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Console applications =
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MS-DOS prompt =
3 g o oslazul Windows 95/98/ME s u
Command prompt =

555 o oslizel n windows 2000/NT/XP ;> m

Windows applications =
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1 // Fig. 3.1: Welcomel.cs

2 // A first program in C#.'\\\\\\\\\\\ = o

3 ] Sy oo pl ol J h&«ﬁ;;ﬂ\*‘r

4 using System; «———_ === | - —

5 < $lS wds L .cWelcomel oS iy 5Ll ol jel.cs

g <{:lass Welco‘“el<7< Syh @J"" NS ft’ Bt class
T

8 static void Main( String[] args ;///////

9 {

10 Console.WriteLine( "Welcome t& C# Programming!" ) ;

11 }

12}

wly o>

Welcome to C# Programming!
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o b S b 200lw 4ol 3.2

2% ConsoleApplicationl - Microsoft Yisual C# .NET [design] - Classl.cs 3 =101 x|
File Edt Yiew Project Buld Debug Tools Window Help
D-a-cE0e ¥ - cu e -G )y vebug

Start Page l:lassl.rsl 4
_vJ |l§.l“am
using System; —
= Compile le
[ namespace Consoledpplicationl Custom Tool
é { Custom Tool Mar | |
= < Surmmar v File Name Classl.cs =
Swmmary description for Classl. ‘ L —
L /1 </ swamary> Build Action
= class Classi How the file related to the build and
i { deployment processes,
= f/{ <summary> = =
g (31" Prop... Cont... ||?] Ind
The main entry point for the application. '_opl@ ‘J EX‘
/4 </ swamary> Solution Explorer - Consoledp... & x|
r [STAThread] = :, A
e static ¥oid Hainistricgl] sres) ESDIution ‘ConsoleApplication1’ (1 pri
( . ConsoleApplication1
= 5\ References
/{ TODO: Add code to start application here App.ico
4 [#] AssemblyInfo.cs
r } *] Classt.cs
- H
}
- -
T — 2 s Bl
Ready I | | 2

Fig. 3.2 Visual Studio .NET-generated console application.
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4 C:\books\ 2001\ csphtp1'csphtpl_examples'ch03'\FigD3_02'We
Welcome to CH Programming?

Fig. 3.3 Execution of the Welcomel program.

1"
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12
1 // Fig. 3.4: Weleoma2 ~c - -
2 // Printing a 1§ &S 553 e eslinal L= Console.WriteLine
z using System; 22 72 S 2 o DL O e ol
5 ’ Al b g 08 s B o il bt K Welcome2.cs
6 class Welcome2
7 {
8 static void Main( string[] args )
9 {
10 Console.Write( "Welcome to " )
11 Console.WriteLine( "C# Programming!" );
12 }
13 }
Welcome to C# Programming! 4l p I

12
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1 // Fig. 3.5: Welcome3. oslital e b 4 Lo 0K Jlasl ¢l \n
T s - s S d Sy

2 // Printing multiple 1 [T R, sl N

3 T 03 (o 8 35 el e

4 using System; Aol bt S us s S o il

5

6 class Welcome3

7 {

8 static void Main( string[] args )

9 {

10 Console.WriteLine( "Welcome\nto\nC#\nProgramming!" ) ;

11 }

12}

Welcome

to

C#

Programming!

Welcome3.cs

wly oy
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Escapeseuence

Besaription

\n

Nawlire. Rstintrescreencusarotre begmirg of tre e lire

\t

Hoizont teb. Movethesoreencursortothe nex teb stop.

\r

Canigereum Rusiionthe screencursor othe begimirg of the
curat ling dond advacetotrered line Ay daractars auput
alter the camiage reumovawite the previous cherectars autput an
thet lire:

\

Beckdlash Usad o print a beckdlash charedter.

\ll

Dobequote Ussdtopintadablequote () dreracter.

Fg 36 Sneocomonescapesa)a0es.
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// Fig. 3.7: Welcomed.cs

// Printing multiple lines in a d

using System;
using System.Windows.Form:

class Welcome4

{

static void Main( string[] args )

{

A/*V

System.Windows.Forms .U slzas
IS 3l eslizal o3brl e g5 el s 4
Jas e |, MessageBox

MessageBox.Show( "Welcome\nto\nCi#\nprogramming!" ) ;

}

Welcomed.cs

wly oA
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Add
Reference
dialogue

Add Reference

NET | com | Projects |

Component Name: | Yersion

I Path I :I

System.Runtime.Remoting 1.0.3300.0
System,Runtime, Serialization, ... 1.0.3300.0

System.Security 1.0.3300.0
System. ServiceProcess.dll 1.0.3300.0
System.Web.dll 1.0.3300.0

System.Web.RegularExpressi... 1.0.3300.0
dll 1.0.3300.0
]

CAWINNT\Microsoft NET\Fra...
CAWINNT\Microsoft NET\Fra...
CAWINNTYMicrosoft. NET\Fra...
CA\WINNT\Microsoft NET\Fra...
CAWINNT\Microsoft NET\Fra...
CAWINNTMicrosoft NET\Fra...
CAWINNT\Microsoft NET\Fra

Remmrel

System. Wind 1.0 0.0 WIN
System.Xml.dll 1.0.3300.0 CAWINNTYMicrosoft, NET\Fra..
YSLangProj 7.0.3300.0 c:\Program Files\Microsoft Vis...
YsMacroHierarchyLib 7.0.3300.0 c:\Program Files\Microsoft Vis. ..
Selected Components:
nk Name | Type | Source I
System. Windows.Forms.dil NET C:AWINNT\Microsoft . NET\Fram...

o«,.' concel | Hep |

Fig. 3.8

16

Adding a reference to an assembly in Visual Studio .NET (part 1).

16



2/23/2016

o b S ol ool ol 9 3.2

References folder

Solution Explorer - Welcomed

2] @ | T

Q Solution "Welcome4' (1 project)
= E Welcome4
+() System
+{) System.Data
+ System.Windows.Forms
+{) System. XML
¢#] AssemblyInfo.cs
'ﬂ Welcome4.cs

——

Solution Explorer

/

System.Windows.Forms
reference

Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part

17

2).
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Label  Button Text field  Menu Menu bar
A Deitel & Associates, Inc. - Microsoft Internet Explorer ~=J_I;IJ~)'<_]
¢ Edit View |-

w‘-iBack -2 -0 @ 3 @‘Jersonalﬁar Qsearch (ijFavorites (% | 5+ Sh -EHB &R
Address Iﬂ http:/ fwens, deitel.com) " .'_I -(?Gn ‘L;nks .

Java™, C, C++, Visual Basic®, Object Technology, and Internet and World Wide Web Programming Training
On-5ite Seminars Delivered Worldwide (Contact Us for on-site seminars on any programming topic)

—— -——
deitel@deitel.com
978.579.9911

& AssocCiares INC. 490-B Boston Post Road, Suite 200, Sudbury, M4 01776

Corporate Training Curriculum
Publications/Book Store -
WhatsNewlUpconing Now Available!

Publications
NewnlnadeDarmwrar | _Iﬂ
»

1
& [ @ nternet 4

Fig. 3.9 Internet Explorer’s GUI.
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o b S ol 200l 4ol 9 3.2

Close bo
OK button allows the _E — X

user to dismiss the

dialog. Welcome

to
C#

programming! \ Dialog is automatically sized to
accommodate its contents.

Mouse cursor—

Fig. 3.10 Dialog displayed by calling MessageBox . Show.
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4.:3‘9\ 0313 C‘f\ ]
5,05 545 5 CH oS (gl o3ls C‘f‘ |

String, Int, Double, Char, Long =
(& Jad) aJsl sl ¢ Vo m
Gl CH 53 gAIS 4S5l 62ls ¢ c\L} o~ n

Ly o5 e Lot i b SO o LS e DL 5 sl ke W
Console.ReadLine() =

5 g o3kl o8 lesls 8 8 gl s Wly oW
Int32.Parse() m

:ﬁ@oam\@wﬂw&gouﬁfﬂ&.@ Sy m
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10

// Fig. 3.11: Addition.cs
// An addition program.

using System; .
. / Two strif] The comment after the
class Addition defined d declaration is used to briefly

{

This is the start of class Addition

'pose

static void Main( { These are three ints that are declared
{ over several lines and only use one

Addition.cs

string firstN icol hi . : N
secondiy] Semicolon. Each is § This line is considered a prompt

because it asks the user to input data.

int numberl, // first numbl
number?2, // second number to add
sum; // sum of numberl and number2

// prompt for and read first number from usey as string
Console.Write( "Please enter the first integer: " );

£33 —_— 1 D L
The two numbers are added
and stored in the variable sum.

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

setondNumber = Console.Rka —

Console.ReadLine is used to take the
users input and place it into a variable.

21
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32 // display results

33 Console.WriteLine( "\nThe sum is {0}.", sum );
34

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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Al pdlin 3.4

number1 45

Fig. 3.12 Memory location showing name and value of variable number1.
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wluwilxo3.5
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S5 o el Jsl 30,
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wlwilxo 3.5

number1 | 45 |

number2 | 72 |

Fig. 3.13 Memory locations after values for variables numberl and number2 have been input.
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wluwilxe 3.5

number1 | 45

number2 | 72
sum | 117

Fig. 3.14 Memory locations after a calculation.
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wlwlxwe 3.5

C# operation Arithmetic operator |Algebraic expression C# expression
Addition + f+7 f+ 7
Subtraction - p-c P - c
Multiplication % bm b *m
Division / x/yor x/y
Modulus % r mod s r % s

Fig. 3.15 Arithmetic operators.

29

29



2/23/2016

wlwlxwe 3.5

Operator(s) Operation Orderofevaluation (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.
* for% 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
Subtraction operators, they are evaluated left to right.
Ag.3.16 Precedence of arithmetic operators.

30
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o) lwilxo 3.5
u °
.
Step 1.
y=2*5%543%547;
2 * 5 is ! (Leftmost multiplication)
Step 2.
y=10 * 5+ 3 * 5 + 7;
10 * 5 is ! (Leftmost multiplication)
Step 3.
y=50+3*54+7;
3 * 5 is (Multiplication before addition)
Step 4.
y = 50 + 15 + 7;
50 + 15 is ! (Leftmost addition)
Step 5.
y =65+ 7;
65 + 7 is (Last addition)
Step 6.y = 72; (Last operation—place 72 into y)
Fig. 3.17 Order in which a second-degree polynomial is evaluated.
31
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if =l =
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St dly 9 St amilio S Thos 35 5" panuctd 3.6

Standard algebraic  |C# equality Example Meaning of
equality operator or |or relational of C# C# condition
relational operator  |operator condition
Equality operators
- == X =y xisequal toy
2 1= x I=y x isnotequal toy
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.
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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 from user
Console.Write( "Please enter first integer: " );
numberl = Int32.Parse( Console.ReadLine() );

If numberl is the same as
number? this line is preformed |cnmhinine these two methods eliminates

om use
4 A 5 n_\

Comparison.cs

\ﬁ ( If numberl does not equal number2 |temporary string variable.
Co!

ih If numberl is less than number2 |} number2 ) ;

PRI

the program wi

if ( nu If numberl is greater than number2

Console.WritéLine( n

this line will be preformed

if ( numberl number2 )
Console.WriteLine ( numberl " < " 4+ number2 );

if ( numberl > number2 )
Console.WriteLine( numberl + " > " + number2 );

34
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34 if ( numberl <= number2 )

35 Console.WriteLine( numberl + " <= " + number2 ) ;
36

37 if ( numberl >= number2 )

38 Console.WriteLine( numberl + >= " 4+ number2 );
39

40 } // end method Main

42 } // end class Comparison

Ir‘ 1 1 1 1 1

1
n Lastly if numberl is greater

L than or equal to number2 then |—

Please enter

Please enter
2000 !'= 1000
2000 > 1000

2000 >= 1000

this code will be executed

first integer: 2000

second integer: 1000

Please enter

Please enter
1000 !'= 2000
1000 < 2000

1000 <= 2000

first integer: 1000

second integer: 2000

Please enter

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

first integer: 1000

second integer: 1000

Comparison.cs

Program Output

35
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St Aty 9 S amilio b Jios 35 5" oaevati 3.6

36

Operators Associafivity 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
h)ﬁaﬁ LgJJ_J.l \Lfrﬁj\;.gﬂjl Fig.3.20

36
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Program of control =

350 5 S e & g 3 S 1l o5 L 8 el @
il .
Las o pni )l O 5o Sl Ol s W
bl sla bl m
if/else jif =l .o m
goto ;s ®
AL L 3y g0 Tt eyl S 358 e eslind S5 W
355 o bl AL Sl ol sl @
S skl m
(0 jat)do/while ywhile «il~ m
(6 Jet) foreach ; for <~ =
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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.
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C# Keywords

abstract as base bool break
byte case catch char checked
class const continue decimal default
delegate do double clse 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# SIS Sleds Fig. 4.2

42
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if ol Ll 4.5

if L=l m
LS Ol el p s s Cr o B
255 o ol Ll il Ol m
Ssi oo 2L boOLl Cysa boim
354 bl Jos True m
5o b o Jas pll Sl False m
To 2555 skt S

J\.’)\b)l.:.’ Qﬂﬁw‘b@bwb.
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Fig. 4.3

if ol Ll 4.5

Grade >= 60 print “Passed”

Flowcharting a single-selection i £ structure.
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if/else bl Lol 4.6

if/else ,l=l. =
Sen Jlis Wy o Sulie OL > b5 Os g v jsb 50 o W
S)ls 55y Ol 9 e K Gl 4 W
AS J xS ) e dr Wlg e 5§ sl
Ll () 43l asb asls oS o Gl e &S skl m
Spd st Corge Lilg oM
Fatal logic error m

Nonfatal logic error =

45
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if/else ol Jlaolu 4.6

false true

print “Failed” print “Passed”

Fig. 4.4

!

Flowcharting a double-selection if/else structure.
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() S i Shos

() byt Sles
CH 8w SJas s m
b if/else =l im
w\ﬁjc))}@ofdls&iil

(boolean value ? if true : if false) m
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while )'}‘3 ,Ibl.u 4.7

IS Sl .
245 5 LS g @
At true ST asl e aslsl while oy g m
At false STl o OLL ol s m
Al S el KL e S bl il (S @
Lk Ok b5l m
ol pad>m
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Fig. 4.5

while )'}‘3 ,Ibl.u 4.7

true

Product <= 1000 Product = 2 * product

Flowcharting the while repetition structure.
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) (59590 w sy iy $I1 0 )5 Wg0 9 4.8
(b&)ukbwdﬂ)'ﬂ)

o.)\.'uwl.gc.«\.ﬁ JJISJ\I{S H

Used to enter data one at a time =

Constant amount =
Jﬁwoéwﬁ»‘d\bwdb) Qsjsu.mwd‘j o.U‘)Lq...f(:.
UL}'L}. C)b)ﬁ{.ﬂb ch.w) L5A W}\M&M oJ.;JLa.«i‘lSL;;LAJ'.
Aol o
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4330 2 oS 33 55 Al g0 49 4.8
(0w ylows bowww J S 1 55) ) (69390

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;
g Averagel.cs

class Averagel

{

static void Main( string[] args )

{

int total, // sum of garades
gradeCounter,  // numbe [pjtialize total to 0 P
gradeValue, // grade
average; // aw age of all arades

Initialize gradeCounter to 1

// initializatij phase
total = 0; M
gradeCounter = 1;4 // prepare to 1| The while loop will loop through 10

// processing phase / times to get the grades of the 10 students
while ( gradeCounter <= 10 ) “// loop 10 times
{

// prompt for input and read grade from user
Console.Write( "Enter integer grade: " ); +— Prompt the user to enter a grade

// read input and convert to integer
gradeValue = Int32.Parse( Cons(

Accumulate the total of the 10 grades

// add gradeValue a N
total = total“+ gradevalue; Add 1 to the counter so the loop will eventually end

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

52
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34

35 // termination phase

36 average = total / l0; // integer division

e A 1

38 // display average of exam des veragel.cs

39 Console.WriteLine( "\nClass aver is {0}", average );

40

:; } // end Main Divide the total by ten to get

43} // end class Averagel the average of the ten grades
Display the results ‘

Enter integer grade: 100 Progran]()utput

Enter integer grade: 88

Enter integer grade: 93

Enter integer grade: 55

Enter integer grade: 68

Enter integer grade: 77

Enter integer grade: 83

Enter integer grade: 95

Enter integer grade: 73

Enter integer grade: 62

Class average is 79

53
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Sph oo s ey S L
LS e atlsy o 4 1 W
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2Pl 4 pl Yl (w4 Y0 B i § 9531 (9905 4.9
(1K J S HleR) ¥ (69590 axdllae

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;

class Average2
{
static void Main( string[] args )

{

Average2.cs

int total,
gradeCounter,
gradeValue;

// sum of grades
// number of grades ent
// grade value

and have an answer with decimals
double average; average of all grades

// initialization phase
total = 0; // clear total

The variable average is set to a
double so that it can be more exact

Variables gradeCounter and total are

gradeCounter = 0;% /7 prepare to loop

// processing phase
// prompt for input and convert to integer
Console.Write( "Enter Integer Grade,

-1 to Quit: " );
gradeValue = Int32.Parse( Console.ReadLine() );

set to zero at the beginning

Get a value from the user and
store it in gradeValue

56
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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:k Have the program loop as . .

total = total + gradeValue;““———-—-}er.}g_1

Accumulate the total of the grades

// add 1 to gradeCounter

gradeCounter = gradeCounter + 1; Add 1 to the counter in order
to know the student count

// prompt for input and read grade from

// convert grade from string to integer

Console.Write( "Enter Integer Grade, -1 to Quit: " );
gradeValue = Int32.Parse( Console.ReadLine() );

} // end while

// termination phase
if ( gradeCounter !'= 0 )

{

average = ( do

// display average of exam
Console.WritelLine( "\nClass average

}

else

{

Console.WriteLine( "\nNo grades were entered"

}

} // end method Main

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

average

57

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

)

[

} // end class Average2
were entered

Inform user if no grades

play the average
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Enter
Enter
Enter
Enter

Class

Integer
Integer
Integer
Integer

average

Grade, -1 to Quit: 97
Grade, -1 to Quit: 88
Grade, -1 to Quit: 72
Grade, -1 to Quit: -1

is 85.6666666666667

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 fo 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.

2/23/2016
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// Fig. 4.11: Analysis.cs
// Analysis of Examination Results.

using System;

Analysis.cs
class Analysis
{
static void Main( string[] args )
{ Initialize both passes and failures to 0
int passes = 0, <-_#__~,J¢—ﬂﬂmﬁéfpgfd
failures = 0, "/ number of Set the student count to 1
student = 1, // student counter ‘
result; // one exam result

A while loop that will loop 10 times

// process 10 students; igggggg:ggg;zolleé—%oop‘

while ( student <= 10 )

{
Console.Write( "Enter result (l=pass, 2=fail): " );
result = Int32.Parse( Console.ReadLine() );

A nested if statement that determines

if ( result == 1) « .
passes = passes + 1; which counter should be added to
else

If the user enters 1
add one to passes

failures = failures + 1;

student = student + 1;

If the user enters 2 then add one to failures

Keep track of the total number of students

61
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30 // termination phase
31 Console.WriteLine() ;
32 Console.WriteLine( "Passed: " + passes );
33 Console.WriteLine( "Failed: " + failures ); .
34 Analysis.cs
35 if ( passes > 8 ) .
36 Coisole.WriteLine( "Raise Tuition\n" ); Ihsplaytheresuhstothetmer
37
38 } // end of method Main
39
40} // end of class Analysis If the total number of passes was greater than
8 then also tell the user to raise the tuition
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 2 Progranl()Utput
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Passed: 9
Failed: 1

Raise Tuition

62
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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

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

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

PRPFPEPEPNMNMNNMNDDNR

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 7 0twe
- d = 4 d=d - 4 ltod
*= e *= § e = e * 5 20toe
/= £ /= 3 £f=£/3 |2wf
= g %= 9 g g % 9 3tog

Fig. 4.12 Arithmetic assignment operators.
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il Sles =
S o elital pate 4 Al S 0358 6l @
x++ =
x=x+1 ks m

ealS s =

g n ool e 5l Al S nulS 6l W

y--
(post-increment) i35l Jolas s (Pre-increment) il i, =
X-Lx++ =

.;}43JAM\Sl{abjﬁ‘bbuanwbﬁgfrl’-d\wdﬂ "
—xL++x =

:j&&rb"‘k}a&wﬂ:yﬁ&mgﬂm&iga.;\.,.::a.)j]e\)‘_)j,@_,\_}ljb{idjl.
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Operator Called Smple expresson |Explanation

++ preincrement | 443 Increment a by 1, then use the new value
of a in the expression in which a resides.

++ postincrement | g4+ Use the current value of a in the expression
in which a resides, then increment a by 1.

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

— postdecrement [Jy—— Use the current value of b in the expression

in which b resides, then decrement b by 1.

Fig. 4.13The increment and decrement operators
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1 // Fig. 4.14: Increment.cs
2 // Preincrementing and postincrementing
3
4 using System;
5
6 class Increment
7 {
8 static void Main(string[] args)
9 {
ig int c"‘\|E:cl re variable ¢ |
12 c=5;% p— g Setcequal to 5
13 Console.WriteLine( ¢ ); // print 5 '—————
14 Console.WriteLine( c++ ); A/ print 54 Display c (5) then add 1
15 Console.WriteLine( c ); <//pr\nts
16 o ) — Display ¢ (6)
17 Console.WriteLine () ; // skip a 1lit
18
19 c=25; . .
- : —e-1s-setto 5]
20 Console.WriteLine( c ); prin Dlsplay c (5)
21 Console.WriteLine( ++c ); <[/ preincr] K
22 Console.WriteLine( ¢ ); // print 6 Add 1 then display c (6)
23 \
24 } // end of method Main Display c (6)
25
26 } // end of class Increment
5
5
6
5
6
6

Increment.cs

Program Output
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Operators Associativity Type

Q0 left to right parentheses
4 —— right to left unary postfix
++ -- + - (type) right to left unary prefix
* /% left to right multiplicative
+ - left to right additive

£ <= > >= left to right relational
= I= left to right equality

s 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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Form1.cs [Design] Forml.cs |

I"’l: ASimpleProgram.ASimpleProgram

public class ASimpleProgram :

System.Windows.Forms.Form

private System.Windows.Forms.Lakel welcomeLabel;
private System.Windows.Forms.PictureBox bugPictureBox;

Collapsed
comment | s |77/
private System.ComponentModel.Container components = null;
22 public ASin@leP:cgzam()l._..-i -
Collapsed e [/ .
3] rotected override wvoid Dispose( bool disposing )|...
COde T ows Form Designer generate ~ode] —
;I_I

Fig. 4.16 IDE showing program code for Fig. 2.15.
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Form1.cs [Design]  Formil.cs 4 b x
[oi:ASlrnplePrngram.ASimpleProgram ZI Iﬁ'f welcomelLabe! 3
[T }3351ng System; =

using System.Drawing;
using System.Collections; Expanded,code
using System.ComponentModel:
using System.Windows.Forms;
using System.Data;

W NP

) o s

£ namespace ASimpleProgram

b
W N

= public class ASimpleProgram : System.Windows.Forms.Form

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

[
] o

O v m

red designer variable.

private System.ComponentModel.Container components = null;

M ORN
L

b N

public ASimpleProgram()

Fig. 4.17 Windows Form Designer generated code when expanded.
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Click here for
code view
Click here for
design view 2% ASimpleProgram - Microsoft Visual C# .NET [design] - Forml.cs*

Tools Window Help
» Debug v | B

File Edit View Project Buid

1S H@ BRI

Property initializations
for WelcomeLabel

P I om oo % E Hex |[@ - | G % B a
Form1.cs [Design]* Forml.ls‘l

Io'.: ASimpleProgram.ASimpleProgram zl IQQInmathCcvmponent() -
60 '/
61; welcomeLabel
62
63 .welcomeLabel.Font = new System.Drawing.Font ("Microsoft Sans Serii
64; .welcomelLabel.Location = new System.Drawing.Point (101, 0):
65 .welcomeLabel.Name = "welcomeLabel":
66 .welcomeLabel.Size = new System.Drawing.Size (254, 152);
67; .welcomeLabel.TabIndex = 0;
68 .welcomeLabel.Text = "Deitel & Associates";
69 .welcomeLabel.TextAlign = System.Drawing.ContentAlignment.TopCente
== ; -

I B

Rty [nes a1 hi I

e
N

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

Properties x|

IwelcameLabel Sysh€m.Windows.Forms.Label LI

APIEEZ(=
ext ¥

T

Deitel & Associates ;I

TextAlign TopCenter =4
UseMnemonic True ;‘
Text

The text contained in the control.

Fig. 4.19 Using the Properties window to set a property value.

74



2/23/2016

39 g (o 99 ol 99 9 (o Ao 4.13

*v ASimpleProgram - Microsoft Visual C# .NET [design] - Forml.cs* i .7 - Iﬂlll
Fle Edit View Project Buld Debug Tools Window Help
H-a-c@d@ &R E| )by v | o o e
bl om oo | P YE(E s (Hex @ G R B A =26 %R I
Form1.cs [Design]® Forml.(s‘| 4 b
|®2 AsimplePragram.ASimpleProgram | |ﬁ.IniuahzeComponent()
61i| // welcomeLabel
62:| //
63i| this.welcomeLabel.Font = new System.Drawing.Font ("Microsoft Sans Serii
64i| this.welcomeLabel.Location = new System.Drawing.Point (101, 0):
65:| this.welcomelLabel.Name = "welcomeLabel™;
66i| this.welcomeLabel.Size = new System.Drawing.Size (254, 152);
67i| this.welcomeLabel.TabIndex = 0;
68! this.welcomeLabel.Text = "Deitel & Associates";
69i| this.welcomeLabel,TextAlign = System.Drawing.ContentAlignment.TopCente
-~ ; i

[

:

»
ad |[tno3 Col 1 Ch1 [ ims]

Fig. 4.20 Windows Form Designer generated code reflecting new property values.
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Text property

Form1.cs [Design]* Forml.cs* I 4 b x
Io‘;AslmpIePrograrn.ASnmpleProgram LI Ij‘lnmahzeComponen(() LI
60 : =
61 welcomeLabel
62
63| this.welcomelLabel.Font = new System.Drawing.}l
64!| this.welcomelLabel.lLocation = new System.Drawi
65| this.welcomelabel .Name = "welcomeLabel™;
66;| this.welcomeLabel.Size = new System.Drawing. ‘_l
67| this.welcomelLabel.TabIndex = 0:
» 68i| this.welcomelLabel.Text = "Visual C# .NEI";
69;| this.welcomeLabel.TextAlign = System.Drawing.
e p: v
LI'_‘

Fig. 4.21 Changing a property in the code view editor.
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Form1.cs [Design]* I Form1.cs* |

™ A Simple Program :

Text property value

Properties x|
l welcomelabeJ System.Windows.Forms,Label :]

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] Forml.cs 4P X

iogASlmpIePrograrn.ASImp‘eProgram 3 [,;. uupIeProgram_Load(ob]ectsender.Svstem.EventArgle

106 private void ASimpleProgram Load(object sender, System.EventArgs e) il

welcomelLabel.Text = "C#";

- o

Fig. 4.23 Method ASimpleProgram Load.
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EA Simple Program

C#

I =T

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 . K
{ This is where the counter variable
static void Main( string[]l a| is initialized. It is setto 1.
{
int counter = 1;"”’/”' // init™

WhileCounter.cs

while ( counter <= 5 )< /7 repdq
{

Console.WriteLine( counter );

The loop will continue until counter is
greater than five (it will stop once it
gets to six)

countert+t; <\//m The counter is incremented
and 1 is added to it

} // end while

19 } // end method Main

20

21 } // end class WhileCounter
1

2

3

4

5

Program Output
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for J < )=l m

Syntax: for (Expressionl; Expression2; Expression3) =
LS o KL 1, J =S sla sz = Expression] m
Aok e i Jold Alg e W
ail>~ aslsl b s = Expression? m
-alS/ il sl = Expression3 m
Jexie pdi 5o Bxpression3 ;) cpl 5l g anils ae L Bxpressionl S1 o m
Codls dal g
Lol Sl counter++ 5 ++counter =
e Ol W
g oslul fOr > 4w ;> Wiy . Expression] m

235 o O Sl ete Ll e OLL ddl> oS Sl m
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5.3 for Repetition Structure

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 for header.
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5.3 for Repetition Structure
©)

A4

Establish initial value | .
int counter =1

of control variable.

Determine if final

value of control 2 nter <= 10 true console.wWriteLine
. = - —
variable has been : ( counter * 10 ); counteri+
reached.
Increment the
false Body of loop (this may be control variable.
multiple statements)

O

Fig. 5.4 Flowcharting a typical for repetition structure.
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1 // Fig. 5.2: ForCounter.cs

2 Counte .. . for structure.
3 z This is where the counter variable

4 using Sys{ is initialized. It is set to-L

5 The counter is incremented
6 class ForCounter . :

, ( The loop W (1 is added to it)

8 static void Maip(| greater than five (it will stop once it

9 { .

10 // initializat| SCtS 10 SIX) | nting
11 // are all ipcluded in the forlstructure \

12 for ( int counter = 1; counter <= 5; counter++ )

13 Console.WriteLine( counter );

14 }

15 }

1

2

3

4

5

ForCounter.cs

Program Output
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SalS/ il

QJ)J,A\rK.«A |
spi gl <= L< OV STy m

&:Mtsftiu |
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m Message boxes

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

m [cons
m Exclamation
m Question
mError

m Information

m Formatting

m (variable : formal)
das o 0Ly gy B glaus = 08 Jyu-m
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1 // Fig. 5.5: Sum.cs
2 // Summation with the for structure.
3
4 using System; S
5 using System.Windows.Forms; um.cs
6 )
7 class—= Once the number is greater
8 { The counter. It is initialized to 2 | than 100 the lpan hreaks
9 Increments number by 2
10 .
11 every time the loop starts over
12 : [
. The caption—=+<+- =
13 for ( int number = 2; The title of the message box
14 sum += number; /
15
16 MessageBox.Show( "The sum is " sum,
17 "Sum Even Integers fw Displays a message box with an OK button
18 MessageBoxButtons.OK#
19 MessageBoxIcon.Information ) jv— | Has the message box contain
20 . an information icon
21 } // end method Main
22

23 } // end class Sum

Argument 4: | Sum Even Integers from 2 to 100
Mes.sageBox con —
(Optional)

K\i) The sum is 2550
Argument 3: OK diaI
button. (Optional)

Program Output
Argument 2: Title bar
string (Optional)

Argument 1: Message
to display

90
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MessageBox lcons lcon

Description

MessageBoxIcon.Exclamation ":
[ e

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

=

©

Displays a dialog with an
informational message to the
user.

MessageBoxIcon.Information o

4

MessageBoxIcon.Question \)

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

MessageBoxIcon.Error Q

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

Fig. 5.6 lcons for message dialogs.
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MessageBox Buttons Description
MessageBoxButton. OF Specifies that the dialog should include an OK button.
MessageBoxButton.OKCance Specifies that the dialog should include OK and Cancel

buttons. Wams the user about some condition and allows the
user to either continue or cancel an operation.

MessageBoxButton. YesNo Specifies that the dialog should contain Yes and No
buttons. Used to ask the user a question.
MessageBoxButton.VesNoCancel 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.RetryCancel 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.AbortRetrylgnor 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;

class Interest

{

static void Main( string[] a

{

decimal

double rate = .05;
string output;

output = "Yeg

for ( int yeqd

{

Loops through 10 times

amount, principal| gtarting at 1 and ending at 10,
adding 1 to the counter (year)
each time

Formats amount to have a
currency formatting ($0.00)

amount = principal *

Insert a Tab

Interest.cs

decimal ) Math.Row(

outp

}

MessageBox.Show( output, "Compound Interest",‘/////
MessageBoxButtons.OK, MessageBoxIcon.Information );

\ Creates a message box that displays the
ut += year + "\t" W | output with a title of “Compound Interest”
String.Format( "{0:C}"

has an OK button and an information icon

} // end method Main

} // end class Interest
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: Interest.cs
Compound Interest i ﬁl Program Output

@ Arount on deposit

$1,050.00
$1,102.50
$1,157.63
$1,215.51
$1,276.28
$1,340.10
$1,407.10
$1,477.46
$1,551.33
$1,628.89

m\b@ﬂa\(ﬂ-&wl\)'—‘é
"1}
-

o

OK
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Format Code Description

Corc 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.

Fig. 5.9 stringfomatting codes.
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switch ;.o m
b ol ®
String =
Integral m
bl =
case X’ : m

Use of constant variable cases =
S slacase m

U2 ey Case W
break ;..o =

2y o o SWitch s i m
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// Fig. 5.10: SwitchTest.cs
// Counting letter grades.

using System;

class SwitchTest

{

static void Main( string[] args )

{

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

SwitchTest.cs

Each of these variables acts as a

dCount =/0, | // number of Ds
fCount 0;)] // number of Fs
for ( int =1; i <= 10; i++ )

{

Console.Write( "Enter a letter grad

counter so they are initialized to zero

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

The start of the switch

statement. The grade variable is

* e =--se ( Console.Readli
Both cases add one to aCount / used as the data to be tested for
Witch ( gra

{ case ‘A’ is empty so it is the
se 'A': is uppercas| gyme as case ‘a’ I
case 'a': // or lowercase a
:—)+aC;unt; The break statement is used to exit the
reak,; .
switch statement and not perform the rest
case 'B': // grade is uppercas| oftheoperaﬁons
case 'b': // or lowercase b

+#bCount; -« | Both case ‘B’ and case ‘b’ add one
to the bCount variable

break;
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66

case 'C'w—// g Both cases add 1 to cCount

case 'c':
++cCount;
break;

case 'D':
case 'd':

++dCount ;%

break;

case 'F': // grade is uppercase F
case 'f':  // or lowercd Aqd one to fCount if grade equals F or f
++£fCount;

break;

default: <«

//

SwitchTest.cs

// grade is aca D

// or lower| If grade equals D or d
add one to dCount

98

// processes all other chaf lf non of the cases are equal to the value of

Console.W
"Incor

"\nGrade not added to totals." );

break;
} // end switch
} // end for

Console.WriteLine (

"\nTotals for each letter grade are:\nA: {0}" +

"\nB: {1}\nC: {
cCount, dCount,

} // end method Main

} // end class SwitchTes

riteLine ( grade then the default case is executed
rect letter grade entered.''—

Display the results

2}\nD: {3}\nF: {4}", aCount, bCount,
fCount ) ;

t
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Enter
Enter
Enter
Enter
Enter

a letter grade: a
a letter grade: A
a letter grade: c
a letter grade: F
a letter grade: z

Incorrect letter grade entered.

Grade
Enter
Enter
Enter
Enter
Enter

not added to totals.
a letter grade:
letter grade:
letter grade:
letter grade:
letter grade:

Qe Waeo

a
a
a
a

Totals for each letter grade are:

A: 3
B: 1
C: 2
D: 2
F: 1

SwitchTest.cs
Program Output
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5.5 switch Multiple-Selection
7 Structure

. -~ true 8
case: a —® case a action(s) —» break: —
l false
) true
case: b — > casebaction(s) —» break; —

l false
l true

case: Z —» caseZ action(s) —» break; >

false

defaultaction(s)

break;

|«
<

!

Fig. 5.11 Flowcharting the switch multiple-selection structure.
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do/while )'J:S )u’lﬂ 5.6

do/while ¢l» wil= ;s ;swhile gls i~ =

while wil> <l oslic! m

Spd e Lo m

Jﬁ@r\qﬁ\&@.

350 plil IS 5k 4 L5 0 wil-m
do/while s> & 5l sl m

Jﬁ&fb;}\‘_}&pl

Sph oo el adl- b oS ol

A el |l LS Bl s il m

Jj.\idao;l.i:ﬂ»\daf)zﬂj\éﬂfjle-d\ﬂ(})d\ﬁj\WI
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1 // Fig. 5.12: DoWhileLoop.cs

2 // The do/while repetition structure.

3

4 using System; .
5 g% DoWhileLoop.cs
6 class DoWhileLoop

7 {

8 static void Main( string[] args ) e e 1.

9 { The counter is initialized to one

10 int counter = 1;

11

12 do

13 {

14 Console.WriteLine( counter ); -

i countertt; These actions are performed at least one
16 } while|( counter <= 5 );

17

18 /! and mathad Main

19 The incrementing task Continue looping as long as counter is less than 6
20} /fen |

1

> Program Output
3

4

5

102
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do/while 1% JLa>lw 5.6

Ve g
O

action(s)

true

condition

%/false

)
N

Fig. 5.13 Flowcharting the do/while repetition structure.
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continue g break yomd 5.7

odlei] W
;ﬁya:@\d}ﬁdliﬁds\;mﬁd(ﬁl
break  ;;.om
.Jﬁ&obulw‘@}j‘&y}‘jb}jcjfé‘ﬂl
continue ;;.>®
3lial 5 yiws sl Sl adle 65,5 5 edile Bl Sy st Sl S ol
SR

e fLoJ\A.gL@.ST)'\uU:M\QJJ{ Oy o lyasl,m
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BreakTest.cs

1 // Fig. 5.14: BreakTest.cs

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

3

4 using System;

5 using System.Windows.Forms;

6

7 class BreakTest

8 {

90 static void| A |oop that starts at one, goes

1 { .

11 string o to ten, and increments by one

12 int count;

13

14 for ( count = 1; count <= 10; count++ )

15 {

16 if ( count == 5 ) _

17 preak ;«— | 1f count =5 then break out of the loop
ig Display the last value that the // if count ==

20| counter was at before it broke |+

21

22 } // end for loo;

23

24 output += "\nBroke out of loop at count = " count;
25

26 MessageBox.Show( output, "Demonstrating the break statement",
27 MessageBoxButtons.OK, MessageBoxIcon.Information );
28

29 } // end method Main

30

31 } // end class BreakTest

Displays a message box the displays the
output, has a title of “demonstrating the
break statement,” uses an OK button,
and displays an information icon

105
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BreakTest.cs
Program Output

Demonstrating the break statement

1234
Broke out of loop at count =5
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// Fig. 5.15: ContinueTest.cs
// Using the continue statement in a for structure.

using System;

using System.Windows.Forms; ContinueTest.cs

class ContinueTest A loop that starts at 1, goes

{ static void Main( stri° 10, and| [f count = 5 then continue looping causing

{ the program to skip the rest of the loop

string output = "";

for ( int count = 1; count <=

{

; count++ )

if ( count == .
continue; Create a message box that displays the output, has

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

output += count

}
output += "\nUsed continue to skip |printing 5";

MessageBox.Show( output, "Using the continue statement",
MessageBoxButtons.OK, MessageBoxIcon.Information );

} // end method Main

} // end class ContinueTest

107
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Using the continue statement x|

1234678910
Used continue to skip printing S

ContinueTest.cs
Program Output
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b s =
Logical AND (&) =
Conditional AND (&&) =
Logical OR (|) =
Conditional OR (| |) =
Logical XOR () m
Logical NOT () m
Sg goosliial j s 4 b b ke 0538l gl o W
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<P w9 Ao s Fhos 5.8

expression| expression2 expression] £& expression2
false false false

false true false

true false false

true true true

Fig. 5.16 Truth table for the s£& (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.
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expression| expression2 expression] ~ expression?2
false false false

false true true

true false true

true true false

Fig. 5.18 Truth table for the logical exclusive OR (*) operator.
expression texpression

false true

True false

Fig. 5.19

Truth table for operator! (logical NOT).

111



2/23/2016

112
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// Fig. 5.20: LogicalOperators.cs
// Demonstrating the logical operators.
using System;

class LogicalOperators

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

{

// testing the conditional AND operator (&;f
"Conditional AND (&&)" +
" + ( false && false ) : 1

~Only true if both inputs are true
" + ( false && true P
" + ( true && falsg”)
" + ( true && true ) )}

Console.WriteLine (
"\nfalse && false:
"\nfalse && true:
"\ntrue && false:
"\ntrue && true:

//

LogicalOperators.cs

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

testing the conditional OR operator (IIL\
Console.WriteLine( "\n\nConditional OR (||)"]+

\

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

"\nfalse || false: " + ( false || false )|H - n
"\nfalse || true: " + ( false || true ) Only false if both |1nputs are false
"\ntrue || false: " + ( true || false ) ‘
"\ntrue || true: " + ( true || true ) )
_

//

"\nfalse & false:
"\nfalse & true:
"\ntrue & false:
"\ntrue & true:

testing the logical AND operator (&)
Console.WriteLine( "\n\nLogical AND (&)" ;\J

+ ( false & false )
+ ( false & true ) +
+ ( true & false ) :J

+ ( true & true ) );

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

The result is only true if both are true

112
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113
31 // testing the logical OR operator (|) Outputs a truth table for the
32 Console.WriteLine( "\n\nLogical OR (|)" + i
33 "\nfalse | false: " + ( false | false ) + logical OR operator (|)
34 "\nfalse | true: " + ( false | true ) . 10 t
35 "\ntrue | false: " + ( true | false ) + ‘ LogicalOperators.cs
zs "\ntrue | true: " + ( true | true ) )?// If one is true the result is true
38 // testing the logical exclusive OR opera (*) ‘
39 Console.WriteLine( "\n\nLogical exclusive Of (~)" | Outputs a truth table for the
40 "\nfalse ~ false: " + ( false ~ false ) logical exclusive OR operator
41 "\nfalse * true: " + ( false ”~ true ) GD
42 "\ntrue * false: " + ( true ~ false ) + I
43 "\ntrue * true: " + ( true * true ) ); conditionals are the same ‘
44 :
45 // testing the logical NOT ope Chnpulsatruﬂ1tablefbrthe
46 Console.WriteLine( "\n\nLogica k
47 "\n!false: " + ( !false ) + logical NOT operator (!)
48 "\n'!true: " + ( 'true ) );
19 } ) ;
50 ) —Rjeturns the opposite as the input

Conditional AND (&&)

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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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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eV sl as sl Jsar -
S ol Gl glr ol glaol, ®
Sequential (only 1 way) =
A sl
Selection (3 ways) =
if selection (one choice) =
if/else selection (two choices) m
switch statement (multiple choices) =
Repetition (4 ways) =
while structure =
do/while structurc =
for structure =

foreach structure (chapter 7) =
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Operators Associativity Type
() left to right parentheses
++ -- right to left unary postfix
++ -= + = ! (fhpe) right to left unary prefix
* /% 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
| left to right logical inclusive OR
&& left to right conditional AND
I left to right conditional OR
24 right to left conditional
= += -= *= /= %= |[right to left assignment
Fig. 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

else/if structure
(double selection)

FCT

if structure

(i) (single selection)
T

L1

F

O

switch structure

(multiple selections)

|—’| break |—

I_'l break |—

}—| break |

[oreak ]

O

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

Q while structure for structure/foreach structure

S

O T

do/while structure

@) O

T

F

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

Fg.5.23 Rulesforforming structured programs
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{

J

[

Fig. 5.24 Simplest flowchart.
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] ] . )
-7 JRuez, " Rie2, " JRuez, | "
) ] ]
| ]
) !
) o

Fig. 5.25 Repeatedly applying rule 2 of Fig. 5.23 to the simplest flowchart.
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‘—ﬁ Rule 3

Rule3 |

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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o

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 8 -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 Intlé6 Signed integer 16 -32,768 to 32,767
ushort UIntlé6 Unsigned integer 16 0 to 65535
. . -9223372036854775808 to
long Int64 Signed integer 64 0223372036854775807
ulong UInt64 Unsigned integer 64 0 to 18446744073709551615
float Single i;gzle'premsm“ floating point 32 |-3.402823e38 to 3.402823e38
Double-precision floating point -1.79769313486232e308 to
double Double type 64 |1.797693134862320308
char Char A single Unicode character 16 Unicode symbols used in text
bool Boolean Logical Boolean type 8 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
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2S5 e 5 Y00 5 e o5k 5l Ol e els g g ] Jsbyte:

25 03 LAYV B VYA o5k 5l 015 e 00l g5 ol Jsbyte:

28 e LYYV G -YYVI b 5l 015 e esls g5 ol ssshort:

28 03 15N00T0 B e o5l 51 OlS e esls p g ol ssushort:

555 053 1 YOLVEATALY G =Y EVEATEA 30 31 05 o 0313 ¢ 55 ol Ssint:

25 03 L EXAEATWVYA0 v o3l 5l Ol o eals g5 ol ouint:

0553 1 ATTF VY TTAOE VALY b —4 T TYIVY  TIAOE WO AA o3k 51 05 o 0313 ¢ 5 el sslong:

55 0 L IAGELVEE VTV 00110 6+ ol 31 015 e o3l ¢35 ool ssulong:
55 0,3 1,€38 YA YAYY Le38- Y. YAYY o3 51 Olys o e0ls g5 ol ,sfloat:

o 23 1,308 1 VAVAAXIFLATYTY Le308- ) VAVIATATEATYTY oL 51 015 o e3ls g 55 o ssdouble:

B =VATYAYITOVEYIEYTVOAY0LTA0 YT o3l 51 0155 o osls ¢35 ol sadecimal:

osls &
osls C’J
osls C’J
osls C’J
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osls C’J
osls C’J

N
o3ls &
o3ls &
osls Cf

28

osls Cf
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C# 439 Method (omi g3 40l 99 6.2

La dj}l,a [ |
Class m
Method =

536 1 LT SIS 6 gm0 51 oal8T s 1 Lediay 5 LIS 5l oalized m

130

Aons ol Ll BT 6 (g S s
The NET Framework Class Library (FCL) =
S 0SS ddoes osliia] LB 4 m
Console s
MessageBox =

130



2/23/2016

C# 48 Method (w9 40l 9 6.2

boss

e

N

workerl worker2 worker3
worker4d worker5

Fig. 6.1 Hierarchical boss method/worker method relationship.

131

S boss

S, worker
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Math =
das oo il by pBl) Dlle bl Gl o 4 m
ladie 51 eslaiw M
ClassName.MethodName( argumentl, arument2, ... )
ool LY K5 sl e S m
el m
Math.PI = 3.1415926535... =
Math.E = 2.7182818285... =
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6.3 Math Class Methods

Method

Description

Example

Abs( x )

absolute value of x

Abs( 23.7 ) is23.7
Abs{( O ) is 0O
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 ) isapproximately
7.3890560989306504

Floor({ x )

rounds x to the largest integer not greater than x

Floor( 2.2 ) is9.0
Floor{( —-9.8 ) is -10.0

Log( x )

natural logarithm of x (base e)

Log( 2.71828162864590451 )
is approximately 1.0
Log( 7.3890560989306504 )
is approximately 2 . 0

Max( x, ¥ )

larger value of x and y
(also has versions for float, int and 1ong
wvalues)

Max( 2.3, 12.7 ) is12.7
Max{( -2.3, -12.7 )is-2_.3

Min( x, ¥ )

smaller value of x and y

Min{( 2.3, 12.7 )is2.3

(also has versions for float, int and long Min{( -2.3, —-12_.7 ) is-12_.7
values)
Pow( x, ¥ ) 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
using
using
using
using
using

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

// form used
public class

{

Drawing;

// includes basic data types
// for araphics capabilities

Collections;
ComponentMode
Windows.Forms

Start of class Squarelnteger. It implements
System.Windows.Forms.Form

Data;

// for feading outside data

to display resul of squaring 10 numbers

SquareIntegers

System.Windows.Forms.Form

private System.ComponentModel.Container components = null;

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

public SquareIntegers() «— 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.

Subtract.cs
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26
27
28
29
30
31
32
33
34
35

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

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

counter++ )

{
// calculate squa counter and s = 1
result = Square( counter ); The main body of the

// append result to
outputLabel.Text += "
" is " + result + "\n™:

utput string

}

Squarelntegers method

square of " + counter +

Subtract.cs

} // end Squarelntegers

// Clean up any resources being used.

A call to the Square method. The
counter variable is passed to it for use.
The return value is stored in result

protected override void Dispose( bool disposing J

{

// 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

54
55
56
57
58
59
60
61
62
63
64
65
66

// The main entry point for the application.
[STAThread]
static void Main()
{
Application.Run( new Squarelntegers() );

}

Subtract.cs

The Square method. Receives one
// Square method defW integer and returns an integer
int Square( int y )

{

return y * y; // return square of y

} // end method Squat
The method returns the passed

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

@ Squarelntegers [H[=] B3

The square of 1is 1
The square of 2 is 4
The square of 3is 9
The square of 4 is 16
The square of 5is 25
The square of 6 is 36
The square of 7 is 49
The square of 8 is 64
The square of 9 is 81
The square of 10is 100

Program Output
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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( string[] args )
{
// obtain user input and convert to double
Console.Write( "Enter first floating-point value:
double numberl = Double.Parse( Console.ReadLine ()

Console.Write( "Enter second floating-point value
double number2 = Double.Parse( Console.ReadLine ()

Console.Write( "Enter third floating-point value:
double number3 = Double.Parse( Console.ReadLine ()

// call method Maximum to determine largest value

)

)

)

)

)

)

MaximumValue.cs

139

The program gets three
values from the user

double max = Maximum( numberl, number2, number3 );
// display maximum value The three values are then passed
to the Maximum method for use

Console.WriteLine ("\nmaximum is: " + max );

} // end method Main
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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, z) )

} // end method Maximum

} // end class MaximumValue 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 value: 27.1928

maximum is: 99.32

MaximumValue.cs

Program Output
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Qg yl Arwg 6.
Type Can be Converted to Type(s)
bool object
byte decimal, double, float, int, uint, long, ulong, object, short or 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 orobject
ushort decimal, double, float, int, uint, long, ulong or object
string object
Fig. 6.5 Allowed implicit conversions.
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C# ol slad6.7

Namespace =
Wl s s S 5l S S m
1l o ol slalas 51655 S FCL m
ool B s edul Jaulas dll LB K s LU slalaim
3,5
Sl 0 sl 6.6 K5 ;3 FLC 46 glalas 5l ced S m
SSolsasl s 53 0ly sUSING AlS s L m
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6.7 C# Namespaces

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.

Fg.6.6 Namespacesinthe Flamework ClassLibrary.
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145

EL I sles o g ylnio S £996.8

Sldie gla ¢y
LSl o el ¢ Shesls Jels m
3t dlml g alp v W
s struct =
enumerations (Chapter 8) =
gl gles ®
W3l e o3l Juls oS ol alable s (gl abi sl Lls m
38 bl g alp v W
Classes (Chapter 8) =

Interfaces (Chapter 8) =
Delegates (Chapter 9) m

All values are 32bit allowing cross-platform use =
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// Fig. 6.8: RefOutTest.cs
// Demonstrating ref and out parameters.

using System;
using System.Windows.Forms;

class RefOutTest

{

RefOutTest.cs

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

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

{
X =x * x;

} R .,
Since the methods are void

// original | they do not need a return value.

Lized

static void

{

TYUAreUuUCT| YUt IUOC & 7

X = 6;

<
<
* x;

}

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

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

static void Square( int x )
{ \

X =x * x;
}

static void Main( string[] args )

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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// display original values of y and z
string outputl = "The value of y begins as "
+ y + ", z begins uninitialized.\n\n\n";

RefOQutTest.cs

// values of y and z are passed by valy
RefOutTest.SquareRef( ref y );

«—
RefOutTest.SquareOut( out z );

The calling of the SquareRef
and SquareOut methods

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

// SquareRef and SquareOut

string output2 = "After calling SquareRef with y as an " +
"argument and SquareOut with z as an argument,\n" +
"the values of y and z are:\n\n" +

"y: " +y + "\nz: " + z + "\n\n\n";
The calli

// values of y and z are passed by value

RefOutTest.Square(y );
RefOutTest.Square( z ); methods

SquareRef and SquareOut

variables by value

ng of the

by passing the

// values of y and z will be same as before because—sguare
// did not modify variables directly
string output3 = "After calling Square on both x and y, "
"the values of y and z are:\n\n" +
"y: "+ y + "\nz: " + z + "\n\n";

MessageBox.Show( outputl + output2 + output3,
"Using ref and out Parameters", MessageBoxButtons.OK,
MessageBoxIcon.Information ) ;

} // end method Main

} // end class RefOutTest

+
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Using ref and out Parameters E

€y

The value of y begins as S, z begins uninitialized.

After calling SquareRef with ¥ as an argument and SquareOut with 2 as an argument,
the values of v and z are:

yi 25

z: 36

After calling Square on both x and y, the values of ¥ and z are:

y: 25
z: 36

x|

RefOutTest.cs
Program Output
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2olai olust wd 93 6.10

Class Random =

Within namespace System =

Truly random

The numbers are generated using an equations with a seed =

The seed is usually the exact time of day =
randomObject.Next()

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

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 = "";

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

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

Randomlnt.cs

for (int i = 1; i <= 20; i++ )

{

// pick random integer between and 6
value = randomInteger.Next( 1, 7 );
output += value + " "; // append value to output

// if counter divisible by 5, append newline
if (1 %5 =0)

output += "\n";‘\
} // end for structure

5 numbers per line

Format the output to only have

151
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31
32
33
34

36

MessageBox.Show( output, "20 Random Numbers from 1 to 6",
MessageBoxButtons.OK, MessageBoxIcon.Information );

} // end Main

} // end class RandomInt

Display the output in a message box

20 Random Numbers from1to6 [E4

] 35444
k\i) 41235
62613
23246

RandomlInt.cs

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

using System;

using System.Drawing;

using System.Collections;

using System.ComponentModel;

using System.Windows.Forms;

using System.Data;

using System.IO; // enables reading data from files

RollDie.cs

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

{

private System.ComponentModel.Container components = null;
private System.Windows.Forms.Button rollButton;

private System.Windows.Forms.Label dieLabel2;
private System.Windows.Forms.Label dieLabell;
private System.Windows.Forms.Label dieLabel3;
private System.Windows.Forms.Label dieLabel4;

private Random randomNumber = new Random() ;
public RollDie ()
{

InitializeComponent () ;

}

// Visual Studio .NET-generated code
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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 ( dieLabel2 ) ;¥ Pass the labels to be assigned data

DisplayDie( dielLabel3 ) ;
DisplayDie( dielLabeld ) ;

} // end rollButton Click

// determines image to be displayed by current die

RollDie.cs

public void DisplayDie( Label dieLabel ) K
{ | Will return a random
int face = 1 + randomNumber.Next( 6 ); integer from 0 up to 6

// displays image specified by filename
dielLabel.Image = Image.FromFile (
Directory.GetCurrentDirectory() +
"\\images\\die" + face +".gif" );
}

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

Application.Run( new RollDie() );
}

} // end class RollDie
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[ RollDie I [=] 3 | I % RollDie = [=] F3
Fol Rol

% RoliDie —[0] x|
Rol

RollDie.cs
Program Output
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// Fig. 6.11:

RollDie2.cs

// Rolling 12 dice with frequency chart.

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

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

I0;

// displays the different dice and frequency information

public class
{

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

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

RollDie2 : System.

private Random randomNumber

Windows.Forms.Form

Button rollButton;
RichTextBox displayTextBox;

Label dielabell;
Label dieLabel2;
Label dieLabel3;
Label dielabel4;
Label dieLabel5;
Label dieLlabel6;
Label dielabel7;
Label dielabel8;
Label dieLabel9;
Label dielabellO;
Label dielabelll;
Label dieLabell2;

= new Random() ;

RollDie2.cs
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35

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

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 () ; =
ones = twos = threes = fours = fives = sixes = 0;

}

// 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( dieLabell );

DisplayDie( dieLabel2
Pass the label to be assigned

DisplayDie( dieLabel3
DisplayDie( dieLabel4 d b
DisplayDie( dieLabel5 a randqom number

DisplayDie( dieLabel6
DisplayDie( dieLabel?
DisplayDie( dieLabel8
DisplayDie( dieLabel9
DisplayDie( dieLabellO ) ;
DisplayDie( dieLabelll );
DisplayDie( dielLabell2 ) ;

)
)
)
)
)
)
)
)

’
’
7
7
’
7
’
’

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 = "Face\t\tFrequency\tPercent\nl\t\t" +
ones + "\t\t" +
String.Format( "{0:F2}", ones / 1 * 100 ) +
"$\n2\t\t" + twos + "\t\t" +
String.Format( "{0:F2}", twos / total * 100

RollDie2.cs

"$\n3\t\t" + threes + "\t\t" +
String.Format( "{0:F2}", threes / total *| Displays to the user
"$\n4\t\t" + fours + "\t\t" +
String.Format( "{0:F2}", fours / total * .

the amount of

times each dice number has shown up

"$\n5\t\t" + fives + "\t\t" +

String.Format( "{0:F2}", fives / total * 100 ) +
"$\n6\t\t" + sixes + "\t\t" +

String.Format( "{0:F2}", sixes / total * 100 ) + "%";

} // end rollButton_Click

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

{
int face = 1 + randomNumber.Next( 6 )f__

based on the number gen

Assign a random face to the label

erated

dieLabel.Image = Image.FromFile(
Directory.GetCurrentDirectory () +
"\\images\\die" + face + ".gif" );
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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 1l: ones++;
break;

case 2: twostt; A switch statement is used to keep
break; track of number of each die rolled

case 3: threes++;
break;

case 4: fours++;
break;

case 5: 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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(M RolDie

Roll
Face Frequency Percent
1 16 1212%
2 28 21.21%
3 22 1667%
4 21 15.91%
5 23 17.42%
6 22 1667%

RollDie2.cs
Program Output

160

160



2/23/2016

il &30 26w 6.11

m GUI controls
m A GroupBox

m Holds other controls

m Manages/organizes them
m A PictureBox

m Used to display a picture on the form
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// Fig. 6.12: CrapsGame.cs
// Craps Game

using System;

using System.Drawing;
using System.Collections;
using System.ComponentMode
using System.Windows.Forms
using System.Data;

using System.IO;

1;

’

public class CrapsGame : System.Windows.Forms.Form

{

private System.ComponentModel.Container components =

private System.Windows.
private System.Windows.
private System.Windows.

private System.Windows.

private System.Windows.
private System.Windows.

private System.Windows.

private System.Windows.

Forms.
.PictureBox imgDie2;
Forms.

Forms

Forms

Forms.
Forms.

Forms.

Forms.

// declare other variables

int myPoint;
int myDiel;
int myDie2;

PictureBox imgPointDie2;

PictureBox imgDiel;

.Label 1lblStatus;

Button rollButton;
Button playButton;

PictureBox imgPointDiel;

GroupBox fraPoint;

null;

CrapsGame.cs
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public enum DiceNames

{

SNAKE_EYES = 2,

Creates an enumeration of the

TREY = 3, .
CRAPS = 7, constant values in craps CrapsGame.cs
YO_LEVEN = 11,
BOX _CARS = 12,

}

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() ;

if ( sum == myPoint )

{
lblStatus.Text = "You Win!!!";
rollButton.Enabled = false;
playButton.Enabled = true;

When the second rolled sum equals
the first rolled sum the player wins

163
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else
if ( sum == ( int )DiceNames.CRAPS )
{
lblStatus.Text = "Sorry. You lose.";
rollButton.Enabled = false; CraPSGame'cs
playButton.Enabled = true;
} If the second roll equals CRAPS (7),

then the player loses

} // end rollButton Click

// simulate first roll and result of that roll
protected void playButton_Click(
object sender, System.EventArgs e )

{

int sum;
myPoint = 0;
fraPoint.Text = "Point";

lblstatus.Text = "";
imgPointDiel.Image null;
imgPointDie2.Image = null;

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

// disable Roll button

CrapsGame.cs

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

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

rollButton.Enabled = false;
lblStatus.Text = "Sorry. You

break;
default:
myPoint = sum;
fraPoint.Text = "Point is " + sum;

lblStatus.Text = "Roll Again";
displayDie( imgPointDiel, myDiel );
displayDie( imgPointDie2, myDie2 ) ;

If the first rollis a 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 () +
"\\images\\die" + face + ".gif" );

int face )
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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 )+~ Generates two random

numbers, one for each die

displayDie( imgDiel, diel );
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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167
E[rapsﬁame ) ;Iglgl ﬁgtrapsﬁame - ;Iglﬂ
Point Pointis5 —— CrapsGame.cs
Play Play Program Output
Roll Roll

o m Roll Again

[®crapsGame E =] B3] [ crapsGame 3 o [=] 4]
Pointis5 ——— Point

Holl Q Roll
You Wintll Sorry. You
lose.
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(Duration) obj e ®
.Lbyé@&éb—ﬁ@bﬁ&é@bj [ |
(Scope) o4~ ®
A Al sl 358 ey a5 aS Sl W
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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(Scope) «sl> =

AL e et BB e SOl S bl i ®
Class scope =

By bl IS JF A Sl 5l m

(1) s okl b m

A3l o (5l o oS 0T (sl e ples 61, @

b Ol il OLL B L3 B asd e sl oL 035 LIS
Block scope =

sbul Ol 51 W

() sskott =

Jﬁ&asm‘SﬁowJ}lahﬁ [ ]

Al S edis b Sy 5 003 Jlosl L W
358 1SS piia ol LS 03 W
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// Fig. 6.13: Scoping.cs
// A Scoping example.

using
using
using
using
using
using

System;

System.Drawing;

System.
System.

Collections;
ComponentModel ;

System.Windows.Forms;
System.Data;

public class

{

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

Scoping : System.Windows.Forms.Form

Scoping.cs

public int x = 1;«— | This

public Scoping()

{

Initial
int x =

outputL.

be used by any method in the class

variable has class scope and can

izeComponent () ;

5; «——//—variable—tocal

This variable is local only to Scoping.
It hides the value of the global variable

abel.Text = outputLabel.Te

XCT T T

"local x in method Scoping is " + x; —— | \Viﬂ,outputthe value of 5

MethodA() ;

MethodA () ; // MethodA creates

MethodB () ; // instance variable x retains its value

outputLabel.Text = outputLabel.Text +
"\n\nlocal x in method Scoping is " + x;¢ |

// MethodA has automatic local x;
MethodB() ; // MethodB uses instance variable x

new automatic local x

Remains 5 despite changes

| to global version of x
]
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35

36 // Visual Studio .NET-generated code

37

38 public void MethodA()

39 f Sco
40 int x = 25; % /7 initialized each tig Uses a new X variable that hides
41 the value of the global x

42 outputLabel.Text = outputLabel.Text +

43 "\n\nlocal x in MethodA is " + x +

44 " after entering MethodA";

45 ++x;

46 outputLabel.Text = outputLabel.Text +

47 "\nlocal x in MethodA is " + x +

48 " before exiting MethodA";

49 }

50

51 public void MethodB (

52 {

53 outputLabel.Text = output el.Text +

54 "\n\ninstance variable x is

55 " on entering MethodB";

56 x *= 10; Uses the global version of x (1)
57 outputLabel.Text™= tputLabel.Text +

58 "\ninstance varable x I

23 ) " on exiting MethodB"; Will permanently change
61 the value of x globally
62 // main entry point for application

63 [STAThread]

64 static void Main()

65 {

66 Application.Run( new Scoping() )

67 }

68

69 } // end of class Scoping

ing.cs
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172

Scoping.cs

Program Output

@Scoping Class _ O] x|
local % in method Scoping is 5

local % in Methoda, is 25 after entering Method4
local % in Methodd, is 26 before exiting Methoda,

instance variable xis 1 on entering MethodB
instance varable % is 10 on exiting MethodB

local % in Methodd, is 25 after entering Method4
local % in Methodd, is 26 before exiting Methoda,

instance variable % is 10 on entering MethodB
instance varable x is 100 on exiting MethodB

local % in method Scoping is 5

172



2/23/2016

s 30 6.14

Sl sl m
oled Sl 31y Olin g Al o aS pladem
r.:.i’;w.n.
m.s.';mnﬂ_&«.
LS o Sl b sl o3 S Sletl 315148 gl m
m@;obudm‘m\)wwjjk@.

Al | iS50 4 osls OLL ¢l Ll m
(pladl) Lile o 5L e Sl 3 a m
Aes o OLL 1) g e Sl 5 a OLL LI

173

173



2/23/2016

174

6.14 Recursion

Final value = 120

5 51
i 51 =5 * 24 = 120 is returned
5 % 41 5 % 41
i 41 =4 * 6 =24 is returned
4 * 31 4 * 31
i I 3! =3 *2=61is returned
3 * 21 3 * 21
1 I 21 =2 *1=21is returned
2 * 11 2 * 11
1 returned
1 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 System;

using System.Drawing;

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

public class FactorialTest : System.Windows.Forms.Form

{

private System.ComponentModel.Container components =

private System.Windows.Forms.Label outputLabel;

public FactorialTest()
{

InitializeComponent () ;

for ( long i = 0; i <= 10; i++ )
outputLabel.Text += i + "! = " +
Factorial( i ) + "\n";

null;

FactorialTest.cs
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26
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 <=1 )

return 1;

else

return number * Facto

}

[STAThread]

// base case

static void Main()

{

Application.Run( new FactorialTest())

}

} // end of class FactorialTest

The Factorial method
calls itself (recursion)

ial ( number - 1 );

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

JMFactorialTest

BONZO
uononon
I —

I
n
=

51=120

Bl =720

71 =5040

8l = 40320

9! = 362880
10! = 3628800

I [=T

FactorialTest.cs

Program Output
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6.15 Example Using Recursion:
The Fibonacci Sequence

m Fibonacci Sequence

m F(0) = 0

" F(1) =1

m F(n) = F(n-1) + F(n - 2)

m Recursion is used to evaluate F(n)
m Complexity theory

m How hard computers need to work to perform
algorithms
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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 System.ComponentModel.Container components =
private System.Windows.Forms.Button calculateButton;

private System.Windows.Forms.TextBox inputTextBox;

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

public FibonacciTest ()

{

InitializeComponent () ;

}

// Visual Studio .NET-generated code

null;

FibonacciTest.cs
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// call Fibonacci and display results
protected void calculateButton_ Click(
object sender, System.EventArgs e )
{
string numberString = ( inputTextBox.Text );
int number = System.Convert.ToInt32( numberString );
int fibonacciNumber = Fibonacci( number ) ;

displayLabel.Text = "Fibonacci lue is " + fibonacciNumber;

}

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

FibonacciTest.cs

if ( number == 0 || number == 1) The number uses the Fibonacci

return numbex ;
else

method to get its result

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

} e

STATH .
[STATH The recursion ends when
statid

{ the number is 0 or 1

Calls itself twice, to get the re
of the the two previous numbers

sult

Application.Run( new FibonacciTest() );

}

} // end of class FibonacciTest
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JWFibonacciTest | _ (O] x]

Enter an Integer: 22

Calculate Fibonacci ‘

FibonacciTest | _ (O] x|

Enter an Integer: |22

Fibonacci Value is 17711

Calculate ﬂ)onacci |
)

FibonacciTest.cs
Program Output
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6.15 Example Using Recursion:
The Fibonacci Sequence

F(3)

return|F( 2 ) +

e

F(1)

return|F( 1 )

+

F(0)

return 1

return 1

return 0

Fig. 6.17  Set of recursive calls to method Fibonacci (abbreviated as F).
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6.16 Recursion vs. Iteration

m [teration

m Uses repetition structures
m while, do/while, for, foreach

m Continues until counter fails repetition case

m Recursion
m Uses selection structures
mif if/else, switch
m Repetition through method calls
m Continues until a base case is reached
m Creates a duplicate of the variables

m Can consume memory and processor speed

182

182



2/23/2016

6.17 Method Ovetloading

m Methods with the same name
m Can have the same name but need different
arguments

m Variables passed must be different

m Either in type received or order sent

m Usually perform the same task

m On different data types

183
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// Fig. 6.18: MethodOverload.cs
// Using overloaded methods.

using
using
using
using
using
using

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

public class MethodOverload : System.Windows.Forms.Form

{

private System.ComponentModel.Container components = null;

private System.Windows.Forms.Label outputLabel;

public MethodOverload()

{

}

InitializeComponent () ;

// call both versions of Square
outputLabel.Text =

MethodOverload.cs

184

"The square of integer 7 is " + Square( 7 ) +
"\nThe square of double 7.5 is " + Square ( 7:;\\?\\\

Two v

ersions of the square

method are called

// Visual Studio .NET-generated code
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29
30
31
32
33
34
35
36
37
38

40
41
42
43
44
45
46
47

// first version, takes one integer
public int Square ( int x_)

{

return x * x;

}

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

{

return y * y;

}

[STAThread]

static void Main()

{

Application.Run( new MethodOverload() );

}

} // end of class MethodOverload

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

MethodOverload.cs

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

JMMethodoverload M= E3

The square of integer 7 is 49
The square of double 7.5 is 56.25

Program Output
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// different return types.
using System;

class MethodOverload2

// Fig. 6.19: MethodOverload2.cs
// Overloaded methods with identical signatures and

A

{
public int Seuare( doubls

{

This method returns an integer

return x * x;

}

{
return y * y;

}

static void Main()
{
int squarevValue = 2;
Square ( squareValue ) ;
}

} // end of class MethodOverload2

N

// second Square method takes same number,
// order and type of arguments, error
public double Square( double y )

This method returns a double number

// main entry point for application

186

MethodOverload2.cs

Since the compiler cannot tell
which method to use based on
passed values an error is generated

Task List - 1 Build Error task shown (filtered)

' Description

Click here to add a new task

! @ " Class 'ﬁethudOverlaa&ZSpace.M;HEHO\;HE;JZ' already defines a member called ‘Square’ with the same parameter types C:l..cs 19

[ El Task List| E] Output ‘% Index Results a Seaich Results \@ Breakpoints |

Program Output
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Aodio 7.1

m Data structures
Ll o 0L ¢ L gl esls ¢l Jols m
Kl o SLOLL G sl Olsa 3l m
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7y Q‘)T 7.2

Mﬁﬁ@@b‘d&d&ﬁ)‘ﬁj;&
Ob&@.}l
DS Iy o 2ed OL5 oo (el Canmdgo oslod L byl 51 Lol e 4

Rl 3 (i) Cnd g o5led OF Jis w4l ol 0I5 b e o 4 15 0

189
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First element of array cisc[0] =
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b 4f,77.2

c[0] -45
e[1] 6

Name of array (Note that
all elements of this array c[2] 0
have the same name, c)

c[3] 72
c[4] 1543
c[5] -89
c[6] 0
c[7] 62
c[ 8] -3
c[9] 1

Position number (index
or subscript) of the c[10] 6453
element within array ¢

e[ 11] 78

Fig. 7.1 A 12-element array.
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7.2 Arrays

Operators Asociativity Type
0O [ . ++ - left to right highest (unary postfix)
++ -= + = ! (ype) right to left unary (unary prefix)
* /0% left to right multiplicative
+ = left to right additive
< <= >>= left to right relational
= 1= left to right equality
& left to right boolean logical AND
A left to right boolean logical exclusive OR
| left to right boolean logical inclusive OR
&& left to right logical AND
Il left to right logical OR
2 right to left conditional
= += -= *= /= &= right to left assignment
Fg.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 ) /fi;ﬂareai

Allocate x to be
of size 10

{
string output = ""; array x

T rIrTe ST

int[] x;
x = new int[ 10 ];

// default values
// initializer list specifies n el
// and value of

// declare reference to an array
// dynamically allocate array

Declare a constant
Dd ARRAY_SIZE

array y and initialize it

with values
60, 37 }! \

ements

int[] y 95, 14, 90, 70
const int ARRAY SIZE = 10; // naTEg/eﬁﬁ;;
1nt[] z; e /I/I Ter +

Initialize the elements in z
using a for loop

A t€ZET array z

// allocate array of

elements ‘

Z = new int[ SIZE ]; <«

// set e values in the array
for ( int i = 0; i < z.Length; i++ )
z[ i1 =2+ 2 * i;
output += "Subscript\tArray x\tArray y\tArray z\n";

Initialize z to be of size
ARRAY SIZE

194
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34
35
36
37
38
39
40
41
42
43
44
45

// output values for each array

for ( int i = 0; i < ARRAY SIZE; i++ )
output += i + "\t" + x[ i ] + "\t" + y[ i ] +

u\tvv + Z[ i ] + vv\nu;

MessageBox.Show( output,

"Initializing an array of int values",
MessageBoxButtons.OK, MessageBoxIcon.Information );

} // end Main

} // end class InitArray

InitArray.cs

Add values in the arrays to

output

Initializing an array of int values x|

[® Subscript Arayx  Anayy  Amray z
0

0O 00~ O U1 4= 0O P =
coocooooooo
—
=

Program Output
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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; . e 1 g. y SumArray.cs
and initialize it

class SumArray
{

// main entry poi
static void i

for application Total the contents of
( string[] args )

{ array a
int[] a = { 9, 10 };
int total
for ( int i = 0; i < a.Length; i++ )
total += a[ i ];
MessageBox.Show( "Total of array elements: " + total,

"Sum the elements of an array",
MessageBoxButtons.OK, MessageBoxIcon.Information );

} // end Main

} // end class SumArray

Program Output

"\i) Total of array elements: 55
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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 = { 19, 3, 15, 7, 11, 9,
string output = "";
output += "Element\ty

put

= "\n" + i+ "

j=1; j<=n[1i];
4= "k,

MessageBox.Show( output,

} // end Main

} // end class Histogram

i = 0; i < n.Length; i++ )

"Histogram Printing Program",
MessageBoxButtons.OK, MessageBoxIcon.Information );

Histogram.cs

Declare an integer
array n and initialize it

Create a bar for each
element in n

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

i ] + "\t",‘

j++ ) // print a bar

197
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Histogram Printing Program %] I

Element value

3

WO-OME=WN =0

19
3
15

Histogram

RHHHHXKKHRHNIHXHKEN
XX

FHHHXAXHNHHNNK
AXRHAKK

HURRRKKRHRR
HHHHARKARK
AXARARKXKRRNN

XHRHR
ARAXARKRKRRHRKARK

Histogram.cs
Program Output
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1 // Fig. 7.6: RollDie.cs

2 // Rolling 12 dice.

3

4 using System; .
5 using System.Drawing; RollDie.cs
6 using System.Collections;

7 using System.ComponentModel;

8 using System.Windows.Forms;

9 using System.Data;

10 using System.IO;

11

12 public class RollDie System.Windows.Forms.Form

13 {

14 private System.Windows.Forms.Button rollButton;

15

16 private System.Windows.Forms.RichTextBox displayTextBox;

17

18 private System.Windows.Forms.Label dieLlabell;

19 private System.Windows.Forms.Label dieLabel2;

20 private System.Windows.Forms.Label dieLabel3;

21 private System.Windows.Forms.Label dieLabel4;

22 private System.Windows.Forms.Label dieLabel5;

23 pr?vate System.W?ndows.Forms.Label d%eLabelG; Ckeau:allandonl(ﬂﬁect

24 private System.Windows.Forms.Label dieLabell;

25 private System.Windows.Forms.Label die el8;

26 private System.Windows.Forms.Labe ieLabel9;

27 private System.Windows.Forms el dieLabellO; I)eclaﬁ:anintegerarray
28 private System.Windows. Label dielabelll; .
29 private System. Forms.Label dieLabell2; f}equency'andzﬂlocatelt
30 enough memory to hold
31 private em.ComponentModel. iner components = | 7/ hnegers

32

33 Random ra umber = new Random() ;

2& int[] frequency = new int[ 7 ];

35
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36 public RollDie ()

37 {

38 InitializeComponent () ;

39 } Event handler for the RollDie.cs
40 . .
41 // Visual Studio .NET generated co rollButton Click event
42

43 [STAThread]

44 static void Main()

45 {

46 Application.R new RollDie() ); Call method DisplayDie once
47 }

48 for each Label
49 private void rollButton_ Click(

50 object sender, System.Even

51 {

52 // pass the labels a method that will

53 // randomly ass&gn a face to each die

54 DisplayDie( dieLabell );

55 DisplayDie( dielLabel2 ) ;

56 DisplayDie( dielabel3 ) ;

57 DisplayDie( dieLabeld );

58 DisplayDie( dieLabel5 ) ; Total the number of

59 DisplayDie( dieLabel6 ); times the dice have

60 DisplayDie( dieLabel?7 ) H been rolled

61 DisplayDie( dieLabel8 );

62 DisplayDie( dielLabel9 )7

63 DisplayDie ( 0);

64 DisplayDie ( elll );

65 DisplayDie ( _dielLabell2 ) ;

66

67 doub. =0;

68

69 for (int i =1; i < 7; i++ )

70 total += frequency[ i ]:;
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71
72
73
74
75
76
77
78
79

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

displayTextBox.Text = "Face\tFrequency\tPercent\n";

// output frequency values

for ( int x = 1; x < frequency.Length; x++ ) RollDie.cs
{
displayTextBox.Text += x + "\t" +
frequency[ x ] + "\t\t" + String.Format( "{O0:N}",
frequency[ x_ ] / total * 100 ) + "%\n";
} Ou Get a random number
} // end Main die vall from 1 to 6

Display die image corresponding

// image and increm to the number rolles

int face omNumber .Next( 1,

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

"\\images\\die" + face + ".gif" );

frequency[ face ]++;
}

} // end class RollDie
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203

RollDie.cs

n Program Output

Face Frequency Percent -
1 3 25.00%

2 1 8.33%

3 2 16.67%

4 3 25.00%

5 2 16.67%

6 1 8.33% LI

[ roliDie o [=] S|

Face Frequency Percent -
1 113 18.83%

2 99 16.50%

3 15.00%

4 120 20.00%

5 98 16.33%

6 80 13.33¢ LI
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// Fig. 7.7: StudentPoll.cs
// A student poll program.

Declare and initialize
integer array responses

using System;
using System.Windows.Forms;

204

StudentPoll.cs

class StudentPoll
{

For every element in responses,
increment the frequency element
// main entry point for applicatio that corresponds to the answer

int[] 9, 7, 8, 10, 1,
6, 5,7, 6,8,6,7,
4, 8, 6, 8, 10 };

int[] Output the number of times each
string ou
response appeared
// response
for ( int answer = 0; answe responses.Length; answer++ )

++frequency[ respon

output += ing\tFrequency\n";

// put results
for ( int rating = 1; rating < frequency.Length; rating++ )
output += rating + "\t" + frequency[ rating ] + "\n";

MessageBox.Show( output, "Student poll program",
MessageBoxButtons.OK, MessageBoxIcon.Information );

} // end method Main

} // end class StudentPoll
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205

StudentPoll.cs
Program Output

Student poll program | X| I

- Rating  Frequency
L) 4 2
2 2
3 2
4 2
5 5
6 11
i 5
8 7
9 1
10 3
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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;

public class PassArray
{

System.Windows.Forms.Form

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

Declare and initialize
integer array a

// Visual Studio .NET generated code

[STAThread]
static void Main()

PassArray.cs

{
Application.Run( new PassArray() )’

}

reference

Call method ModifyArray, pass
array a as an argument by

private void shewOutputButton_Click( ender,

ject s

System.EyehtArgs e )

Output contents of array a

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

outputLabel.Text = "

ModifyArr ; rr i referen

207
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

67
68
69

outputLabel.Text +=

"\n\nThe values of the modified array are:\n\t";

// display elements of array a
for ( int i = 0; i < a.Length; i++ )
tLabel.Text += " "+ al i

outputLabel.Text
"element call-by-va :
"ModifyElement: " + a[ 3

// array element passed fall-by-value
ModifyElement( a[ 3 ]

odifyElement:

public vodid 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 +=

"\nvalue received in ModifyElement:

- PassArray.cs
Replace every element in

array by twice its value

=_"\n\nEffectg ' of passing array " +
[ 3 1 before " +

"+al31;

Output array a after ModifyArray
changed the contents

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

"+ e;

208

208



2/23/2016

70
71
72
73
74
75

alue calculated in ModifyElement: " + e;

Multiply argument by two

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

JT=IE

Show Output

Effects of passing entire array call-by-reference:

The values of the original array are:
LEPERY E

The values of the modified array are:
246810

Effects of passing array element call-by-value:

2[ 3 ] before ModifyElement: 8

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

PassArray.cs

Program Output
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7.6 Passing Arrays by Value and

210

by Reference

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

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

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

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

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

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

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

210
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7.6 Passing Arrays by Value and
by Reference

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

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

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

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

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

21
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// Fig. 7.9: ArrayReferenceTest.cs
// Testing the effects of passing array references
// by value and by reference.

using System;
using System.Drawing;
using System.Collections;

Declare and initialize
integer array firstArray

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

public class ArrayReference

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

[STAThread]

Declare integer array
static void Main

firstArrayCopy and have it
reference firstArray

nd initialize firstArray
stArray = { 1, 2, 3 };

y firstArray reference
int[] firstArrayCopy = firstArray;

outputLabel.Text +=
"Test passing firstArray reference by value";

outputlabel.Text += "\n\nContents of firstArray " +
"befor lling Fir le:\n\t";

st : System.Windows.Forms.Form

212

ArrayReferenceTe
st.cs
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213
36
37 // print contents of firstArray
38 for ( int i = 0; i < firstArray.Length; i++ )
39 Label.Text += firstA i + " "y
20 ou gper.tex irstArray[ i ] ArrayReferenceTe
41 // pass reference firstArray by value to FirstDouble st.cs
42 FirstDouble( firstArra
23 ( Y Test whether firstArray and firstArrayCopy
44 outputlLabél=Text += "\n\nContents reference the came ohiect
45 "calling Firs ble\n\t"; Declare integer array secondArrayCopy and
46 i set it to reference secondArray
47 // print contents of rstAr LA
48 for ( int i = 0; &< firstArray Zength; i++ ) Declare and initialize integer arry
49 outputLabeX Text += firstApfay[ i ] + ] secondArray
50
51 // W] her reference Was changed FirstDouble Lall method Firstboudle
52 if ( firstArray.== firsyArrayCopy on firstArray
53 outputLabel .Tex
54 "\n\nThe refepén fer to the same array\n";
55 else
56 outputLabel.Pé +=
57 "\n\nTh eferences refer to &ifferent arrays\n";
58
59 // cx e /and initialize secondArray Output contents of ﬁrstArray
60 int[] secondArray = { 1, 2, 3 };
61
62 // gopy secondArray reference
63 int[] secondArrayCopy = secondArray;
64
65 outputlabel.Text += "\nTest passing secondArray " +
66 "reference by reference";
67
68 outputlabel.Text += "\n\nContents of secondArray " +
69 "before calling SecondDouble:\n\t";
70
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214
71 // print contents of secondArray before method call
2 for ( int i = 0; i < secondArray.Length; i++ )
73 tputLabel.Text += secondArray[ i ] + " ";
74
75 SecondDouble £ secondArray ); Test whether secondArray ArrayReferenceTe
76 and secondArrayCopy st.cs
77 outputLabeiText += "\n\ ts ¢ reference the same object
78 "after calli SecondD lem\n)\
79
80 // print contents SecondArray after meéthad call | Replace each element in the array
81 £ ( int i = 0 i < secon ray.Length; i++ ) by twice its value
82 o utL l.Text += secondArcay[ i ] + " "; .
83
84 // test whet reference was changed SedondDoublg Set array to reference a new
85 if ( secondArray == secondArrayCopy ) integer array containing the
86 outputLabel.Text
87 "\n\nThe references-xefer t he same ar \rl values 11, 12 and 13
88 else and pass SecondAiray by
89 outputLabel .Text += reference
90 "\n\nThe references refer to di rent arrays\n"; ‘
91
92 } // end method showOutpdtButton Click Output contents of secondArray
93
94 // modify elements of array a attempt to modify
95 // reference
96 void FirstDouBle( int[] array )
97 {
98 // le each ement's value
99 for ( int i 0; i < array.Length; i++ )
100 array 1 *= 2;
101
102 // eate new reference and assign it to array
103 array = new int[] { 11, 12, 13 };
104 }
105
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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;

// create new reference and assign it to array
argay = int[] { 11, 12, 13 };

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

_aix]

Show Output

Test passing firstArray reference by value
(fgnéents of firstArray before calling FirstDouble:

(zlt;néents of firstArray after calling FirstDouble

The references refer to the same array

Test passing secondArray reference by reference
Contents of secondArray before calling
?ezogndDouble:

Contents of secondArray after calling SecondDouble:
111213

The references refer to different arrays

215
ArrayReferenceTe
st.cs

Program Output
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7.7 Sorting Arrays

m Sorting data is important in many applications

m Bubble Sort — array of size n

m Make n passes through the array

m For each pass, compare every pair of successful elements

m [f the first is larger then the second, swap the elements

m Hasy to program

m Runs slowly

m NET Framework includes high-speed sorting

capabilities

216
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1 // Fig. 7.10: BubbleSorter.cs
2 // Sorting an array's values into ascending order.
3 using System;
4 using System.Drawing;
5 using System.Collections; BubbleSorter.cs
6 using System.ComponentModel;
7 using System.Windows.Forms;
8 using System.Data;
9
10 public class BubbleSorter System.Windows.Forms.Form
11 {
12 private System.Windows.Forms.Button sortButton;
13 private System.Windows.Forms.Label outputLabel;
14
15 // Visual Studio .NET generated code Declare and initialize array a
16
17 [STAThread] ‘
18 static void Main() Output the contents of array a
19 {
20 Application.Run( ne
2; } Call method Bubble sort on array a
23 private void
24
25 {
26 int[] a 68, 45, 37 };
27
28 outputL ata items in original order\n";
29
30 for ( int i ; 1 < a.Length; i++ )
31 output; el.Text += " "+ al i1];
32
33 // &6rt elements in array a
34 BubbleSort( a );
35
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outputLabel.Text += "\n\nData items in ascending order\n";

218

for ( int i = 0; i < a.Length; i++ )
ou el.Text += " " + a[ i ]; Swaps two elements
| of an array
} // end method sortButton Click If ant giv

bbleSorter.cs

igger then the following

rray a

// sort the elements of an array wi

Y element, swap the elements

public void BubbleSort( int[] b

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

// one comparison
// one swap

blic void Swap( int[] c, int first )

Pm Perform contents of for loop
fap two elements of an array for each element of array b

int hold; // temporary holding area for swap

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

oubiesort =Y

Data items in ongmal order
264810 12 89 68 45 37

Data items in ascending
2468101237455839

Program Output
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// Fig. 7.11: LinearSearcher.cs

// Demonstrating linear searching of an array.
using System;

using System.Drawing;

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

LinearSearcher.c

Retrieve the number user s
input as the search key

public class LinearSearcher : Sysftem.Windows.Forms.Form

{

private System.Windows.Formg.Button searchButton;

Perform linear search
for the search key

private System.Windows.Forpis.TextBox inputTextBox;
private System.Windows.F s.Label outputLabel;

int[] a={ 2, 4, 6, 8/ 10, 12, 14, 16, 18,720, 22, 24,

28, 30, 32, 34, 36, 38, 40, , 44, 46, 48,

// Visual Studio T generated cod
[STAThread]
static void Majyn()
{

Applicatién.Run( new XinearSearcher() );
}
private Button_Click( object sender,

Sys
{

int se Int32.Parse( inputTextBox.Text );

int elementIndex = LinearSearch( a, searchKey );

26,
50 };
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39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

56

if ( elementIndex !'= -1 )

LinearSearcher.c
not found"; s

else
outputLabel.Text = "Va

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

} // end method searchButton Click

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

{ If search failed, return -1
for ( int n = 0; n < array.Lengffi,ﬂii/+/////// ‘
{

Start at beginning of array

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

If it does, return the current index

return n;

return -1;

} // end method LinearSearch

} // end class LinearSearcher

-loix
Search | [6 Search | [15 Program Output

Found value in element 2 Value not found
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1 // Fig. 7.12: BinarySearchTest.cs

2 // Demonstrating a binary search of an array.

3

4 using System;

5 using System.Drawing; Declare and initialize
6 uS}ng System.Collections; integerEUTay a

7 using System.ComponentModel;

8 using System.Windows.Forms;

9 using System.Data;

10

11 public class BinarySearcHTest System.Windows.Forms.Form
12 {

13 private System.Windows.Forms.Label promptLabel;
14

15 private System.Windows.Forms.TextBox inputTextBox;
16

17 private System.Windows.Forms.Label resultLabel;
18 private Sys¥em.Windows.Forms.Label displayLabel;
19 private Syétem.Windows.Forms.Label outputLabel;
20

21 private/System.Windows.Forms.Button findButton;
22

23 privazte System.ComponentModel.Container components = null;
24

25 int[] a= {0, 2, 4, 6, 8, 10, 12, 14, 16,

26 18, 20, 22, 24, 26, 28 };

27

28 // Visual Studio .NET generated code

29

30 // main entry point for application

31 [STAThread]

32 static void Main()

33 {

34 Application.Run( new BinarySearchTest() );

35 }

224

BinarySearchTest
.cs
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// searches for an element by calling

// BinarySearch and displaying results

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

{ .cs
int searchKey = Int32.Parse( inputTextBox.Text );

display string for the new search If the low index is less then

the high index then try to
find element (otherwise,

Retriey element is not in the array

// perform the binary search

int element = BinarySearch( a, searchKey

element " + Compute midpoint of
current search space

"Found value

method BinarySearch on
array a with the user input as
the search key

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

int low
int high
int middle;

// low subscript
gth - 1; // high subscript
// middle subscript

array.L

while ( Llow <= high )

middle = ( low + high ) / 2;

225

BinarySearchTest
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// 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
.cs

Output all elements of the
array within two indices and
mark the middle element.

If the middle element Print spaces for the other
garch key, return the elements

middle element

public void BuildOutput (
int[] array, int low, int mi
{
for ( int i = 0; i < array.Length;
{
if (i < low || 1 > high )
outputLabel.Text += " "

// mark middle element in output
else if ( i == mid )
outputLabel.Text +=

array[ i ].ToString( "00" ) + "* ";

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

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

226



2/23/2016

99

100
101
102
103
104
105
106
107
108

else
outputLabel.Text +=
array[ i ].ToString( "00" ) + " ";
}
outputLabel.Text += "\n";
} // end BuildOutput

} // end class BinarySearchTest

o]
Enter key Is Result:  Found value in element 3

Portions of array searched
00 02 04 06 08 10 12 14* 1€ 18 20 22 24 26 28
00 02 04 O06* 08 10 12

227
BinarySearchTest
.cs
Program Output
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Enter key |3 Result: Found value in element 4

Portions of array searched

=10/

00 02 04 06 08 10 12 14* 16 18 20 22 24 28
00 02 04 oO€* 08 10 12
o8 10* 12
0¥
(™ BinarySearch * =10] x|

Enter key |25 Result: Value not fous

Portions of array searched

00 02 04 0€ 08 10 12 14* 16 18 20 22 24 26 28

16 18 20 22* 24 26 28
24 26* 28
24+

228
BinarySearchTest
.cs
Program Output
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Arrays that compose jagged arrays can be of different lengths m
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7.9 Multiple-Subscripted Arrays

Row 0
Row 1
Row 2

Column 0 Column1 Column2 Column 3
a[0, 0] |a[0O, 1] |a[0O, 2] |a[0, 3]
a[l, 0] |a[1l, 1] |all, 2] |a[l, 3]
al[2, 0] |al2, 1] |al2, 2] |a[2, 3]

Row index (or subscript)

—— Column 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 System;

using System.Drawing;
using System.Collections;

Initialize the third element | |

TwoDimensionalAr

using System.ComponentModelj in array2 to be an array that § olement in rays.cs

using System.Windows.Forms;/ | contains 3integers
using System.Data;

that

lare a jagged

contains 1 integer
public class TwoDimensionalArrAys T T
{
private System.Windows.Fofms /Button showOutputButton;
private System.Windgws.Formg.Label outputLabel;

array named
array2 with 3 rows

// Visual Studio .NET /genérated code

Declare and initialize a
rectangular integer array
[STAThread] named arrayl

static void Mairpg/()

{

Application n{ new TwoDim icnalArrays() );

}

private void//showOu utton_Click( object sender,
System.Eye s )

{
// ation and initialization of rectangular array
int[, ayl = new int[,] { {1, 2, 3}, { 4, 5, 6 } };

// claration and initialization of jagged array
i [] array2 = new int[ 3 ][]’

a yv2[ 0 ] = new int[] { 1, 2 };

aryay2[ 1 ] = new int[] { 3 };

array2[ 2 ] = new int[] { 4, 5, 6 };

L 1l.Text += "Val in arrayl row are\n";

231



2/23/2016

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

59

// output values in arrayl
for ( int i = 0; i < arrayl.GetLength( 0 ); i++ )
{
for ( int j = 0; j < arrayl.GetLength( 1 ); j++ )
outputLabel.Text += arrayl[ i, j ] + " ";

outputLabel.Text += "\n";
}

outputLabel.Text += "\nValues in array2 by row are\n";
// output values in array2
for ( int i = 0; i < array2.Length; i++ )
{
for ( int j = 0; j < array2[ i ].Length; j++ )
outputLabel.Text += array2[ i ][ J 1 + " ";

outputlabel.Text += "\n";
}

} // end method showOutputButton Click

} // end class TwoDimensionalArrays

~loi
Show Output

Values in array1 by row are
456

\‘Ia!zua in array2 by row are

3
456

232

TwoDimensionalAr

rays.cs

Program Output
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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 : System.Windows.Forms.Form

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

DoubleArray.cs

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

Initialize array grades to have 3 rows

// Visual Studio .NET generate

Initialize each element in array grades

[STAThread]
static void Main()

{

Application.Run(“ new DoubleArray() )
}

private void/showOutputButton Click( object sender,
System EventArgs e )

grades = new int[ 3 ][];

grades[ 0 ] = new int[]{ 77, 68, 86, 73 };
grades[ 1 ] = new int[]{ 96, 87, 89, 81 };
grades[ 2 ] new int[]{ 70, 90, 86, 81 };
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students = grades.Length;
exams = grades[ 0 ].Length;

// line up column headings

outputLabel.Text += "

for ( int i =
outputLabe

for ( int j = 0;
outputLabel.T

outputLabel.Text += "
"\nHighest e:

owest grade:

for™( int i = 0; i < students; i++ )

outputLabel.Text += "\nAverage for student " + i + " is " +

Average( grades[ i ] );

} // end method showOutputButton Click

// number of students
// number of exams

= grades[ i ][ Jj 1

" 4+ Maximum() + "\n";

Output each row DoubleArray.cs

Output each
element of the row

Output the minimum and
maximum grades

i 7 Output the average for each row

" 4+ Minimum() +
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// £ind minimum grade in grades array
public int Minimum()
{

int lowGrade = 100;

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

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

if ( grades[ i ][ j ] < lowGrade )
wGrade = grades[ i ][ j 1’

return lowGrade;

}

// find maximum grade in grade3\array
public int Maximum()
{

int highGrade = 0;

for ( int i = 0; i < stydénts; i++ )

for ( int j = 07 j < exams; j++ )

if grades[ i ][ j ] > 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
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// determine average grade for a particular student

public double Average( int[] setOfGrades )

{
int total = 0;

for ( int i = 0; i < setOfGrades.Length; i++ )
l += setOfGrades[ i ];

return ( double ) 1l / setOfGrades.Length;

236

DoubleArray.cs

L Total the grades for the array

} // end class Doub

Divide the total by the
number of grades

]

-Ioix

Lowest grade:
Highest grade: 96

Average for student 0 is 76
Average for student 1is 88.25
Average 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 m

A variable is used to represent the value of each =
element

237
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Use the foreach loop to examine
each element in the array

ForEach.cs

1 // Fig. 7.16: ForEach.cs

2 // Demonstrating for/each structurg

3 using System;

4

5 class ForEach

6 {

7 // main entry point for the application

8 static void Main( string[] args )

9 {

10 int[,] gradeApfay = { { 77, 68, 86, ,
11 { 98 }, { 70, 90 , 81} };
12

13 int lo

14

15 foreach ( i in gradeArray )

16 {

17 if ( grade < lowGrade )

18 lowGrade = grade;

19 }

20

21 Console.WriteLine( "The minimum grade is:
22 }

23 }

238

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

" + lowGrade ) ;

The minimum grade is: 68

238



