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1 // Fig. 3.1: Welcomel.cs
2 // A first program in C#.‘\\\\\\\\\\\ = ’Lﬁ‘
3 . Sy psets ol il J bt G L
4 using System; <— E
= « CAIS wads U .coWelcomel s i e LT ol jel . es
g ?lass Welcomel +— _ TSNS NS fl.l e 9 class

e |
8 static void Main(‘?ﬁ;;;;;;;i;;;; l////////
9 {
10 Console.WriteLine ( ),
11 }
12 }

al p >y &

Welcome to C# Programming!
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% ConsoleApplicationl - Microsoft ¥isual C# .NET [design] - Classl.cs
File Edit Wiew Project  Build Debug  Tools  Window  Help

@‘E'ﬁ'nﬁ %ﬂvﬂv Ej I ;Debug

Stark Page | Classl.cs |

Iglg Zonsoledpplication . Class1 j Il'a:?,‘ Mainistring[] args)

using 3ystem;
[ hamespace Consolelpplicationl

i
J—] A <sunmarys
A4 Surmary description for Classl.
- AAF </ summar v
=l class Classl
i
= A7 <sunmar v
444 The main entry point for the application.
A </ summar v

_|ol x|
- w % > E @ o
IEIassl.cs File Properties j

DE
cuid acton [T N

Zuskorn Tool

Zuskam Tool Mar
File Mare Classl.cs

Build Action

Haws the File related to the build and
deployment processes,

_F‘rup... @Cunt... | [7] 1ndex |

| Solution Explorer - Consoledp,,, # = |

L [STAThread] = | [#] | =
= ztatic void Main(strin args
o ; l: gl o=l E Solution 'ConsoleApplication1' {1 pr
7 = @ﬂ Console&pplication1
- 4= References
£ TODO: Add code to start application here L App.ico
i ----- |#] assemblyInfo.cs
B b b [#] Classl.cs
= H
H
I < o
| Ready | | | 4

Fig. 3.2 Visual Studio .NET-generated console application.
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Fig. 3.3 Execution of the Welcomel program.
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1 // Fig. 3.4: Weleoma? c~e - -

2 // Printing a 1] P 4S54l P oalaul L;ib' Console.WriteLine
2 using System; > &}'—jﬁ < bf; S dT .JQ'L" dle“ = Mb}
. g Systel AL L g3 US55 S e il ks K
6 class Welcome2

7 {

8 static void Main( string[] args )

9 {

10 Console.Write ( )

11 Console.WritelLine ( )

12 }

13 }

Welcome to C# Programming!

Welcome2.cs

4l I
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1 // Fig. 3.5: Welcome3.

2 // Printing multiple 1

3

4 using System;

5

6 class Welcome3

7 {

8 static void Main( string[] args )
9 {

10 Console.WritelLine (
11 }

12 }

Welcome

to

C#

Programming!

Welcome3.cs

AAUJfngJJ$
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// Fig. 3.7: Welcome4.cs
// Printing multiple lines in a d

using System; ‘///ﬁf

using System.Windows.Forms

System.Windows.Forms .t slas
oIS sheslaal o3l s ael o a
Jas |, MessageBox

class Welcome4

{

static void Main( string[] args )

{

MessageBox. Show (

}

Welcomed.cs

4l I
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Add Reference x|

Browse, .. |
Component Mame I Version | Path Iﬂ

System.Runtime, Remating 1.0,3300.0 CH IMMT A Microsoft METFra. .. Select |
System. Runtime. Serialization.... 1.0.3300.0 CHMIMMT Microsoft METFra. ..
Syster, Security 1.0,3300.0 CWIRMTMicrosoft METIFra. ..
System, ServiceProcess, dil 1.0,3300.0 CWIRMTMicrosoft MET\Fra. ..
System,web, dl 1.0,3300.0 CH IMMT A Microsoft METFra. ..

1

1

1

MET | com | Projects |

System.Web RegularExpressi... 1.0.3300.0 CHMIMMT Microsoft METFra. ..
System.Weh, Services. dll 0,3300.0 CWIMMT Microsoft METIFra. ..
5 Windows, Forms. dll 0 0 ( INMT \Microsoft, NETIFra. ..

. M.

System, sml.dll 1.0,3300.0 CH IMMT A Microsoft METFra. ..
YSLangProj 7.0.3300.0 c:\Program Files\Microsoft Yis. ..
WsMacroHierarchyLib 7.0.3300.0 c:\Proagram Files\Microsaft Vis. ..

Selecked Components:

Component Mame | Twpe | Source | Remove |

Syskerm, Windows, Farms . dll MET IR T Microsaft, METFram. .

/

Reference
. (8] 4 Zancel | Help |
dialogue

Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part 1).
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Solution Explorer

Solution Explorer - Welcomed4 = #

2] | @ | - /

R Solution "“welcomes' (1 project)
= Welcomed

}/@ References
- e a2 Swskem
L | System.Windows. Forms

=1 System.Data / reference

/ =20 Swskemn, Windows,Forms

References folder L+ Syshem, XML
= ef] AssemblyInfo.cs
Lo o] Welcomed,cs

Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part
2).
17
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Label Button Textfield  Menu Menu bar

a Ceitel & Associaties, Inc. - Microsoft Internek cxplorer

Filg Edit  Miew avorites  Tools [ Help

10| x|
%Back - = v D i | E%lpersunal Bar (Ehsearch [GFavorites 4 | S - R & Q9
| @G0 |Lrks >

-

Address @ hittpef fenaney, deitel, com)f

Java™, C, C++, Yisual Basic®, Object Technology, and Internet and World Wide Web Programming Training
Cn-Site Seminars Delivered Worldwide {(Contact Us For on-site seminars on any programming topic)

- — -
deitelddeitel . com
975.579.9911
& ASSOCIATES INC. 490-B Boston Post Road, Suite 200, Sudbury, MA 01776

Corporake Training Curriculum

Publications)Book Store -

Whats NewUscoring Now Avalilable!
Publications

Pirisirla sde {0 acn wrac | _blLI

|@ l_ l_ l_ |ﬂ Internet 4

Fig. 3.9 Internet Explorer’s GUI.
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OK button allows the
user to dismiss the
dialog.

Wwielcame
ko

Ct

prograrmring!

_.\ .......................... P

OE.

Mouse cursor—

«— Close box

\ Dialog is automatically sized to

accommodate its contents.

Fig. 3.10 Dialog displayed by calling MessageBox. Show.
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// Fig. 3.11: Addition.cs

// An addition program.

This is the start of class Addition

using System; .
. / Two strif
class Addition defined @

The comment after the Addition.cs
declaration is used to briefly

{
static void Main( | These are three ints

{ over several lines and only use one

pose

that are declared

string firstNuml

secondNul semicolon. Each is s

This line is considered a prompt
because it asks the user to input data.

int numberl,‘(////////// first numbeczr—ovwux
number?2, // second number to add

sum; // sum of numberl and n er?2

// prompt for and read first number
Console.Write (

from use¥ as string

)

£ anemnd=ATaamale o an Neavmeomelea Deao

The two numbers are added
and stored in the variable sum. [

AL

segondNumber = Console.Rea

Int32.Parse is used to convert the
given string into an integer. It is
then stored in a variable.

N7 7

// konvert numbers fr ype string

to type int

numberl = Int32.Parse( firstNumber ) ;

number2 = Int32.Parse( secondNumber

) ;

// add numbers Console.ReadLine is used to take the

sum = numberl

users input and place it

into a variable.

21



32 // display results

33 Console.WritelLine ( , sum ) ;
34 1;

35 } // end method Main

36

37 } // end class Addition

Please enter the first integer: 45

Please enter the second integer: 72

The sum is 117.

Putting a variable out through Console.WriteLine
is done by placing the variable after the text while
using a marked place to show where the variable
should be placed.

Addition.cs

Program Output

22
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Fig. 3.12

s> pirlio 3.4

numberl 45

Memory location showing name and value of variable number1.
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Fig. 3.13

wlbwlxo 3.5

numberl 45

number?2 72

Memory locations after values for variables numberl and number2 have been input.



wlbwlxo 3.5

numberl 45
number?2 72
sum 117

Fig. 3.14 Memory locations after a calculation.



C# operation

Arithmetic operator

Algebraic expression

C# expression

Addition + f+7 £+ 7
Subtraction - p-cC P -c
Multiplication * bm TX b * m

Division / x/yor x/y

Modulus % r mods r % s

Hg. 3.15 Arithmetic operators.

29




Subtraction

Operator(s) Operation Order of evaluation (precedence)
() Parentheses Evaluated first. If the parentheses are nested,
the expression in the innermost pair is
evaluated first. If there are several pairs of
parentheses “on the same level” (i.e., not
nested), they are evaluated left to right.
x /or% Multiplication  |Evaluated second. If there are several such
Division operators, they are evaluated left to right.
Modulus
+or - Addition Evaluated last. If there are several such

operators, they are evaluated left to right.

Hg.3.16 Precedence of arithmetic operators.

30
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Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

y =2 **5 *5 + 3 %5+ 7;

2 * 5 is|10
|

v

y =10 * 5 + 3 * 5 + 7;

10 * 5 is |50

v

y =50+ 3 *5 + 7;

3 * 5 is

15

v

y =50 + 15 + 7;

50 + 15 is |65

v
y = 65 + 7;

65 + 7 is |72

y = 72;

(Leftmost multiplication)

(Leftmost multiplication)

(Multiplication before addition)

(Leftmost addition)

(Last addition)

(Last operation—place 72 into y)

Fig. 3.17 Order in which a second-degree polynomial is evaluated.
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Standard algebraic |C# equality Example Meaning of

equality operator or |or relational of C# C# condition
relational operator |operator condition

Equality operators

= == == x isequal toy

= 1= x =y x is not equal to y
Relational operators

> > X >y x IS greater than y

< < x <y x IS less than y

> >= X >=y x IS greater than or equal to y
< <= X <=y x IS less than or equal to y

Fig. 3.18 Equality and relational operators.

2e
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// Fig. 3.19: Comparison.cs

// Using if statements, relational operators and equality

// operators.
using System;

class Comparison

{

static void Main( string[] args )
{
int numberl, // first number to compare
number?2 ; // second number to compare

// read in first number
Console.Write (

from user

);

numberl = Int32.Parse( Console.ReadLine() )

If numberl is the same as

om use
\ .

Comparison.cs

number?2 this line is preformed |~amhinina these two methods eliminates

If numberl does not equal number2 |temporary string variable.

(1

col U If numberd is less than number2 '} number2 ) ;

the program wil*

if ( nu
Console.WritéLine( 0

If numberl is greater than number?2
this line will be preformed

if ( numberl number2 )

Console.WritelLine ( numberl + number2 ) ;

if ( numberl > number2 )

Console.WritelLine( numberl + + number2 ) ;

34



+ number2 ) ;

+ number2 ) ;

[} 1 1 'y ) 1 4

34 if ( numberl <= number2 )

35 Console.WritelLine ( numberl +
36

37 if ( numberl >= number2 )

38 Console.WritelLine ( numberl +
39

40 } // end method Main

41

42 } // end class Comparison If

Please enter

Please enter
2000 '= 1000
2000 > 1000

2000 >= 1000

Please enter

Please enter
1000 !'= 2000
1000 < 2000

1000 <= 2000

Please enter

Please enter
1000 == 1000
1000 <= 1000
1000 >= 1000

ni

first integer: 2000

second integer: 1000

first integer: 1000

second integer: 2000

first integer: 1000

second integer: 1000

Lastly if numberl is greater
than or equal to number2 then
this code will be executed

Comparison.cs

Program Output

35



Operators Associativity Type
9] left to right parentheses
* /% left to right multiplicative
+ - left to right additive
< <= > >= left to right relational
== I= left to right equality
= right to left assignment
b Sles s pds o5 ,5 5 cudyl  Fig. 3.20
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T

add grade to total total = total + grade;
add 1 to counter counter = counter + 1;

.

Fig. 4.1  Flowcharting C#’s sequence structure.



C# Keywords

abstract as base bool break
byte case catch char checked
class const continue decimal default
delegate do double else enum
event explicit extern false finally
fixed float for foreach get

goto if implicit in int
interface internal IS lock long
namespace new null object operator
out override params private protected
public readonly ref return sbyte
sealed set short sizeof stackalloc
static string struct switch this
throw true try typeof uint
ulong unchecked unsafe ushort using
value virtual void volatile while

C# suks wlis Fig. 4.2
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if bl (Gl 4.5

print “Passed”

Fig. 4.3  Flowcharting a single-selection i £ structure.
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Fatal logic error

Nonfatal logic error
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false true
print “Failed” print “Passed”
v aW

Fig. 4.4  Flowcharting a double-selection i f/else structure.
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Fig. 4.5

while )1;3 )u’lﬂ 4.7

true

Product <= 1000 Product

2 * product

Flowcharting the while repetition structure.
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Set total to zero
Set grade counter to one

While grade counter is less than or equal to ten
Input the next grade
Add the grade into the total
Add one to the grade counter

Set the class average to the total divided by ten
Print the class average

Fig. 4.6  Pseudocode algorithm that uses counter-controlled repetition to solve the class-
average problem.
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// Fig. 4.7: Averagel.cs

// Class average with counter-controlled repetition.

using System;

class Averagel

{

static void Main( string[] args )

{

f arades

Initialize total to 0 F

int total, // sum
gradeCounter, // numbsg
gradeValue, // grad
average;

// initializatj
total = 0;
gradeCounter

phase

// processing phase
while ( gradeCounter <= 10 )

{

age of all arades
Initialize gradeCounter to 1

"’Li/glear’fafgiz
1; // prepare to 1
k7////

Averagel.cs

The while lo

times to get the grades of the 10 students

op will loop through 10

/ loop 10 times

// prompt for input and read grade from user

Console.Write (

) ;e

- Prompt the user to enter a grade

// read input and convert to integer

gradeValue =

// add gradeValue a
total = total + gradeValue;

// add 1 to grade
gradeCounter =

er

Int32.Parse( Cons(

Accumulate the

total of the 10 grades

Add 1 to the counter so the loop will eventually end

gradeCounter + 1;

52



34
35
36
37
38
39
40
41
42
43

Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

Class

// termination phase
average = total /

// display average of exam
Console.WritelLine (

} // end Main

} // end class Averagel

integer
integer
integer
integer
integer
integer
integer
integer
integer
integer

average

grade:
grade:
grade:
grade:
grade:
grade:
grade:
grade:
grade:
grade:

is 79

100
88
93
55
68
77
83
95
73
62

// integer division

Averagel.cs

, average ) ;

Divide the total by ten to get
the average of the ten grades

Display the results

Program Output
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Initialize total to zero
Initialize counter to zero

Input the first grade (possibly the sentinel)

While the user has not as yet entered the sentinel
Add this grade into the running total
Add one to the grade counter
Input the next grade (possibly the sentinel)

If the counter is not equal to zero
Set the average to the total divided by the counter
Print the average

Else
Print “No grades were entered ”

Fig. 4.8 Pseudocode algorithm that uses sentinel-controlled repetition to solve the class-
average problem.
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// Fig. 4.9: Average2.cs
// Class average with sentinel-controlled repetition.

using System;
g Average2.cs

class Average2

{

static void Main( string[] args )

{

int total, // sum of grades The variable average is set to a
gradeCounter,  // number of grades ent{ dgp|e so that it can be more exact
gradeValue; // grade value . .

and have an answer with decimals
double average;4———’—77’555?25;—;;—211—;;;;;;

// initialization phase Variables gradeCounter and total are

total = 0; // clear total = Em

gradeCounter = 0;™ // prepare to loop set to zero at the eginning

// processing phase

// prompt for input and convert to integer
Console.Write ( )
gradeValue = Int32.Parse( Console.ReadLine() )

| Geta value from the user and
store it in gradeValue

56



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

// loop until a -1 is entered by user
while ( gradeValue != -1 )

{
// add gradeValue to to:N Have the program Ioop as A A

total = total + gradeValue;“—————-|~9|qg_<

Accumulate the total of the grades

// add 1 to gradeCounter
gradeCounter = gradeCounter + 1;

// prompt for input and read grade from 1

Add 1 to the counter in order
to know the student count

// convert grade from string to integer
Console.Write (

)

gradeValue = Int32.Parse( Console.ReadLine () )

} // end while ‘\\\\\\\\\\\

// termination phase
if ( gradeCounter != 0 )

{

average = ( do

// display average of exam
Console.WritelLine (

}

else

{

Console.Writeline (

} I
} // end method Main

Prompt the user for another
grade, this time it is in the loop
S0 it can happen repeatedly

57

, average

Divide the total by the
number of times the program
looped to find the average

// end cl A 2
} // end class hAverage were entered

Inform user if no grades

| Sigplay the average




Enter
Enter
Enter
Enter

Class

Integer
Integer
Integer
Integer

average

Grade, -1 to Quit:
Grade, -1 to Quit:
Grade, -1 to Quit:
Grade, -1 to Quit:

is 85.6666666666667

97
88
72

Average2.cs

Program Output
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Initialize passes to zero
Initialize failures to zero

Initialize student to one

While student counter is less than or equal to ten
Input the next exam result

If the student passed

Add one to passes
Else

Add one to failures

Add one to student counter

Print the number of passes
Print the number of failures

If more than eight students passed
Print “Raise tuition”
Fig. 4.10 Pseudocode for examination-results problem.
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// Fig. 4.11: Analysis.cs
// Analysis of Examination Results.

using System;

class Analysis

{

static void Main( string[] args )

{

Analysis.cs

Initialize both passes and failures to 0
Set the student count to 1

int passes = 0, er of
failures = 0, // number of
student = 1, // student counter
result; // one exam result

// process 10 studentS;‘EEEBESE:EQBtrDlleé—}oUp'

while ( student <= 10 )
{

Console.Write (

A while loop that will loop 10 times

) ;

result = Int32.Parse( Console.ReadLine() ),

if ( result ==1 ) <«

passes = passes + 1;

else
failures = failures + 1;

student = student + 1;

A nested if statement that determines
which counter should be added to

If the user enters 1
add one to passes

If the user enters 2 then add one to failures

Keep track of the total number of students

61



// termination phase
Console.Writeline() ;
Console.WritelLine (
Console.WritelLine (

if ( passes > 8 )
Console.WritelLine (

} // end of method Main

} // end of class Analysis

30

31

32

33

34

35

36

37

38

39

40

Enter result
Enter result
Enter result
Enter result
Enter result
Enter result
Enter result
Enter result
Enter result
Enter result
Passed: 9
Failed: 1

Raise Tuition

(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,

2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :

RFRrRRRRRPRRRNR

+ passes ) ;
+ failures );

Analysis.cs

) ; Display the results to the user

If the total number of passes was greater than
8 then also tell the user to raise the tuition

Program Output
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Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

result
result
result
result
result
result
result
result
result
result

Passed: 5
Failed: 5

(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,
(1=pass,

2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :
2=fail) :

P RPRFPRERPNMNMNMNDNMDDNDPR

Analysis.cs
Program Output
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Assignment operator Sample expression Explanation Assigns
Assume: int ¢ = 3,

d=5, e=4, £

6, g=12;

+= c += 7 c=c¢c+ 7 10toc
e d =4 d=d - 4 ltod
*= e *= § e = e * §5 20toe
/= f /= 3 f = f / 3 210 £
$= g %= O g=g S O 3tog

Fig. 4.12 Arithmetic assignment operators.
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Operator Called Sample expresson [Explanation

++ preincrement |4+4a Increment a by 1, then use the new value
of a in the expression in which a resides.

++ postincrement |a4+ Use the current value of a in the expression
in which a resides, then increment a by 1.

- predecrement |--b Decrement b by 1, then use the new value
of b in the expression in which b resides.

== postdecrement |p—-— Use the current value of b in the expression

in which b resides, then decrement b by 1.

Hg. 4.13 The increment and decrement operators.
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// Fig. 4.14:

Increment.cs

// Preincrementing and postincrementing

using System;

class Increment

{

static void Main(string[] args)

{

Console

int e; % Declare variable ¢
c=5;4 — g Setcequal to 5
/ 5 [

Console
Console

Console

c = 5; <«

.WriteLine( c ); / print

.WritelLine( c++ ); A/ print—54 D|Sp|ay C (5) then add 1
.WriteLine( ¢ ); *‘ll-gfiﬂi_i__
.WriteLine() ; // skip a 1lir

Display c (6)

Console
Console
Console

.WriteLine( ¢ ); t\ll\fiiii\G
} // end of method Main

1 P P
€15Settoo

.Writeline( ¢ ); /7 prin

Display c (5)

WriteLine( ++c ); </ preinca B - display c (6)

Display c (6)

} // end of class Increment

Increment.cs

Program Output
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Operators Associativity Type

() left to right parentheses
4+ —— right to left unary postfix
++ -- + - (type) right to left unary prefix
* /% left to right multiplicative
4+ - left to right additive
< <= > O>= left to right relational
= 1= left to right equality

?: right to left conditional
= 4= —= *= right to left assignment

Fig. 4.15 Precedence and associativity of the operators discussed so far in this book.
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Collapsed

Forml.cs [Design]  Forml.cs |

comment

Collapsed
code

Fig. 4.16

IQI;ASimpIEF‘mgram.ASimpIePrugram j I':':'ASimpIEF'ngram{:i j
11 Summary description for Forml. j
12i y </ summary>
13F public class ASimpleProgram : System.Windows.Forms.Form
14 {

private System.Windows.Forms.Label welcomelabel:;
private System.Windows.Forms.PictureBox bugPictureBox;

private System.ComponentModel .Container components = null:;

public ASimplePrngramt}El

protected override wold Dispose( bool disposing }l:l
|T|"J'_1'.:j.l:".r."3 Form Designer generated cv:::le|

IDE showing program code for Fig. 2.15.
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Forml.cs [Design]  Forml.cs | 4

IOI; ASimpleProgram.ASimpleProgram

j IEI@ welcomelabel

lFu=sing System;
2i| using Svstem.Drawing;
3| using System.Collections;
4!| ngingy System.ComponentModel ;
5i| using Svyvstem.Windows.Forms:
6| using System.Data;
T
20 namespace ASimpleProgram
BJ] {
10i= < SUMMary>
11 Summary description for Forml.
12 </ summary>
133 public class ASimpleProgram @ System.Windows.Forms.Form
14 {
15 private System.Windows.Forms.Label welcomeLabel;
la private System.Windows.Forms.PlictureBox bugPicturebBox;
173 < SUNMmary>
18 Required designer wvariable.
19 </ summary>
20 private System.ComponentModel .Container components = null:;
21
22? public ASimpleProgrami)

=

Fig. 4.17 Windows Form Designer generated code when expanded.

Expanded code
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Click here for Property initializations

code view for WelcomeLabel
Click here for
design view *. ASimpleProgram - Microsoft Visual C# .NET [design] - Forml.cs*

File Edit Wiew Project Build Tools Window Help

BA-a-cEHa 8

2 r Il m » 5= 2

Forml.cs [Design]® Fnrml.l:s"|

Iﬁ;.ﬁ.SimpIEPrngram..ﬁ.SimpIEPrngram j I%"Iniﬁalizeﬂnmpnnent{} /
60:| S/
6li| // welcomeLabel
62| //
63| this.welcomelLabel.Font = new System.Drawing.Font ("Microsoft S5an=s Serii
64;| this.welcomelLabel.Location = new System.Drawing.Point (101, 0):
65| this.welcomeLabel.Name = "welcomeLabel™:
66| this.welcomelLabel.5ize = new System.Drawing.S5ize (254, 152): _l
67| this.welcomeLabel . TabIndex = 0O;
68| this.welcomeLabel . Text = "Deitel & Associates™;
9| this.welcomeLabel .TextAlign = System.Drawing.ContentAlignment.TopCente
il sy bl

B S, ;Ij

| ——

Ready | [nss  colt i [ Jms|

Fig. 4.18 Code generated by the IDE for welcomeLabel.
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Text property

Properties x|
IwelcﬂmeLabel SyspEm.Windows.Forms.Label j
BE| 81 |E| #
Text ¥ Deitel & Associates ~
Textalign TopCenter —
UseMnemonic True -

Text
The text contained in the control.

Fig. 4.19 Using the Properties window to set a property value.
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¥ ASimpleProgram - Microsoft Visual C# .NET [design] - Forml.cs*

File Edit View Project Build Debug Tools Window Help
B-ta-SEH@ 4 2R B ) oo "
* 5= (= o= hex [l -, (F T b ae | E

Forml.cs [Design]*  Forml.cs* |

m
L
m

L | I+

IOI; ASimpleProgram.ASimpleProgram j I{E'fr" InitializeComponent()
60| /F
6li| // welcomeLabel
g2i| //
63| this.welcomelLabel.Font = new System.Drawing.Font ("Microsoft S5an=s Serii
64:| this.welcomelLabel.Location = new System.Drawing.Point (101, 0):
65| this.welcomeLabel . Name = "welcomeLabel™:
66| this.welcomelLabel.5ize = new System.Drawing.S5ize (254, 152): _J
67| this.welcomeLabel . TabIndex = 0O;
68| this.welcomeLabel . Text = "Deitel & Associates™;
this.welcomeLabel . TextAlign = System.Drawing.Contenthlignment.TopCente

b dal s ht
IH ﬂ
Ready | [ Lna3 Col 1 Ch 1 [ 1ms]

Fig. 4.20 Windows Form Designer generated code reflecting new property values.
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Form1.cs [Design]® Fnrml.ts*| 4 X
IQI;.ﬁ.SimpleP'rugram.ASimpIeF‘mgram j I%‘Iniﬁaliz&ﬂump@nent{} j

60| // ZI

ali| // welcomeLabel

2| //

63| this.welcomelLabel.Font = new System.Drawing.l
64;| this.welcomelLabel.Location = new System.Drawi
65| this.welcomeLabel .Name = "welcomeLabel™:

66| this.welcomeLabel.5ize = new System.Drawing.E_l
67| this.welcomeLabel . TabIndex = 0;
8| thiz.welcomeLabel.Text = "Visual C¥ .MNET":

v

Text property

6% | this.welcomeLabel . TextAlign = System.Drawin

o
mail s l
4| | *
e ——

Fig. 4.21 Changing a property in the code view editor.
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Text property value

Forml.cs [Design]* | Form1.cs™*

@A Simple Program

Properties E x|
=l System Windows, Forms.Labsl j

Visual C# NET -
Textalign TopCenter —
UseMnemonic True -
Text

The text contained in the control.

Fig. 4.22 New Text property value reflected in design mode.
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ASimpleProgram Load method

Form1.cs [Design] Fnrml.ts| / 9 x

I@I:ASimpleP'rngram.ASimpIeF‘rugram j I"' pleProgram_Load{object sender, System . Eventarag: j
1065 private wvold ASimpleProgram Load(ocbject sender, System.Eventhirgs e) j
107i| {
lCI-BE welcomeLabel . Text = "Ci";
109iF}

e A 7

Fig. 4.23 Method ASimpleProgram Load.
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Fig. 4.24 Changing a property value at runtime.
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Outline
5.1 Introduction
5.2 Essentials of Counter-Controlled Repetition
5.3 for Repetition Structure
5.4 Examples Using the for Structure
5.5 switch Multiple-Selection Structure
5.6 do/while Repetition Structure
5.7 Statements break and continue
5.8 Logical and Conditional Operators
5.9 Structured-Programming Summary
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// Fig. 5.1: WhileCounter.cs
// Counter-controlled repetition.

using System;

class WhileCounter

{

static void Main( string

{

int counter = ;

while ( counter <=

{

Console.WritelLine (

counterttie /7 *™ The counter is incremented

} // end while
} // end method Main

} // end class WhileCounter

WhileCounter.cs

This is where the counter variable
[1 & is initialized. Itis setto 1.

// ini - . ; .
The loop will continue until counter is

)«—77 repq greater than five (it will stop once it
gets to six)

counter ) ;

and 1 is added to it

Program Output

83
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for )\ﬁ JL’I?-LW n

Syntax: for (Expressionl; Expression2; Expression3)
LS o AL 1, J xS sl iz = Expression] =
Lok e iy Jold Al 5 s
aal> wlsl b & = Expression? =
ealS/ il sl = Expression3 ®
e ks 3o Bxpression3 ) ool 5l b anils awe uas Expression] S
Coals dal g
Ll gy counter++ 5 ++counter
ohie Ol
3 s5 oslaul for - 4 js Wiy s Expression] =



for keyword Control variable name Final value of control variable
for ( int counter = 1; counter <= 5; counter++ )

Initial value of control variable / Increment of control variable
Loop-continuation condition

Fig. 5.3 Components of a typical £or header.



Establish initial value
of control variable.

int counter =1

A

Determine if final

true konsole.WriteLine

value of control

\4

counter <= 10 counter++

( counter * 10 );

variable has been
reached.

Increment the
Body of loop (this may be control variable.
multiple statements)

Fig. 5.4  Flowcharting a typical £or repetition structure.
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// Fig. 5.2: ForCounter.cs

// Counte]

using Sys]

This is where the counter variable
Is initialized. It is set to1

for structure.

class ForCounter

{

static void Main

{

—

// initializat

// are all i

The loop w|

The counter is incremented
(1 is added to it)

greater than five (it will stdionce it

gets to six)

ncluded in the for*structure \

for ( int counter = ; counter <= ; counter++ )
Console.WriteLine( counter ) ;

nting

ForCounter.cs

Program Output
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sealS/ Solssl m
Qsj}.é\f@

spi poslial <=L < oV ST m
w\fﬂfa

spi poslizn D=L > eV ST m

m Message boxes

Buttons
= OK
m OK Cancel
= Yes No
m Abort Retry Ignore
» Yes No Cancel
m Retry Cancel
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m Massages boxes

Icons

m Exclamation
m Question

m Error

m» Information

® Formatting

(variable : forma?)



1 // Fig. 5.5: Sum.cs

2 // Summation with the for structure.

3

4 using System;

5 using System.Windows.Forms; Sum.cs
6 .

7 Once the number is greater

8 than 100 the lnan hreaks

io Increments number by 2

11 every time the loop starts over
12 The caption=ftbemsancana ho |

13 for ( int number = 2; The title of the message box

14 sum += number; ‘///

15

16 MessageBox. Show ( sum,

17 zomf2 to 100+ Displays a message box with an OK button
18 MessageBoxButtons.OK ¢ -

19 MessageBoxIcon. )ie— Has the message box contain

=0 _ an information icon

21 } // end method Main

22

23 } // end class Sum

Argument & Arogram U

MessageBox Icon
(Optionil) e - — Argument 2: Title bar
\11) The sum is 2550 \ string (Optional)

Argument 1: Message

Argument 3: OK dialog ok .
button. (Optional) " to display

90



MessageBox Icons lcon

Description

MessageBoxIcon.Exclamation

>

Displays a dialog with an
exclamation point. Typically used
to caution the user against
potential problems.

MessageBoxIcon.Information

‘/\T

Displays a dialog with an
informational message to the
user.

MessageBoxIcon.Question

Displays a dialog with a question
mark. Typically used to ask the
user a question.

MessageBoxIcon.Error

D L&

Displays a dialog with an x in a
red circle. Helps alert user of
errors or important messages.

Fig. 5.6 Icons for message dialogs.




MessageBox Buttons

Descripfion

MessageBoxButton. Specifies that the dialog should include an OK button.
MessageBoxButton. Specifies that the dialog should include OK and Cancel
buttons. Warns the user about some condition and allows the
user to either continue or cancel an operation.
MessageBoxButton. Specifies that the dialog should contain Yes and No
buttons. Used to ask the user a question.
MessageBoxButton. Specifies that the dialog should contain Yes, No and
Cancel buttons. Typically used to ask the user a question
but still allows the user to cancel the operation.
MessageBoxButton. Specifies that the dialog should contain Retry and Cancel
buttons. Typically used to inform a user about a failed
operation and allow the user to retry or cancel the operation.
MessageBoxButton. Specifies that the dialog should contain Abort, Retry and

Ignore buttons. Typically used to inform the user that one
of a series of operations has failed and allow the user to
abort the series of operations, retry the failed operation or
ignore the failed operation and continue.

Fig. 5.7 Buttons for message dialogs.
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// Fig. 5.8: Interest.cs
// Calculating compound interest.

using System;

using System.Windows.Forms; Interest.cs

class Interest

{

static void Main( string[] a

{ Loops through 10 times
decimal amount, principal| starting at 1 and ending at 10,

double rate = 3 .
string output; addlng 1 to the counter (year)
each time

output = nt—
Formats amount to have a
currency formatting ($0.00)

amount = principal *
decimal ) Math. Row (

for ( int ye
{

Insert a Tab Creates a message box that displays the
output += year & | output with a title of “Compound Interest”
\ A e has an OK button and an information icon

MessageBox.Show( output, ‘/////

4

MessageBoxButtons. , MessageBoxIcon. ) ;
} // end method Main

} // end class Interest

93



Interest.cs
X Program Output
Year Amaunt on deposit
1 £1,050.00
2 £1,102.50
3 +1,157.63
4 $1,215.51
5 £1,276.28
& £1,340.10
7 £1,407.10
g 41,477 .46
g $1,551,33
10 £1,628.89

| 84 I




Format Code

Description

Core

Formats the string as currency. Precedes the number with an appropriate currency
symbol ($ in the US). Separates digits with an appropriate separator character
(comma in the US) and sets the number of decimal places to two by default.

Dord Formats the string as a decimal. Displays number as an integer.

Norn Formats the string with commas and two decimal places.

Eore Formats the number using scientific notation with a default of six decimal places.
Forf Formats the string with a fixed number of decimal places (two by default).
Gorg General. Either E or F.

Xorx Formats the string as hexadecimal.

Fg. 5.9 string formatting codes.
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// Fig. 5.10: SwitchTest.cs
// Counting letter grades.

using System;

class SwitchTest

{

static void Main( string[] args )

{

SwitchTest.cs

A for loop that initializes i to 1, loops 10
times and increments i by one each time

CTCoUOITC

Each of these variables acts as a

dCount =
fCount // number of Fs

// number of Ds

J, ——=m——o=—s=——1 COUNter so they are initialized to zero

Prompt the user for a grade and
store it into the grade variable

for (int ¥ =1; i <= ;i)
{

Console Write(

se( Console.Read
Both cases add one to aCount J/u"
witch ( grade

The start of the switch

statement. The grade variable is
used as the data to be tested for

case ‘A’ is empty so it is the

se : «—//—grade is uppercas
case : // or lowercase a

++aCount;

break; +—

same as case ‘@’

The break statement is used to exit the

case : // grade is uppercas

switch statement and not perform the rest
of the operations

case 9 // or lowercase b

t+bCount; «— | Both case ‘B’ and case ‘b’ add one
to the bCount variable

break;

97



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

98

case «—+/9 Both cases add 1 to cCount

SwitchTest.cs

T1Irmrmaraaca T

If grade equals D or d
add one to dCount

case g //
++cCount;
break;
case : // grade is
case g // or lower]
++dCount ;*
break;
case : // grade is

case ; fw Add one to fCount if grade equals F or f
++£fCount;

break;

default: «——/L/ processes

uppercase F

all other chaj Ifnon of the cases are equal to the value of

Console.Writeline (

break;

grade then the default case is executed

) ;

} // end switch

Display the results

} // end for

Console.WritelLine (

cCount, dCount, fCount )
} // end method Main

} // end class SwitchTest

+
, aCount, bCount,



Enter
Enter
Enter
Enter
Enter

Grade
Enter
Enter
Enter
Enter
Enter

Totals for each letter grade are:

A: 3

HOQW
R NDNR

a
a
a
a
a

a

a
a
a
a

letter
letter
letter
letter
letter

letter
letter
letter
letter
letter

grade:
grade:
grade:
grade:
grade:
Incorrect letter grade entered.
not added to totals.

grade:
grade:
grade:
grade:
grade:

N QPP

Qo Wwao

SwitchTest.cs
Program Output
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false

true :
‘ _’l case a action(s) |—’| break; | >
@ true

false

| case b action(s) |_'| break; ’

l
—

— [ case z action(s) I—bl

false

break; |_"

| defaultaction(s) |

| brgak; |

v

Fig. 5.11 Flowcharting the switch multiple-selection structure.
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do/while sla aal= JJU.» ,»swhile sla i~ =

while wl- < 5l eslinu
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// Fig. 5.12: DoWhileLoop.cs
// The do/while repetition structure.

using System;

class DoWhileloop

{

static void Main( string[] args )

{

DoWhileLoop.cs

- The counter is initialized to one

int counter = 1;

do
{

Console.WriteLine( counter );
counter++;

These actions are performed at least one

} while[( counter <= )

‘\\\\\\\\\\‘\\\‘

The incrementing task

Continue looping as long as counter is less than 6

Program Output
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do/while )‘,SS )u’lﬂ 5.6

®,

action(s)

true

condition

Fig. 5.13 Flowcharting the do/while repetition structure.
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1 // Fig. 5.14: BreakTest.cs

2 // Using the break statement in a for structure.

3

4 using System;

5 using System.Windows.Forms; BreakTest.cs

6

7 class BreakTest

8 {

io Ttatic voidl A loop that starts at one, goes

ol string of to ten, and increments by one

12 int count;

13

14 for ( count = 1; count <= ; count++ )

15 {

16 if ( count == ) _

c preak ; «——1 If count =5 then break out of the loop e -
ig Display the last value that the | // *f count == D|:plat1yﬁa mciistslagef ‘%Xrtn en ;?pﬁ?‘ystthe
20| counter was at before it broke ; OUTPUE, has a ?,0 emonstrating the
ol break statement,” uses an OK button,
22 } // end for%\ and displays an information icon

23

24 output += count;

25

26 MessageBox.Show ( output, o

27 MessageBoxButtons.OK, MessageBoxIcon. ) ;

28

29 } // end method Main

30

31 } // end class BreakTest
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BreakTest.cs
Program Output

Demonstrating the break sta £|

12354
Broke out of loop at counk =5
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// Fig. 5.15: ContinueTest.cs
// Using the continue statement in a for structure.

using System;

using System.Windows.Forms;

class ContinueTest

{

static void Main( stri

A loop that starts at 1, goes

ContinueTest.cs

t?_%O, a[\d If count = 5 then continue looping causing

{

string output = g

for ( int count =

{

the program to skip the rest of the loop

; count <=

if ( count ==
continue;

Create a message box that displays the output, has

output += count

the title “using the continue statement,” uses an
OK button, and displays an information icon.

}

output +=

MessageBox.Show ( output, o
MessageBoxButtons. , MessageBoxIcon. ) ;

} // end method Main

} // end class ContinueTest
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ContinueTest.cs

Using the continue staten x| Program Output

1234675910
Used continue ko skip prinking S
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expression| expression2 expressionl && expression2
false false false

false true false

true false false

true true true

Fig. 5.16 Truth table for the && (logical AND) operator.

expression| expression2 expressionl | | expression2
false false false

false true true

true false true

true true true

Fig. 5.17 Truth table for the | | (logical OR) operator.




expression| expression2 expression1 ~ expression2
false false false
false true true
true false true
true true false

Fig. 5.18 Truth table for the logical exclusive OR (~) operator.

expression Iexpression
false true
True false

Fig. 5.19 Truth table for operator! (logical NOT).
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// Fig. 5.20: LogicalOperators.cs
// Demonstrating the logical operators.
using System;

112

| aaicalOperators.cs

class LogicalOperators
{ Outputs a truth table for the
// main entry point for application conditional AND Operator (&&)
static void Main( string[] args )
{
// testing the conditional AND operator (&E?
Console.WritelLine ( +

false && false )

~Only true if both inputs are true

false && true
true && falsgy”)

+

+ + + +

true && true )’L

// testing the conditional OR operator (||
Console.WritelLine (

false || false )
false || true )
true || false )
true || true ) )

+ + + +

// testing the logical AND operator (&)
Console.WritelLine ( +
false & false )

+ + + +

false & true ) +
true & false ) +
true & true ) );

.
i’

Outputs a truth table for the
+ | conditional OR operator (||)

: Only false if both inputs are false

.
4

Outputs a truth table for the
logical AND operator (&)

The result is only true i

f both are true
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

// testing the logical OR operator (|)

Outputs a truth table for the
logical OR operator (||)

Console.Writeline ( +
+ ( false | false ) +
+ ( false | true )
+ ( true | false ) +
+ ( true | true ) );

If one is true the result is true

// testing the logical exclusive OR operatox (")
Console.WritelLine (

false ~ false ) +
false ~ true )'*\Zi:::
true * false ) +

true * true ) );

+ + + +

Outputs a truth table for the

— logical exclusive OR operator

()

conditionals are the same

// testing the logical NOT opefator (!)

Outputs a truth table for the

Console.WritelLine ( + i
logical NOT operator (1)

+ ( 'false ) +
+ ( 'true ) );

T~

‘Rjeturns the opposite as the input

Conditional AND (&é&)
false && false: False

false && true: False
true && false: False
true && true: True

Conditional OR (| |)

false || false: False
false || true: True
true || false: True

true || true: True

Program Output

113
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|LogicaIOperato I's.cs



Logical AND (&)

false & false: False
false & true: False
true & false: False
true & true: True

Logical OR (|)

false | false: False
false | true: True
true | false: True
true | true: True

Logical exclusive OR (%)
false ~ false: False
false * true: True
true * false: True
true * true: False

Logical NOT (!)
'false: True
'true: False

114

LogicalOperators.cs
Program Output
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oY sl s 5 JSeT .
JS ol sl Gy ol sla el
Sequential (only 1 way)
Ay g by W
Selection (3 ways)
if selection (one choice) =
if/else selection (two choices) =
switch statement (multiple choices) =
Repetition (4 ways)
while structure =
do/while structure =
for structure =

foreach structure (chapter 7) =



Operators Associativity Type

() left to right parentheses

++ -- right to left unary postfix

++ -- + - ! (type) right to left unary prefix

* /0% left to right multiplicative

+ - left to right additive

< <= > >= left to right relational

== I= left to right equality

& left to right logical AND

~ left to right logical exclusive OR
I left to right logical inclusive OR
&& left to right conditional AND

| left to right conditional OR

?: right to left conditional

= 4= -= *= /= %= right to left assignment

FHg.5.21Precedence and associativity of the operatorsdiscussed so far.
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Sequence

|
;

Fig. 5.22 C#’s single-entry/single-exit sequence, selection and repetition structures. (part 1)
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Selection switch structure
(multiple selections)
else/if structure
(double selection) 1 *| break
F T
—" F
A2 Y Ll *| break
<=
<1F>—
if structure
(single selection) T Jbreak
T VF
" '
Cw) brgak

Fig. 5.22 C#’s single-entry/single-exit sequence, selection and repetition structures. (part 2)
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Repetition

while structure for structure/foreach structure

=S

a

s

do/while structure

@)

<
«

A 4

v T

<l>_

O

Fig. 5.22 C#’s single-entry/single-exit sequence, selection and repetition structures. (part 3)




Rulesfor Forming Sructured Programs

1) |Begin with the “simplest flowchart” (Fig. 5.24).

2) |Any rectangle (action) can be replaced by two rectangles (actions) in sequence.

3) |Any rectangle (action) can be replaced by any control structure (sequence, if,
if/else, switch, while, do/while, for or foreach, as we will see In
Chapter 8, Object-Oriented Programming).

4) |Rules 2 and 3 may be applied as often as you like and in any order.

Hg.5.23 Rulesforforming structured programs.
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Rule 2 = Rule 2 = Rule 2

Fig. 5.25 Repeatedly applying rule 2 of Fig. 5.23 to the simplest flowchart.
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Fig. 5.26 Applying rule 3 of Fig. 5.23 to the simplest flowchart.
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Stacked building blocks Nested building blocks

Overlapping building blocks
(illegal in structured programs)

Fig. 5.27 Stacked, nested and overlapped building blocks.
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Fig. 5.28 Unstructured flowchart.
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Short Name |.NET Class Type Width Range (bits)
byte Byte Unsigned integer 8 0 to 255
sbyte SByte Signed integer 38 -128 to 127
int Int32 Signed integer 32 -2,147,483,648 to 2,147,483,647
uint UInt32 Unsigned integer 32 0 to 4294967295
short Intl6 Signed integer 16 -32,768 to 32,767
ushort UIntl6 Unsigned integer 16 0 to 65535
. . -9223372036854775808 to
long Inted Signed integer 64 19223372036854775807
ulong UInt64 Unsigned integer 64 0 to 18446744073709551615
float Single i;gzle_preusmn floating point 32 |-3.402823e38 to 3.402823e38
Double-precision floating point -1.79769313486232e308 to
doubl Doubl 64
oubLe =ous-e type 1.79769313486232e308
char Char A single Unicode character 16 Unicode symbols used in text
bool Boolean Logical Boolean type 38 True or false
object Object Base type of all other types
string String A sequence of characters
Precise fractional or integral
decimal Decimal type that can represent decimal 128 |£1.0 x 10e-28 to #£7.9 x 10e28

numbers with 29 significant digits

127



https://msdn.microsoft.com/en-us/library/system.byte(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.sbyte(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.int32(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.uint32(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.int16(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.uint16(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.int64(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.uint64(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.single(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.double(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.char(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.boolean(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.object(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.string(v=vs.90).aspx
https://msdn.microsoft.com/en-us/library/system.decimal(v=vs.90).aspx
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Fig. 6.1

boss

\ 4

N

workerl worker?2 worker3
worker4 workerb

Hierarchical boss method/worker method relationship.

" boss

S, worker
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Math =
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ool VY S s et ) m
Lo
Math.PTI = 3.1415926535... =
Math.E = 2.7182818285... =
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Method

Description

Example

Abs ( x )

absolute value of x

Abs( 23.7 ) is23.7
Abs( O ) isO
Abs( —23.7 ) is23.7

Ceiling( x )

rounds x to the smallest integer not less than x

Ceiling( 9.2 ) is10.0
Ceiling( —-9.8 )is—-9.0

Cos( x )

trigonometric cosine of x
(x in radians)

Cos( 0.0 )is1.0

Exp ( x )

exponential method ex

Exp ( 1.0 ) isapproximately
2.7182818284590451
Exp ( 2.0 ) is approximately
7.3890560989306504

Floor ( x )

rounds X to the largest integer not greater than x

Floor( 9.2 ) is9.0
Floor( —9.8 )is—-10.0

Log( x )

natural logarithm of x (base e)

Log( 2.7182818284590451 )
is approximately 1 . O
Log( 7.3890560989306504 )
is approximately 2 . 0

Max( x, y )

larger value of x and y
(also has versions for £loat, int and 1long
values)

Max( 2.3, 12.7 ) is12.7
Max( —-2.3, —-12.7 ) is—-2.3

Min( x, y )

smaller value of x and y
(also has versions for £loat, int and long
values)

Min( 2.3, 12.7 ) is2.3
Min( -2.3, -12.7 ) is—-12.7

Pow( x, y )

X raised to power y (Xy)

Pow ( 7.0 ) is128.0

Sin( x )

trigonometric sine of x
(x in radians)

2.0,
Pow( 9.0, .5 )is3.0
Sin( 0.0 ) is0.0

Sgrt( x )

square root of x

Sgrt( 900.0 ) is30.0
Sgrt( 9.0 )is3.0

Tan( x )

trigonometric tangent of x
(x in radians)

Tan( 0.0 ) is0.0

Fig. 6.2 Commonly used Math class methods.
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// Fig. 6.3: SquarelInt.cs
// A programmer-defined Square method.

using System; // includes basic data types
using System.Drawing; // for araphics cavabilities

using System.Collections; | Gtart of class Squarelnteger. It implements

using System.ComponentMode 2
el Y B System.Windows.Forms.Form
using System.Windows.Forms

using System.Data; // for feading outside data

Subtract.cs

// form used to display resul of squaring 10 numbers
public class SquareIntegers : System.Windows.Forms.Form

{

private System.ComponentModel.Container components = null;

// label containing results
private System.Windows.Forms.Label outputLabel;

public Squarelntegers () < Start of the Squarelntegers method
{

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

int result; // store result of call to method Square

This is the method’s variables. They
can only be used within the method.




26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

// loop 10 times
for ( int counter = 1 ; counter <= ; counter++ )

{
//W Aaee S amemaal 4
result = Square( counter ); The main body of the Subtract.cs

Squarelntegers method

// append result to
outputLabel.Text +=
+ result +

utput string
+ counter +

}

A call to the Square method. The
counter variable is passed to it for use.

The return value is stored in result
ing )

} // end SquareIntegers

// Clean up any resources being used
protected override void Dispose( bool di

{

// Visual Studio .NET-generated code for method Dispose
}

// Required method for Designer support
private void InitializeComponent ()
{
// Visual Studio .NET generated code
// for method InitializeComponent

137
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52 // The main entry point for the application.

53 [STAThread]

54 static void Main()

55 {

56 Application.Run( new SquareIntegers() ) Subtract.cs
57 }

58 The Square method. Receives one
59 // Square method deiW . )

60 int Square( int y ) Integer and returns an Integer

61 {

62 return y * y; // return square of y

63

64 } // end method Squat

65 The method returns the passed

66} // end of class Squarelntegers | variable multiplied by itself

™ Squarelntegers [ [=] E3 Program Output

The zquare of 11z 1
The zquare of 2 iz 4
The zquare of 3z 3
The zquare of 4 iz 16
The square of 5 iz 25
The square of &1z 36
The zquare of 7 iz 49
The zquare of 8 iz B4
The zquare of 3 iz 81
The zquare of 101z 100
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// Fig. 6.4: MaximumValue.cs
// Finding the maximum of three doubles.

using System;

class MaximumValue

{

// main entry point for application

static void Main (
{
// obtain user
Console.Write (
double numberl

Console.Write (
double number2

Console.Write (
double number3

string[] args )

input and convert to double
) ;

= Double.Parse( Console.ReadLine () )

)
= Double.Parse( Console.ReadLine () )
) ;
_/

= Double.Parse( Console.ReadLine () )

// call method Maximum to determine largest value

double max = Maximum( numberl, number2, number3 ) ;

// display maximum value
Console.WritelLine ( + max );

MaximumValue.cs

139

The program gets three
values from the user

Y

The three values are then passed
to the Maximum method for use

} // end method Main



28
29
30
31
32
33
34
35
36
37

// Maximum method uses method Math.Max to help determine

// the maximum value

static double Maximum( double x, double y, double z )

return Math.Max( x,
} // end metﬁod Maximum

} // end class MaximumValue

h.Max(y, z) )’

The Maximum method receives 3
variables and returns the largest one

The use of Math.Max uses the Max
method in class Math. The dot
operator is used to call it.

Enter first floating-point value: 37.3
Enter second floating-point value: 99.32
Enter third floating-point wvalue: 27.1928

maximum is: 99.32

MaximumValue.cs

Program Output
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Type Canbe Converted to Type(9)

bool object

byte decimal, double, float, int, uint, long, ulong, object, short Oor ushort
sbyte decimal, double, float, int, long, object or short

char decimal, double, float, int, uint, long, ulong, object or ushort
decimal object

double object

float double Or object

int decimal, double, float, long Or object

uint decimal, double, float, long, ulong, Orobject

long decimal, double, float Or object

ulong decimal, double, float Or object

object None

short decimal, double, float, int, long 0r object

ushort decimal, double, float, int, uint, long, ulong Or object
string object

Hg. 6.5 Allowed implicit conversions.
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Namespace

Description

System

Contains essential classes and data types (such as int,
double, char, etc.). Implicitly referenced by all C#
programs.

System.Data

Contains classes that form ADO .NET, used for database
access and manipulation.

System.Drawing

Contains classes used for drawing and graphics.

System. IO

Contains classes for the input and output of data, such as with
files.

System.Threading

Contains classes for multithreading, used to run multiple parts
of a program simultaneously.

System.Windows.Forms

Contains classes used to create graphical user interfaces.

System.Xml

Contains classes used to process XML data.

Hg. 6.6 Namespacesin the Famework ClassLibrary.
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// Fig. 6.8: RefOutTest.cs
// Demonstrating ref and out paramete

using System;
using System.Windows.Forms;

class RefOutTest
{

// x is passed as a ref int (origi
static void SquareRef( ref int x )

{
X =X * x;

rs.

RefOutTest.cs

When passing a value by reference
the value will be altered in the rest
of the program as well

}

// original

Since the methods are void
they do not need a return value.

lized

static void oYuarevuc\| uuct It X )

{
6; «

<

x * x;

}

Since x is passed as out the variable
can then be initialed in the method

// x is passed by value (original value not changed)

static void Square( int x )
{ \

X = x * x;

}

static void Main( string[] args )

{

147

Since not specified, this value is defaulted to being
passed by value. The value of x will not be changed
elsewhere in the program because a duplicate of the

variable is created.

// create a new integer value, set it to 5

int y = 5;
int z;

// declare z, but do not initialize it
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34 // display original values of y and z

35 string outputl =

36 + vy + ;

37

38 // values of y and z are passed by valt - RefOutTest.cs
39 RefOutTest.SquareRef ( ref y ); The calling of the SquareRef
40 RefOutTest.SquareOut( out z ); and SquareOut methods

41

42 // display values of y and z after modified by methods

43 // SquareRef and SquareOut

44 string output2 = +

45 +

46 +

47 + y + + z + g

48 The calling of the
49 // values of y and z are passed by value SquareRef and SquareOut
50 RefOutTest.Square( vy ), < .
51 RefOutTest.Square( z ) ; o methods by passing the
52 variables by value
53 // values of y and z will be same as before because sguare

54 // did not modify variables directly

55 string output3 = +

56 "o+

57 +y + + z + g

58

59 MessageBox.Show( outputl + output2 + output3,

60 , MessageBoxButtons. ,

61 MessageBoxIcon. ) ;

62

63 } // end method Main

64

65 } // end class RefOutTest
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RefOutTest.cs
Program Output

Using ref and out Parameters X|

@ The walue of v begins as 5, 2 begins uninitialized.

after calling SquareRef with v as an argument and SquareCut with 2 as an argument,
the walues of v and z are:

Vi 2o
2: 36
@fter calling Square on both x and v, the values of v and z are:

Wi 2o
2! 36

(8] 4
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Class Random =

Within namespace System
Truly random

The numbers are generated using an equations with a seed =

The seed 1s usually the exact time of day

randomObject.Next()

Returns a number from 0 to Int32 .MaxValue =
Int32.MaxValue = 2,147,483,647

randomObject.Next(x)
Returns a value from O up to but not including x =
randomObject.Next(x, y)

Returns a number between x and up to but not including y =
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// Fig. 6.9: RandomInt.cs
// Random integers.

using System;
using System.Windows.Forms;

// calculates and displays 20 random integers
class RandomInt

{

// main entry po = : )
static void Main( Creates a new Random object

{

int value;
string output = g

Random randomInteger = new Random() ; Will set value to a random number

from1 up to but not including 7
// loop 20 times

Randomint.cs

for (int 1 = 1; i <= ;oit+ )

{

// pick random integer between and 6
value = randomInteger.Next( I, ) ;
output += value + ; // append value to output

// if counter divisible by 5, append newline
if (i 5 =0 )

STETE <= \
} // end for structure

5 numbers per line

Format the output to only have
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32
33
34
35
36

MessageBox.Show ( output,
MessageBoxButtons .0, MessageBoxIcon.

} // end Main

} // end class RandomInt

Display the output in a message box

20 Random Mumbers from 1 to 6
- 35444
\11) 41235

BZe13
23iz46

Randomint.cs

Program Output
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// Fig. 6.10: RollDie.cs
// Rolling 12 dice.

using
using
using
using
using
using
using

System;

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

System.Data;

System.IO;

// enables reading data from files

// form simulates the rolling of 12 dice,
// and displays them
public class RollDie : System.Windows.Forms.Form

{

private System.
private System.

private System.
private System.
private System.
private System.

private Random

ComponentModel.Container components = null;
Windows.Forms.Button rollButton;
Windows.Forms.Label dielabel2;
Windows.Forms.Label dielabell;
Windows.Forms.Label dielabel3;

Windows.Forms.Label dielabeld;

randomNumber = new Random() ;

public RollDie ()

{

}

InitializeComponent () ;

// Visual Studio .NET-generated code

RollDie.cs
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

// method called when rollButton clicked,
// passes labels to another method

protected void rollButton Click(

object sender, System.EventArgs e )

{

// pass the labels to a method that will
// randomly assign a face to each die

DisplayDie( dielabell ) ;
DisplayDie( dielLabel2 ) ;
DisplayDie( dielabel3 ) ;
DisplayDie( dielLabel4d ) ;

} // end rollButton Click

Pass the labels to be assigned data

// determines image to be displayed by current die

public void DisplayDie( Label dielabel )

{

RollDie.cs

| Will return a random

int face = | + randomNumber.Next( © ); integer from O up to 6

// displays image specified by filename
dielabel.Image = Image.FromFile (
Directory.GetCurrentDirectory() +

+ face +

}

) ;

// main entry point for application

[STAThread]
static void Main()

{

Application.Run( new RollDie() );

}

} // end class RollDie
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RollDie.cs

' m Program Output

Roll Roll

¥ RollDie =10O] x|

B &
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// Fig. 6.11: RollDie2.cs
// Rolling 12 dice with frequency chart.

using
using
using
using
using
using
using

// displays the different dice and frequency
public class RollDie2

{

private
private
private

private
private
private
private
private
private
private
private
private
private
private
private

private

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

System.ComponentModel.Container components
System.
System.

System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.

Random

Windows

Windows.

Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.
Windows.

.Forms

Forms

randomNumber

Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.
Forms.

.Button rollButton;

information
System.Windows.Forms.Form

null;

.RichTextBox displayTextBox;

Label
Label
Label
Label
Label
Label
Label
Label
Label
Label
Label
Label

dieLabell;
dieLabel2;
dielabel3;
dielabeld;
dielabel5;
dielabel6;
dielabel?7;
dielabel8;
dielLabel9;
dielLabellO;
dieLabelll;
dieLabell2;

new Random() ;

RollDie2.cs
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

private int ones, twos, threes, fours, fives, sixes;

public RollDie2 ()

{ Sets all of the variables to 0
InitializeComponent() ; Iz
ones = twos = threes = fours = fives = sixes = (;

}

// Visual Studio .NET-generated code

// simulates roll by calling DisplayDie for
// each label and displaying the results
protected void rollButton Click(
object sender, System.EventArgs e )
{
// pass the labels to a method that will
// randomly assign a face to each die
DisplayDie( dielLabell ) ;

~

DisplayDie( dieLabel2 ) ;
: Pass the label to be assigned

DisplayDie( dielLabel3
DisplayDie( dielabel4 q b
DisplayDie( dieLabel5 a ranaom number

« N

DisplayDie( dieLabel6
DisplayDie( dieLabel?
DisplayDie( dielabel8
DisplayDie( dielabel9 );

DisplayDie( dielabellO ) ;
DisplayDie( dielabelll );
DisplayDie( dielabell2 );

~e

~e

S N N N N P P
~

¢« e

double total = ones + twos + threes + fours + fives + sixes;

RollDie2.cs
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68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

// display the current frequency values

displayTextBox.Text =
ones + +
String.Format ( ’
+ twos +
String.Format ( ’
+ threes +
String.Format ( ’
+ fours +
String.Format ( ’
+ fives +
String.Format ( ,
+ sixes +
String.Format ( ,

} // end rollButton_Click

twos / total *

+

RollDie2.cs

threes / total *| Displays to the user the amount of

+ times each dice number has shown up
fours / total * ,

+
fives / total * ) +

+
sixes / total * ) + 5

// display the current die, and modify frequency values
public void DisplayDie( Label dielabel )

{

int face = + randomNumber .Next (

dielabel.Image = Image.FromFile (
Directory.GetCurrentDirectory() +

+ face +

)

Assign a random face to the label
based on the number generated

) ;
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94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

// add one to frequency of current face
switch ( face )
{
case |: ones++;
break;

case : twos++;

A switch statement is used to keep
break; track of number of each die rolled

case “: threes++;
break;

case Z: fours++;
break;

case -: fives++;
break;

case 6(: sixes++;
break;

} // end switch
} // end DisplayDie

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

{
Application.Run( new RollDie2() );

}

} // end of class RollDie2

RollDie2.cs
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RollDie2.cs
Program Output

Face Frequency Percent
1 16 1212%
2 2a 2. 21%
3 22 16.67%
4 21 15.91%
a 23 17.42%
B 22 16.67%
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m GUI controls
A GroupBox

m Holds other controls

= Manages/organizes them
A PictureBox

= Used to display a picture on the form
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// Fig. 6.12: CrapsGame.cs

// Craps Game

using
using
using
using
using
using
using

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

public class

{

private
private
private
private

private

private
private

private

private

System.

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

IO;

CrapsGame

System.Windows.Forms.
System.Windows.Forms.
System.Windows.Forms.

System.Windows.Forms.

System.Windows.Forms.
System.Windows.Forms.

System.Windows.Forms.

System.Windows.Forms.

// declare other variables
int myPoint;
int myDiel;
int myDie2;

ComponentModel.Container

PictureBox
PictureBox
PictureBox

System.Windows.Forms.Form
components

imgPointDie2;

imgDie2;
imgDiel;

Label 1blStatus;

PictureBox imgPointDiel;

Button rollButton;
Button playButton;

GroupBox fraPoint;

CrapsGame.cs
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

public enum DiceNames

{ \
SNAKE_EYES = -, Creates an enumeration of the

TREY = °, i
maEE = constant values in craps CrapsGame.cs

YO LEVEN = 11,
BOX_CARS = 17,

}

public CrapsGame ()
{

InitializeComponent () ;

}
// Visual Studio .NET-generated code

// simulate next roll and result of that roll
protected void rollButton Click(

object sender, System.EventArgs e )
{

int sum;

sum = rollDice() ;

When the second rolled sum equals

if ( sum == myPoint ) / the first rolled sum the player wins
{

lblStatus.Text = ;
rollButton.Enabled false;
playButton.Enabled = true;
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

else

if ( sum == ( int )DiceNames.CRAPS )

lblStatus.Text =
rollButton.Enabled false;
playButton.Enabled = true;

}

} // end rollButton Click

™~

.
14

If the second roll equals CRAPS (7),
then the player loses

// simulate first roll and result of that roll

protected void playButton Click(
object sender, System.EventArgs e )
{
int sum;
myPoint = 0;
fraPoint.Text = ;
lblStatus.Text = i
imgPointDiel. Image null;
imgPointDie2.Image = null;

sum = rollDice() ;

CrapsGame.cs




86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

switch ( sum )
{
case ( int )DiceNames.CRAPS:
case ( int )DiceNames.YO LEVEN:
rollButton.Enabled = false;
lblStatus.Text = "You Win!!!";

// disable Roll button

CrapsGame.cs

break; ‘\\\\
case ( int )DiceNames.SNAKE EYES:
case ( int )DiceNames.TREY:
case ( int )DiceNames.BOX CARS:

If on the first roll the players
getsa 7 or an 11 they win

rollButton.Enabled = false;
lblStatus.Text = -
break;

default:
myPoint = sum;
fraPoint.Text = + sum;
lblStatus.Text = ;
displayDie( imgPointDiel, myDiel ) ;
displayDie( imgPointDie2, myDie2 ) ;

If the firstroll isa 2, 3 or 12,
the player loses.

playButton.Enabled = false;
rollButton.Enabled = true;e— |
break;

Any other number allows the
player to roll again

} // end switch

} // end playButton Click

private void displayDie( PictureBox imgDie,

{

imgDie.Image = Image.FromFile (
Directory.GetCurrentDirectory () +
+ face + )

int face )

165



120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146

// simulates the rolling of two dice
private int rollDice ()
{

int diel, die2, dieSum;

Random randomNumber = new Random() ;

diel
die2

randomNumber .Next( 1, 7 );
randomNumber .Next( 1, 7 )t\\

displayDie( imgDiel, diel );

Generates two random
numbers, one for each die

displayDie( imgDie2, die2 ) ;

myDiel = diel;
myDie2 = die2;
dieSum = diel + die2;
return dieSum;

} // end rollDice

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

{

Application.Run (new CrapsGame()) ;

}

} // end of class CrapsGame

CrapsGame.cs
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Flay Flay
il Foll
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™ crapsGame -0 x| ¥ crapsGame -0 x|
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Flay

Rl %

Tou Yinll

Flay [

Frall

Sorry. You
lose.

CrapsGame.cs
Program Output
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(Duration) by &ode ®
.J.SLou,oung absl> 4> ML'M'LQAS&SLU'
(SCOPC) 0 4> |
Al e L8 o8 8wl B e
Al dal g sl s gl et a8 S Sl
Not initialized
Most variables are set to 0 =

All bool variables are set to false =

All reference variables are set to null =
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// Fig. 6.13: Scoping.cs
// A Scoping example.

using
using
using
using
using
using

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

Scoping.cs

public class Scoping : System.Windows.Forms.Form

{

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

public int x = 1;— | Thisvariable has class scope and can

public Scoping()

{

be used by any method in the class

InitializeComponent () ;

int x = 5: «——F—variabre—tocat] 1NIS Variable is local only to Scoping.

It hides the value of the global variable
outputLabel.Text = outputlLabel.Text +

t %, T Will output the value of 5

MethodA () ; // MethodA has automatic local x;
MethodB () ; // MethodB uses instance variable x
MethodA () ; // MethodA creates new automatic local x
MethodB () ; // instance variable x retains its value

outputLabel.Text = outputLabel.Text + Remains 5 despite changes

' to global version of x

+ Xie—]
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// Visual Studio .NET-generated code

public void MethodaA ()

{

int x = 25; % /7 initialized each tin

outputLabel .Text

outputLabel .Text +

Sconing.cs
Uses a new X variable that hides

the value of the global x

+ x +
++x;
outputLabel .Text

outputLabel.Text +
+ x +

}

public void MethodB (

{
outputLabel.Text

x *= 10;
outputLabel.Text

}

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

{
Application.Run( new Scoping() );

}

} // end of class Scoping

Uses the global version of x (1)

Will permanently change
the value of x globally
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Scoping.cs
Program Output

@ Scoping Class - E X

lozal % in method Scoping iz 5

local # in Methodd, 1z 25 after entering Methodd,
local # in Methodd, 1z 26 before exting Methodd,

inztance wariable =iz 1 on entenng MethodB
inztance varable « iz 10 on exiting MethodB

local = in Methodd, iz 25 after entering Methodd,
local = in Methodd, iz 26 before exiting bMethodd,

inztance wariable © iz 10 on enternng MethodB
inztance warable ® iz 100 on exiting MethodB

lozal % in method Scoping iz 5
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Final value = 120

5! 5!

| =5*24 =120 s returned
5 % 4! 5 % 41

41 =4 * 6 =24 is returned
|4 * 31 4 * 31
' 31=3*2=6Is returned
|3 * 21 3 * 21

¥ 21=2*1=2Isreturned

2 * 1! 2 * 1!
1 returned
1
(a) Procession of recursive calls. (b) Values returned from each recursive call.

Fig. 6.14 Recursive evaluation of 5!.
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// Fig. 6.15: FactorialTest.cs
// Recursive Factorial method.

using
using
using
using
using
using

public class FactorialTest

{

private System.ComponentModel.Container components

private System.Windows.Forms.Label outputLabel;

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

public FactorialTest ()

{

InitializeComponent () ;

for ( long i = 0; 1 <=

outputLabel.Text += i

Factorial( i ) +

.
4

System.Windows.Forms.Form

i+t )

FactorialTest.cs
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

// Visual Studio

.NET-generated code

public long Factorial( long number )

{
if ( number <=
return 1;

else

return number * Factoz2id

}

[STAThread]

) // base case

static void Main()

{

Application.Run( new FactorialTest())

}

} // end of class FactorialTest

PFactorialTest

A=k

4 =24
al=120

El =720

7= 5040

8l = 40320

3l = 362880
100 = 3628200

The Factorial method
calls itself (recursion)

The recursion ends when
the value is less than or
equal to 1

IS [=] E3

FactorialTest.cs

Program Output
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6.15 Example Using Recursion:
The Fibonacci Sequence

m Fibonacci Sequence
F@0) =0
F(1) =1
F(n) =F(n-1) + F(n - 2)
Recursion is used to evaluate F(n)
m Complexity theory

How hard computers need to work to perform
algorithms

177
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// Fig. 6.16: FibonacciTest.cs
// Recursive fibonacci method.

using System;

using System.Drawing;

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

public class FibonacciTest : System.Windows.Forms.Form

{

private
private
private

private
private

System.ComponentModel.Container components =
System.Windows.Forms.Button calculateButton;
System.Windows.Forms.TextBox inputTextBox;

System.Windows.Forms.Label displayLabel;
System.Windows.Forms.Label promptLabel;

public FibonacciTest ()

{

InitializeComponent () ;

}

// Visual Studio .NET-generated code

null;

FibonacciTest.cs
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179

// call Fibonacci and display results
protected void calculateButton Click(
object sender, System.EventArgs e )

{

string numberString = ( inputTextBox.Text ) ; FibonacciTest.cs

int number = System.Convert.ToInt32( numberString ) ;
int fibonacciNumber = Fibonacci( number ) ;
displaylLabel.Text = + fibonacciNumber;

}

// calculates Fibonacci number
public int Fibonacci( int number )

{

if ( number == 0 || number == 1 ) The number uses the Fibonacci
return numbes; method to get its result

else
return Fibgnacci( number - 1 ) + Fibonacci( number - 2 );

! T

LSTRT The recursion ends when Calls itself twice, to get the result
{ the number isO or 1 of the the two previous numbers

Application.Run( new FibonacciTest () )

}

} // end of class FibonacciTest
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FibonacciTest.cs
Program Output

MFribonacciTest [_ O] WFribonacciTest [_ O]

Enter an Integer: |22 Enter an Integer: |22

Fibonaca Yalue iz 17711

Calculate Fibonaco | Calculate Iq:u:unacci
r‘“
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Fig. 6.17

F( 3)

return |F( 2 ) +

e

F(1)

\ 4

return

F( 1)

+

\ 4

F( O0)

return 1

\ 4

return 1

return 0O

Set of recursive calls to method Fibonacci (abbreviated as F).




6.16 Recursion vs. Iteration

m [teration

Uses repetition structures

» while do/while, for, foreach

Continues until counter fails repetition case

m Recursion
Uses selection structures
m if if/else,switch
Repetition through method calls
Continues until a base case is reached

Creates a duplicate of the variables

= Can consume memory and processor speed

182



6.17 Method Overloading

B Methods with the same name

Can have the same name but need different
arguments

= Variables passed must be different

Either 1n type received or order sent

Usually perform the same task

= On different data types
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// Fig. 6.18: MethodOverload.cs
// Using overloaded methods.

using System;

using System.Drawing;

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

public class MethodOverload : System.Windows.Forms.Form

{

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

public MethodOverload()

{

InitializeComponent () ;

// call both versions of Square
outputLabel.Text =

184

MethodOverload.cs

+ Square( 7 ) +
+ Square ( 71;77\\“
}

Two versions of the square
method are called

// Visual Studio .NET-generated code



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

// first version,

public int Square ( int x_)

{

return x * x;

}

takes one integer

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

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

{

return y * y;

}

[STAThread]

T~

185

MethodOverload.cs

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

static void Main()

{

Application.Run( new MethodOverload() )

}

} // end of class MethodOverload

MMethodoverload M[=]

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

Program Output
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// Fig. 6.19: MethodOverload2.cs

186

// Overloaded methods with identical signatures and

// different return types.
using System;

class MethodOverload2

MethodOverload2.cs

{
public int Squargi_ggggif .
This

{

method returns an integer

return x * x;

}

// second Square method takes

same number,

// order and type of arguments, error

This method returns a double number

public double Square( double y )
{

return y * y;
}

// main entry point for application

static void Main()

{

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

Square ( squareValue ) ;
}

} // end of class MethodOverload2

Taszk List - 1 Build Error tazk shown [filtered]

Since the compiler cannot tell

passed values an error is generated

! | | | Description

Program Output

| File | Line |

Click. here to add a new kask,

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

I Task List| Bl Dutput |% Index Resuls |@ Search Results |@ Breakpoints |
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1 Q‘)T 7.2
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First element of array cis c[ 0 ]
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Name of array (Note that
all elements of this array
have the same name, c)

Position number (index
or subscript) of the
element within array ¢

Fig. 7.1

c[0]
c[1]
c[2]
c[3]
c[4]
c[5]
c[6]
c[7]
c[ 8]
c[9]
c[10]
c[11]

A 12-element array.

6453

-78
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Operators Associativity Type

0O [1 . ++ -- left to right highest (unary postfix)

++ -- + - ! (type) right to left unary (unary prefix)

* /% left to right multiplicative

+ - left to right additive

< <= > >= left to right relational

== I= left to right equality

& left to right boolean logical AND

A left to right boolean logical exclusive OR
I left to right boolean logical inclusive OR
&& left to right logical AND

| | left to right logical OR

?: right to left conditional

= 4= -= *= [= %= right to left assignment

Hg. 7.2 Precedence and associativity of the operatorsdiscussed so far.
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// Fig 7.3: InitArray.cs
// Different ways of initializing arrays.

using System;
using System.Windows.Forms;

class InitArray

InitArray.cs

{

// main entry point for application

static void Main( string[] args )

~Declare at.-

Allocate x to be

of size 10

{

string output = array X

TGO

int[] x;
// default wvalues

// initializer list specifies n

// declare reference to an array
X = new int][ 1; // dynamically allocate array

elements

}

Declare a constant
Dd ARRAY_SIZE

array y and initialize it
with values

const int
int[] z; <

Initialize the elements in z
using a for loop

// allocate array of
zZ = new int]|

Y SIZE (i.e., 10)
1; <

elements

| I CUTOI' G T 11 !teger array Z

// set #fie values in the array

for ( int 1 = 0; i < z.Length; i++ )
z[ 1] = + * i,

output +=

Initialize z to be of size
ARRAY _SIZE
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34 // output values for each array

35 for ( int i = 0; i < ;oit+ )

36 output += i + + x[ i ] + + y[ 1 ] +

:Z el ’ InitArray.cs
39 MessageBox.Show ( output,

40 14

41 MessageBoxButtons.OK, MessageBoxIcon. ) ; Add values in the arrays to
42 _ output

43 } // end Main

44

45 } // end class InitArray

Program Output

Initializing an ammay of int values |
Subscript &rrap ® Amrayy  Array 2
0 0 32 2
1 0 27 4
2 0 G4 G
3 0 13 a
4 0 a5 10
5 0 14 12
B 0 a0 14
7 0 il 16
a 0 G0 18
9 0 a7 20
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// Fig. 7.4: SumArray.cs

// Computing the sum of the elements in an array.

using System; Declare integer array a

using System.Windows.Forms;

and initialize it

class SumArray

{

// main entry poi for application
static void Mgih( string[] args )

Total the contents of

{ array a
int[] a = { r 2y };
int total
for ( int 1 = 0; i < a.Length; i++ )
total += a[ i ];
MessageBox. Show ( + total,

4

MessageBoxButtons.OK, MessageBoxIcon.
} // end Main

} // end class SumArray

Sum the elements of an amay |

@ Total of aray elementz: 55

SumArray.cs

Program Output

196
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// Fig. 7.5: Histogram.cs
// Using data to create a histogram.

using System;
using System.Windows.Forms;

class Histogram

{

// main entry point application
static void Mai string[] args )

int[] n = { 14 14 14 14 14
string output = "";

output +=

// buil

Declare an integer

array n and initialize it

Histogram.cs

Create a bar for each
element in n

for ( int 1 = 0; i < n.Length; i++ )

{
output +=

Print a bar consisting of
asterisks, corresponding to
the value of the element in n

for (int j =1; j <=n[ i ]; j++ ) // print a bar

output += g
}

MessageBox.Show ( output,

MessageBoxButtons.OK, MessageBoxIcon.

} // end Main

} // end class Histogram



Histogram Printing Program X |

3

Element walue

WO 00 =] 0O = OO — OO

13
a
15

1

Hiztograrm

Rt
wnEx

HEEEHEEHEEENEE

F e

HEEEHEEEEEY

B ettt
HHENEENEEEERY

HERR
HEEEEEEEEENHEEE S

Ed

Histogram.cs
Program Output

198



o ylodh c31gs 43 41 3T 3 polis 31 olisiust 7.4.4

SIS slaws (6 R0 6l byl ol 5l esline| m
Loy ael o= Jis Olge 4o m
Al G e Ol ge a6 555 50 5l eslanl
el 355 LB ldie S oS Sleg 4y bg e il eane 215l

199



o JdJdoy Ul dWNBR

// Fig. 7.6: RollDie.cs
// Rolling 12 dice.

using
using
using
using
using
using
using

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

public class

Drawing;
Collections;

ComponentModel ;

Windows.Forms;
Data;
IO;

RollDie

System.Windows .Forms.Form

RollDie.cs

{

private
private

private
private
private
private
private
private
private
private
private
private
private
private

private

Random ra

System.
System.

System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.

Windows.Forms.

Windows.Forms.

Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms.
Windows.Forms
Windows.
.Forms.

.ComponentModel

int[] frequency = new int]

Button rollButton;

RichTextBox displayTextBox;

Label dielabell;
Label dielabel2;
Label dielabel3;
Label dielabel4;
Label dielabel5;
Label dielabel6;
Label dielabel
Label die el8;
Labe ieLabel9;
el dielLabellO;

.Label dielabelll;

Label dielLabell2;

umber = new Random() ;

|

Create a Random object

iner components

Declare an integer array
frequency and allocate it
enough memory to hold
= | 7 integers

200
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

public RollDie ()
{

InitializeComponent () ;
} Event handler for the RollDie.cs
rolIButton Click event

// Visual Studio .NET generated cqg

[STAThread]
static void Main ()

{

Application.Rym{ new RollDie() ); Call method DisplayDie once

} for each Label

private void rollButton Click(
object sender, System.Even

// pass the labels #6 a method that will
// randomly ass&gn a face to each die
DisplayDie( dielLabell ) ;

DisplayDie( dielLabel2 ) ;
DisplayDie( dielLabel3 ) ;

)
DisplayDie( dielabel4d ) ;
DisplayDie( diel.abel5 ) ; -I_-Otal the nl_meer of
) times the dice have
)
)

« N~

DisplayDie( dieLabel6

DisplayDie( dieLabel? been rolled
DisplayDie( dielabel8
DisplayDie( dieLabel9
DisplayDie (
DisplayDie( di belll );

for (int i = 1; 1 < 7; i++ )
total += frequency|[ i ];

201



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

displayTextBox.Text =

// output frequency values

for ( int x = 1; x < frequency.Length; x++ )

{
displayTextBox.Text += x +

frequency|[ x ] +
frequency[ x ] / total *
}

} // end Main

int face omNumber .Next ( 1,

dielabel.Image = Image.FromFile (

+
+ String.Format (
) +

) ;

Directory.GetCurrentDirectory() +

+ face +

frequency|[ face ]++;
}

} // end class RollDie

) ;

.
14

RollDie.cs

Ou

die vall

Get a random number
from1to 6

Display die image corresponding
to the number rolles

202
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=10l x|

RollDie.cs
Program Output

Raill

ace Frequency Percent
25 00%
833
16.67%
25, I}DL
1 E .' -':-
8.33%

O LT b L g — T
— Pl b P — e

s
B3 E3
sL
& 8
s
. 08

=10l x|

LD
HE B O

Rall
Face Frequency Percent
1 113 18.83%
2 59 16.50%
3 S0 15.00%
4 120 20.00%
B 58 16.33%
G a0 13.33%

K — Es
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// Fig. 7.7: StudentPoll.cs
// A student poll program.

using System;
using System.Windows.Forms;

class StudentPoll
{

for ( int answer = 0; answe
++frequency|[ respon

// put results

Declare and initialize
integer array responses

StudentPoll.cs

For every element in responses,
increment the frequency element
that corresponds to the answer

=N

Output the number of times each
response appeared

for ( int rating = 1; rating < frequency.Length; rating++ )

output += rating +

MessageBox.Show ( output,

+ frequency|[ rating ] + ;

MessageBoxButtons. , MessageBoxIcon. ) ;

} // end method Main

} // end class StudentPoll

204
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StudentPoll.cs
Program Output

Rating  Frequency
1 2
2 2
3 2
4 2
a] a]
G 11
7 ]
o 7
9 1
10 3
____________ e
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// Fig. 7.8: PassArray.cs

// Passing arrays and individual elements to methods.
using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel ;

using System.Windows.Forms;

using System.Data;

PassArray.cs

public class PassArray : System.Windows.Forms.Form

{

private System.Windows.Forms.Button showOutputButton;
private System.Windows.Forms.Label outputLabel;

// Visual Studio .NET generated code PeCIare and initialize
mteger array a

[STAThread]
static void Main ()

{

Call method ModifyArray, pass
array a as an argument by

reference
private void shewOutputButton Click ( ject sender,

Application.Run( new PassArray () )’

}

Output contents of array a

int[] a= {1, 2, 3, 4,

outputLabel.Text =

for ( int = 0; i < a.Length; i++ )
out Label.Text += + a[ 1 ];

ModifyArray( a ); // array is passed by reference



36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

outputLabel .Text +=

// display elements of array a
for ( int 1 = 0; i < a.Length; i++ )

Replace every element in
array by twice its value

PassArray.cs

+

Output array a after ModifyArray
changed the contents

+ a[ 3

// origina)ll/will be modified
public vogid ModifyArray( int[] b )

for ( int j = 0; j < b.Length; j++ )
b[ j 1 *= 2;
}

// method modifies the integer passed to it
// original will not be modified
public void ModifyElement( int e )

{
outputLabel.Text +=

15

Call method ModifyElement,
pass element of array a that is
at index 3




70
71
72
73
74
75

e *=

.
14

outpytLabel .Text +=

Multiply argument by two

This does not change value of element in original
array, because the element was passed by value

@ PassArray ;Iglil

Show Output

Effects of passing entire array call-by-reference:

The values of the original array are:
12345

The values of the modified array are:
2463810

Effects of passing array element call-by-value:

a[ 3 ] before ModifyElement: 8

value received in ModifyElement: 8
value calculated in ModifyElement: 16
a[ 3 ] after ModifyElement: &

PassArray.cs

Program Output



7.6 Passing Arrays by Value and
by Retference

m Variables that “store” object, actually store references to those
objects

m A reference is a location in computer’s memory where the object
itself is stored

m Passing value types to methods
A copy of the variable is made

Any changes to variable in method do not effect the original variable

m Passing reference types to methods
A copy of the reference to the object is made

Any changes to the reference in the method do not etfect the original
variable

Any changes to the contents of the object in the method, do effect the

object outside the method
210



7.6 Passing Arrays by Value and
by Retference

m Keyword ref may be used to pass arguments to method
by reference

Value type variables are not copied — modifying the variable
in the method will modify the variable outside the method

References to objects are not copied — modifying the
reference in the method will modity the reference outside the
method

m Programmers have to be careful when using ref
May lead to references being set to null

May lead to methods modifying variable values and
references in ways that are not desired

211



oJdo U dWNRE

// Fig. 7.9: ArrayReferenceTest.cs
// Testing the effects of passing
// by value and by reference.
using System;

using System.Drawing;

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

public class ArrayReference

{

array references

Declare and initialize
integer array firstArray

System.Windows.Forms.Form

private System.Windows/Forms.Label outputLabel;

private System.Windo

.Forms.Button showOutputButton;

[STAThread]
static void Main

Declare integer array
firstArrayCopy and have it
Application/Run( new reference firstArray

stArray = { p ,

y firstArray reference

nd initialize firstArray

};

int[] firstArrayCopy = firstArray;

outputLabel.Text +=

outputLabel.Text +=

212

ArrayReferenceTe
st.cs
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

// print contents of firstArray

for ( int i = 0; i < firstArray.Length; i++ )
ou Label.Text += firstArra i + g
yl a1 ArrayReferenceTe
// pass reference firxstArray by value to FirstDouble st.cs

FirstDouble( firstArray

Test whether firstArray and firstArrayCopy

raefaronce the came nhiact

outputLabel>Text +=

// print contents of rstAr

Declare integer array secondArrayCopy and

set it to reference secondArray

for ( int i = 0; &< firstArray Zength; i++ ) Declare and initialize integer arry
utputLabed” Text += firstApfay[ i ] + ; second/\nay

// t w her reference Mas changed FirstDouble (Jaﬂ}ne[nOGl—"SUJOU[He

if ( firstArray~== firspArrayCopy on flrstArray

outputLabel . Tex
else
outputLabel. Pe +=
// cx e/and initialize secondArray

int[] sgcondArray = { 1, 2, };

// gopy secondArray reference
int[] secondArrayCopy = secondArray;

outputLabel.Text +=

outputLabel.Text +=

.
4

Output contents of firstArray
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71 // print contents of secondArray before method call

72 for ( int i = 0; i < secondArray.Length; i++ )

73 tputlabel.Text += secondArray|[ i ] + ;

74

75 SecondDouble secondarray ); | 1€t whether secondArray ArrayReferenceTe
76 and secondArrayCopy st.cs

;; R reference the same object

79

80 // print contents secondArray after methad call Replace each element in the array
81 £ ( int i = 07 i < secon ray.Length; i++ ) by twice its value

82 o utLgbél.Text += secondArxay[ i ] + ; :
83

84 // st whet reference was changed Se€ondDoubléd Set array to reference a new
85 if ( secondArray ==_secondArrayCopy ) integer array containing the
86 outputLabel.Text

s values 11, 12 and 13

88 else dnd pPass SeCOondAIlray by
89 outputLabel.Text += reference

90 5

91

92 } // end method showOutpGtButton CLlick Output contents of secondArray

93

94 // modify elements of array a attempt to modify

95 // reference

96 void FirstDouble( int[] 4drray )

97 {

98 // uble each ement's value

2 for ( int i ; 1 < array.Length; i++ )

100 array ] *= 2;

101

102 // eate new reference and assign it to array

103 array = new int[] { , , };

104 }

105



106
107
108
109
110
111
112
113
114
115
116
117

// modify elements of array and change reference array
// to refer to a new array
void SecondDouble( ref int[] array )

{
// double each element's value
for ( int i = 0; i < array.Length; i++ )
array[ 1 ] *= 2;
// crea new reference and assign it to array
argay = int[] { , , }i
}

Set array to reference a new integer array
containing the values 11, 12 and 13

=10l x|

[® ArrayReferenceTest

Test passing firstirray reference by value

Contents of firstirray before calling FirstDouble:
123

Contents of firstArray after calling FirstDouble
246

The references refer to the same array
Test passing secondArray reference by reference

Contents of secondArray before calling
SecondDouble:
123

Contents of secondArray after calling SecondDouble:
111213

The references refer to different arrays

215

ArrayReferenceTe
st.cs

Program Output



7.7 Sorting Arrays

® Sorting data is important in many applications

m Bubble Sort — array of size n
Make n passes through the array

For each pass, compare every pair of successtul elements

m If the first 1s larger then the second, swap the elements
Easy to program
Runs slowly

m NET Framework includes high-speed sorting
capabilities

216
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// Fig. 7.10: BubbleSorter.cs

// Sorting an array's values into ascending order.
using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel ;

using System.Windows.Forms;

using System.Data;

public class BubbleSorter

{

private System.Windows.Forms.Button sortButton;
private System.Windows.Forms.Label outputLabel;

217

BubbleSorter.cs

System.Windows.Forms.Form

// Visual Studio .NET generated code

Declare and initialize array a

[STAThread]
static void Main ()

Output the contents of array a

{

Application.Run( ne

}

Call method Bubble sort on array a

for ( int 1 ; 1 < a.Length; i++ )
el.Text += + a[ 1 ];

// &0rt elements in array a
BubbleSort( a ) ;
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

outputLabel .Text += ;

218

for ( int 1 = 0; i < a.Length; i++ )
ou el.Text += " " + a[ i ]; Swaps two elements IV
r r.
< of an array esorter.cs
} // end method sortButton Click If 2T giVorororrrorro
igger then the following [/ @

// sort the elements of an array witd
public void BubbleSort( int[] b

element, swap the elements

b.Length; pass++ ) // passes
1 < b.Length - 1; i++ ) // one pass

// one comparison
// one swap

}
Perfor Perform contents of for loop

/1, EREED (B0 CRLTLIAET CFF 6% Gy for each element of array b
public void Swap( int[] c, int first )
{

int hold; // temporary holding area for swap

hold = c[ first ];

c[ first ] = c[ first + 1:;

c[ first + ] = hold;
}

-bx Program Output

Diata items in original order
2648 10 12 B89 68 45 37

Data items in ascending order
2468 10 12 37 45 68 B9
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// Fig. 7.11: LinearSearcher.cs

// Demonstrating linear searching
using
using
using
using
using
using

public class LinearSearcher

{

of an array.
System;
System.Drawing;

221

LinearSearcher.c

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

Retrieve the number user s
input as the search key

Sysfem.Windows.Forms.Form

private System.Windows.Formg.Button searchButton;

Perform linear search
for the search key

private
private

System.Windows.Forpis. TextBox inputTextBox;
System.Windows.Fofms.Label outputLabel;

int[] a = { 2, 4,

28,

6, 8
30, 3

10,
’ 34/

12, 14,
36, 38,

16,
40,

18,720,
, 44,

22, 24,
46, 48,

// Visual Studio

[STAThread]
static void Mayn()

{

Int32.Parse( inputTextBox.Text ) ;

int elementIndex = LinearSearch( a, searchKey )

26,
50 };



34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

if ( elementIndex != )

else
outputLabel.Text

} // end method searchButton Click

// search array for the specified key value
public int LinearSearch( int[] array, int key )

{

for ( int n = 0; n < array.Length; n+t

+ elementIndex;

222

LinearSearcher.c
s

If the index of the search key is —
1, then element was not found

If search failed, return -1

return n;

return ;

Start at beginning of array

Check every element to see if it
matches the search key.

If it does, return the current index

} // end method LinearSearch

} // end class LinearSearcher

i x i x

| Search IIE

Found value in element 2

| Search | 15

Walue not found

Program Output
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// Fig. 7.12: BinarySearchTest.cs
// Demonstrating a binary search of an array.

using System;
using System.
using System.
using System.
using System.
using System.

public class

{

Drawing;

Collections;
ComponentModel ;
Windows.Forms;
Data;

BinarySearchTest

private System.Windows.Forms.

private System.

ndows .Forms.

private System.Windows.Forms.
private Sysy¥em.Windows.Forms.

priv#Zte System

int[] a =

// Visual

.Windows.Forms.

.Windows.Forms.

Declare and initialize
integer array a

System.Windows .Forms.Form

Label promptLabel;
TextBox inputTextBox;
Label resultlLabel;
Label displayLabel;
Label outputLabel;

Button findButton;

.ComponentModel .Container components

{0, 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28 };

Studio .NET generated code

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

{

Application.Run( new BinarySearchTest() )

224

BinarySearchTest
.Cs
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

// searches for an element by cal

ling

// BinarySearch and displaying results
rivate void findButton Click( object sender, .
3 - (b3 BinarySearchTest
System.EventArgs e )
{ .CSs
int searchKey = Int32.Parse( inputTextBox.Text ) ;
// initiaTize.display string for the new search If the low index is less then

outputLabel .Text =

// perform the binary search

int element = BinarySearch( a,
if ( eleme = -1 )
displayLabel.Te =
element;
else

displaylLabel . Text-=
} // end findButton Click

// searchs array for spécified ke
public int BinarySeagx¥ch( int][]
{

int low =

int high array.Lerigth - 1;

int middle;

while ( low <= high )

{
middle = ( low + high ) /

searchKey

afray, int key

// low subscript

4

/ the high index then try to
4 — find element (otherwise,
etriev element is not in the array

+ Compute midpoint of
] current search space

methoo BIMarysSearcn on
array a with the user input as
the search key

If —1 was returned, then
search key was not found

// high subscript
// middle subscript

.
4



69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

} // end m

public void BuildOutput (

{

// the following line displays the portion

// of the array currently being manipulated during

// each iteration of the binary search loop
BuildOutput( a, low, middle, high ) ;

if ( key == array|[ middle ] ) // match

BinarySearchTest

.CSs

// search low end of array

} // end Bi

return -1;

If the middle element

arch key, return the

Output all elements of the
array within two indices and
mark the middle element.
Print spaces for the other
elements

middle element

int[] array, int low, int mi

If the key value is smaller
then the middle element, set
int high ) | the high index to be one less
then the current middle index

for ( int 1 = 0; i < array.Length\i++ )
{

if (1 < low || i > high )
outputLabel.Text += g

Otherwise, set the low index to be
one more then the middle index

// mark middle element in output
else if ( i == mid )
outputLabel.Text +=
array[ i ].ToString( ) + ;




99

100
101
102
103
104
105
106
107
108

else
outputLabel.Text +=
array[ i ].ToString(

}

outputLabel.Text += "\n";

} // end BuildOutput

} // end class BinarySearchTest

™ BinarySearch

”OO"

Portions of array searched

oo
oo

Enter key

0z
0z

04
04

B

0 08B
DE* 0B

Result:

Found value in element 3

Find Key

10
10

12
12

3 I P

18

)

+ "

LLErS
14

=10l |
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BinarySearchTest
.Cs

Program Output
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BinarySearchTest
.Cs

Program Output

¥ BinarySearch =100 x|

Enter key Ig Result: Found value in element 4

Find Key

Portions of array searched
i ]SS o e o IS5 o S | -SSR (' PR SRR %0 R - FERERE = R~ SRR~ W S -
(1 SR o BN o ISR o B | - SESERE FEEEE e

og 10* 1z

og*

¥ BinarySearch =10l ]

Enter key |25 Result: Value not found

Find Key

Portions of array searched

{1 4 FEFRRE 1 SR FECEEEE PR | - FESPEREEn I FRCEEEC o SFFFERES T . JFEED Y FREERR - PSR~ EERERRv o R T R~ EEEEEERR. |
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z Zg* I8




Wl (4 et paie So (Galil ) gl da by 93 2 )l m
gl (e o2l (ar 53 sla

libaie 4 )l m
A g Gl ol Glea 4 Hhau s o 0 aS Jglas saiaa jlds ke
Sl o Hlal) ylea 4 gl
5 palc Ca y o ylad 0AlS et e (podll gl cala )l 3 bl p
WL (o paie ) giu o jlad o208 (adiia (il (a9

Jagged Arrays m
Arrays of arrays

Arrays that compose jagged arrays can be of different lengths
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Row 0
Row 1
Row 2

Column 0 Column1

Column2 Column 3

af[O0, O] |a[0, 1] |a[0, 2] |a[0, 3]
a[l, 0] |a[l, 1] |a[l, 2] |a[l, 3]
al[2, 0] |a[2, 1]1]|a[2, 2] |a[2, 3]

L Column index (or subscript)

Row index (or subscript)

Array name

Fig. 7.13 Double-subscripted array with three rows and four columns.
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// Fig. 7.14: TwoDimensionalArrays.cs
// Initializing two-dimensional arrays.

using
using
using
using
using
using

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

public class

{

231

TwoDimensionalAr

1 element in LELE e

lare a jagged

Drawing; 2n8 1 .
Collections : !nltlallze the third element
ComponentModel j IN array2 to be an array that
Windows .Forms; i i
7'| contains 3 Integers

Data; g_ - that

)W contains 1 integer
TwoDimensionalArrAys /~ SysCell. N1IIQOWS . FOIMS . FOIm

private System.Windows.Fofms /Button showOutputButton
private System.Windg¢ws.

// Visual Studio

[STAThread]
static void Mair/()

{

}

private void//showOu

{

ormg . Label outputLabel;

.NET /genferated code

Application nf new TwoDim i6nalArrays() )

utton Click( object sender,

.
1)

array named
array2 with 3 rows

Declare and initialize a
rectangular integer array

named arrayl

| B

System.Eye s )

// at¥on and initialization of rectangular array
int[,]//apfayl = new int[,] { { 1, 2, boo U4, 5,

// claration and initialization of jagged array

i [1] array2 = new int][ 101,

agrAy2[ 0 ] = new int[] { 1, 2 };

aryay2[ 1 ] = new int[] { };

array2[ 2 ] = new int[] { , , | 3

outputLabel.Text +=
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36

37 // output values in arrayl

38 for ( int 1 = 0; i < arrayl.GetLength ( ), i++ )

39 { . .
40 for ( int j = 0; j < arrayl.GetLength ( ), J++ ) TwoDimensionalAr
41 outputLabel.Text += arrayl[ i, j ] + g rays.cs
42

43 outputLabel.Text += 5

44 }

45

46 outputLabel.Text += 5

47

48 // output values in array2

49 for ( int i = 0; i < array2.Length; i++ )

50 {

51 for ( int j = 0; j < array2[ i ].Length; j++ )

52 outputLabel.Text += array2[ i ][ j ] + ;

53

54 outputLabel.Text += 5

55 }

56

57 } // end method showOutputButton Click

58

59 } // end class TwoDimensionalArrays

[/® TwoDimensionalArrays =101 x|

Walues in array1 by row are
123
456

Program Output

‘_-lfalues in array2 by row are
2

3

456
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// Fig. 7.15: DoubleArray.cs

// Manipulating a double-subscripted array.
using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel ;

using System.Windows.Forms;

using System.Data;

public class DoubleArray

{

DoubleArray.cs

System.Windows.Forms.Form

private System.Windows.Forms.Button showOutputButton;
private System.Windows.Forms.Label outputLabel;

int[][] grades;
int students, exams;

Initialize array grades to have 3 rows

// Visual Studio .NET generated’ code

Initialize each element in array grades

[STAThread]
static void Main ()

{

Application.Run (/new DoubleArray () ),

}

private voi
System . EventArgs e )

grades = new int[ 3 ][]’

grades| ] = new int[]{ , , ,
grades| 1 new int[]{ , , ,
grades| ] = new int[]{ , , ,

showOutputButton Click( object sender,

};
};
};
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

students = grades.Length;
exams = grades]|

// number of students
] .Length; // number of exams

// line up column headings
outputLabel.Text +=

Output each row

DoubleArray.cs

for ( int 1 = 0;
outputLabe

i+ )
+ i+

= grades[ i ][ j ] +

outputLabel.Text +=
+ Maximum() + S

for ( int i = 0; i < students; i++ )
outputLabel.Text +=

Average( grades[ i ] );

} // end method showOutputButton Click

Output each
element of the row

Output the minimum and
maximum grades

1 Output the average for each row

+ Minimum() +
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

// find minimum grade in grades array
public int Minimum ()
{

int lowGrade = ;

for ( int i = 0; i < students; i++ )

for ( int j = 0; j < exams; Jj++ )

if ( grades[ i ][ jJ ] < lowGrade )
wGrade = grades[ i ][ J 1~

return lowGrade;

}

// f£ind maximum grade in grade3\array
public int Maximum ()

{
int highGrade = 0;
for ( int i = 0; i < students; i++ )

for ( int j =27 j < exams; Jj++ )

if grades[ i ][ j 1 > highGrade )
highGrade = grades|[ i ][ J 1:;

return highGrade;

DoubleArray.cs

Examine each element in
grades array

If the current array element higher
then the highest grade, set the value
of highGrade to be the current
element

If the current array element is less
then the lowest grade, set the value of
lowGrade to be the current element




93
94
95
96
97
98
99
100
101
102
103
104

// determine average grade for a particular student
public double Average( int[] setOfGrades )

{
int total = 0;
for ( int 1 = 0; i < setOfGrades.Length; i++ )
l += setOfGrades|[ i ];
return ( double ) 1l / setOfGrades.Length;
}

DoubleArray.cs

- Total the grades for the array

} // end class Doub

Divide the total by the
number of grades

¥ poubleArray =101 %]

[0 0 (2 &
grades[0] 77 68 86 73
grades[1] 96 37 89 &1
grades[?] 70 90 36 &1

Lowest grade: 68
Highest grade: 96

Aorerage for student 0is 76
Lyerage for student 115 88.25
PLorerage for student 2 is 81.75

Program Output
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7.10 foreach Repetition Structure

The foreach repetition structure is used to iterate =
through values in data structures such as arrays

No counter =

A variable 1s used to represent the value of each =
element
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Use the foreach loop to examine

each element in the array ForEFach.cs

1 // Fig. 7.16: ForEach.cs

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

4

5 class ForEach

6 {

7 // main entry point for

8 static void Main( stza

9 {

10 int[,] gradeApftay =

11 {

12

13 int lo

14

15 foreach ( i grade in gradeArray )
16 {

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

19 }

20

21 Console.WritelLine (

22 }

23 }

The minimum grade is: 68

238

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

+ lowGrade ) ;



