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

using System;

nstance variables Timel.cs

1 Method SetTime

private int héur; // 0-23
private ing’minute; // 0-59

private ifit second; // 0-59 Validate arguments

public Timel()

SetTime( 0,

public void SetTime(
int hourValue, int minuteValue, int secondValue )
{
hour = ( hourValue >= 0 & hourValue < 24 ) ?
hourValue : 0;
minute = ( minuteValue >= 0 && minuteValue < 60 ) ?
minutevalue : 0;
second = ( secondValue >= 0 & secondValue < 60 ) ?
secondValue : 0;

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

Timel.cs

Output time
universal format

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

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

our == 12 || hour == 0 ) ? 12 : hour % 12 ),
minuteéj second, ( hour < 12 ? "AM" : "PM" ) );

}

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

Call default time
constructor

using System;

using System.Windows.Forms; TimeTestl.cs

// TimeTestl uses creates and ps€s a Timel obiect
class TimeTestl Call method SetTime

{ . .
// main entry poifit for application to set the time with
valid arguments

static void Main( string[] args )

{

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

// assign string yépresentation of time to output
output = "Initjal universal time is: " +
time.ToUni¢ersalString() +

al standard time is: " +

Call method SetTime with
invalid arguments

"oy

ttempt invalid time settings
time.SetTime( 99, 99, 99 );

output += "\n\nAfter attempting invalid settings: " +
"\nUniversal time: " + time.ToUniversalString() +
"\nStandard time: " + time.ToStandardString();

MessageBox.Show( output, "Testing Class Timel" ); TimeTestl.cs

} // end method Main

} // end class TimeTestl

Program Output
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1 // Fig. 8.3: RestrictedAccess.cs
2 // Demonstrate compiler errors from attempt to access
3 // private class
4 :
5  class RestrictedAccess Attempt to access RestrictedAccess
PR private members cs
7 // main entry point for applifation
8 static void Main( string[] afgs )
9 {
10 Timel time = new Timel();
11
12 time.hour = 7;
13 time.minute = 15;
14 time.second = 30;
15 }
16
17 } // end class RestrictedAccess
£ P
2 T,

TeneLbhou’

Tene1mieute

Tiene |.second is naccessible due to &

]
15

1 // Fig. 8.4: Time2.cs
2 // Class Time2 provides overloaded constructors.
3
§ using system; Time
5 ime<s.cs
6  // Time2 class definit
7  public class Time2
8 {
9 private int
10 private inp/minute;
11 private j
12
13 /1
14 /
15 public Time2 ()
1_5, Constructor which takes the hour
18 } and minute as input
19
20 1/ hour supplied, minute and second
21 /4 de:
22 public Time2(
23
24 SetTimef hour,
25 }
26
27 // Tife2 constructor: hour and minute supplied, second
28 /{/defaulted to 0
29 public Time2( int hour, int minute )
30
31 SetTime( hour, minute, 0 );
32 }
33

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

37 SetTime( hour, minute, second );

a public Time2( Time2 time )

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

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

51 hour = ( hourValue >= && hourValue < ) ?

52 hourValue : O

53 minute = ( minuteValue >= && minuteValue < ) 2
54 minuteValue : [;

55 second = ( secondValue >= && secondValue < ) ?
56 secondValue : (;

60 public string ToUniversalString()

62 return String.Format (
63 ., hour, minute, second );
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1 // Fig. 8.5: TimeTest2.cs

2 // Using overloaded constructors.

3

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, timed, 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 time4 = 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" + timel.ToUniversalString() +

25 "\n\t" + timel.ToStandardString();

26

27 output += "\ntime2: hour specified; minute and " +
28 "second defaulted" +

29 "\n\t" + time2.ToUniversalString() +

30 "\n\t" + time2.ToStandardString();

31

32 output += "\ntime3: hour and minute specified; " +
33 "second defaulted" +

34 "\n\t" + time3.ToUniversalString() +

35 "\n\t" + time3 ing ()

17
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 ) 2 12 : hour % 12 ), Time2.cs
71 minute, second, ( hour < 12 ? "AM" : "PM" ) );
72 }
73
74 } // end class Time2
19
36
37 output += "\ntimed: hour, minute, and second specified" +
38 "\n\t" + timed.ToUniversalString() +
39 "\n\t" + timed.ToStandardStri ; ;
0 \n\ . ing () TimeTest2.cs
a1 output += "\ntime5: all invalid values specified" +
42 "\n\t" + time5.ToUniversalString() +
43 "\n\t" + time5.ToStandardString();
44
45 output += "\ntime6: Time2 object timed specified" +
46 "\n\t" + time6.ToUniversalString() +
47 "\n\t" + time6.ToStandardString();
48
49 MessageBox . Show ( output,
50 "Demonstrating Overloaded Constructors" );
51
52 } // end method Main
53
54} // end class TimeTest2

12:00:00 M
tima: hour spechied; mise and second defuked
020000

2:00:00 A
tmac: hour and ments speckied; second defuked
00

Program Output
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// Time3 constructor: hour, mif
public Time3( int hour, int mif Constructor that takes another

Time3 object as an argument. New
Time3 object is initialized with the
values of the argument.

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

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

SetTime ( hour, minute

Property Hour

}

// Set new time value in 24-hour for Perform validity

public void SetTime(
int hourValue, int minute¥alue, int secondValue )

{

Hour = hourValue;

Minute i

public int Hour
{
get
{
return hour;

hour = ( ( value >= 0 & value < 24 ) ? value : 0 )

Time3.cs

22

21
1 // Fig. 8.6: Time3.cs
2 // Class Time2 provides overloaded constructors.
3
: 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 }
33
23
69 } // end property Hour
70
7 // property Minute Property Second
72 public int Minute
73 ( Time3.cs
74
75
76
77
78
79
80
81 i 2 ( ( value >= 0 && value < 60 ) 2 value : 0 );
82
83
84 Y /7
85
86 /[ property Second
87 public int Second
88 {
89 get
90 {
91 return second;
92 }
93
94 set
95
96 second = ( ( value >= 0 && value < 60 ) ? value : 0 )
97 }
98
99 } // end property Second
100

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

// 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

}

} // end class Time3

Time3.cs

24
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1 // Fig. 8.7: TimeTest3.cs
2 // Demonstrating Time3 properties Hour, Minute and Second.
3
4 using System; .
5  using System.Drawing; TimeTest3.cs
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;
15 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.C 1.Container = null;
33
34 private Time3 time;
35
27
65 // set Hour property when
66 prjvate void hourButton Click( -
7 Sbject sender, System.EventArgs e ) SgtMlnuFepropeny of
68 { Time3 object rimeTest3.cs
69 time.Hour = IAt32, hetfTextBox . TeXt J7 .
70 hourTextBox.Text =
71 UpdateDisplay () ;
72 }
73
74 /]
75 private void minuteBugfon Click( s?‘ Hour property of
76 Stem.EventArgs e ) Time3 object
77
78
79
:‘1‘ ) Add 1 second to Time3 object
82
83 /7
84 P
85
86 {
87 Int32.Parse( secondTextBox.Text );
88 ="
89
20 }
91
92 /{add one to Second when addButton pressed
93 private void addButton Click(
9 object sender, System.EventArgs e )
95
9 time.Second = ( time.Second + 1) % 60;
97

26
36 public TimeTest3()
37 {
38 // Required for Windows Form Designer support
39 InitializeComponent () ; ;
20 TimeTest3.cs
a1 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 {
51 Application.Run( new TimeTest3() );
52 }
53
54 // update display labels
55 public void UpdateDisplay ()
56 {
57 displayLabell.Text = "Hour: " + time.Hour +
58 "; Minute: " + time.Minute +
59 "; Second: " + time.Second;
60 displayLabel2.Text = "Standard time: " +
61 time.ToStandardString() + "\nUniversal time: " +
62 time.ToUniversalString() ;
63 }
64
28
98 if ( time.Second 0)
99
100 time.Minute = ( time.Minute + 1 ) % 60;
101 :
102 if ( time.Minute == 0 ) TimeTest3.cs
103 time.Hour = ( time.Hour + 1 ) % 24;
104 }
105
106 UpdateDisplay () ;
107 }
108
109 } // end class TimeTest3

ioi
Hox |23 Set Hou
Minute: Set Minute. Hour. 0; Minte: 0; Second: 0
Second: econd Standad e 120000 AM
g2 Univessaltime: 00:00:00

Add 1 1o Second

ol
o [ [ )

Mre [ Setbinute Hou: 23, Mine: 0; Second. 0
ot [~ _swwen | ooz igan

Add 110 Second

wby o
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Hou: SetHouw
Miec [3 Set Minute Hour 23: Minute: 0: Second. 0
Standard time: 11:00.00 PM
Second: SetSecond B 000
Add 110 Second
il

Hor [T SetHos
Miate [ ll!nl!l‘ Hour: 23; Minute: 53; Second 0

- | Standrd time: 115300
Second: Set Second Ui lime: 235800

Add 110 Second
=loix|

How [ Set Hou

Mie. [ Setbinde Hour: 23 Minuse: 59; Second 0

et st | priiemymg
Add 1 10 Second

TimeTest3.cs
by o
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30
=ID]x TimeTest3.cs
Hou: SetHour wbp o
Midec [ || DSatHis Hour: 23:Minuse: 59; Second: 58
Standeud ime: 115353 P
St [— fmsoine 120
Add 1 to Second
=I0ixi
e _Seter |
Wit [ || Setbinds Hour: 23; Minute: 59; Second: 59
cond [ o Standard ime: 115359 P
- _Susemd | Serdedie 9%
mmsm
=0l
e _ S|
Moae [ Setbinde Hour: 0: Minute: 0: Second: 0
econd acond Standard time: 120000 AM
8 LI Universal time: 00:00:00
[Tl
32
1 // Fig. 8.8: Date.cs
2 // Date class definition ¢ |, 5 ol ST 0lke a1y o s 35 ole o Gl edisle
4 using System; LBl ime S ks o i sl gile ST S o Date.cs
5 P N e BS-Jr LS K :
6 // Date class definit
7  public class Date
8 {
9 private int ;o // 1-12
10 private int/day // 1-31 based on month
11 private i i // any year
12
13 // copétructor confirms proper value for month;
14 // o811 method CheckDay to confirm proper
15 /}/value for day
16 public Date( int theMonth, int theDay, int theYear )
17 {
18 // validate month
19 if ( theMonth > 0 && theMonth <= 12 )
20 month = theMonth;
21
22 else
23 {
24 month = 1;
25 Console.WriteLine(
26 "Month {0} invalid. Set to month 1.", theMonth );
27 }
28
29 year = theYear; // could validate year
30 day = CheckDay( theDay ) ; // validate day
31 }
32
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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 { 031, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
39
40 // check if in range for month
a1 if ( testDay > 0 testDay <= daysPerMonth[ month ] )
42 return testDay;
43
a4 // check for leap year
45 if ( month == 2 && testDay == 2
46 ( year % 400 == 0 ||
47 ( year % 4 == 0 && year % 100 1>
48 return testDay;
49 e sle o S S o e lzel
50 Console.WriteLine ( o Lasiia gl s, sl Wl e edd
51 "Day {0} invalid. Set to day 1.", testDay );
52 AL 4zl |y
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
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

34
1 // Fig. 8.9: Employee.cs
2 // Employee class definition encapsulat Employee .5 ,.ac Date . 5
3 // last name, birth date and hire date/]
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;
11
15 // constructor initializes name, birth date and hire date
16 ublic Employee( string first, string last,
17 int birthMonth, int birthDay, int birthYear,
18 ilt_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 LAV\M)]SHV\&LA'@)UJJ));@v L oS gl a3l
| LS e adsl s ke 1y
36
1 // Fig. 8.10: CompositionTest.cs
2 // Demonstrate an object with member object reference.
3
4 using System; s
5  using System.Windows.Forms; CompositionTest.
6 cs
7 // Composition class definition
8  class CompositionTest
[
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 );
15
16 MessageBox.Show( e.ToEmployeeString (),
17 "Testing Class Employee" );
18
19 } // end method Main
20
21 } // end class CompositionTest
X
3o, Bob Heed: 3/12/1968 Bethdy: 724/1949 by (o F

—

4/7/2017



this sl ! 31 oolakw! 8.9

ails b=l this leslanal b Jisgr & Wly 000 o W

L

tod Sl it 5 g la pite mle pled gl WBlpe pom W
>ﬁda>uzﬂl 4.3}»..:

37

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

}

} // end class Time4

Time4.cs

39

The this reference is used to
access member variables

38
1 // Fig. 8.11: Timed.cs
2 // Class Time2 provides overloaded constructors.
3
4 using System; The this reference is used to set the Timed.cs
: // Timed class definition class member variables to the
7 public class Time4 constructor arguments
8 {
9 private int hour; // 0-23
10 private int minute; // 0-59
11 private int second; // 0-59
12 y The this reference is used to
13 constructor .
14 public Timed( int hour, int jinute, int seco; refer to an instance method
15
16 this.hour = hour;
7 this.minute = minute;
18 this.second = second;
19 }
20
21 // create string G this and implicit references
22 public string Bui
23 {
24 returp-this.ToStandardString(): " +
25 this.ToStandardString() +
26 "\nToStandardString(): " + ToStandardString();
27 }
28
40
1 // Fig. 8.12: ThisTest.cs
2 // Using the this reference.
3
4 using System; .
5 using Siste.mAWindowsAFoms; ThisTest.cs
6
7 // ThisTest class definition
8  class Classl
9 {
10 // main entry point for application
11 static void Main( string[] args )
12
13 Timed time = new Timed( 12, 30, 19 );
14
15 MessageBox . Show( time.BuildString(),
16 "Demonstrating the \"this\" Reference" );
17 }
18 }

D

fes x|
this. ToStandardSiring() 19 PM
ToStandardstringl); 12:30:19 PM

wby oA
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8.10 Garbage Collection 8.10 Garbage Collection
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44

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

unw static sbas! 8.11 e

Employee.cs

// Employee class definition
A S e el b el sl

public class Employee
7 ot

[
by dal g IS sla ane Sl s ol S S IS A m o private string firstNapé; S S S ot s ns

private string lastNape;
11 private static int cdunt;

J._.J;L ails \)J;,;;,A \_,<;_ )'l 14 public Employee (/8

sl xeS )8

S i e i W i

e Sl (S S sl o e STALIC IS @S it iy W 5
(PO Sesbl ples (mle S 2) 355 0 OLes z

public)s si i =5 static sla paie s Sl Sas o)~ B 25 1f/destrydlor decrements static Employee count

(o ¢ s private 5 ‘

30 Console.WriteLine( "Employee object destructor: " +
31 firstName + " " + lastName + "; count = " + Count );

43
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46

// Fig. 8.14: StaticTest.cs
2 1 &S s sl Employee 2 55 R

ing System; -
using Sys StaticTest.cs
// StaticTest class definition
class StaticTest
{

Sisnull L1, Employee (.2
// main entry point for application e e ploy
static void Main( string[] args ) s

{

garbage « 035 ) yone
collection

Console.WriteLine ( "Employees before instantia
Employee.Count + "\n" );

// create two Employees
Employee employeel = new Employee( "Suss
Employee employee2 = new Employee( "Bo¥

Console.WriteLine ( "\nEmployees af inStantiation: " +
"Employee.Count = " + Employee

// display the Employees
Console.WriteLine( "Employee Z: " +
employeel .FirstName + "7 + employeel.LastName +
"\nEmployee 2: " + empléyee2.FirstName +
" " + employee2.LastNafme + "\n" )

// mark employee? and/employeel objects for

System.GC.Collect () ;

45
34 // FirstName property
35 public string FirstName
36 {
g; 7et Employee.cs
39 return firstName;
40 }
a1 }
42
43 // LastName property
a4 public string LastName
45 {
46 get
47 {
48 return lastName;
49 }
50 }
51
52 // static Count property
53 public static int Count
54 {
55 get
56 {
57 return count;
58 }
59 }
60
61 } // end class Employee
47

36 Console.WriteLine (

37 "\nEmployees after garbage collection:
38 Employee.Count ) ;

39 }

0 3

Employees before instantiation: 0

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

StaticTest.cs

wby s F

SWlg> taid g b slas! 8.12

IS L (58 walss i 55 a T e &5 Llael) ool clac! m
Lo o OOel const gdS

Lo Static cas 55k 4 const glacl ®

Ly adsl as lade OMel plSa AL const Lacl m

Aol g e Ll OMel gl readonly sAUS alS 5l eslinnl ®
S i O 51 e bl s s ad gl oas jlade sdile js a5 0

48
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49
1 // Fig. 8.15: UsingC Only.cs
§ // Demonstrating constant values wit] Readonly variable radius; must
4 using System; be initialized in constructor :
5 using sttem.windows.i‘onns; UsingConstAndRea
6 dOnly.cs
7 Constants class defi -
8 ;/zhlic class Consta Initialize regdonly
9 { member radius
10 // B
11 public col
12
13 /1 x;
14 /, {tialized
15 public readorly int radius;
16
17 public Oénstants( 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

B jlw it 8.13

oS S a4 )y s 0303 1y Ls o3l LIS gBlse ey W

Lau\:«;.l)dlquwfw>Gwldla})g;:@}m}juw.ul u

..l.h.}dﬁajb.-l u,»))\s BE)

$ode b 5 $3de Glam s ) B sl KilS s bl okl m

51

iyt
ol i =5 this (cuS 2ulS 3l eslecsl m

Lilea ([]) Q,S\j.. sles )‘ L@.wi); MLJJ.I )Lw U,M._»_.,\;\ )‘ sslaal rKA |

S e oslizal €t 5 get o zus gl o La ol

50
36 MessageBox.Show( "Radius = " + constantValues.radius +
37 "\nCircumference +
38 2 % ¢ .PI * cons lues.radius,
39 "Circumference" ); ;
20 UsingConstAndRea
41 } // end method Main dOnly.cs
42
43} // end class UsingConstAndReadOnly
x| e
Rachs = 2 Racks =6 wbp o
‘Crcumference = 12.56636 Circumberence = 37.69908
52
1 // Fig. 8.10: IndexerTest.cs
2 // Indexers provide access to an object's members via a
3 // subscript operator.
4
5  using System; e e Sl bl Gl il i 3 IndexerTest.cs
6 using System.Drawing; oo 3l s e e 03 S Lasia Gl p 1)
7  using System.Collections; e
8 using System.ComponentModel; ) 03 5des 3l CJL’ ol ol g 53 il J,f\
9 using System.Windows.Forms; o ol b s Kl S =) asl
10 using System.Data; bl edas s 4 by 0xe oD [EaE d
11 LS el e s
12 // Box class definition ts a box with leng
13 // width and
14 public class
15
16 private string[]/names/= { "length", "width", "height" };
17 private double sions = new doupfe[ 3 ];
18
19 /
20 public Box{/doub: e width, double height )
21 {
22
23
24
25 }
26
27 /
28 publi,
29 {
30
31
32 return ( index < 0 || index > dimensions.Length ) ?
33 -1 : dimensions[ index ];
34 }
35

4/7/2017
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Sl 0lse 4y dns ol oS
RSO

get

: el edins e s 4 by e Set

53

IndexerTest.cs

// locate element to get

155 o S S gl
int i = 0; Bl o S il S

JRECYC S URCIE 9N

R
AL s s s

while ( i < names.Length &&
name.ToLower () !'= names[ i ] )
it4;

return ( i

names.Length ) ? -1 : dimensions[ i 1;

set

{
// locate element to set
int i = 0;

while ( i < names.Length &&
name.ToLower () !'= names[ i ] )
it+;

103
104
105
106
107
108
109
110
111
112
113
114

133
134
135
136
137

// create block
box = new Box( 0.0, 0.0, 0.0 );
}

kw3 o gins 3l eslizal
[STAThread]

static void Main()
{

Sl el sEE

~
N
=
o
L)
1)
)
&
5
£
&
®
w
o
o
Q
2
I
i
®
[
5
.
®
H
%‘
®
"

prefix + "box[ " + index + " ] = " + box[ index ];

// display value with specified name
private void ShowValueAtIndex( string prefix, string name )
{
resultTextBox.Text =
prefix + "box[ " + name + " ] = " + box[ name ];

}

// clear i and va
private void ClearTextBoxes ()

indexTextBox.Text = "";
valueTextBox.Text = "";

55

IndexerTest.cs

54
68 if ( i != names.Length )
69 dimensions[ i ] = value;
70 }
71
72 } // end indexer IndexerTest.cs
73
74 } // end class Box
75
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
9 private System.C 1.Container = null;
95
9 private Box box;
97
98 // constructor
99 public IndexerTest ()
100 {
101 // required for Windows Form Designer support
102 InitializeC
56
138 // get value at specified index
139 rivate void intGetButton Click( Sho il Sl eslind
140 ject sender, System.EventArgs e ) 555 e 8
141 {
142 ShowValueAE: IndexerTest.cs
143 "get: ", Int3Z: indexTextBox.Text ) )7
144 ClearTextBoxes () ;
145 }
146
147 // value at specified index
148 private void intSetButton Click( e
149 object sender, System.EventArgs e ) 55,5 Gl ey Sl il Sl eslinal
150 s
151 int index = Int32.Parse( i T
152 box[ index ] = Double.Parse( valueTextBox.Text );
153
154 ShowValueAtIndex( "set: ", index );
155 ClearTextBoxes() ;
156 }
157
158 [/-Get value with specified name
159 private void nameGetButton Click(
160 object sender, System.EventArgs e )
161
162 ShowValueAtIndex( "get: ", indexTextBox.Text );
163 ClearTextBoxes () ;
164 }
165

4/7/2017
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166
167
168
169
170
171
172
173
174
175
176
177

// set value with specified name
rivate void nameSetButton Click(
object sender, System.EventArgs e )

ShowValueAtIndex( "set: ", indexTextBox.Text );
ClearTextBoxes ()

}

IndexerTest.cs

} // end class IndexerTest

Use string indexer to set value ‘

EEEE———— =Io1x]

Indesxto set/get. [0 GetVabsbpindse | SetVahe bylndex

) Wby s
Before setting

value by index

57

EETTEE——— =lolx|

IndexerTest.cs
by oy 5

Index o set/get [iengh GetVabsbpindss | Setvauebyindex | | Before getting
Ve loset Get Ve by Narme !}l SetVaue by Name | value by
[retboq0] 12345

EEEE———— =Io1x]
Indeccto set/get Getvaetyingee | Setvalmtyinds |

Vaelost [

name

After getting
value by

|ﬁuV¢nbva:9 SetVaue by Name |

[oet bood lengih | = 12345

bl

Indexto sel/get. [wih GetVahebylndes | SetVabebylndex |

R N T E—

name

Before setting
value by

name

[ | suvnwum[g

[et bo{ length ) = 122.45

Vabeloset  [123:45 GetVaebyName | Seavahis by Name mumber
[
bl
Indeecto sel/get GetVakobylndee | [ SetValus by Index After setting
value by index
Va0 set GelVaebyName | SetVahs by Hame number
[set b 0) = 12245
59
bl
. IndexerTest.cs
Indexto set/get GetValobylndes | SetValmbyindex | | After setting b N
value by 2T

Ve to set

GetVae by Name | suvnwum”

[oet: bod wacin ) = 3333

bl
Indexto set/get |1 Get Value by Index SetVahe by Index |
Ve 10 58t

[oet: bod wacin ) = 3333

Get Vae by Name SelVabus byName |

EETTEE—— =lolx
Indexo set/get SetVaha by Index
Vahue toset Get Valus by Name SetVaue by Name |

[t bl 11- 85

name

Before getting
value by index
number

After getting
value by index
number

MY 5 3lw ko g 81501 sl 6015 8.14

LS i |y lw esly Sl b e S m

m Last-in, first-out (LIFO)

s

.A;j:f‘_,u(push)))jui“ﬂl“sﬂﬁurzj ]
Lsd o (POP) axtls r axiy VL3I s ol m

m First-in, first-out (FIFO)
m Jtems are enqueued (added to the end)
m Items are dequeued (taken off the front)

60

2o B

L ool bt et W
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31391 0 9 dumo ooliw! wulslé 8.15

AL e el a5 e Sl IS O Jald S5 b SIS dlbuls’
Framework Class Library (FCL) m
e Gla Jiw 53 s OIS ) 45 S (6ol sl Jals ol S5 L Library & m
S5kas e 4l 53 IS Hsb a5 el (s atas WsS s o el NameSpace «
1S sl s 38 l 31 Ol g
55 enlinal AL ;)S:aﬁ Ly Cf'p A4l FCL s =
= No bugs
m Optimized
= Well-Documented
LS o Jegd L Ll S G s S 51 sdoes oslesl ®
Rapid Application Development (RAD) m

61

63

36 // Time3 constructor: hour, minute and second supplied
37 public Time3( int hour, int minute, int second

38

39 SetTime ( hour, minute, second );

40

a1

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

4

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

16

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 1

63 return hour;

64 }

65

66 set

67 {

68 hour = ( ( value >= 0 && value < 24 ) ? value : 0 )
69 }

70

TimeLibrary.cs

62
1 // Fig. 8.17: TimeLibrary.cs
2 // Placing class Time3 in an assembly for reuse.
3
: using System; Timelibrary.cs
6  namespace TimeLibrary
7
8 // Time3 class definition
9 public class Time3
10 {
11 private int hour; /7 0-23
12 private int minute; // 0-59
13 private int second; // 0-59
14
15 // Time3 constructor initializes instance variables to
16 // zero to set default time to midnight
17 public Time3()
18 {
19 SetTime( 0, 0, 0 );
20 }
21
22 // Time3 constructor: hour supplied, minute and second
23 // defaulted to 0
24 public Time3( int hour )
25 {
26 SetTime ( hour, 0, 0 );
27 }
28
29 // Time3 constructor: hour and minute supplied, second
30 // defaulted to 0
31 public Time3( int hour, int minute
32 {
33 SetTime ( hour, minute, 0 );
34 }
35
64
71 } // end property Hour
72
73 // property Minute
:l’g 1(auh11c int Minute TimeLibrary.cs
76 get
77 1
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

4/7/2017
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103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

// 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" : "BM" ) );

}

} // end class Time3

TimeLibrary.cs

65

8.16 Namespaces

Lol sdoes eslinad LB L 158 £ AEESN |
LS o oal ) LeudIS 51 ke g +5,5S Namespaces m
.)\MLL; asls b JL"“ﬁi {ab ‘@U éw&): w%}b ..LiL.; | |

bdlﬂ&ifb J@\j@¢&j&i&wlﬁd@jh)) w%}bl

Sl asls

sslital (gl a8 was o 03l LS 4 DLL gla L m
g (G Ay S

Dynamic Link Libraries (DLL) m

66

67

8.16 Namespaces

%5 Tumsel ibw ary - Microsolt Visual (8 NET [design] - Class] cs =01 X
Do & Yew Dok A1 Debon ook Wb o
[AERTEE-0 = - BN Y SRR i -Gy ) ¥
Cl%boa T2 | 4% %0, B,
| castes| 4+ x| (Sekiion Explres - Trvlbrary 8 %
2 [z ElD o i=leli=il-]
i TR Sohton Tmetbeary {1 promc)
i 2 2] = 2 Timetibrary

¢ T st s

public class Classi

public Clasai()

Fig. 8.18  Simple Class Library.

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

using System;
sing TimeLibrary;

Use Time3 as usual

e RN NTT PSR
3

68

AssemblyTest.cs

// Assembly’ class defidition
class AssemblyTes
{
10 // main entry-foint for apprication
1 static void Main( string[] args Reference the TimeLibrary
12 (
13 Tfme3 time = new Time3( 13, 27, 6 ); | lamespacc
14
15 Console.WriteLine (
16 " time: {0}\nUni 1 time: {1}\n",
17 time.ToStandardString(), time.ToUniversalString() );
18 }
19 )

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

Program Output

68

4/7/2017

17



&9 5 I 3w

m Method Overloading
s oy o OLSG Glesl L ol
ol gla bl b Ll asl andls SLs gleel Wil o m
sl ansls |
Lol Coolite LLeds Jloyl s sz m
S e s e W
qu:a@nbéu@;w)-

69

// first version, takes one integer
public int Square ( int x
{

One method takes an

return x * x; int as parameters

) MethodOverload.cs
// second version, takes one double
public double Square ( double y )
{

return y * y;
} The other version of the method uses
adouble instead of an integer

[STAThread]
static void Main()
{

Application.Run( new MethodOverload() )
}

} // end of class MethodOverload

Program Output

71

70
1 // Fig. 6.18: MethodOverload.cs
2 // Using overloaded methods.
3
4 using System;
5 using System.Drawing; MethodOverload.cs
6  using System.Collections;
7  using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10
11  public class MethodOverload : System.Windows.Forms.Form
12
13 private System.C 1.Container = null;
14
15 private System.Windows.Forms.Label outputLabel;
16
17 public MethodOverload ()
18 {
19 InitializeComponent () ;
20
21 // call both versions of Square
22 outputLabel.Text =
23 "The square of integer 7 is " + Square( 7 ) + .
24 "\nThe square of double 7.5 is " + Square ( 7.5 ); Two versions of the square
25 } method are called
26
27 // Visual Studio .NET-generated code
28
72

// Fig. 6.19: MethodOverload2.cs

// overloaded methods with identical signatures and

// different return types.

MethodOverload2.cs

class MethodOverload2
{

9 public int doubl. - -
10 { This method returns an integer

1
2
3
4
5  using System;
6
7
8
[

11 return x * x;

12 }

13

14 // second Square method takes same number,

15 // order and type of arguments, error

16 public double Square( double y )

17 {

ig ) return y * y; This method returns a double number

20

21 // main entry point for application

22 tati id Mai . -

23 7 atic void Main() Since the compiler cannot tell
24 int squarevalue = 2; / which method to use based on
:_2 , Square( squareValue ); passed values an error is generated
27

28 } // end of class MethodOverload2

Task

uild Enor task shown (fitered)

1| ¥ oescrptien Fis

T

caled Square’ with types Ci.

5 Task Lis] B) Outpur | ) Inden Fesuits | G4 Search Results | @) Breskpon

Program Output

4/7/2017

18



4/7/2017

74
1 // Fig. 7.16: ForEach.cs
. . 2 // Demonstrating for/each N
foreach ' Lad 3 using System; Use the foreach loop to examine
’s ’ | A " ) 1 .
) ) : class ForEach each element in the array ForEach.cs
6 {
7 // main entry point for fhe application . :
f h 8 static void Main( stzifg[] args ) Iilhelcuxéen:jarray lelenéen;ls smaller.
e - B - . e ™ 9 { then lowGrade, set lowGrade to contain
(5L€"L“"}L"" BL J’."Ju" gf""l"‘”ﬁ oreac 4.9.L> )\J'{’ )L‘}L"’ 10 int[,] gradeApfay = { { 77, €8, 86, the value of the current element
| vl wl T L ol 11 { 98, 87,789, 81 }, { 70, 90
e }w“ oslaiwl a4 Lo 021> 12
Ty - $ 13 int loyGrade = 100;
14
:)\.,U 343 LS\ o.,\.}) | % foreach ( ipt-grade in gradeArray )
17 if ( grade < lowGrade )
. - . M - . o S 18 lowGrade = grade;
:}w&a:m»\fa&ﬁ)‘wmbé‘fw ". o )

20
21 Console.WriteLine( "The minimum grade is: " + lowGrade );
22 }
23 )

The minimum grade is: 68

73

8.17 Class View and Object Browser 8.17 Class View and Object Browser

m Class View and Object Browser are features of Visual ] Object Browser
Studio that facilitate the design of object-oriented

.. m Lists all classes in a libraty
applications

m Helps developers learn about the functionality of a

m Class View specific class

m Displays variables and methods for all classes in a project

m To view the Object Browser select any NET FCL

m Displays as treeview hierarchical structure method and select Go To Definition

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

m Can be seen by selecting View < Class View

75 76
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8.17 Class View and Object Browser

Class View - TimeTest1 E|

L]

& {} TimeTest1
£ Timel
(-2 Bases and Interfaces
@ SetTime(int,ink, int)
¥ Time1()
® Tostandardstring()
-® ToUniversalString()
¥ hour
2 minute
¥ second
£ &2 TimeTest!
(- %¢ Bases and Interfaces

4 Main(stringl])

Solution Explorer _§ Class View

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

7

8.17 Class View and Object Browser

59 TimeTest | - Mcrosolt Visual o NET [design] - Timel.cs =0l
B R Yew Dokt BA3 (sbig Lok Wedm beb

@-O-FEHP IR -85 o = K
o S L AN R. S X,

R Parmtent inei el
i Timel class defimicic
4 public class Timel : Object

private int bourr @ cop

private int minute:

private int seconas |4 Bute

ero to set defaulD) Isettrespon: : -
public Timel() 5 e Brnabpont
$ <A P To Cursor

SetTime( 0, 0, 0 )
438 Task L Shoxto

o i = [T
eche on the dacd R Puente g 5
Pubiie void SetTume( |k Corghteied
. int hourValue, int e Quekive rondvalue )
el
128 cotomsmcs |

1oy k

n9. ZE] G 5] 4

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

78

8.17 Class View and Object Browser

2 TimeTest| - Microsolt Visual C# NET [design] - Dbject Browser 1

Bl Edt Yew Project fuld Debup ook Window e

@ria-FE0 L BR[| oG ) o S
B Y £ Slattere. Bam|&.

| et < Object Browser |
D prowse:  Selected Componants
H| = ——
g 93 MTAThreadattrbute
ém;m
1 9% MukicastotSupportedException: o Fnskoe()
-2 NonSerislizedittribute  GatHachCode()
%) O3 NotFrietumberExcaption I o)
5 93 NotimplementedException o MemberwiseClone()
4 9 NotSupportedException ® Object()
5 ® Referencotquaisiobect,cbject)
“ S # Tostringl)

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

79

e Jo
155 (o omi 9 4oL
(Inheritance) s 9 &)

80
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G SlgwS g AL glewNs 9.2

Gl (K3 S 51 L2 S Ll o S

Gl Bl WIS 5l el e oW G

s e K5 ke oot s LSl e dbd S g 0
odd rie tWO LIS jlone WIS 4yl 03 S esein gl
class one : two m

eSS

b eesls i “hasa” bls,i L m

.h}*;lg;uaéj@)\el.d&a.bjl.w

G Slew 5 9 4l Glew XS 9.2

Baseclas Denved clases
Student GraduateStudent
Undergraduatestudent
Shape Cirxcle
Triangle
Rectangle
Loan CarLoan
HomeImprovementLoan
MortgageLoan
Employee FacultyMember
Staf fMember
Account CheckingAccount
SavingsAccount
ﬁg.gj Inhertance examples

83

82
(w0 W g4l 1 9.2
S NN S :
Rl 4
CommunityMemeber
| Employee | | Student | | Alumnus |
| Administrator | Teacher |

Fig. 9.2 Inheritance hierarchy for university Communi tyMembers.

84
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G Slgw S 9 4l Glewds 9.2

TwoDimensionalShape

| ThreeDimensionalShape

| Circle | | Square | | Triangle | | Sphere | | Cube | | Cylinder |

Fig. 9.3 Portion of a Shape class hierarchy.

85

internal g protected sb&as19.3

protected :lacim
4l IS el Gle (IS el s al IS IO e
25 Moy g e
internal (lzclm
Ll el iy a8 el SO 2 45 oledS ey Mg b L m
55 Moy g i
Overridden base class members can be accessed: m

base.member m

86

(w0 ,_,.MS 9 QQ uﬂw leo blﬁ)‘ 9.4

3k O daly 0L Gl el dbd ol e dld S 51
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LS 3wl O b S el Grie OIS
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87

KEpeeanswnr
N rlo

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

ing System; i
using System Point.cs

// Point class definition implicitly inherits from Object

ubli 1, Point i
x: ic class Poin X and Y coordinates, declared

// point coo,dinar_ei/ private so other classes cannot
private int x, y; directly access them

// default (no-argument) constructor
public Point()

{ Default point constructor
// implicit call to Object constructo: here| p S

} with implicit call to
Object constructor

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

{
// implicit call to Object constructor occurs_here Constructor to set
X = xValue; 3
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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// Fig. 9.5: PointTest.cs
// Testing class Point.

Create a Point object

using System; alls the Tostring method

using System.Windows.Forms?

PointTest.cs

10;-// set y-coordinate via Y property

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

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

Demonstrating Class Pol

} // end class PointTest

X coordinate is 72
¥ coordnate & 115

The new location of point s [10, 10]

90

89
34 set
35 {
36 x = value; // no need for validation
g ! Point.cs
39 } // end property X
40
41 // property Y
42 public int Y
43 {
a4 get
45 { Definition of overridden
:_6, ) return y; method ToString
48
49 set
50 {
51 y = value; no need for validation
52 }
53
54 } // end pfoperty Y
55
56 // p€turn string representation of Point
57 public override string ToString ()
58 {
59 return "[" + x + ", " 4y + "]";
60 }
61
62 } // end class Point
Program Output
91
1 // Fig. 9.6: Circle.cs
2 // circle class contains x-y coordinate pair and radius
3
; using System; Circle.cs
6  // Circle class definition implicitly inherits from Object
7  public class Circle
8 { . . Declare coordinates and
9 private int x, y; X B )
Io private double radius; ircle's radius radius of circle as private
11
12 // default constructor
13 public Circle()
14 {
15 // implicit call to Object & uctor occurs here
16 }
17
18 // constructor Circle constructos
19 public Circle( int xValue, int yValue, double radiusValue
20 {
21 // implicit call to Object constructor occurs here
22 x = xValue;
23 y = yvalue;
24 Radius = radiusValue;
25 }
26
27 // property X
28 public int X
29 {
30 get
31 {
32 return x;
33 }
34

set

x = value; // no need for validation
}

} // end property X

// property Y
public int Y
{
get
{
return y;
}

set
{
y = value; // no need for validation

}
} // end property Y

// property Radius
public double Radius
{
get
{
return radius;

}

set
{
if ( value >= 0 ) // validation needed
radius = value;

Circle.cs

92
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93
70
71 } // end property Radius
72
73 // calculate Circle diameter .
74 public double Diameter () Circle.cs
75 {
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 // calculate Circle area method ToString
86 public double Area()
87 {
88 return Math.PI * Math.PGw( radius, 2 );
89 }
20
91 // return string representation of Circle
92 public ovérride string ToString()
93 {
9 return "Center = [" + x + ", " +y + "]" +
95 "; Radius = " + radius;
9 }
97
98 } // end class Circle
95
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
39 output += "Area is " + . Circumference and Area
40 String.Format( "{0:F}", circle.Area() );
a1 methods for output
42 MessageBox.Show( output, "Demonstrating Class Circle" );
43
4 } // end method Main
45
46 } // end class CircleTest

% coordinate i 37
¥ coordinate i 43
Radus 52,5

94
1 // Fig. 9.7: CircleTest.cs
2 // Testing class Circle.
i ing Syst. Create a Circle object
using System; .
5  using System.Windows.Forms; CircleTest.cs
6
7 // CircleTest class defifiition
8  class CircleTest
9 {
10 /7 main entry point f?: application. Change coordinates and
11 static void/Main( string[] args ) N N ;
12 ( radius of Circle object
13 // instantiate Circle
14 circle circle = new Circle( 37, /43,
15
16 // get Circle's initial x-y cgordinates and radius
17 string output = "X coordinat¢ is " + circle.X +
18 "\nY coordinate is " + cyrcle.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; — —
24 circle.Radius = 4.25; Implicit call to circle’s
25 ToString method
26 // display Circle's string representatio
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
96
1 // Fig. 9.8: Circle2.cs
2 Circle2 class that inherits from c: -
3 " Declare class Circle to
4 ing System; derive from class Point .
5 using System Circle2.cs
6  // Circle2 class defipition inherits from Point
7 class Circle2 : Point
8 { /| Declare radius as private
9 private double radius; // Circle2's radius
10 i
n // default constructor Implicit calls to base class constructor |
12 public Circle2()
13
14 // implicit call 6 Point constructor occurs here
15
16
17 // constructo;
18 public Circké2( int xValue, int yValue, double radiusValue )
19
20 // implicit call to Point constructor occurs here
21 x = xValue; .
22 y = yvalue: Attempt to directly change
23 Radius = radiusValue; private base class methods
:; } results in an error
26 // property Radius
27 public double Radius
28 {
29 get
30 {
31 return radius;
32 }
33
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Circle2.cs

98

program output

97
34 set
35 {
36 if ( value >= 0 )
:3«; , radius = value; Circle2.cs
39
40 } // end property Radius
a1
42 // calculate Circle diameter
43 public double Diameter(
4 {
45 return radius * 2;
46 }
a7
48 // calculate Circle circumference
49 public double Circumference (
50 {
51 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 . X X private base class members
60 // return string representation Circle
61 public override string ToString() results in an error
62 {
E return "Center ["+x+ ", "+y+
61 "; Radius = " + radius;
65 }
66
67 } // end class Circle2
99
1 // Fig. 9.9: Point2.cs
2 // Point2 class contains an x-y coordinate pair as protected data.
3
; 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; *———o | 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

set

x = value; // no need for validation
}

} // end property X

// property Y
public int Y
{
get
{
return y;
}

set
{
y = value; // no need for validation

}
} // end property Y

// return string representation of Point2
public override string ToString()
{

return "[" + x + ", " 4y 4 "]";

}

} // end class Point2

Point2.cs

100
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1 // Fig. 9.10: Circle3.cs
2 // circle2 class that inherits from class Point2.
3
: using System; Circle3.cs
6  // Circle3 class definition inherits from Point2
7 public class Circle3 : Point2
8 Class Circle3 inherits
io private double radius; // Circle's radius from Point2
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 =
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
103
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 {
10 // main entry point for application | Chanee coordinatesand
11 static void Main( string[] args ) ¢ ) !
12 ¢ radius of Circle3 object
13 // instantiate Circle3
14 Circle3 circle = new Circle3( 37
15
16 // get Circle3's initial x-y cgordinates 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 coordinates 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 " + Implicit call to
§g "\n" + circle + "\n"; Circle3’s ToString
31 // display Circle3's Diameter method
32 output += "Diameter is " +
33 String.Format( "{0:F}", circle.Diameter() ) + "\n";
34

102
35 set
36 {
37 if ( value >= 0 )
g: , radius = value; Circle3.cs
0
a1 } // end property Radius
42
43 // calculate Circle diameter
44 public double Diameter ()
45 (
16 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
ﬁ return "Center ["+x+ ", "+y+ d\
& "; Radius = " + radius; protected members
66 } does not result in error
67
68 } // end class Circle3
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 Ccs
40 output += "Area is " + i Circumference and Area
41 String.Format( "{0:F}", circle.Area() );
22 methods for output
43 MessageBox.Show( output, "Demonstrating Class Circle3" );
44
45 } // end method Main
46
47 } // end class CircleTest3

e location ond radus of cle are
Conter = 2, 2); Roduus = 4.25
Olameter b .50

Cramerence 526.70

Areas 56.75

—=d
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set
{
x = value; // no need for validation

}

} // end property X

// property Y
public int ¥
{

get

{

Methods to set x
and y coordinates

return y;

y = value; // no need for validation
}

} // end property Y
// return string representation of Point3

public override string ToString()
{

Point3.cs

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

Overridden ToString method

} // end class Point3

106

105
1 // Fig. 9.12: Point3.cs
2 // Point3 class represents an x-y coordinate pair.
3
: 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
107
1 // Fig. 9.13: Circled.cs
2 // Circled class that inherits from class Point3.
3
; using System; Circled.cs
6 // Circled class definition inherits from Point3 Constructor with
7  public class Circled : Point3 implicit call to base
8 < <
° private double radius; class constmct‘or
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 Circled( int xValue, int yValue, double radiusValue )
T : base( xValue, yValue )
20 {
21 Radius = radiusValue; Explicit call to base
;2 ! 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;

}
} // end property Radius

// calculate Circle diameter
public double Diameter ()
{

return Radius * 2; // use property Radius
}

// calculate Circle circumference
public double Circumference ()
{

return Math.PI * Diameter();

Circled.cs

}

// calculate Circle area so it can be overridden

Method area declared virtual

public virtual double Area()
{

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

} Circle4’s ToString method

// return string representation of M vl
public override string ToString()

overrides Point3’s ToString

( [

// use base reference to return Point string representation
return "Cente: Call
"; Radius =

Point3’s ToString

" + base.ToString() + \
+ Radius; // use property Radius method to display

¥ coordinates

} // end class Circle4 ‘

108
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// Fig. 9.14: CircleTestd.cs
// Testing class Circled.

using System;
using System.Windows.Forms;

// CircleTestd4 class definition
class CircleTestd
{
// main entry point for application
static void Main( string[] args )
{
// instantiate Circled
Circled circle = new Circled( 37

// get Circled's initial x-y cgordinates and radius
string output = "X coordinate/is " + circle.X + "\n" +
"Y coordinate is " + circle.Y + "\n" +
"Radius is " + circle.Radius;

// set Circled's x-y coord
circle.X
circle.Y = 2;

circle.Radius = 4.25;

// display Circled's string representation
output += "\n\n" +
"The new location and radius of circle are " +
"\n" + circle + "\n";

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

Change coordinates and
radius of Circle4 object

linates and radius to new values

CircleTestd.cs

Create new Circle4 object

Implicit call to
Circle4’s ToString
method

109

S 9 5 il g0 Al 380 590 axdl0 9.5

o aw

5; o &lCircled s 5iCylinder  Ssm

S, &) Point3 (oS 5iCircled Ssw

m

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
40 output += "Area is " + i Circumference and Area
a1 String.Format( "{0:F}", circle.Area() );
22 methods for output
43 MessageBox.Show( output, "Demonstrating Class Circled" );
44
a5 } // end method Main
46
47 } // end class CircleTestd
x

X coordinate is 37

¥ coordinate is 43

Rades 2.5

The new location and rades of drde are.

Canter= [2, 2); Radkss = 4.25

58.50
Crounference is 26.70
Area s 56.75
112

1 // Fig. 9.15: Cylinder.cs
2 // cylinder class inherits from class Circled
3
4 ing System; .
5 using System Cylinder.cs
6  // Cylinder class definition inherits from Circled - .
7 public class Cylinder : Circled Class Cylinder inherits
8 { from class Circle4
9 private double height;
10 -
11 // default constructor Declare variable
12 public Cylinder() height as private
o “\\\\\\\N‘\\\\>_
14 // implicit call to Circled occurs
15 Constructor that
16 implicitly calls base
17 // four-argument constructor
18 public Cylinder( int xvValue, int yvalue, double radius Class constructor
19 double heightValue%)—~base( xValue, yValue, radiusValue
20
21 Height = heightValue; // set Cylin
22 } Constructor that
23 .
24 /7 property Height explicitly calls base
25 public double Height class constructor
26 {
27 get
28 {
29 return height;
30 }
31
32 set
33 {
34 if ( value >= 0 ) // validate height
35 height = value;

4/7/2017
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114

// Fig. 9.16: CylinderTest.cs
// Tests class Cylinder.

using System; :
using System.Windows.Forms; CylinderTest.cs
// CylinderTest class definition
class CylinderTest
{
// main entry point for application
static void Main( string[] args )

{ .
// instantiate object of class Cylinder cate new cylinder
5.7);

Cylinder cylinder = new Cylinder(12, 23, 2.5,

// properties get initial x-y coordinate, radius and height

string output = "X coordinate is " + cylinder.X + "\n" +
"Y coordinate is " + cylinder.Y + "\nRadius is " +
cylinder.Radius + "\n" + "Height is " + cylinder.Height;

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

Change coordinates,

4.25; radius and height

= 10;

// get new x-y coordinate and radius

output += "\n\nThe new location, radius and height of " +
"cylinder are\n" + cylinder + "\n\n";

Implicit call to ToString

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

36 }
37
38 } // end property Height
» Cylind
40 // override Circled4 method Area to calculate Cylinder area ylinder.cs
a1 public override double Area() -
2 ( Method Area overrides
43 return 2 * base.Area() + base.Circumference() * Height; | Circle4’s Area method
a4 }
45
46 // calculate Cylinder volume
47 public double Volume () ‘\I Calculate volume of cylinder |
18 {
49 return base.Area() * Height;
50 }
51
52 // convert Cylinder to string ‘/i Overridden ToString method ‘
53 public override string ToString()
51 {
55 return base.ToString() + "; Height = " + Height;
56 }
57 . Call Circle4’s ToString
58 } // end class Cylinder method to get its output
115
35 // display Cylinder's Circumference
36 output += "Circumference is " +
37 String.Format( "{0:F}", cylinder.Circumference() ) + "\n";
38 .
39 // display Cylinder's Area CylinderTest.cs
40 output += "Area is " +
41 String.Format( "{0:F}", cylinder.Area() ) + "\n"; +— Cf_‘” methods
42 Circumference,
43 // display Cylinder's Volume Area and Volume
ﬂ output += "Volume is " +
15 String.Format( "{0:F}", cylinder.Volume() );
46
a7 MessageBox.Show( output, "Demonstrating Class Cylinder" )
a8
49 } // end method Main
50
51 } // end class CylinderTest

xl

The nevelocation, radus and height of cyinder are
Center= [2, 2J; Radws = 4.25; Height = 10
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}

get
{
return x;

}

set
{
x = value; // no need for validation

}
} // end property X

// property Y
public int Y
{
get
{
return y;

}

set
{

y = value; // no need for validation
}

} // end property Y

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

return

e x b, by 4 T
}

end cla: Point4

Point4.cs

118

117
1 // Fig. 9.17: Pointd.cs
2 // Pointd class represents an x-y coordinate pair
3
4 using System; Pointd.cs
5 .
6  // Pointd class definition
7  public class Pointd
8 {
9 // point coordinate
10 private int x, y;
11
12 // default constructor
13 public Pointd ()
11 {
15 // implicit call to Object com: r occurs here
16 Console.WriteLine ( "Point4 constructor: {0}";—thi COHSHUCtorS‘Y"h output
7 } messages and implicit calls
18 to base class constructor
19 // constructor
20 public Pointd( int xValue, int yValue
21 {
22 // implicit call to Object constructor occurs here
23 X = xvalue; Output state.ment.s use. .
24 Y = yvalue; reference this to implicitly
25 Console.WriteLine( "Point4 constructor: {0}", this ) call ToString method
26 }
27
28 // destructor
29 ~Pointd () Destructor with
30
31 Console.WriteLine ( "Pointd destructor: {0}", this ); output message
32 }
33
34 // property X
35 public int X
119
1 // Fig. 9.18: CircleS.cs
2 // circle5 class that inherits from class Pointd.
3
4 using System; Circles.cs
s .
6 // Circle5 class definition inherits from Pointd
7  public class Circle5 : Point4
8 {
9 private double radius;
10
11 // default constructor
12 public Circle5()
13 {
14 // implicit call to Point3 constructor oG ere Cons ith
15 Console.WriteLine( "Circle5 constructor: {0}", this onstructors witl
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*); .
31 } call ToString method
25
26 // destructor overrides version in class Pointd
27 ~Circle5 -
28 * 0 Destructor with
29 Console.WriteLine( "Circle5 destructor: {0}", this ); output message
30 }
31
32 // property Radius
33 public double Radius
34 {

get
{

return radius;
}

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

}
} // end property Radius

// calculate Circle5 diameter
public double Diameter ()
{

return Radius * 2;

}

// calculate Circle5 circumference
public double Circumference ()
{
return Math.PI * Diameter();
}

// calculate Circle5 area
public virtual double Area()
{
return Math.PI * Math.Pow( Radius, 2 );
}

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

Circle5.cs

120
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74 } // end class Circle5 structor.cs

// ConstructorAndFinalizer class definition
class ConstructorAndFinalizer

121 122
69 // use base reference to return Point3 string 1 // Fig. 9.19: ConstructorAndDestructor.cs
70 return "Center = " + base.ToString() + 2 // Display order in which base-class and derived-class constructors
71 "; Radius = " + Radius; 3 // and destructors are called.
Zi J Circle5.cs : using System; ConstructorAndDe
6
7
8

9 {

10 // main entry point for application.

11 static void Main( string[] args )

12 {

13 Circle5 circlel, circle2;

14

15 // instantiate objects -
16 circlel = new Circle5( 72, 29, 4.5 ); Create two objects
7 circle2 = new Circle5( 5, 5, 10 ); of type Circle5
18

19 Console.WriteLine () ;

20

21 // mark objects for garbage collection

22 circlel = null; Remove references
g circlez = null; 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

123
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 ConstructorAndDe
Circle5 destructor: Center = [5, 5]; Radius = 1 structor.cs
Pointd destructor: Center = [5, 5]; Radius = 10 program output
Circle5 destructor: Center = [72, 29]; Radius = 4.5
Pointd destructor: Center = [72, 29]; Radius = 4.5

S Jad

155 (o w9 4ol p

Polymorphism
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127

CoNO U A WN R

// Fig. 10.1: Point.cs
// Point class represents an x-y coordi

Definition of class Point

ing System;
using System Point.cs
Poin€ class definition implicitly inherits from Object
public class Point
{

// point coordinate

private int x, y;

// default constructor
public Point()
{
// implicit call to Object constructor occurs here

}

// constructor

public Point( int xValue, int yValue )

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

}

// property X
public int X
{
get
{
return x;
}

set
{
x = value; // no need for validation

) Point.cs

} // end property X

// property Y
public int Y
{
get
{
return y;
}

set
{
y = value; // no need for validation

}
} // end property Y

// return string representation of Point
public override string ToString()
{
return "[" + X + ", " + ¥ + "]";
}

} // end class Point

128
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set
{
if ( value >= 0 ) // validate radius
radius = value;

}
} // end property Radius

// calculate Circle diameter
public double Diameter ()
{

return Radius * 2;

}

// calculate Circle circumference
public double Circumference ()
{
return Math.PI * Diameter();
}

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

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

}

} // end class Circle

130

Circle.cs

129
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/ ©le class definition inherits from Point
7 public class Circle : Point
8
9 private double radius; // circle's radius
10
11 // default constructor
12 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
131
1 // Fig. 10.3: PointCircleTest.cs
2 // Demonstrating inheritance and polymorphism.
:  Create a Point objct |
i . Create a Point object . .
S e windous. rorms; : PointCircleTest.
e Assign a Point reference to cs
7 // PointCircleTest class reference a Circle object
8  class PointCircleTes
9 { Use base-class reference to
10 // main ent; access a derived-class object
11 static vo
12 {
13
14
15 -
Te Use derived-class
17 reference to access a
18 base-class object
19
20
21
22
23 "+
24
25
26 owncast (cast base-class reference to derived-clabs
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

// attempt to assign pointl object to Circle reference
if ( pointl is Circle )

= ( Circle ) pointl;
"\n\ncast successful";

output += "\n\npointl does not refer to a Circle";

MessageBox.Show( output,

"Demonstrating the 'is a' “relationship" );

132

PointCircleTest.
cs

} // end method Main

d cl: PointCircleTest . .
} /7 end class PointCircleTes downcasting on line 28

Test if point1 references a Circle
object — it cannot, because of the

Demonstrating the 'is o' relationship

Poik pont1: 30, 50
Crdl crde1: Center = (120, 83]; Radus = 2.7

CCrde cde] (via poink2): Center = [120, 89]; Radus = 2.7

Circle crcle1 (via crdle2): Center = [120, 69; Radus = 2.7
Area of circlel (via circle2): 22.90

ponk1 does nok refer to a Crde

=

Program Output
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Polymorphism Jbe 10.4

(s 5) Quadrilateral base-class m

(_kz.s) Rectangle derived-class m

(=) Square derived-class m

(g32Y1 55l 520) Parallelogram derived-class m

(az343) Trapezoid derived-class m

035 58 4 LIS plad 3 el (S (perimeter) lases gbm
.S g

b polymorphical &, sz, C# Quadrilateral ¢l L m
J.Subd;\ aJ.\:-'LS)LA M}u 6%_2‘)\&.»&%)) ‘)CN
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Polymorphism Jle 10.4

SpaceObject base-class — contains method DrawYourself =
Martian derived-class (implements DrawYourself) =
Venutian derived-class (implements DrawYourself) m
Plutonian derived-class (implements DrawYourself) m
SpaceShip derived-class (implements DrawYourself) =

S 12l SpaceObject 4l Joli ol Sas iled dmis g ko sl , W
Ll el 52ie SpaceObject i a5 wil o o500 Ll o o)

» DrawYourself b led amio o e ol o Ll sl @
S o Sl all s s

53 |, DrawYourself 5| .l 4. polymorphical & sz 4l ®
AS e Gl 20T e bl o
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10.5 Abstract Classes and
Methods

Abstract classes m
Bgh Gl dgel LS oW
By peodlimal wlh A Olge 4 W
1 a3l Slets L Grte oS — g IS IS i
LS o
abstract property L/ s abstract method Jsli Lly - m
il
Al gl sl m
&l abstract property 5 W abstract method Lb zie S m
&S (overtide) 53 04d (3l g0l gl 1, el (g
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10.5 Abstract Classes and
Methods

Sl 4l gle WS 055 ol b sl s Abstract class
concrete ) L5 (5 p Sl ol S S (6 K5 SleudS

Lgd e oslizal (classes

ek Ll x5 (gl a3l i Abstract 4l sl WIS
abstract .S .S I odel f@ abstract class < 25 (gl
.A).;r & oslaial

3 abstract .S 4dS @bstract Cuw s b b el sl
il osly abstract Coo g U @b 5 oo eslizal OOl
RRE

137

10.5 Abstract Classes and
Methods

o2l sl 1) override (s.)S «ols s Concrete class m
5\ abstract Cls sas L el eled 5l ssle esly 05 3
WY & sslarwl A'ili w%

abstract L abstract s s L ESL s o
Ay el

Sl @40 UGl 5 i abstract classes «5 J- cpl L m
g5 &lp 1) abstract classes gl (Sls o Lo cdisa
abstract leds 3iie concrete class a sls el &
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Silw ool g Wty 5 9 o 41260 )90 axdllae 10.6

= 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 Overrides property Name (required)
m Does NOT overtide methods Area and Volume
m Class Circle2 inherits from Point2
m Overrides property Name
m Overrides method Area, but not Volume
m Class Cylinder2 inherits from Circle2
m Overrides property Name
m Overrides methods Area and Volume

139

[P L RRI NTT PSRN

// 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

Shape.cs

blic abstract class Shape

Declaration of read-only abstract property

Name; implementing classes will have to

provide an implementation for this property
T

Declaration of abstract class Shape

public abstract string Name
{
get;
}
}

140
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}

// property Y
public int Y
{

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

{

return y;

reburn T[T 4 X+ T, U+ Y 4+ "]

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

get

{

return "Point2";

}

}

} // end class Point2

Point2.cs

142

141
1 // Fig. 10.5: Point2.cs
2 // Point2 inherits from abstract class Shape and represents
3 // an x-y coordinate pair.
; using System; Point2.cs
6  // Point2 inherits from abstract class Shape
7 public class Point2 : Shape
8 {
9 Private int x, y; // Point2 coordinates
10
11
12
13
14 call to Object constructor occurs here
15
16
17 // constructor
18 public Point2( int xValue, int yValue
19 {
20 X = xValue;
21 Y = yvalue;
22 } Class Point2 inherits from class Shape
23
24 // property X
25 public int X
26 {
27 get
28 {
29 return x;
30 }
31
32 set
33 {
34 x = value; // no validation needed
35 }
143
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 ivate double radius; // Circle2 radius
9
10
11
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
22 inherits from class Point2
23 // property Radius
24 public double Radius
25 {
26 get
27 {
28 return radius;
29 }
30

set
{
// ensure non-negative radius value
if ( value
radius = value;

} Override the Area method

}

(defined in class Shape)

// calculate Circle2 diamete
public double Diameter ()
{
return Radius * 2;
}

// calculate Circle2 circumference

/) calculate Circle2 area
Bublic override double Area()

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

// return string representation of Circle2 object
public override string ToString ()
{
return "Center = " + base.ToString() +
"; Radius = " + Radius;

Circle2.cs

144

4/7/2017

36



// override property Name from class Point2
ublic override string Name

YCircle2";

} // end class Circle2 Override the read-only Name property

Circle2.cs

145

}

Override read-only property Name

// calculate Cylinder2 area
ublic override double Are()

turn 2 * base.Areaf) + base.Circumference() * Height;

override property Name from class Circle2
public override striqg Name

Cylinder2.cs

get

Override Area implementation of class Circle2 ‘

{
return "Cylinder2";

}

}

Override Volume implementation of class Shape ‘

} // end class Cylinder2

147

146
1 // Fig. 10.7: Cylinder2.cs
2 // Cylinder2? inherits from class Circle2 and overrides key members.
3 using System;
4 .
5  // Cylinder? inherits from class Circle2 Cylinder2.cs
6  gublic class Cylinder2 : Circle2
7 {
8 Rrivate double height; // Cylinder2 height
9
10 //\default constructor
11 puble Cylinder2()
12 {
13 // dmplicit call to Circle2 constructor occurs here
14 }
15
16 // construdtor
17 public Cylinder2( int xValue, int yValue, double radiusValue,
18 double heightValue ) : base( xValue, yValue, radiusValue )
19 {
20 Height = heightvalue;
21
22
23 // property Height
;; ‘;“bhc double Height Class Cylinder2
26 get derives from Circle2
27 {
28 return height;
29 }
30
31 set
32 {
33 // ensure non-negative height value
34 if ( value >= 0 )
35 height = value;
148
1 // Fig. 10.8: AbstractShapesTest.cs
2 // Demonstrates polymorphism in Point-Circle-Cylinder hierarchy.
3 using System;
4 using System.Windows.Forms; Assign a Shape reference AbstractShapesTe
i public class Abs to reference a Point2 object pbjects st.cs
7 Assign a Shape reference to
g [:ublxc static void Maii tring[] args reference a CylinderZ object
10 // instantiate Pgint2, Circle2 y1if reference a LircleZ objec
11 Point2 point
12 circle2 ci 8, 3.5);
13 Cylinde inder2( 10, 10, 3.3, 10 );
14
15 / £ Shape base-class references
16 Shap: = new Shape[ 3 1;
17
18 / [ 0 ] refers to Point2 object
19 0 ] = point;
20
21 rraypfShapes[ 1 ] refers to Circle2 object
22 arrayOfShapes[ 1 ] = circle;
23
24 ///arrayofshapes[ 1 ] refers to Cylinder2 object
25 rrayofShapes[ 2 ] = cylinder;
26
27 string output = point.Name + ": " + point + "\n" +
28 circle.Name + ": " + circle + "\n" +
29 cylinder.Name + ": " + cylinder;
30

4/7/2017

37



149
31 // display Name, Area and Volume for each object
32 // in arrayofshapes polymorphically
33 foreach( Shape shape in arrayOfShapes )
31 {
35 output += "\n\n" + shape.Name + ": " + shape + RbstractShapesTe
36 "\nArea = " + shape.Area().ToString( "F" ) + st.cs
37 "\nVolume = " + shape.Volume().ToString( "F" )
38 }
39
40 MessaggBox.Show ( output, "Demonstrating PolymorpKism" );
a1 }
2 )

Use a foreach loop to access Rely on polymorphism to call
every element of the array appropriate version of methods

oemonsicting rtrmerphism — x

[7,11]
Crdez: Center = 22, B]; Radus = 3.5
Cylinder2: Center = (10, 10); Radhus = 3.3; Height = 10

Program Output

Poirt2: (7, 11]

Area = 0.00

Volune = 0,00

Crdlez: Center = (22, 6]; Radus = 3.5

Area = 38.48
Volume = 0.00

Cyinder2: Center = (10, 10]; Radus = 3.3; Height = 10
Area = 275.77
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(5 95> i $69 390 axdliae 10.8
Polymorphism j oS odliiw!

m Base-class Employee

m abstract

m abstract method Earnings (.1,3)

L8 o suie Employee [0S 51«8 Llends
Boss
CommissionWorker
PieceWorker
HourlyWorker
LS e 5l o3ty |, Earnings &b Grie sledS plas

oIS sle wsad s gl 6l Employee sl» gl oS oy e il

&S e o3l 32ke

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

ublic abstract class Employee Employee.cs

Priyate string firstName;
private string lastName;

FirstName = firstl
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
{

7et Declaration of abstract class

Earnings — implementation must
be provided by all derived classes

return lastName;

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

} // end class Employee

Employee.cs

153

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

turn WeeklySalary;

// return dtring representation of Boss

public override string ToString ()

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

}

Boss.cs

by classes deriving from Employee)

Implementation of method Earnings (required

155

154
1 // Fig. 10.10: Boss.cs
2 // Boss class derived from Employee.
3 using System;
4
5  public class Boss : Employee Boss.cs
6 {
7 Private decimal salary; // Boss's salary
8
9 // condtructor
10 public BOss( string firstNameValue, string lastNameValue,
11 decimal ¥alaryValue)
12 : base( firstNameValue, lastNameValue )
13
14 WeeklySalary = salaryValue;
15
16
17 // property WeeklySalary
18 public decimal WeeklySalary
19 { Definition of class Boss —
20 get -
21 1 derives from Employee
22 return salary;
23 }
24
25 set
26 {
27 // ensure positive salary value
28 if ( value > 0 )
29 salary = value;
30 }
31 }
32
156
1 // Fig. 10.11: CommisionWorker.cs
2 // CommissionWorker class derived from Employee
3 using System;
4 .
5  public class CommissionWorker : Employee CommisionWorker.
[ cs
7 ivate decimal salary; // base weekly salary
8 private decimal commission; // amount paid per item sold
9 privdte int quantity; // total items sold
10
11
12 ssionWorker ( string firstNameValue,
13 string lastNameValue, decimal salaryValue,
14 issionValue, int quantityValue )
15 : base( firs Value, lastNameValue )
16
17 WeeklySalary = salaryValue;
18 Commission = commissionValue;
19 Quantity = quantityValue;
20 }
:; / &y WeeklySal Definition of class CommissionWorker
property WeeklySalary X
23 public decimal WeeklySalary | derives from Employee
24 {
25 get
26 1
27 return salary;
28 }
29
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set
{
// ensure non-negative quantity value
if ( value > 0 )
quantity = value;

}
// override base-class method to calculate

// CommissionWorker's earnings
ublic override decimal Earnings ()

Deturn WeeklySalary + Commission * Quantity;

ion of Commissi
string ToString()

return "CommissionWorker: " + base.ToString();

158

CommisionWorker.
cs

} // end class Comnissioniio by classes deriving from Employee)

Implementation of method Earnings (required

157
30 set
31 {
32 // ensure non-negative salary value
gi i ;a‘{:i;e:v:l‘)le; CommisionWorker.
35 } cs
36 }
37
38 // property Commission
39 public decimal Commission
40 {
a1 get
42 {
43 return commission;
44 }
45
46 set
47 {
48 // ensure non-negative commission value
49 if ( value > 0 )
50 commission = value;
51 }
52 }
53
54 // property Quantity
55 public int Quantity
56 {
57 get
58 {
59 return quantity;
60 }
61
159
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
°
10 // constructor
1 public PdeceWorker( string firstNameValue,
12 string lwstNameValue, decimal wagePerPieceValue,
13 int quantd
14 : base( firstNameValue, lastNameValue )
15 {
16 WagePerPiece ePerPieceValue;
17 Quantity = quantityValue;
i: } 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 }
33 }
34

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

}

set
{
if ( value > 0 )
quantity = value;

}
// override base-class method to calculate

// PieceWorker's earnings
ublic override decimal Earnings ()

turn Quantity * WagePerPiece;

// return ing ion of Pie
string ToString()

return "PieceWdgker: " + base.ToString ()

160

PieceWorker.cs

by classes deriving from Employee)

Implementation of method Earnings (required

4/7/2017

40



161
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 Private decimal wage; // wage per hour of work
8 private double hoursWorked; // hours worked during week
9
10 // cons
11 public HolrlyWorker( string firstNameValue, string LastNameValue,
12 evalue, double hoursWorkedValue )
13 : base( firstNameValue, LastNameValue )
14 (
15 Wage = wageValu
16 HoursWorked = hourgWorkedValue;
17 }
18 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
163
68 return basePay + overtimePay;
69 }
70 }
71
72 // return string representation of HourlyWorker HourlyWorker.cs
73 public override string ToString()
74 (
75 return "HourlyWorker: " + base.ToString();
76 }
77}

162
35 // property HoursWorked
36 public double HoursWorked
37 {
38 get
39 { HourlyWorker.cs
40 return hoursWorked;
a1 }
12
43 set
4 {
45 // ensure non-negative hoursWorked value
46 if ( value > 0 )
a7 hoursWorked = value;
a8 }
49 }
50
51 // override base-class method to calculate
52 // HourlyWorker earnings
53 public override decimal Earnings()
51
55 ensate for overtime (paid "time-and-a-half")
56
57
58 onvert.ToDecimal ( HoursWorked ) ;
59 . - -
60 Implementation of method Earnings (required
61 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
164
1 // Fig. 10.14: EmployeesTest.cs
2 // Demonstrates polymorphism by displaying earnings
3 // for various Employee types.
4 using System;
: . . - mployeesTest.cs
z using System.Windows.Forms; Assign Employee reference to
7  public class EmployeesTest reference a Boss object
8 T
90 public static void Main( stringf] args ) | Use method GetString to polymorphically
1 . L . .
11 Boss boss = new Boss( " v, "Smithls obtain salary mtormau‘on. Thenuse lhe original
12 Boss reference to obtain the information
13 Commissi comfiissi =
14 new Commissiot Orker?gﬂ/, "Jones", 400, 3, 150 );
1 4
16 Pi < new Pi ( "Bob", "Lewis",
17 2.5), 200 );
18
19 firlyWorker = new HourlyWorker( "Karen",
20 ‘onvert.ToDecimal( 13.75 ), 50 );
21
22 Employ€e employee = boss;
23
24 string output = GetString( employee ) + boss + " earned " +
25 boss.Earnings () .ToString( "C" ) + "\n\n";
26
27 employee = commissionWorker;
28
29 output += GetString( employee ) + commissionWorker +
30 " earned " +
31 commissionWorker.Earnings () .ToString( "C" ) + "\n\n";
32
33 employee = pieceWorker;
34
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35 output += GetString( employee ) + pieceWorker +
36 " earned " + pi .Earnings () .ToString( "C" ) +
;; "\n\n"; Definition of method GetString,
39 employee = hourlyWorker; which takes as an argumentan [EmployeesTest.cs
40 Employee object.
a1 output += GetString( emplefee ) + ‘Tourryworxer—T
42 " earned " + hourlyWérker.Earnings().ToString( "C" ) +
43 "\n\n"; -
44 Polymorphically call the method of
:z MessageBox . Shot ( °“tpgt' “P9 the appropriate derived class
a7
a8
49
50 feturn string that contains Employee information
51 ic string GetString( Employee worker )
52
53 return worker.ToString() + " earned " +
51 worker.Earnings () .ToString( "C" ) + "\n";
55 }
56}

=

Program Output

2 Boss: John Smith earned $500.00

,_l/ Boss: John Smith earmed §800.00
CommissionWorker: Sue Jones earmed $550.00
CommissionWorker: Sue Jones eamed $350.00

PreceWorker: Bob Lewis earmed §500,.00
PreceWorker: Bob Lewis eamed §500.00

HourtyWorker: Karen Price earned §756.25
HourlyWorker: Karen Price earned §756.25

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

public interface IAge

{ IAge.cs
int\age { get; } }
string-Name { get; } \
} Classes implementing this interface
Definition of mtel‘tace%’( will have to define read-only

properties Age and Name
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// property Name implementation of interface IAge
ublic string Name

firstName + " " + lastName;

} // end class Person

Definition of Name property (required)

Person.cs

170

169
1 // Fig. 10.16: Person.cs
2 // Class Person has a birthday.
i using System; Definition of Age property (required) |
5 ublic class Person : IAge Person.cs
6
7 tring firstName
8 lastN,
9 private int y
10 Class Person implements the IAge interface ‘
11 // constructor
12 public Person( stfing firstNameValue, string lastNameValue,
13 int yearBornVélue )
14 {
15 firstName # firstNameValue;
16 lastName 4 lastNameValue;
17
18 if ( lue > 0 && lue <= .Now.Year )
19 = 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 ime.Now.Year - y ;
30 }
31 }
32
171
1 // Fig. 10.17: Tree.cs
2 // Class Tree contains number of rings corresponding to its age.
3 using System;
4
5 ublic class Tree : IAge Tree.cs
3
7 ivate int rings; // number of rings in tree trunk
8
9 Implementation of Age property ( required)
10
11
12 // count ipgs in Tree
13 rings = Dati Year - yearPlanted;
14 }
15
16 // increment ri
i; public void Class Tree implements the IAge interface
19
20
21
22 /) property Age implementation of interface IAge
23 public int Age
24 {
25 get
26 {
27 return rings;
28 }
29 }

// property Name implementation of interface IAge
ublic string Name

"Tree";

} // end class Tree Definition of Name property (required)

Tree.cs

172
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173 174
// Fig. 10.18: InterfacesTest.cs 29 // display name and age for each IAge object in iAgeArray
// Demonstrating polymorphism with interfaces. 30 foreach ( IAge ageReference in iAgeArray )
using System.Windows.Forms; 31 {

R 32 put += ageRef .Name + ": Age is " +
ublic class InterfacesTes Create array of Ace reference: | InterfacesTest.c 3 e ageReference.Nane ge 1s InterfacesTest.c
‘: Assign an TAge reference to bot ' S s
public static void Main( string[] ar reference a Person object 35
Teference a ITee objec 36 MessageBox . Show emonstrating Polymorphism" ) ;
Tree tree = new Tree( 1978 37 -
"Bob", "Jones", 1971 ); 38 } // end method Main & Use polymorphism to call the

39 Use foreach loop property of the appropriate class
40 } // end class InterfacesTest each element of t -

Tree object polymorphically

[ocmorstrting polymorpHimNE™
{AgeArray[ 1 ] refers to Person object polymorphically Program Output
iAgeArray[ 1 ] = person; Tree: Tree
g y pe: sl
// display tree information Parse Bt oy

string output = tree + ": " + tree.Name + "\nAge is " + Age s 30
tree. e + "\n\n";
Ag \n\ Tree: Ageis 23
5 ; s Bob Jones: Age ks 30
// display person information
output += person + ": " + person.Name + "\nAge is: "
T pereon aae + Mmns [

175 176
1 // Fig. 10.19: IShape.cs 1 // Fig. 10.20: Point3.cs
2 // Interface IShape for Point, Circle, Cylinder Hierarchy. 2 // Point3 implements interface IShape and represents
3 3 // an x-y coordinate pair.
% 1(:uh11c interface IShape IShape.cs g using System; Point3.cs
6 that implement IShape must implement these methods 6  // Point3 implements IShape
7 // and this P: 7 public class Point3 : IShape
8 double Area(); g
B double Volume () ; - A 9 Rrivate int x, y; // Point3 coordinates
10 string Name { get; Definition of IShape interface 10
1) 11 // ¥efault constructor
. . - 12 ublde Point3
Classes implementing the interface must define methods 13 l: BN
Area and Volume (each of which take no arguments and 14 // imglicit call to Object constructor occurs here
return a double) and a read-only string property Name i: }
17 // constructo
18 public Point3(\int xValue, int yValue )
19 {
20 X = xValue;
21 Y = yvalue;
22 } —
23 Class Point3 implements
24 // property X the IShape interface
25 public int X
26 {
27 get
28 1
29 return x;
30 }
31

44



set

x = value;

}

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

// property Y
public int ¥
{

get

{

return y;

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

{

return 0;

}

Point3.cs

177

// implement interface IShape method Volume

} // end class Point3

ublic virtual double Volume ()

Point3.cs

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

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

178
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// Fig. 10.21: Circle3.cs

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

using System;

// Circle3 inherits from class Point3
public class Circle3 : Point3

rivate double radius; // Circle3 radius

fault constructor
Circle3()

// implicit call to Point3 constructor occurs here
// constructor

public Circle3(
: base( xValue,

t xValue, int yValue, double radiusValue )

Value )

{
Radius = radiusVali

}

// property Radius
public double Radius
{

Definition of class Circle3
which inherits from Point3

get
{
return radius;

}

Circle3.cs

179

set
{

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

radius =

}

// calculate Circl

public double Diameter()

{
return Radius *
}

// calculate Ci

value;

. Override the Point3
e3 diameter

implementation of Area

2;

e3 circumference

public double Circumference ()

returp/Math.PI

/4 calculate Circl
public override do
{

return Math.PI
}

// return string r

public override st
{

return "Center

"; Radius =

* Diameter() ;

e3 area

uble Area ()

* Math.Pow( Radius, 2 );
epresentation of Circle3 object
ring ToString()

= " + base.ToString() +
" + Radius;

Circle3.cs

180
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// override property Name from class Point3
ublic override string Name

Circle3.cs

"Circle3";

d class Circle3 A P - -
} // end class cirele IOvemde the Point3 implementation of Name

181

set

{ Override the Point3
// ensure non-negative He implementation of Volume
if ( value >= 0 )

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

Cylinder3.cs

alculate 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;

183

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 Cylinder3.cs
6 lic 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( \nt 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 . - -
21 public double Height which inherits from class Circle3
25 {
26 get
27 {
28 return height;
29 }
30
184
58 // override property Name from class Circle3
59 ublic override string Name
60
61 .
62 Cylinder3.cs
63 uCylinder3";
64 }
65 }
66 - -
67 } // end class Cylinder3 Override the Circle3

implementation of Name
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// Fig. 10.23: Interfaces2Test.cs
// Demonstrating polymorphism with interfaces in
// Point-Circle-Cylinder hierarchy.

using System.Windows.Forms;

public class Interfaces2Test
{

Assign an IShape reference
to reference a Point3 object

Assign an IShape reference to
reference a Cylinder3 object

public static void Maip{ string[] args
{

arrayOfshapes[ 2 ] = cylinder;

string output = point.Name + ": " + point + "\n" +
circle.Name + ": " + circle + "\n" +
cylinder.Name + ": " + cylinder;

185

Create an array of

Interfaces2Test.
IShape references

cs

186
32 foreach ( IShape shape in arrayOfShapes )
33 {
34 utput += "\n\n" + shape.Name + ":\nArea = " +
35 hape . A: "\nVolume = " + shape.Vol: ;
» , shape.Area() + "\nVolume shape . Volume () Interfaces2Test.
37 cs
.Show( output, "Demonstrating Polymorphism" );
Use polymorphism to call the
appropriate class’s method or property
x
Point3: (7, 11 Program Output

]
Crcl3: Center = (22, B); Radus = 3.5
Cylnder3; Cenker = Center = [10, 10); Radus = 3.3; Height = 10
Ponk3:
Area=0
Vohame =0

Crde3;
Ares = 38, 464510006475
Yolume =0

Cyinder3;
Area = 275. 765003132112
Vokame = 342,119439975928
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189
1 // Fig. 10.24: DelegateBubbleSort.cs
2 // Demonstrating delegates for sorting numbers.
3
3 Call delegate method to
: Tubh: class DelegateBubbleSort & DelegateBubbleSo
compare array elements
6 public delegate bool C i 7 rt.cs
7 int element2 );
8 Method Swap, swaps the two
9 // sort arfay using Comparayor delegste | grouments (passed by reference)
10 public static void SortArray( int[} arr:
11
12 {
13 FIRY
14 Delegate Comparator definition declaration;
1: defines a delegate to a method that takes two
17 Sqmpare ( array[ i ], array | integer parameters and returns a boolean
18 Swap\ref array[ i ], ref array[ I ¥ T T )7
19 }
20
21 /[ Swap two elements
22 private static void Swap(\ref int firstElement,
23 ref int secondElement )
;; ( int hold = firstElement; Method SortArray which takes an
26 firstElement = secondElement; | integer array and a Comparator delegate
27 secondElement = hold;
28 }
29}
191
33 // populate elementArray with random integers
34 for ( int i = 0; i < elementArray.Length; i++ )
35 {
36 el [i]= .Next( 100 );
37 riginal Text += el [i] + "\r\n"; BubbleSortForm.c
38 } s
39 }
40 To sort in ascending order,
a1 // delegate implementation for ascending sort send a delegate for the
42 ivate bool SortAscending( int elementl, int element2 ) | i
5 \ SortAscending method to
44 return-elementl > element2; Md Sort| method SortArray
i ) / the first argulTeTIT IS SITaITeT eI e
46 . :
o // sort randomly - .| second; returns false otherwise
a8 private void ascendingButton object sender,
49 System.EventArgs e
50 { Method SortAscending returns
51 // sort array, elegate for Sor true if the first argument is
52 DelegateB rtArray ( elementArray
53 hew De leSort.C larger then the second; returns
54 SortAscefiding ) ) false otherwise
55
56 DisplayRésults () ;
57 }
58
59 delegate impl ion for ing sort
60 private bool SortDescending( int elementl, int element2 )
61 {
62 return elementl < element2;
63 }
64

190
1 // Fig. 10.25: BubbleSortForm.cs
2 // Demonstrates bubble sort using delegates to determine
3 // the sort order.
4 using System;
5  using System.Drawing; BubbleSortForm.c
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;
15 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[ 10 ];
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
192
65 // sort randomly generating numbers in descending order
66 private void descendingButton Click( object sender,
67 System.EventArgs e )
68 {
69 // sort array, passing delegate for SortDescending BubbleSortForm.c
70 DelegateBubbleSort.SortArray ( elementArray, s
7 new Del leSort.Ci
72 Sortbescending ) ) ;
73
74 DisplayResults ()
75 }
76
77 // display the sorted array in.sortedTextBox
78 private void DisplayResults ()
79 { To sort in descending order, send a
:(1] sortedTextBox.Clear () ; delegate to the SortDescending
82 foreach ( int element in el method to method SortArray
83 sortedTextBox.Text += element + "\r\n";
84 }
85
86 // main entry point for application
87 public static void Main( string[] args )
88 {
89 Application.Run( new BubbleSortForm() );
20 }
91}
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196

1 // Fig. 10.26: ComplexNumber.cs

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

4

5  pyblic class ComplexNumber

6 {

7

g Property Real provides access to the
10 // default real part of the complex number
11 public Comple:

12

13 // constructor

14 public ComplexNumber ( i) , int b))

15 {

16 Real = a; Class ComplexNumber definition ‘
17 Imaginary = b;

18 }

19

20 // return str: ion of Compl

21 public override string ToString()

22 {

23 retur: " + real +

24 (/imaginary < 0 2 " - " + ( imaginary * -1 ) :
25 “ 4+ " + imaginary ) + "i )";

26 }

27

28 property Real

29 public int Real

30 {

31 get

32 {

33 return real;

34 }

35

ComplexNumber.cs
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set

{

real = value;

}

Overload the addition (+) operator

} // end property Real ‘
for ComplexNumbers.

// property Imaginary
public int Imaginary

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

overload the addition operator
ublic static ComplexNumber operator + (
Compl x, Compl v)

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

197

ComplexNumber.cs

98

99

100
101
102
103
104
105
106
107

} // end class Compl

// provide alternative to overloaded * operator
// for multiplication

ublic static Compl

omplexNumber y )

Multiply( Compl x,

\I Method Multiply — provides an

| alternative to the multiplication operator

199

ComplexNumber.cs

198
66 // provide alternative to overloaded + operator
67 // for addition
68 ublic static Compl Add( Compl x,
f,g ¢ ComplexNumber y ) - Compl >er.cs
Method Subtract — provides an
71 raturn x + y; . )
72 } alternative to the subtraction operator
73
74 ion operator Overloads the multiplication (*)
% operator for ComplexNumbers
77
78
79 €y - y.Imaginary );
80
81
82 6 overloaded - operator
83
84 Subtract ( ComplexNumber x,
85
86 Method Add — provides an
87 return . e
a8 } alternative to the addition operator
89 -
90 Gverload the multiplication opera{ Overload the subtraction (-)
91 public static ComplexNumber operator { operator for ComplexNumbers
92 Compl x, Compl v)
93 {
9 return new ComplexNumber (
95 x.Real * y.Real - x.Imaginary * y.Imaginary,
96 x.Real * y.Imaginary + y.Real * x.Imaginary );
97 }
200
1 // Fig 10.27: OperatorOverloading.cs
2 // An example that uses operator overloading
3
4 using System;
5  using System.Drawing; ?peratorOverload
6 using System.Collections; ing.cs
7 using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10
11  public class ComplexTest : System.Windows.Forms.Form
12 {
13 private System.Windows.Forms.Label realLabel;
14 private System.Windows.Forms.Label imaginaryLabel;
15 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 Compl X = new Compl O
27 private Compl y = new Compl O
28
29 [STAThread]
30 static void Main()
31 {
32 Application.Run( new ComplexTest() );
33 }
34
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// multiply complex numbers
private void multiplyButton_Click(
object sender, System.EventArgs e )

statusLabel.Text = x + " * " + y + " ="+ (x *y);

}

} // end class ComplexTest

OperatorOverload
ing.cs

Use multiplication operator to

plesNumber T est (=] ET |

Real |1 Set First Complex Number
Imaginary [4 susmwmalm"wnwl

+ | - x|
uliumhtrlui =[D[x]
Real [ [ SetFirst Complex Number_||
Imaginary Set Second Cemclthwnbl'I
+ | - x|

Fist Complex umber i (1 + 3]

‘ multiply two ComplexNumbers
Program Output

201
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 ); (.>perator0verload
40 realTextBox.Clear () ; ing.cs
a1 imaginaryTextBox.Clear () ;
42 statusLabel.Text = "First Complex Number is: " + xX;
43 }
44 Use addition operator to add
45 private void secondButton_Click( two ComplexNumbers
46 object sender, System.EventArgs e )
a7 {
a8 y.Real = Int32.Parse( realTextBox.Text )
49 y.Imaginary = Int32.Parse( imaginaryTextBox.Text );
50 realTextBox.Clear () ;
51 imaginaryTextBox.Clear () ; Use subtraction operator to
. =" is: [' +
:§ , statusLabel.Text = "Second Complex Number is 9] 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 +J );
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
203
OperatorOverload

Real [5 et First Complex Number

imsginary [ Set Second Complex Number

Real SotFirst Complex Number ing.cs

Program Output

o =1 | =) =) =

Fst Complex Number iz (1+21) ‘Second Comples Number s: 5+ %)

Aoal Set First Complex Number L Set First Complex Number
Imaginary Set Second Complex Number Imaginary 8ot Second Complex Number

== = = o] = =5

M+3)e(S+)=[6+10) (18] (SeH)a[131%)
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