to return Point string representation| R B N
62 return "Center= " + base.ToString() + \ Call Point3 sToStrlng
63 "; Radius = " + Radius; // use property Radius method to dlsplay
G } coordinates
65
66 } // end class Circle4d
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1 // Fig. 9.14: CircleTest4d.cs
2 // Testing class Circled.
3
4 using System; -
5] using System.Windows.Forms; CircleTest4.cs
6
7 // CircleTestd4 class definition
8 class CircleTest4
9 {
12 // main entry point for application | chanoe goordinates and
static void Main( string[] args ) N 3
12 { radius of Circle4 object
13 // instantiate Circle4d
14 Circled circle = new Circled4( 37, 43, 2.5 );
15 B R
16 // get Circled4's initial x-y cpordinates and radius Create new Circle4 ObJeCt
17 string output = "X coordinate/is " + circle.X + "\n" +
18 "Y coordinate is " + circle.Y + "\n" +
19 "Radius is " + circle.Radius;
20
21 // set Circled's x-y coordinates and radius to new values
22 circle.X = 2;
23 circle.Y = 2;
24 circle.Radius = 4.25;
25)
26 // display Circled's string representation
27 output += "\n\n" +
28 "The new location and radius of circle are " + Imphclt call to
29 e e e Circle4’s ToString
30
31 // display Circle4's Diameter method
32 output += "Diameter is " +
B String.Format( "{0:F}", circle.Diameter() ) + "\n";
34
110
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 cs
“w EEEREE o= e fs G ) Circumference and Area
41 String.Format( "{0:F}", circle.Area() );
2 methods for output
43 MessageBox.Show( output, "Demonstrating Class Circled" );
44
45 } // end method Main
46
47 } // end class CircleTest4

Demonstrating Class Circled x|

X coordinate is 37
¥ coordinate is 43
Radius is 2.5

The new location and radius of circle are
Center= [2, 2]; Radius = 4.25
Diameter is 8,50

Circumference is 26.70

Areais 56.75
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112
// Fig. 9.15: Cylinder.cs
// Cylinder class inherits from class Circle4.

i System; .
R B Cylinder.cs

// Cylinder class definition inherits from Circle4 . .
public class Cylinder : Circlesa«— | Class Cylinder inherits
{ from class Circle4

private double height;
// default constructor \ Declare variable

public Cylinder () height as private
{

// implicit call to Circle4 ¢ uctor occurs her

Constructor that
implicitly calls base

}

// four-argument constructor
public Cylinder( int xValue, int yValue, double radiud €lass 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 = value;
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36 }
37
38 } // end property Height
39 .
40 // override Circle4 method Area to calculate Cylinder area chlnder'cs
41 public override double Area() 3
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 () ‘\l Calculate volume of cylinder |
18 {
49 return base.Area() * Height;
50 }
il
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
5§l ol clees Gl method to get its output
114
1 // Fig. 9.16: CylinderTest.cs
2 // Tests class Cylinder.
3
4 using System; .
5] using System.Windows.Forms; cyllnderTeSt'cs
6
7 // CylinderTest class definition
8 class CylinderTest
9 {
10 // main entry point for application
11 static void Main( string[] args )
12 { X
13 // instantiate object of class Cylinder / Create new Cylll’lder
14 Cylinder cylinder = new Cylinder (12, 23, 2.5, 5.7);
15
16 // properties get initial x-y coordinate, radius and height
17 string output = "X coordinate is " + cylinder.X + "\n" +
18 "Y coordinate is " + cylinder.Y + "\nRadius is " +
19 cylinder.Radius + "\n" + "Height is " 4 cylinder.Height;
20
21 // properties set new x-y coordinate, radius and height
22 cylinder.X = 2;
2 e Change coordinates,
24 cylinder.Radius = 4.25; 9 9
25 cylinder.Height = 10; radius and height
26
27 // get new x-y coordinate and radius
28 output += "\n\nThe new location, radius and height of " +
29 "cylinder are\n" + cylinder + "\n\n";
30 R R
31 // display Cylinder's Diameter ‘\‘ Imphclt call to TOStl‘lng
32 output += "Diameter is " +
33 String.Format( "{0:F}", cylinder.Diameter() ) + "\n";
34
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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 Cylinder x|

X coordinate is 12
¥ 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 8.50
Circumference is 26.70
Area is 380,53

Volume is 567.45

)i

115

CylinderTest.cs

Call methods
Circumference,
Area and Volume

Qb WA s © yx0 g s 0§l 9.6

a.b')'l.w JJ.J:&AQ.OL mM&J&AUN%&iLS)b AJ}QJ ||
255 PHE Gt b e Dol WO
oIS S aly IS STsd e she s dlesl o se

AL e

el o2 S Il sl o Sl b o s s Sl @
2 o Gl Al OIS e s 2

116

2/9/2017

58



117
1 // Fig. 9.17: Point4d.cs
2 // Point4 class represents an x-y coordinate pair.
3
g using System; Pointd.cs
6 // Pointd class definition
7 public class Point4
8 {
9 // point coordinate
10 private int x, y;
11
12 // default constructor
13 public Point4 ()
14 {
15 // implicit call to Object cons r occurs here
16 Console.WriteLine( "Point4 constructor: { 5 i Constructors Wlth (')u.tput
17 } messages and implicit calls
18 to base class constructor
19 // constructor
20 public Point4( int xValue, int yValue )
21 {
22 // implicit call to Object constructor occurs here
23 X = xValue; Output statements use
24 Y = yValue; reference this to implicitly
25 Console.WritelLine( "Point4 constructor: {(0}", this ) call ToString method
26 }
27
28 // destructor
% ‘('P°int4 0 Destructor with
31 Console.WriteLine( "Pointd destructor: {0}", this ); output message
B2 }
33
34 // property X
35 public int X
118
36 {
37 get
38 {
Z§ ) return x; Point4d.cs
41
42 set
43 {
44 x = value; // no need for validation
45 }
46
47 } // end property X
48
49 // property Y
50 public int Y
51 {
52 get
53 {
54 return y;
55 }
56
57 set
58 {
59 y = value; // no need for validation
60 }
61
62 } // end property Y
63
64 // return string representation of Point4
65 public override string ToString()
66 {
67 return "[" + x 4+ ", "+ y + "]";
68 }
69
70 } // end class Point4
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1 // Fig. 9.18: Circle5.cs
2 // Circle5 class that inherits from class Point4.
3
é using System; Circle5.cs
6 // Circle5 class definition inherits from Point4
7 public class Circle5 : Point4
8 {
9 private double radius;
10
11 // default constructor
12 public Circle5()
13 {
14 // implicit call to Point3 constructor o@ ere .
bIi5) Console.WriteLine( "Circle5 constructor: {0}", this Constructors with
16 } calls to base class and
17 output statements
18 // constructor
19 public Circle5( int xValue, int yValue, double radiusValu
20 : base( xValue, yValue )
21 { Output statements use
22 Radius = radiusValue; reference this to implicitly
23 Console.WriteLine( "Circle5 constructor: {0}", this") ; .
o ) call ToString method
25
26 // destructor overrides version in class Point4
% ICHCles 0 Destructor with
29 Console.WriteLine( "Circle5 destructor: {0}", this ); outputrnessage
30 }
31
32 // property Radius
33 public double Radius
34 {
120
35 get
36 {
37 return radius;
38 } X
=5 Circle5.cs
40 set
41 {
42 if ( value >= 0 )
43 radius = value;
44 }
45
46 } // end property Radius
47
48 // calculate Circle5 diameter
49 public double Diameter()
50 {
51 return Radius * 2;
52 }
53
54 // calculate Circle5 circumference
55) public double Circumference ()
56 {
5 return Math.PI * Diameter();
58 }
59
60 // calculate Circle5 area
61 public virtual double Area()
62 {
63 return Math.PI * Math.Pow( Radius, 2 );
64 }
65
66 // return string representation of Circle5
67 public override string ToString()
68 {
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69 // use base reference to return Point3 string
70 return "Center = " + base.ToString() +
71 "; Radius = " + Radius;
72 -
- b Circle5.cs
74 } // end class Circle5
122
1 // Fig. 9.19: ConstructorAndDestructor.cs
2 // Display order in which base-class and derived-class constructors
3 // and destructors are called.
4
5 g . ConstructorAndDe
6 structor.cs
7 // ConstructorAndFinalizer class definition
8 class ConstructorAndFinalizer
9 {
10 // main entry point for application.
11 static void Main( string[] args )
12 {
13 Circle5 circlel, circle2;
14
15 // instantiate objects X
16 circlel = new Circle5( 72, 29, 4.5 )<> Create two objects
17 circle2 = new Circle5( 5, 5, 10 ); oftype Circle5
18
19 Console.WriteLine() ;
20
21 // mark objects for garbage collection
22 circlel =null;+——— | Remove references
23 ircle2 = aLile . .
= gireies = nu to Circle5 objects
25 // inform garbage collector to execute
26 System.GC.Collect() ;
27 Run the garbage collector
28 } // end method Main
29
30 } // end class ConstructorAndDestructor
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Point4 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

Circle5 destructor: Center = [5, 5]; Radius = 10
Point4 destructor: Center = [5, 5]; Radius = 10
Circle5 destructor: Center = [72, 29]; Radius = 4.5
Point4 destructor: Center = [72, 29]; Radius = 4.5

123

ConstructorAndDe
structor.cs
program output

o Jad

135 (ow (o 9d 4ol

Polymorphism

124
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1 // Fig. 10.1: Point.cs . R
2 () Penm clocs mmsEascmts Definition of class Point
3
; using System; Point.cs
6 // class definition implicitly inherits from Object
7 public class Point
8 {
9 // point coordinate
10 private int x, y;
11
12 // default constructor
13 public Point()
14
15 // implicit call to Object constructor occurs here
16 }
17
18 // constructor
19 public Point( int xValue, int yValue )
20 {
21 // implicit call to Object constructor occurs here
22 X = xValue;
23 Y = yValue;
24 }
25)
26 // property X
27 public int X
28 {
29 get
30 {
31 return x;
32 }
33
128
34 set
35 {
36 x = value; // no need for validation
;; b Point.cs
39 } // end property X
40
41 // property Y
42 public int Y
43 {
44 get
45 {
46 return y;
47 }
48
49 set
50 {
51 y = value; // no need for validation
52 }
53
54 } // end property Y
55)
56 // return string representation of Point
57 public override string ToString()
58 {
59 return "[" + X + ", " + Y + "]";
60 }
61
62 } // end class Point
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1 // Fig. 10.2: Circle.cs
2 // Circle class that inherits { Definition of class Circle which
3 ; inherits from class Point
4 using System; .
5 Circle.cs
6 / cle class definition inherits from Point
7 public class Circle : Point
8 {
9 private double radius; // circle's radius
10
11 // default constructor
112 public Circle ()
13
14 // implicit call to Point constructor occurs here
15 }
16
17 // constructor
18 public Circle( int xValue, int yValue, double radiusValue )
19 : base( xValue, yValue )
20 {
21 Radius = radiusValue;
22 }
23
24 // property Radius
25 public double Radius
26 {
27 get
28 {
29 return radius;
30 }
31
130
32 set
33 {
34 if ( value >= 0 ) // validate radius
35 radius = value; .
e ) Circle.cs
37
38 } // end property Radius
39
40 // calculate Circle diameter
41 public double Diameter()
42 {
43 return Radius * 2;
44 }
45
46 // calculate Circle circumference
47 public double Circumference ()
48 {
49 return Math.PI * Diameter();
50 }
il
52 // calculate Circle area
53 public virtual double Area()
54 {
55 return Math.PI * Math.Pow( Radius, 2 );
56 }
57
58 // return string representation of Circle
59 public override string ToString()
60 {
61 return "Center = " + base.ToString() +
62 "; Radius = " + Radius;
63 }
64
65 } // end class Circle
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1 // Fig. 10.3: PointCircleTest.cs
2 // Demonstrating inheritance and polymorphism.
3
4 using System; Create a Point object . .
5 using sistem.windows .Forms; g ! 2 PointCircleTest.
p Assign a Point reference to |
7 // PointCircleTest clas S reference a Circle object
8 class PointCircleTes
9 { . - Use base-class reference to
10 // main ent; i ion. ) .| access a derived-class object
alil static v i o
12 {
13
14
15 .
= Use derived-class
17 reference to access a
18 base-class object
19
20
21
22
23 outpu "\n\nCCircle circlel (via point2): " +
24 2.ToString() ;
25)
26 owncast (cast base-class reference to derived-class
27 data type) point2 to Circle circle2
28 Circle circle2 = ( Circle ) point2;
29
30 output += "\n\nCircle circlel (via circle2): " +
31 circle2.ToString() ;
32
33 output += "\nArea of circlel (via circle2): " +
34 circle2.Area() .ToString( "F" );
35!
132
36 // attempt to assign pointl object to Circle reference
37 if ( pointl is Circle )
38
39 = ( Circle ) pointl; - -
40 = "\n\ncast sﬁccessful”; PointCircleTest.
a1 } cs
42 else
43 {
44 output += "\n\nNmppintl does not refer to a Circle";
45 }
46
47 MessageBox.Show ( output,
48 "Demonstrating the 'is a'“xelationship" );
49
50 } // end method Main Test if pointl references a Circle
51 object — it cannot, because of the
52 } // end class PointCircleTest

downcasting on line 28

Demonstrating the 'is a' relationship x|

Point point1: [30, 50] Program Output
Circle circle1: Center = [120, 89]; Radius = 2.7

CCircle circle1 (via point2): Center = [120, 89]; Radius = 2.7

Circle circle1 (via circle2): Center = [120, 89]; Radius = 2.7
Area of circlel (via circle2): 22,90

point1 does not refer to a Circle

e ]
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Polymorphism Jbse 10.4

(L5 =) Quadrilateral base-class m

(Jkxs) Rectangle derived-class m

(=) Square derived-class m

(¢9uY! (o5l 520) Parallelogram derived-class m

(4 543) Trapezoid derived-class m

03 2 I 4 LS ple 5> sl (S (perimeter) lae ot
D g

b polymorphical &, 52 C# «Quadrilateral ¢l L m
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Polymorphism Jbse 10.4

SpaceObiject 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) m
S 1sL SpaceObject wl,l Lol el (Sas isled amis o e sl
Ll el suie SpaceObject 31 as il o o g Ll o Cl;'-)‘

» DrawYourself @b Ules amio S e Gled amio 3LL Sl
5 |, DrawYourself | ..l ax.; polymorphical &) sas 44l
S o i 2 O g el o
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10.5 Abstract Classes and
Methods
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10.5 Abstract Classes and
Methods
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m Abstract base class Shape
m Concrete virtual method Area (default return value is 0)
m Concrete virtual method Volume (default return value is 0)
m Abstract read-only property Name
m (Class Point2 inherits from Shape
m Opverrides property Name (required)
m Does NOT override methods Area and Volume
m (Class Circle2 inherits from Point2
m Opverrides property Name
m Overrides method Area, but not Volume
m (lass Cylinder2 inherits from Circle2
m Opverrides property Name
m Opverrides methods Area and Volume

139

Wl J ol s WN K

// Fig. 10.4: Shape.cs
// Demonstrate a shape hierarchy using an abstract base class.
using System;

Declaration of virtual methods
Area and Volume with default
implementations

pyblic abstract class Shape ShaPe-CS

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

Declaration of abstract class Shape
return 0;

eturn Shape's name
public abstract string Name
{

get;
}

140
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// Fig. 10.5: Point2.cs
// Point2 inherits from abstract class Shape and represents
// an x-y coordinate pair.
using System; .

o B Point2.cs
// Point2 inherits from abstract class Shape
public class Point2 : Shape

y; // Point2 coordinates

// constructor
public Point2( int xVa
{

e, int yValue )

X
Y

xValue;
yValue;

} Class Point2 inherits from class Shape

// property X
public int X
{

get

{

return x;

x = value; // no validation needed

142

}

// property Y
public int Y
{

Point2’s implementation of the Point2.cs
read-only Name property

get
{

return y;

// no validation needed

string representation of Point2 object
public 4verride string ToString()
{

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

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

get

{

return "Point2";

}

}

} // end class Point2

2/9/2017
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1 // Fig. 10.6: Circle2.cs
2 // Circle2 inherits from class Point2 and overrides key members.
3 using System;
4 .
5 // Circle2 inherits from class Point2 Circle2.cs
6 public class Circle2 : Point2
7 {
8 Pxivate double radius; // Circle2 radius
9
10 // dePsult constructor
11 public C%
12
13 / call to Point2 constructor occurs here
14 }
15
16 // constructor
17 public Circle2( int xValue, int yValue, double radiusValue )
18 : base( xValue, yValue
19 {
20 Radius = radiusValue;
21 } Definition of class Circle2 which
2 inherits from class Point2
23 // property Radius
24 public double Radius
25 {
26 get
27 {
28 return radius;
29 }
30
144
31 set
32 {
33 // ensure non-negative radius value
34 if ( value >= 0 )
35 radius = value; Circle2.cs
:S } Override the Area method
8 ! (defined in class Shape)
39 // calculate Circle2 diamete
40 public double Diameter()
41 {
42 return Radius * 2;
43 }
44
45 // calculate Cixcle2 circumference
46 public double/Circumference ()
47 {
48 Math.PI * Diameter();
49 }
50
51 /[ calculate Circle2 area
52 ublic override double Area()
53 {
54 return Math.PI * Math.Pow( Radius, 2 );
55 }
56
57 // return string representation of Circle2 object
58 public override string ToString()
59 {
60 return "Center = " + base.ToString() +
61 "; Radius = " + Radius;
62 }
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// override property Name from class Point2
ublic override string Name

{Circle2";

N R R —— Override the read-only Name property

145

Circle2.cs

© oo s WN R

// Fig. 10.7: Cylinder2.cs

// Cylinder2 inherits from class Circle2 and overrides key members.

using System;

// Cylinder2 inherits from class Circle2
blic class Cylinder2 : Circle2

rivate double height; // Cylinder2 height

public Cylinder2( int xValue, int yValue, double radiusValue,
double heightValue ) : base( xValue, yValue, radiusValue )

{
Height = heightValue;
}

// property Height
public double Height
{

Class Cylinder2

get derives from Circle2
{

return height;
}

set
{
// ensure non-negative height value
if ( value >= 0 )
height = value;

146

Cylinder2.cs
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}

Override read-only property Name

// calculate Cylinder2 area
ublic override double Areg()

Cylinder2.cs

eturn 2 * base.Area() + base.Circumference() * Height;

override proper Name from clyss Circle2
public override striqyg Name

get Override Area implementation of class Circle2 |

{

return "Cylinder2";

}

} Override Volume implementation of class Shape |

} // end class Cylinder2

LU S WN R
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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 AbstractShapesTe
to reference a Point2 object pbjects st.cs

Assign a Shape reference to
reference a Cylinder2 object
{nt2, Circle2 apd yli4 reference a CircleZ object

public class AbstractShapesTe.

public static void Mai.
{

tring[] args

// instantiate
Point2 point

10, 3.3, 10 );

f Shape base-class references
= new Shape[ 3 ];

[ 0 ] refers to Point2 object
0 ] = point;
arrayOfShapes[ 1 ] = circle;

///arrayOfshapes[ 1 ] refers to Cylinder2 object
rrayOfShapes[ 2 ] = cylinder;

string output = point.Name + ": " + point + "\n" +
circle.Name + ": " + circle + "\n' +
cylinder.Name + ": " + cylinder;
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// display Name, Area and Volume for each object
// in arrayOfShapes polymorphically
foreach( Shape shape in arrayOfShapes )
{ AbstractShapesTe

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

st.cs

Messag&Box.Show ( output,

Use a foreach loop to access

Rely on polymorphism to call
every element of the array

appropriate version of methods

Demonstrating Polymorphism = x|

Point2: [7, 11]
Circle2: Center = [22, 8]; Radius = 3.5
Cylinder2: Center = [10, 10]; Radius = 3.3; Height = 10

Program Output

Point2: [7, 11]
Area = 0.00
Volume = 0.00

Circle2: Center = [22, 8]; Radius = 3.5
Area = 38.48
Volume = 0.00

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

Area = 275.77
VYolume = 342.12

sealed glgwdS g &319910.7

il o CH 5 suds s S sealed =
Lpd i) rie S 3 Wl e sealed ol W
Lo sealed BIs s s <= private L static & s S als W
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Polymorphism jl osiS ool

m Base-class Employee

abstract

abstract method Earnings (i ,3)
Lsd o siie BEmployee oSS 514 slendS

Boss
CommissionWorker
PieceWorker
HourlyWorker

LS e g3l o3l |, Earnings @b e LS plas
oIS sla wised 4 gl 6l I, Employee sla glorol edis e aali
AS e eslital il

LS o Sl 1, Earnings 5l s> 5. Polymorphism
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// Fig. 10.9: Employee.cs
// Bbstract base class for company employees.
using System;

ublic abstract class Employee Employee~cs

FirstName
LastName = lastNameVa

}

Definition of abstract class Employee

// property FirstName
public string FirstName
{
get
{
return firstName;

}

set

{

firstName = value;

}

152
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// property LastName
public string LastName
{

get
{
Earnings — implementation must

be provided by all derived classes

return lastName;

" + LastName;

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

Declaration of abstract class Employee.cs

153

2/9/2017

} // end class Employee

154
// Fig. 10.10: Boss.cs
// Boss class derived from Employee.
using System;

ublic class Boss : Employee Boss.cs

©®doluts WwN R

ivate decimal salary; // Boss's salary

( string firstNameValue, string lastNameValue,
: base( firsgNameValue, 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 > 0 )
salary = value;

77
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33 // override base-class method to calculate Boss's earnings
34 ublic override decimal Earnings ()
35
36 turn WeeklySalary;
P ) Boss.cs
38
39 // return ring representation of Boss
40 public overrde string ToString()
41 {
42 return "Boss: + base.ToString() ;
43 }
el Implementation of method Earnings (required
by classes deriving from Employee)
156
1 // Fig. 10.11: CommisionWorker.cs
2 // CommissionWorker class derived from Employee
3 using System;
4 P
5) public class CommissionWorker : Employee CommisionWorker.
6 { cs
7 ivate decimal salary; // base weekly salary
8 priyate decimal commission; // amount paid per item sold
9 private int quantity; // total items sold
10
11
12 ssionWorker ( string firstNameValue,
13 string lastNameValue, decimal salaryValue,
14 decimal commissionValue, int quantityValue )
15 : base( first WValue, lastNameValue )
16 {
17 WeeklySalary = salaryValue;
18 Commission = commissionValue;
19 Quantity = quantityValue;
20 }
g; /) o Heeklveal Definition of class CommissionWorker
property WeeklySalary 3
23 public decimal WeeklySalary | — derives from Employee
24 {
25) get
26 {
27 return salary;
28 }
29
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set
{
// ensure non-negative salary value

if ( value > 0 ) .
salary = value; CommisionWorker.

} cs
}

// 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;
}

158
set
{
// ensure non-negative quantity value
if ( value > 0 ) .
quantity = value; CommisionWorker.
} Cs
}

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

rsturn WeeklySalary + Commission * Quantity;

// return Stxring representation of CommissionWorker

public overri string ToString()

{
return "CommissNonWorker: " + base.ToString();

}

Implementation of method Earnings (required

[ (i G GREeD) (e ErenLr, by classes deriving from Employee)

2/9/2017
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1 // Fig. 10.12: PieceWorker.cs
2 // PieceWorker class derived from Employee.
3 using System;
4 .
5 public class PieceWorker : Employee PieceWorker.cs
6 {
7 ivate decimal wagePerPiece; // wage per piece produced
8 private int quantity; // quantity of pieces produced
9
10
11 public PIeceWorker( string firstNameValue,
12 stNameValue, decimal wagePerPieceValue,
13 int quantityValue )
14 : base( firstNameValue, lastNameValue )
15 {
16 WagePerPiece = ePerPieceValue;
17 Quantity = quantityValue;
12 } Definition of class PieceWorker
20 // property WagePerPiece | derives from Employee
21 public decimal WagePerPiece
22 {
23 get
24 {
25 return wagePerPiece;
26 }
27
28 set
29 {
30 if ( value > 0 )
31 wagePerPiece = value;
32 }
85 }
34
160
35 // property Quantity
36 public int Quantity
37 {
;g "(’et PieceWorker.cs
40 return quantity;
41 }
42
43 set
44 {
45 if ( value > 0 )
46 quantity = value;
47 }
48 }
49
50 // override base-class method to calculate
51 // PieceWorker's earnings
52 ublic override decimal Earnings ()
5 {
54 turn Quantity * WagePerPiece;
55 }
56
57 // return ring representation of PieceWorker
58 public override string ToString()
59 {
60 return "PieceWogker: " + base.ToString();
61 }
62 }

Implementation of method Earnings (required
by classes deriving from Employee)
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1 // Fig. 10.13: HourlyWorker.cs
2 // HourlyWorker class derived from Employee.
3 using System;
4
5 public class HourlyWorker : Employee HourlyWorker -cs
6 {
7 ivate decimal wage; // wage per hour of work
8 prixate double hoursWorked; // hours worked during week
9
10 // cons
11 public HouxlyWorker( string firstNameValue, string LastNameValue,
12 eValue, double hoursWorkedValue )
13 : base( firstNameValue, LastNameValue )
14 {
13 Wage = wageValu
16 HoursWorked = hourgWorkedvValue;
17 }
e Definition of class HourlyWorker —
19 // property Wage .
20 public decimal Wage derives from Employee
21 {
22 get
23 {
24 return wage;
25 }
26
27 set
28 {
29 // ensure non-negative wage value
30 if ( value > 0 )
31 wage = value;
32 }
33 }
34
162
35 // property HoursWorked
36 public double HoursWorked
37 {
;g "(’et HourlyWorker.cs
40 return hoursWorked;
41 }
42
43 set
44 {
45 // ensure non-negative hoursWorked value
46 if ( value > 0 )
47 hoursWorked = value;
48 }
49 }
50
51 // override base-class method to calculate
52 // HourlyWorker earnings
53 public override decimal Earnings ()
54 {
55 ensate for overtime (paid "time-and-a-half")
56 if ( Ho Worked <= 40 )
57 {
58 return Wage onvert.ToDecimal ( HoursWorked ) ;
Zz ! Implementation of method Earnings (required
61 else by classes deriving from Employee)
62 {
63 // calculate base and overtime pay
64 decimal basePay = Wage * Convert.ToDecimal( 40 );
65 decimal overtimePay = Wage * 1.5M *
66 Convert.ToDecimal ( HoursWorked - 40 );
67
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68 return basePay + overtimePay;
69 }
70 }
71
72 // return string representation of HourlyWorker HourlyWorker -cs
73 public override string ToString()
74 {
75 return + base.ToString() ;
76 }
77 }
164
1 // Fig. 10.14: EmployeesTest.cs
2 // Demonstrates polymorphism by displaying earnings
3 // for various Employee types.
4 using System; .
. ; EmployeesTest.cs
2 R oL Dol dE0 Assign Employee reference to POy
7 public class EmployeesTest reference a Boss object
8 {
io Izublic static void Main( stringf] args ) | Use method GetString to polymorphically
a5l Boss boss = new Boss ( obtain salary information. Then use the original
12 Boss reference to obtain the information
13 CommissionWorker coj
14 ’ P2y )i
15
16 PieceWorker new PieceWorker ( ’ ’
17 ), );
18
19 Hourl = new HourlyWorker ( b
20 “Price" onvert. ToDecimal ( ), )
21
22 Employ€e employee = boss;
23
24 string output = GetString( employee ) + boss + " earned " +
25) boss.Earnings () . ToString( ) + 2
26
27 employee = commissionWorker;
28
29 output += GetString( employee ) + commissionWorker +
30 &
31 commissionWorker.Earnings () .ToString( ) + 2
32
33 employee = pieceWorker;
34
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output += GetString( employee ) + pieceWorker +

+ pieceWorker.Earnings() .ToString( ) +
Definition of method GetString,
which takes as an argument an [EmployeesTest.cs
Employee object.
output += GetString( empldyee ) + TIOUrIyWOTIKer +

+ hourlyWorker.Earnings () .ToString( ) +

employee = hourlyWorker;

Polymorphically call the method of
| the appropriate derived class

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

Demonstrating Polymorphism x|

O Boss: John Smith earned $800.00
l) Boss: John Smith earned $800.00

N

Program Output

CommissionWorker: Sue Jones earned $850.00
CommissionWorker: Sue Jones earned $850.00

PieceWorker: Bob Lewis earned $500.00
PieceWorker: Bob Lewis earned $500.00

Hourly'Worker: Karen Price earned $756.25
HourlyWorker: Karen Price earned $756.25

166
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// Fig. 10.15: IAge.cs
// Interface IAge declares property for setting and getting age.

public interface IAge

i}
ame { get; }}\

— 5 Classes implementing this interface
Definition of 1nterface®\‘\ will have to define read-only

properties Age and Name

IAge.cs

168
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1 // Fig. 10.16: Person.cs
2 // Class Person has a birthday.
Z R RO Definition of Age property (required) |
5 ublic class Person : IAge Person.cs
6
7
8
9 private int year!
10 Class Person implements the IAge interface |
11 // constructor
12 public Person( stying firstNameValue, string lastNameValue,
13 int yearBornVAlue )
14 {
13 firstName firstNameValue;
16 lastName lastNameValue;
17
18 if ( arBornValue > && yearBornValue <= DateTime.Now.Year )
19 yearBorn = yearBornValue;
20 els;
21 yearBorn = DateTime.Now.Year;
22 }
23
24 / property Age implementation of interface IAge
25 public int Age
26 {
27 get
28 {
29 return DateTime.Now.Year - yearBorn;
30 }
31 }
32
170
33 // property Name implementation of interface IAge
34 ublic string Name
35
36 P
37 erson.cs
38 firstName + + lastName;
39 }
40 }
41
42} // end class Person Definition of Name property (required)
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// Fig. 10.17: Tree.cs
// Class Tree contains number of rings corresponding to its age.
using System;

ublic class Tree : IAge Tree.cs

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

Implementation of Age property ( required)

/} property Age implementation of interface IAge
public int Age
{
get
{
return rings;

}

171

// property Name implementation of interface IAge
ublic string Name

Tree.cs

Definition of Name property (required)

} // end class Tree

172
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1 // Fig. 10.18: InterfacesTest.cs
2 // Demonstrating polymorphism with interfaces.
3 using System.Windows.Forms;
g public class InterfacesTes Create array(‘f'TAsfe references | InterfacesTest.c
= Assign an IAge reference to
7 public static voi in( string[] ar reference a Person ObJeCt
8 | reference a Tree object
9
10 "Bob", "Jones", 1971 );
11
12 ge references
13 < new IAge[ 2 ];
14
15 [ 0 1 refers to Tree object polymorphically
E = tree;
17
18 iAgeArray[ 1 ] refers to Person object polymorphically
19 iAgeArray[ 1 ] = person;
20
21 // display tree information
22 string output = tree + ": " + tree.Name + "\nAge is " +
23 tree.Age + "\n\n";
24
25 // display person information
26 output += person + ": " + person.Name + "\nAge is: "
27 + person.Age + "\n\n";
28
174
29 // display name and age for each IAge object in iAgeArray
30 foreach ( IAge ageReference in iAgeArray )
31 {
32 ut += ageReference.Name + ": Age is " +
5 TR & MNalg InterfacesTest.c
34 } s
85!
36 MessageBox . Show onstrating Polymorphism" ) ;
37
38 } // end method Main \t Use polymorphism to call the
iz Use foreach loop property of the appropriate class

} // end class InterfacesTest each element of th! cerrery I

Demonstrating Polymo

Tree: Tree
Ageis 23

Program Output

Person: Bob Jones
Ageis: 30

Tree: Age is 23
Bob Jones: Age is 30

[
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1 // Fig. 10.19: IShape.cs
2 // Interface IShape for Point, Circle, Cylinder Hierarchy.
3
4 public interface IShape
5 { IShape.cs
6 // cla that implement IShape must implement these methods
7 // and
8 double
io ::Efi: Definition of IShape interface
11}
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
176
1 // Fig. 10.20: Point3.cs
2 // Point3 implements interface IShape and represents
3 // an x-y coordinate pair.
g using System; Point3.cs
6 // Point3 implements IShape
7 public class Point3 : IShape
8 {
9 rivate int x, y; // Point3 coordinates
10
11
12
13
14 licit call to Object constructor occurs here
15
16
17 // construct
18 public Point3 (\int xValue, int yValue )
19 {
20 X = xValue;
21 Y = yValue;
22 }
23 Class Point3 implements
a2 e EE TR the IShape interface
25) public int X
26 {
27 get
28 {
29 return x;
30 }
31
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set
x = value;

}

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

// property Y
public int Y
{

get
{

return y;

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

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

{

return 0;

}

Point3.cs

177

// implement interface IShape method Volume
ublic virtual double Volume ()

Point3.cs

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

} // end class Point3

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

178
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1 // Fig. 10.21: Circle3.cs
2 // Circle3 inherits from class Point3 and overrides key members.
3 using System;
4 .
5 // Circle3 inherits from class Point3 Circle3.cs
6 public class Circle3 : Point3
7 {
8 rivate double radius; // Circle3 radius
9
10
11
12
13 // implicit call to Point3 constructor occurs here
14
15
16 // constructor
17 public Circle3( N\nt xValue, int yValue, double radiusValue )
18 base( xValue,\yValue )
19 {
20 Radius = radiusVal
21 }
22
> 0 R e Definition of class Circle3
25 F(’ which inherits from Point3
26 get
27 {
28 return radius;
29 }
30
180
31 set
32 {
33 // ensure non-negative Radius value
34 if ( value >= 0 )
35 radius = value; Circle3.cs
36 }
37 }
£ . . Override the Point3
39 // calculate Circle3 diameter . .
40 public double Diameter () implementation of Area
41 {
42 return Radius * 2;
43 }
44
45 // calculate Ci e3 circumference
46 public double Circumference ()
47 {
48 th.PI * Diameter();
49 }
50
51 /{ calculate Circle3 area
52 public override double Area()
53 {
54 return Math.PI * Math.Pow( Radius, 2 );
55 }
56
57 // return string representation of Circle3 object
58 public override string ToString()
59 {
60 return "Center = " + base.ToString() +
61 "; Radius = " + Radius;
62 }
63
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64 // override property Name from class Point3
65 ublic override string Name
66
67 -
s Circle3.cs
69 "Circle3";
70 }
71 }
72
73 } // end class Circle3 . . . .
Override the Point3 implementation of Name
182
1 // Fig. 10.22: Cylinder3.cs
2 // Cylinder3 inherits from class Circle2 and overrides key members.
3 using System;
4 .
5 // Cylinder3 inherits from class Circle3 Cyllnder3'cs
6 blic class Cylinder3 : Circle3
7 {
8 pxivate double height; // Cylinder3 height
9
10
11
12
13 it call to Circle3 constructor occurs here
14
15
16 // constructor
17 public Cylinder3( Ynt xValue, int yValue, double radiusValue,
18 double heightval : base( xValue, yValue, radiusValue )
19 {
20 Height = heightValue;
21 }
22 Declaration of class Cylinder3
23 // property Height PURT . :
o~ public double Height which inherits from class Circle3
25 {
26 get
27 {
28 return height;
29 }
30
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set

{ Override the Point3

U RO BRI He}"% implementation of Volume
if ( value >= 0 )

height = value; | Qv€rride the Circle3
implementation of Area

Cylinder3.cs

M

calculate Cylinder3 volume
public override double Volume ()
{

return base.Area() * Height;
}

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

184
// override property Name from class Circle3
ublic override string Name

Cylinder3.cs
UCylinder3";

Opverride the Circle3
implementation of Name

} // end class Cylinder3
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1 // Fig. 10.23: Interfaces2Test.cs
2 // Demonstrating polymorphism with interfaces in
3 // Point-Circle-Cylinder hierarchy.
4 Create an array of Interf 2Test
5 using System.Windows.Forms; IShape references ntertacesciest.
6 Cs
7 bli 1. Interfaces2Test :
2 l(m re enass Assign an [Shape reference
9 public static void Maip{ string[] ar to reference a Point3 object
10 {
11 q
12 Point3 poin Assign an [Shape reference
13 circle3 ci 5| to reference a Circle3 object
14 Cylindef3 cylinde 9
5 Assign an IShape reference to
16 reference a Cylinder3 object
17 IShape|[]
18
19 Tences Point3 object
20 arrayOfShapés|[ 0 ]
21
22 // s[ 1 ] references Circle3 object
23 arrayOfShapés[ 1 ] = circle;
24
25) rrayOfShapes[ 2 ] references Cylinder3 object
26 arrayOfShapes[ 2 ] = cylinder;
27
28 string output = point.Name + ": " + point + "\n" +
29 circle.Name + ": " + circle + "\n" +
30 cylinder.Name + ": " + cylinder;
31
186
32 foreach ( IShape shape in arrayOfShapes )
33 {
34 utput += "\n\n" + shape.Name + ":\nArea = " +
85/ shape.Area + "\nVol = " + shape.Volume () ;
Be } P 0 predune P 0 Interfaces2Test.
37 Cs
38 MessageBox.Show ( output, "Demonstrating Polymorphism" );
39 }
0 1} Use polymorphism to call the
appropriate class’s method or property
x
Point3: [7, 11] Program Output

Circle3: Center = [22, 8]; Radius = 3.5
Cylinder3: Center = Center = [10, 10]; Radius = 3.3; Height = 10

Circle3:
Area = 38,484510006475
Volume =0

Cylinder3:

Area = 275.769003132112
Yolume = 342.119439975928
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1 // Fig. 10.24: DelegateBubbleSort.cs
2 // Demonstrating delegates for sorting numbers.
3
4 blic class DelegateBubbleSort Call delegate method to
LS R g = & DelegateBubbleSo
5 { compare array elements
6 = oy rt.cs
7
8 Method Swap, swaps the two
io arguments (passed by reference)
11
12 {
13 . nacedd )
14 Delegate Comparator definition declaration;
15 i< i h
e 1 < array.length™ jefines a delegate to a method that takes two
17 Xempare ( array[ i ], array | integer parameters and returns a boolean
18 ref array[ i ], ref array[ i + 1),
19 }
20
21 /L Swap two elements
22 private static void Swap ef int firstElement,
23 ref int secondElement )
24 { X
25 int hold = firstElement; Method SortArray which takes an
26 firstElement = secondElement; | integer array and a Comparator delegate
27 secondElement = hold;
28 }
29 }
190
1 // Fig. 10.25: BubbleSortForm.cs
2 // Demonstrates bubble sort using delegates to determine
3 // the sort order.
4 i System;
s ae Y L BubbleSortForm.c
using System.Drawing;
6 using System.Collections; s
7 using System.ComponentModel;
8 using System.Windows.Forms;
9
10 public class BubbleSortForm : System.Windows.Forms.Form
11 {
12 private System.Windows.Forms.TextBox originalTextBox;
13 private System.Windows.Forms.TextBox sortedTextBox;
14 private System.Windows.Forms.Button createButton;
13 private System.Windows.Forms.Button ascendingButton;
16 private System.Windows.Forms.Button descendingButton;
17 private System.Windows.Forms.Label originallabel;
18 private System.Windows.Forms.Label sortedLabel;
19
20 private int[] elementArray = new int[ 1;
21
22 // create randomly generated set of numbers to sort
23 private void createButton Click( object sender,
24 System.EventArgs e )
25 {
26 // clear TextBoxes
27 originalTextBox.Clear() ;
28 sortedTextBox.Clear() ;
29
30 // create random-number generator
31 Random randomNumber = new Random() ;
32
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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 ] + ; BubbleSortForm.c
} s

}
To sort in ascending order,
// delegate implementation for ascending sort sendadelegate for the

ivate bool SortAscending( int elementl, int elemeng/)/

SortAscending method to
od Sort| method SortArray

the first argu
| second; returns false otherwise

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

lementl > element2;

DisplayResults() ;

delegate implementation for descending sort
private bool SortDescending( int elementl, int element2 )
{
return elementl < element2;
}

192

// 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 (

DisplayResults ()

// display the sorted array im sortedTextBox
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 + 2

sortedTextBox.Clear() ;

}

// main entry point for application
public static void Main( string[] args )
{
Application.Run( new BubbleSortForm() );
}
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Il

Original Order Sorted Order

e BubbleSortForm.c
35 s
o Program Output

Create Data I Sort Ascending |
A
Sort Descending

= ~loix]
Original Order Sorted Order Original Order Sorted Order
22 5 22 74
66 22 66 66
25 24 25 65
35 25 3B 41
74 34 74 35
34 35 34 34
24 4 24 25
65 65 65 24
# 66 41 22
5 74 5 5

Create Data | Sort Ascending ‘l Create Data l Sort Ascending |
E\
Sort Descending Sort Descending J
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// Fig. 10.26: ComplexNumber.cs
// Class that overloads operators for adding, subtracting
// and multiplying complex numbers.

public class ComplexNumber

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

a, int b )

{

Real = a;
Imaginary = b;

(/imaginary < ? + ( imaginary * )
+ imaginary ) + ;

property Real
public int Real
{
get
{
return real;

}

196

ComplexNumber.cs
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set

{
real = value;

}

— ComplexNumber.cs
Overload the addition (+) operator

} // end property Real
for ComplexNumbers.

// property Imaginary
public int Imaginary

imgginary;

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

overload the addition operator
ublic static ComplexNumber operator + (

Compl b ber y )

r x, Compl

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

198
// provide alternative to overloaded + operator
// for addition
public static ComplexNumber Add( ComplexNumber x,
ComplexNumber y )

- ComplexNumber.cs
Method Subtract — provides an

alternative to the subtraction operator

ion operator Overloads the multiplication (*)
¢ operator for ComplexNumbers

Method Add — provides an
alternative to the addition operator

overload the multiplication op;& Overload the subtraction (_)
public static ComplexNumber operator i operator for ComplexNumbers

Compl b ry)

r x, Compl

{
return new ComplexNumber (
x.Real * y.Real - x.Imaginary * y.Imaginary,
x.Real * y.Imaginary + y.Real * x.Imaginary );
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98
99 // provide alternative to overloaded * operator
100 // for multiplication
% ublic static ComplexNumber Multiply( ComplexNumber x, ComplexNumber.cs
103
104
105
106
107 } // end class ComplexNumb
Method Multiply — provides an
alternative to the multiplication operator
200
1 // Fig 10.27: OperatorOverloading.cs
2 // An example that uses operator overloading
3
4 using System; torOverl d
5 using System.Drawing; 9pera orOver_.oa
6 using System.Collections; ing.cs
7 using System.ComponentModel;
8 using System.Windows.Forms;
9 using System.Data;
10
alil public class ComplexTest System.Windows.Forms.Form
12 {
13 private System.Windows.Forms.Label realLabel;
14 private System.Windows.Forms.Label imaginaryLabel;
13 private System.Windows.Forms.Label statusLabel;
16
17 private System.Windows.Forms.TextBox realTextBox;
18 private System.Windows.Forms.TextBox imaginaryTextBox;
19
20 private System.Windows.Forms.Button firstButton;
21 private System.Windows.Forms.Button secondButton;
22 private System.Windows.Forms.Button addButton;
23 private System.Windows.Forms.Button subtractButton;
24 private System.Windows.Forms.Button multiplyButton;
25)
26 private ComplexNumber x = new ComplexNumber () ;
27 private ComplexNumber y = new ComplexNumber () ;
28
29 [STAThread]
30 static void Main()
31 {
32 Application.Run( new ComplexTest() );
33 }
34
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35 private void firstButton Click(
36 object sender, System.EventArgs e )
37 {
38 x.Real = Int32.Parse( realTextBox.Text );
39 x.Imaginary = Int32.Parse( imaginaryTextBox.Text ); 9Perat°roverl°ad
40 realTextBox.Clear() ; ing.cs
41 imaginaryTextBox.Clear() ;
42 statusLabel.Text = + x;
43 }
44 Use addition operator to add
45 private void secondButton_Click( two ComplexNumbers
46 object sender, System.EventArgs e )
47 {
48 y.Real = Int32.Parse( realTextBox.Text );
49 y.Imaginary = Int32.Parse( imaginaryTextBox.Te: )
50 realTextBox.Clear() ;
51 imaginaryTextBox.Clear () ; Use subtraction operator to
= ) ST TS S subtract two ComplexNumbers
54
55 // add complex numbers
56 private void addButton Click( object sender, System.EventArgs e )
57 {
58 statusLabel.Text = x + +y + + (x + )
59 }
60
61 // subtract complex numbers
62 private void subtractButton Click(
63 object sender, System.EventArgs e )
64 {
65 statusLabel.Text = x + +y + + (x-y);
66 }
67
202
68 // multiply complex numbers
69 private void multiplyButton Click(
70 object sender, System.EventArgs e )
71 {
72 statusLabel.Text = x + +y+ +(x*y); OperatorOverload
73 } ing.cs
74
75 } // end class ComplexTest

Use multiplication operator to
multiply two ComplexNumbers

[ ComplexNumberTest 8 [=] B3
Real |1 Set First Complex Number

Imaginary |4 Set Second Complex Number

= | =1 [

Program Output

omplexNumberT est 9 [=] B3

Real |

Imaginary Set Second Complex Number

= | =1 [

First Complex Number is: (1 +2i )
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Real |5 Set First Complex Number |

Imaginary [4 Set Second Complex Numberl
| x|

+ | -

Real Set First Complex Nurmber

Imaginary |

+ | - x|

First Complex Number is: (1 +2i )

Second Complex Number is: (5 + Si)

Real Set First Complex Number |
Imaginary Set Second Complex Number I

Real Set First Complex Number
Imaginary Set Second Complex Number

s | - |

(1+2i)+(5+8i)=(6+11i)

(1+2i)%(5+9)=(13+19)

203
OperatorOverload
ing.cs
Program Output
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