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2 ConsaleAppheat

rosolt Visual (& NET [design] - Class1.cs.

Blo ES Yew Proet Buid Debup ook Wndow Hsb

P-B-SEHO I BB - -F-0] ) oew - R
1t Poge Classies | 10 | -
33 =] e =] || Classics Fie propenes -
using System: =18
namespace ConsoleApplicationl
o Build Action
class Classi Howthe fils related to the buld and
processes.
pre. ot

(STAThread)
atatic void Main(stringl] args)

’ Tl Soten

]

ko
£ Assembiylnio.cs
) st

]

10 Fig. 3.2 Visual Studio .NET-generated console application.

1 // Fig. 3.1: Welcomel.cs |
2 // A first program in c#.‘\ = 1
3 _ Sy e ) J L Sl [
4 using System; «———— | X .
5 SIS s L .cWelcomel 5 i 56T ol fel.es
6 class Welcomel<7 333 o 355 IS b e s Class
74 T
8 static void Main( $tring[] args ;/
B {
10 Console.WriteLine ( "Welcome td’C# Programming!" );
11 }
12 )
wbp oo
Welcome to C# Programming!
9
w > Sy > 00lw 4ol
: o0lw 4ol 3.2
w b () -] .
EII™ 3 L3
bug o [=] 1]

Welcome to CH Programming!?

1 // Fig. 3.4: We! 2 —
2 // Printing a 1 45 355 g olizl 1> Console.WriteLine
: 33 A syt ey O bl O o sl
4  using System; e o

5 sl Lt g3 S 55 ST e il bt S
6  class Welcome2

7

8 static void Main( string[] args )

9

10 Console.Write( "Welcome to " )

11 Console.WriteLine ( "C# Programming!" );

12 }

3}

Welcome2.cs

Welcome to C# Programming!

wby s P

Fig. 3.3 Execution of the Welcomel program.
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Fg 36 Sovecomunecapesaaees

13
; x gig-t’{-ﬁr W;t\_:ol;e:*i o ol ey ot 4 L OIS JWasl 51 \n
3 rinting multiple Lot i 50 o S 0pd e sl gt
4 using System; I R T B
5 Welcome3.cs
6  class Welcome3
7
8 static void Main( string[] args )
9 {
10 Console.WriteLine( "Welcome\nto\nC#\nProgramming!" );
11 }
12}
Welcome by oy >
to
c#
Programming!
15

1 // Fig. 3.7: Welcomed.cs .
2 // Printing multiple lines in a d System.Windows.Forms .t slas
3 S 3 oslizal o3l oy 5 sl 4

oI e orl gy asl 4
4 using System; *
5  using System.Windows.Fo 1 a3 a1, MessageBox Welcome4.cs
3
7 class Welcomed
8 {
9 static void Main( string[] args )
10 {
11 MessageBox.Show( "Welcome\nto\nC#\nprogramming!" );
12 }
13}

wby s P
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[Add Reference x|

NET | com | projects |

< Home
System Runtime Remoting
System Runtme. Serialzaticn.... 1
System.Securty
System. ServiceProcess.dl
System. Web.dl

Path s
CHWINNTWMikroscft NETFra... 2
CH|WINNTMcrosclt NETVFra... =
CAWINNTMcroscft NETFra...

CHAWINNTYMrosoft NETVFra...

CHWINNTYMicrosolt NETFra...

CHWINNTMcrosclt NETFra...

System. web RegurExpress...
=

: x =
\Progearm Fiesiperosoft Ve
<AProgram Fiss\Mrosolt V... —

Selected Components:
c [1ype [ seurce [ Remove
Sysen. Windows. Forms. il NET CIWINNT\Mcrosoft NET\Fram. .. ‘—'J
e
add _— |
Reference
dialogue x| ECESI|
Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part 1).
16
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Solution Explorer - Welcomed
B /
3 Solution “Welcomed' (1 project)
=] E Welcomed
e ]References!
+) System
) System.Data
/ +(23 System.Windows.Forms — reference
References folder +{J System.xXML
£#] AssemblyInfo.cs
o¥] Welcomed.cs

5 Solution Explorer

Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part
2).

System. Windows . Forms

oo bd Sy ol 208b 4ol 3.2

Label

Button

Textfield  Menu

Menu bar

3 Deitel & Associatys, Inc. - Microsolt Enternet cxplores o
g 2 PersonalBar @search [ilFavorkes (3| - G W - H @B A R
ackdress [@] M . dotel.comd ] @0 s ™

Java™, C, C-+, Visual Basc®, Object Techrology, mnmww«ummnwu—mnm
D E I'I'El deicelddeicel. con

]
&Associans Inc.

200, Sudbury, MA 01776
Corporate Trawng Curricubum

Publications fBook Store: -
s wnpane Now Available!
Pussrds aele 1D e wrar -/
o | _'1_J
& o Ineernet 4

Fig. 3.9 Internet Explorer’s GUI.

o bd Sy ol 208b 4ol 3.2

OK button allows the _E «— Closebox
user to dismiss the

dialog.

Dialog is automatically sized to
accommodate its contents.

Mouse cursol

Fig. 3.10 Dialog displayed by calling MessageBox . Show.
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Short Name | .NET Class Type Width Range (bits,
byte Byte Unsigned integer 5 |0 to 255
sbyte sByte Signed integer 8 |-128 to 127
int Signed integer 32 |-2,147,483,648 to 2,147,483,647
uint Unsigned integer 32 [0 to 4294967295
short Intle Signed integer 16 [-32,768 to 32,767
ushort UIntle Unsigned integer 160 to 65535
-9223372036854775808 to
nt64 e
long Ints ned integer 64 | o055 am00seacarea0
ulong UIntés Unsigned integer 64 |0 to 18446744073709551615
float Single gle-precision floating point 32 [-3.402823e38 to 3.402823e38
— type
Double-precision floating point -1.79769313486232e308 to
double Double type 64 11 .79769313486232¢308
char Char A single Unicode character 16 |unicode symbols used in tex
[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

21

C# 40 &l 0318 &9

jppeeNanswn e

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

using System; /
class Addition

{

static void Main( { These are three ints that are declared

{

‘ This is the start of class Addition ‘

Two strifl The comment after the Addition.cs
defined g declaration is used to briefly

0S¢

over several lines and only use one
semicolon. Each is §| This line is considered a prompt
because it asks the user to input data.

int numberl, // first
number2, // second number to add

sum; // sum of numberl and n er2

string firstNuml

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

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

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

setondNumber = Console.Rea

string to type int
numberl = Int32.Parse( firstNumber )
numbpr2 = Int32.Parse( secondNumber );

// add numbers Console.ReadLine is used to take the
sum ='numberl . L !
users input and place it into a variable.

23

250 YO0 B o3l 50l e ool g s ol obyter alsp s m
28 =S LAYV B YA 5L 5 015 e el 50l sasbyte: esls (S
o3 YTV B =YYW o3k 51 015 e 02l 56 ol ssshort: esls (S
35 03 1500Y0 bk o3k 51 05 e eals g 5 ol sushort: esla g W
238 05 1 TOEVEAT AV B =YV EVEATUA o3l 51 015 o o3l g5 0ol ot esls g
38 0,3 [ EYALATVYA0 b v o3k 51 0l e esls & orl suint: esls ¢rom
025 L ATITIVYFIAGENVOAY b -4 TYIVYCFTAOEWVOAA o3 51 U5 o o3ls g5 ol olong: asls g5 m
NS
35 03 LIAGEIVEE VRV 400110 b v asl 31 05 o a3l g5 ool soulong: els gy m
3,5 0,03 1,638 YL YAYY 5e38- Y.£+ YAYY o3L 51 0155 e eols e ol safloat: esls [E
3 3l 3 Ol e edls psi e : esls g5
25 1,e308 ) VAVIATIFEATYTY Ge308- ) VAVIATIFEATYYY o3l 5 05 o 0313 ¢ 5 ol adoubler ez gy m
NG
B -VAYTAVIYO ETUETVORTOLTA0YTO o3l 51 0l o 03ls ¢ ool sodecimal: esls g0 m
5,5 0,23 | VAYYAVTO) £V IETTV0AY 0140 YT 0
22
32 // display results
33 Console.WriteLine( "\nThe sum is {0}.", sum );
31
g: } // end method Main Addition.cs
37 } // end class Addition
Please enter the first integer: 45
Program Output
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.
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ddl> palio 3.4

mbert|_ 45

Fig. 3.12  Memory location showing name and value of variable numberl.
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numbert
number?

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

lwlbxe 3.5

numbert
number?

sum 117

Fig. 3.14 Memory locations after a calculation.

29
o lwlxo 3.5
- .
.

C#opemation Arthmetic operator [Algebraic expression  [C# expression
Addition + J+7 £+ 7
Subtraction = pP-c pP-e

Multiplication * bm TX b*m
Division / x/yor x/y
Modulus % rmods ré¢s

Fg. 3.15 Arthmetic operators.

31

30
-
lwilxo 3.5
0
Operator(s) Operation Orderof evaluation (precedence)
Parentheses Evaluated first. If the parentheses are nested,
the expression in the innermost pair is
evaluated first. If there are several pairs of
parentheses “on the same level” (i.e., not
nested), they are evaluated left to right.
* /Jor% 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.
Fg.3.16  Precedence of arithmetic operators

32
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Step 1.
y=2%*5%54+3%54+7;

2 %5 is!
Step 2

Ty=10*5+3 %5+ 7;

10 * 5 is [50]

Step 3.
y=50+3%54+7;
3%5 is!
Step 4.
y =50 +15+7;
50 + 15 is|[65]
Step 5.
P2y =65+ 7;
65 + 7 is
Step 6. y = 72;

(Leftmost multiplication)

(Leftmost multiplication)

(Multiplication before addition)

(Leftmost addition)

(Last addition)

(Last operation—place 72 into y)

Fig.3.17 Order in which a second-degree polynomial is evaluated.

S dll ) g 51 amlio b yShos 35 15" paovai 3.6
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34

33
. .
.

S Aty g o Amlio S Jhos 35 " pwonadi 3.6
Standard algebraic |C# equallly 'Exumple Meaning of
equality operator or |or relational of C# C# condifion
relational operator  [operator condition
Equalizy operators
= — X ==y xisequal toy
* 1= x I=y x isnotequal to y
Relarional operators
> > x >y X is greater than y
< < x <y xisless than y
> D= X >= y X is greater than or equal toy
< €= X <=y x isless than or equal to y

Fig. 3.18 Equality and relafional operators

35

// 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

number2; // 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 “’"‘ use

36

Comparison.cs

number? this line is preformed |combinine these two methods eliminates
If numberl does not equal number2 |temporary string variable.

M If numberl is less than number2 L number2 ) ;
the program wil -

s If numberl is greater than number2
C°“s°1e'"‘;7(""“e( 1 this line will be preformed

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

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

4/7/2017



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

37 if ( numberl >= number2 )

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

40 } // end method Main

a1 T :

42} // end class Comparison

L]

Please enter

Please enter
2000 !'= 1000
2000 > 1000

2000 >= 1000

first integer: 2000

1]
Lastly if numberl is greater

than or equal to number2 then
this code will be executed

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

first integer: 1000

second integer: 1000

Comparison.cs

Program Output

37

S a9 Sf amlio S yhos 55 15" paoni 3.6

Operators Associativity. Type

( 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
bl g ud oS 2y 0a 0 Fig. 3.20

38

Ple Jad
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Program of control =

355 5 Sdn sl 4 G 03 S 1zl o L U el W
sES Gl
s o Ll CS 5 S Sl Sl @
bl el m
if/else jif oz m
goto jz.om
AL 5L 30 Tl Sl Sossd e eslind s m
358 o 2l OIS Sl ol Esly m
LSS skl m
(0 Ja)do/while jwhile <~ m
(6 Jwb) foreach , for «i- m

4/7/2017

< s Lol 4.4

ol m
;).id”;u;.d\uuﬁm.ﬂf:g,e u
LS o peia e s S5 m
25 g oslial Jos ool (5 ks W
S5 el 50 Gl o W
53 a oslial 031> JLasl gl sl e pls W
Sy o o3l ol 5l s34 W
SAS sl S
(Stacking) sjlu aoiy ®
KoLK S W
(Nesting) ssle 5 ;55 W
653 Sl 050 Skl S 0ol I3 m

add grade to total total = total + grade;

add 1 to counter counter = counter + 1;

Fig. 4.1  Flowcharting C#’s sequence structure.

& oS s Lol 4.4

[Ex=T
abstract as bool break
byte case char checked
dass const decimal default
delegate do else enum
event expliat false Enally
fixed float foreach et

oto if |in int
interface internal lock lon,
namespace new object operator
out override private protected
[public readonly reum shyte
sealed set sizeof stackalloc
static string switch this
throw true [typeof wnt
long unchecked ushort sing
value virtual void volatile while

C# s olucFig. 42
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if L=l m
&S bt aal s ds o rse W
358 o el Il el Ol m
555 o il bOOL &jsa boim
35 pbsil Jos True m
sy S o Jes el Sl :False m
T et S W

VS NS RS PVPL PO PRI FRTiny |

1f Wil Gl 4.5

true
Grade >= 60 print “Passed”

false

Fig. 4.3  Flowcharting a single-selection 1 £ structure.

if/else wlxil Ll 4.6

if/else =l m
555 JLs Wlg oo Solae 0L, b b Os g G sl S50 > B
Sl sy ol g3 fee S gl 4 W
AS J Sy - ke Kl e 5 5 8 sl m
s () w5l sl azils 0 Ll K3l e S Skl m
syt Cormge Ll oW
Fatal logic etror m

Nonfatal logic error m

if/else wlxil Ll 4.6

Grade >= 60

print “Failed” print “Passed”

—0

Fig.4.4  Flowcharting a double-selection i f/else structure.
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CH B el m
Lt +if/else jkilaim
Gy s 0l NS Ko m

(boolean value ? if true : if false) m

while )‘)‘S ,L“:l.w 4.7

IS k=l m
355 S Al oS g 5 W
Lt true 31 Aol e aslsl while oy szes
Al false STl e 0LL ol m
Ll S S S L ke S Bla el (S W
Lokl bslm
Sl il m

while )‘ﬁ )lblu 4.7

Product <= 1000 Product = 2 * product

Fig.4.5 Flowcharting the while repetition structure.

15990 w9 iy g1 (49 55 g0 9 4.8
(0w ylows b ous J 55 41 ,7)

AJ‘;)LA,:ILJ.Q.:\—.: JJZSJ‘JQ ||

Used to enter data one at a time m

Constant amount m
.))—\.:dﬂbjl.ﬂ..:—wll kﬂ}&&lub)dh;w&lf AJ.’»)L@.\.'Z.
DLl Sl sty o arein ke G 4 sdiples S Loy m
Al
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axdllao 2t 5 oI 33 oS g0 49 4.8
(o0 ylows b ouas J 355" 51555) 1 (59590

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  Pscudocode algorithm that uses counter-controlled repetition to solve the class-
average problem.

54

// Fig. 4.7: Averagel.cs
// Class average with counter-controlled repetition.

using System;
9 Sy Averagel.cs

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

{
int total, // sum
gradeCounter,  // mi Initialize total to 0
deValue, /7 d

average; /7 =

// processing phase times to get the grades of the 10 students

while ( gradeCounter <= 10 ) “7// 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 gradevValue -
total = total ‘% gradevalue; Add 1 to the counter so the loop will eventually end ‘

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

34

35 // termination phase

36 average = total / 30; // integer division

37

38 // display average of exam grades Averagel.cs
39 Console.WriteLine ( "\nClass average_is {0}", average );

20

:; } // 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
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

Program Output

Class average is 79

55

2P0 4 U Y0 (ol 4 YU b o 55501 (9905 4.9
(5155 J 55 leR) ¥ (59 590 addllao
0L L eas J 28 1S5 m

S e g aals) al s Oley Ol m
RIWCSRTA
Sy eSS il gk a e B
sph el sy 5l W
When flag value = user entered value »
IS Al sl W
spd o g b, LW
S e bbb 4 1 W
AL eslu ol sbmyl adbs g S as walsl G- Uy aibs S m
Casting =
38 51 eslined 3550 o3 S Olge a4 Z3e 5k ke S B e el m

4/7/2017

14



20 4 P ¥l (ol 4 YU b ol 5801 (9905 4.9
(1R J 5 L) ¥ (59 390 andliae

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 Pscudocode algorithm that uses sentinel-controlled repetition to solve the class-
average problem.

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

// add gradevalue to total Have the program loop as .
total = total + gradevalue; Accumulate the total of the grades

// add 1 to gradeCounter L
gradeCounter = gradeCounter + 1; Add 1 to the counter in order

to know the student count

// prompt for input and read grade from i
// convert grade from string to integer
Console.Write( "Enter Integer Grade, -1 to Quit: " );
gradeValue = Int32.Parse( Console.ReadLine() );

} // end while

// termination phase Prompt the user for another
if ( gradeCounter !'= 0 ) grade, this time it is in the loop

( \r .
avazage = ( do ) total TF anter so it can happen repeatedly

// display average of exam s ‘

59

Console.WriteLine( "\nClass average 0}", average [

Divide the total by the

}

else number of times the program
Console.WriteLine( "\nNo grades were d" ) ; looped‘to find the average
} // end method Main . [ play the average
Inform user if no grades

} // end class Average2

were entered

58
1 // Fig. 4.9: Average2.cs
2 // Class average with sentinel-controlled repetition.
3
4 using System;
5 9 5y Average2.cs
6  class Average2
7 {
8 static void Main( string[] args )
9 {
10 int total, // sum of grades The variable average is set to a
1 gradeCounter, // number of grades ent{ j,yplcso that it can be more exact
12 gradeValue; // grade value N R
13 and have an answer with decimals
14 double average; average of all grades
15
16 // initialization phase Variables gradeCounter and total are
17 total = 0; // clear total he beginni
18 gradeCounter = 0; to Toop 1 set to zero at the beginning
19
20 // processing phase
21 // prompt for input and convert to integer
22 Console.Write( "Enter Integer Grade, -1 to Quit: " );
23 gradeValue = Int32.Parse( Console.ReadLine() );
24 Get a value from the user and
store it in gradeValue
60

Enter Integer Grade, -1 to
Enter Integer Grade, -1 to
Enter Integer Grade, -1 to
Enter Integer Grade, -1 to

ge: Average2.cs
Class average is 85.6666666666667 Program Output

4/7/2017
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Nesting =
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> e m
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Initialize passes to zero

Initialize failures to zero
Initialize student to one

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

If the student passed

Add one to passes
Else

Add one to failures

Add one to student counter

Print the number of passes
Print the number of failures

If more than eight students passed
Print “Raise tuition”
Fig.4.10 Pscudocode for examination-results problem.

63

// Fig. 4.11: Analysis.cs

// Bnalysis of Examination Results.

using System; .
9 5y Analysis.cs

class Analysis

{

static void Main( string[] args ) ‘

{ /Mm% Initialize both passes and failures to 0
int passes = 0 o of
failures = 0, 77 mumber of | S¢t the student count to 1

student = 1, // student counter I
result; // one exam result

| A while loop that will loop 10 times |
// process 10 students; w
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) «— """
which counter should be added to

passes = passes + 1;

else

failures = failures + 1; If the user ente;

add one to passe

student = student + 1;

If the user enters 2 then add one to failures

Keep track of the total number of students |

63

30 // termination phase

31 Console.WriteLine () ;

32 Console.WriteLine ( "Passed: " + passes );

33 Console.WriteLine ( !Failed: " + failures ); .

31 Analysis.cs
35 if ( passes > 8 ) -

36 Console.WriteLine ( "Raise Tuition\n" ); Display the results to the user
37

38 } // end of method Main

39

40 )} // end of class Analysis

8 then also tell the user to raise the tuition

If the total number of passes was greater than ‘

Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass,
Enter result (l=pass, :
Enter result (l=pass, 2=fail):

Program Output

HFHEHRHERBERERNR

Raise Tuition

64

64
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Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):
result (l=pass, 2=fail):

Passed: 5
Failed: 5

FHEHRERERNONNNNN R

Analysis.cs
Program Output

65

65

i gl Khos 4.11

ol sl Sl m
Jl:u,i.alS\)LaJSQ\)JJAI
Aol X=X+ 2 dbex+=2 m
;pfw\yq,éuﬂ;rug.ub;y-
4, =, %=, /=, and %= m

ol gl Khos 4.11

Assignment operator Sample expression Explanation Assigns
Assume: int ¢ = 3,

d=5 e=4, £=

6, g =12;

+= c += 7 c=c+ 7 10toc
-= d -=4 d=d- 4 lted
*= e *= §5 e =e * 5 0toe
/= £ /=3 £f=f/3 2to £
%= g %= 9 g=9g % 9 3tog
Fig. 4.12 Adthmeftic assignment operators.

bl g it 91 ol Kb 4.12

sl Sles m
s o odliial ite 4 Al S O35l gl W
x++ =
x=x+1 ks =
S Se m
g ealiil piie Sy S pulS gl W
y-- =
(post-increment) [sl33l .y Jlis 5> (Pre-increment) i3l =y ®
X-Lx++ =
pd o S L ed gl asly S e ;f;j(b“;\ Jos dsl @
—xL++x =

Sk o el Joo s 358 o anlS e (G L el o338l Sl 4 Al S Sl W
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Operator Called Sample expresion  |Explanation

++ preincrement | 44g 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.

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

J postdecrement | fy—— Use the current value of bin the expression
in which b resides, then decrement bby 1.

Increment.cs

Flg. 4.13The increment and decrement operators.

1 // Fig. 4.14: Increment.cs

2 // Prei ing and posti ing

3

4 using System;

5

6  class Increment

7 {

8 static void Main(string[] args)

9 {

11

12 c=5; — Setcequal to §

13 Console.WriteLine( ¢ ); “"7/ print 5

14 Console.WriteLine ( ct++ ); pri Display ¢ (5) then add 1
15 Console.WriteLine( c ); ( // print 6

16 Display ¢ (6)

17 Console.WriteLine () ; // skip a lit

18

19 c=s; P

20 Console.WriteLine( c ) ; prin{ © 15 Setto ] Display ¢ (5)
21 Console.WriteLine ( ++c ) ; preinc -

22 Console.WriteLine ( ¢ ); v// print g Add 1 then display c (6)
23

24 } // end of method Main Display ¢ (6)

25

26} // end of class I

5

5

6

5

Program Output

70

it g it 91 gl ySKhos 4.12

Operators Associativity Type

Q) Left to right parentheses
4+ —— right to left unary posifix
++ —— + - (the) right to left unary prefix
* / % Left to right multiplicative
+ - left to right additive

< L= > >= left to right relational
== 1= left to right equality

?: right to left conditional
= 4= == k= f= Z= right to left assignment
Fig. 4.15 ity of the operators dis: farin this book.

390 g o ) 4ol g 3 (51 doiic 4.13

(Inheritance) s, & i m
sl s
Syl 6 K IS T SIS LS S .
G S
Sl o3 S g il s S Sl S LS
Ly e Sl S S sl il ol m
Attributes (data) m

Behaviors (methods) m
LS o S sl adS ol 5l
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3909 (w9 4ol g 9 (5! donio 4.13

Form1.cs [Desion] Formics | M
[%8 ASmpieProgram ASmleProgram ERD

Collapsed L
comment ~ | T

ASimplePzogzami)[-

Collapsed
code

ride void Dispose( bool disposing )|

Fig.4.16 IDE showing program code for Fig. 2.15.

3909 w9 4ol g 9 6! Ao 4.13

Expanded code

public ASimpleProgram() |

Fig.4.17 Windows Form Designer generated code when expanded.

1999 iy 4ol y (5l Aoudio 4.13

Click here for

Click here for
design view . ASimpleProgram - Microsoft Visual C#/ NET [design] - Form.cs®
Ble Edt Yew Broject fuid
P-a-cHd e

» Il mao|*calEe

284, 132): =4

Fig. 4.18 Code generated by the IDE for welcomeLabel.

N Property initializations
code view for WelcomeLabel

390 g (W g 4ol g 9 (5! Ao 4.13

Text property

Deitel & Associates 4|
Textlign TopCenter =4
UseMnemonic True |

Text
‘The text cortained in the control.

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

4/7/2017
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3909 (w9 4ol g 9 (5! donio 4.13

. ASimpleProgram - Microsoft Visual C# NET [design] - Form1.cs®

Fle Edt Yew Project Quid Debug Toos iindow Heb
D-a-cH@ I BRG] )oes o
i omoo| IR e (B G B e EE
Form1 I Formics* |

[Pg asmpieprogram asmpterogram

3] [g¥inmaeconpeneny

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

3909 w9 4ol g 9 6! Ao 4.13

]

[?2 asroieprogram AsmoieProgam =] [@IntaizeComponenty

eyt %

Text property

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

1999 iy 4ol y (5l Aoudio 4.13

Text property value
Form1cs [Design]® | Form i cs*

Visual C# .NET

‘The text cortained in the control.

Fig. 4.22 New Text property value reflected in design mode.

390 g (W g 4ol g 9 (5! Ao 4.13

ASimpleProgram_Load method

10 %
T] [[8ssraiemogon sosatobrect serder sysvem Eventirg =]
1354 (cbiect sender, Syste: neazas ©) o

o | _1j

Fig.4.23 Method ASimpleProgram Load.
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M A Simple Program =10l

C#

Fig.4.24 Changing a property value at runtime.

P39 iy T o 5 5l il

82

P93 3 IS b LS Ly xiy Juad

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

ot 0 ylois b owis J i 41,53 5.2

AJJJMQQMJ)ZSJ‘);\;

J;Sdedj:;suﬁ;:wl
b g edliid 358 5SSl dile LT Sl s (51 ke W
b adsl (a3 ML oS J 58 i m
Las LIl Al s m
Lunm
LS Iy aelsl 4> Sm
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‘WhileCounter.cs

1 // Fig. 5.1: WhileCounter.cs

2 // Counter-controlled repetition.

3

4 using System;

5

6  class WhileCounter — -

7 { This is where the counter variable

8 static void Main( string[] al is initialized. It is set to 1.

9 {

10 int counter = 1,4 // inig—— - - - -
11 The loop will continue until counter is
% ‘(’hile ( counter <= 5 )+ 77 repq greater than five (it will stop once i
14 Console.WriteLine( counter ); | SCt8 {0 six)

% countertt; // % The counter is incremented

17 } // end while and 1 is added to it

18

19 } // end method Main

20

21} // end class WhileCounter

1

2

3

4

5

Program Output

85

for )‘)‘S ,L“ol.w 5.3

for I, ksl m

Syntax: for (Expressionl; Expression2; Expression3) m
LS e KL 1y J xS sla e = Expression] m
b e o Ll LIS o @
4> aalsl b s = Expression2 m
eals/ 53l = BExpression3 m

ki 5o Bxpression3 5, ol 5135k azils ez - Expression] S1om

Sl dal g
Ll g countert+ 5 ++counter m
e Ol W
395 esliul fOr ail> w53 Wis s Expression] =

355 o o 3l it b e OLL il o5 Loy m

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.

5.3 for Repetition Structure

Establish initial value

of control variable. At gounter’= 1

Determine if final i e, 4

value of control - fué |Console.WritelLine
N s <= —_—

variable has been o 10 { comter * 10 ),

reached.

—> counter++
Increment the

lfalse Body of loop (this may be  control variable.
multiple statements)
O

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

2 Ce te: . £ truct: .

3 // Counte] i< is where the counter variable [©°% SEFUetuze

4 using Sys{ is initialized. It is set te1

5 The counter is incremented ‘ ForCounter.cs
6  class ForCounter ; B

; The loop (1 is added to it)

8 static void Maip(| greater than five (it will stﬂionce it

9 { H

10 // initializat| gets to six) | nting

11 // are all ipcluded in the forystructure

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

13 Console.WriteLine( counter );

14 }

15}

; Program Output
3

4

5

89

for ytslu j osliiw! Jto 5.4

m Message boxes
m Buttons
= OK
m OK Cancel
m Yes No
m Abort Retry Ignore
= Yes No Cancel
m Retry Cancel

oeals/ lbl

Q:J-}HCKLA [
sph peslinad <=L < V- S| s m

SlS pKs m
sph peslinad >= > V- S| s m

for ,Lalw 3l oolaiw! JGo 5.4

m Massages boxes

m [cons
m Exclamation
m Question
mError
m Information

m Formatting
w (variable : formal)
das e Ol gy LB glaus 2 p 04 Jsur

// Fig. 5.5: Sum.cs
// Summation with the for structure.

1
2
3
4 using System;

5  using System.Windows.Forms;
6

7

8

9

cla: Once the number is greater
{ The counter. It is initialized to 2 | than 100 the lpon hreak:

Sum.cs

static voId MAIn( STEINg[] 8rgs

Increments number by 2

10 -
1 ¢ int sum = 0; 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 ) ;+— | Has the message box contain
20 . an information icon
21 } // end method Main
22

23} // end class Sum

Argument4: Sum Even Integers from 2 to 100 B4
MessageBox Icon —
(Optional)

Argument 3: OK d\al
button. (Optional)

Program Output
Argument 2: Title bar
string (Optional)

Argument 1: Message
to display

92
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MessageBox Icons

Icon [Description

MessageBoxIcon.Exclamation

potential problems.

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

informational message to the

MessageBoxIcon.Information ’3 Displays a dialog with an
A

user.

MessageBoxIcon.Question

user a question.

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

MessageBoxIcon.Error

()

errors or important

Displays a dialog withan xina
red circle. Helps alert user of

for yusbw ;1 esliiw! Jlo 5.4

T

Pr Buttons
MessageBoxButton.

Specifies that the dialog should inchude an OK button_

MessageBoxButton.

Specifies that the dialog should include OK and Cancel
buttons. Warns the user about some condiion and allows the
user to either confinue or cancel an operation.

MessageBoxButton.

Specifies that the dialog should contain Yes and No
buttons Used to ask the user a question

MessageBoxButton.

Specifies that the dizlog should contain Yes, No and
Cancel buttons. Typically used to ask the user a question
but sill allows the user o cancel the operation.

MessageBoxButton.

Specifies that the dialog should contain Retry and Cancel
buttons. Typically used to inform 2 user about a failed
operation and allow the user to retry or cancel the operation.

MessageBoxButton .

Specifies that the dialog should contain Abort, Retry and
Ignore buttons Typicallyused to inform the user that one
of a series of operations has failed and alow the user to
abort the series of operations, retry the failed operation or
ignore the failed operation and continue.

Fig 5.7

Fig. 5.6  Icons for message dialogs.
95
1 // Fig. 5.8: Interest.cs
2 // calculating compound interest.
3
4 using System;
5  using System.Windows.Forms; Interest.cs
6
7 class Interest
8
9 static void Main( string[] aj -
10 { Loops through 10 times
11 decimal amount, principal| startingat 1 and endingat 10,
12 double rate = .05; dding 1 to th "
13 string output; a mg to the counter (year)
14 each time
15 output = "Year\tAmount on GEDOSTENE=S
1_5’ . ine Formats amount to have a
s or ( int yea currency formatting ($0.00)
19 amount = principal %
20 decimal ) Math.Row( -
21 reates a message box that displays the
Creats ge box that displays th
% += year “\t; ¢ | output with a title of “Compound Interest™
String.Format( "{0:C}| . Lo
51 ) wing.Format( "{0:CH) ,¢ an OK button and an information icon
25 /
26 MessageBox.Show( output, "Compound Interest",
27 , Icon.T ion );
28
29 } // end method Main
30
31 } // end class Interest

\‘)

Compound Interesk x|

Interest.cs
Program Output

=N NOU A WN = =
&

2 Y
yeasad

-] 3

i

=)
=
o
8
2
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Format Code Desription

core Formats the string as currency. Precedes the mmber 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 defauit.

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 Eor F.

Xorx Formats the string as hexadecimal

Fig. 5.9 string fomatting codes

switch 4w ol Lol 5.5

switch j;.o =

bole m
String m
Integral m

PG|y ]
case ‘X’ : m

Use of constant vatiable cases m

S slacase m
PP e Case B

break ,z.om

Sy switch sz jim

// Fig. 5.10: SwitchTest.cs
// Counting letter grades.

using System;

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

{

SwitchTest.cs

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

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|

'A': is

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

counter so they are initialized to zero

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

The start of the switch

case ‘A’ is empty so it is the

case 'a': // or1l

same as case ‘a’
a

++aCount ;

break; &—-—+—— = |

case 'B': // grade is uppercas| of the operations
b

case 'b': //or1l

The break statement is used to exit the
switch statement and not perform the rest

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

break;

99

100

case 'C'iq uﬂ
case ‘' 1/ Both cases add 1 to cCount |

++cCount ;
break;

case 'D':

case

break;

// grade is

case 'f£': wﬂ{ Add one to fCount if grade equals F or f ‘
++£Count ;

SwitchTest.cs

If grade equal ord
add one to dCount

default: s all other chaj If non ofthe cases are equal to the value of
Console.WriteLine ( grade then the default case is executed
"Incorrect letter grade d. '

"\nGrade not added to totals." );

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

Console.WriteLine (

"\nTotals for each letter grade are:\nA: {0}" +
"\nB: {1}\nC: {2}\nD: {3}\nF: {4}", aCount, bCount,

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

} // end class SwitchTest

Display the results

4/7/2017
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Enter
Enter

letter grade:
letter grade:
Enter a letter grade:
Enter a letter grade:
Enter a letter grade:
Incorrect letter grade entered.
Grade not added to totals.

Enter a letter grade:
Enter a letter grade:
Enter a letter grade:
Enter a letter grade:
Enter a letter grade:

a
a
a
a

NFQ B

SwitchTest.cs
Program Output

ap wao

Totals for each letter grade are:
A: 3

B: 1
c: 2
D: 2
F: 1l

101

5.5 switch Multiple-Selection
! Structure

true

case: a8 .-~ — Pcaseaaction(s) —»  break;: i
l false
- * true
.case:b _“—> cageh arfion(s) —¥%__ hreak: —

l' false
l true

case: Z -~ —»|casez action(s) —»  hreak: —
false

defaul taction(s)

hreak
I

Fig.5.11 Flowcharting the switch multiple-selection structure.

do/while )‘ﬁ )l:’lw 5.6

do/while s wil= Ll ,swhile s il =

while 4> & jlosliznim

Sph s les bam

33k o ol Joo W

3555 el JS 55k 4 Ll 5 e il m
do/while x>~ & jloslizul m

355 o gl Jes W

EFR PRGN DY ES S S |

Al |l LS Pl d ail-

.sj..'::dauu:.u\wf)Aﬂjléﬂfjl?élﬂ(})g;SlﬂﬂWI

1 // Fig. 5.12: DoWhileLoop.cs

2 // The do/while repetition structure.

3

4 using System; .

5 9 5y DoWhileLoop.cs
6  class DoWhileLoop

7

8 static void Main( string[] args ) .

9 f / The counter is initialized to one

10 int counter = 1;

i1

12 do

13

14 Console.WriteLine( counter ); -

s countertt: These actions are performed at least one |
16 } whilef( counter <= 5 );

17

18 N A mbthad Mai

19 ] The incrementing task I | Continue looping as long as counter is less than 6 |
20 3}/ I

1

2 Program Output
3

4

5

104
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do/while )‘)ﬁ. ,l:alw 5.6

®)
U

true
Jfalse
O
Fig.5.13 Flowcharting the do/whi le repetition structure.

continue g break ygwd 5.7

ol W

s oo oslanal JaS 0L Osls s gl o @

break ,;.:m

g oo eslizd adl> 5l J&)A)‘]}J}jcjfdlj.

continue ;s.om

aJLiZM:‘)_}I.«:JO:le)'l%@ﬁ)a&bé\g@bpjj‘fﬁdlﬂl

35

.>ﬁ¢uuﬂw,~mw¢|g,#o\jwn,uuﬂ-

BreakTest.cs

1 // Fig. 5.14: BreakTest.cs

2 // Using the break in a for e.

3

4 using System;

5  using System.Windows.Forms;

6

7  class BreakTest

8 {

io 7"-3"-1‘: void| A loop that starts at one, goes

1 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 break; < If count = 5 then break out of the loop !
i: Display the last value that the | // f count ==

20| counter was at before it broke |«

21

22 } // end for loo]

23

24 output += "\nBroke out of loop at count = " 4 count;
25

26 MessageBox.Show( output, "Demonstrating the break statement",
27 , Icon.T ion );
28

29 } // end method Main

30

31 } // end class BreakTest

output, has a title of

Displays a message box the displays the

“demonstrating the

break statement,” uses an OK button,
and displays an information icon

107

Demonstrating the bre: en

(1) 1234
Broke out of loop at count =5

BreakTest.cs
Program Output
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// Fig. 5.15: ContinueTest.cs
// Using the continue s in a for s

using System;

using System.Windows.Forms; ContinueTest.cs

class ContinueTest
{
static void Main( str:

A loop that starts at 1, goes

to 10, and| If count = 5 then continue looping causing
the program to skip the rest of the loop

string output = "";

for ( int count = 1; count <= 187 count++ )

if ( count == 5 -
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",
Icon.T ion );

} // end method Main

} // end class ContinueTest

109

1

Using the continue sta

ContinueTest.cs
1] Program Output

1234678910

Used continue to skip printing S

ﬁbﬁggm‘sbﬂnﬁ&S

b Ses
Logical AND (&)
Conditional AND (&&)
Logical OR ()
Conditional OR (| |)
Logical XOR (") m
Logical NOT () m
Syl ol joas b oS e (3538l gl W

<P g Ao s o 5.8

expressionl

expression2

expression] && expression2

false false false
false true false
true false false
txue txrue txrue

Fig. 5.1 Truth table for the && (logical AND) operator.

expression] expression2 expression] | | 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 expressionl ~ expression2
false false false

false true true

true false true

true true false

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

expression 1expression
false true
True false

Fig. 519 Truth table for operator! (logical NOT)

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

Laooi

114

calOperators.cs

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

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

1
2
3
4
5  class LogicalOperators
6
7
8
9

{
10 // testing the conditional AND operator (&&))
11 Console.WriteLine( "Conditional AND (&&)" +
12 "\nfalse & false: " + ( false && false )\ (nly tnie if both inputs are true
13 "\nfalse && true: " + ( false && true P
14 "\ntrue && false: " + ( true && fals
15 "\ntrue & true: " + ( true & true ) )
16
17 // testing the conditional OR operator (|| Outputs a truth table for the
18 Console.WriteLine ( "\n\nConditional OR (||)"|+ | conditional OR operator (|)
9 "\nfalse || false: " + ( false || falge ) -
20 "\nfalse || true: " + ( false || trus ) Only false if both inputs are false
21 "\ntrue || false: " + ( true || false )
22 "\ntrue || true: " + ( true || true ) )f
23
24 // testing the logical AND operator (&) Oul‘pulsatruth table for the
25 Console.WriteLine( "\n\nLogical AND (&)" + logical AND operator (&)
26 "\nfalse & false: " + ( false & false
27 "\nfalse & true: " + ( false & true ) +
28 "\ntrue & false: " + ( true & false ) +
29 "\ntrue & true: " + ( true & true ) ):
30

The result is only true if both are true

14

115

31 // testing the logical

32 Console.WriteLine ( "\n\nLogical OR (|)" +

OR operator (|)

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

33 "\nfalse | false: " + ( false | false ) +
34 "\nfalse | true: " + ( false | true ) .
35 "\ntrue | false: " + ( true | false ) + LogicalOperators.cs
36 "\ntrue | true: " + ( true | true) ); If one is true the result is true
37
38 // testing the logical exclusive OR opera * :
39 Console.WriteLine ( "\n\nLogical exclusive of (~)" | Outputsa truth table for the
40 "\nfalse ~ false: " + ( false * false ) logical exclusive OR operator
11 "\nfalse * true: " + ( false " true ) )
42 "\ntrue ~ false: " + ( true * false ) + L
43 "\ntrue * true: " + ( true * true ) ); conditionals are the same |
a4 T
45 // testing the logical NOT ope!
46 Console.WriteLine( "\n\nLogica Out‘putsa truth table for the
7 "\n!false: " + ( !false ) + logical NOT operator (!)
48 “\n!true: + ( ttrue ) );
:3 ) ' —R{etums the opposite as the input
Conditional AND (&&) Program Output
false && false: False
false && true: False
true && false: False
true && true: True
Conditional OR (|1)
false || false: False
false || true: True
true || false: True
true || true: True
115

116

Logical AND (&)
false & false: False
false & true: False
true & false: False
true & true: True LogicalOperators.cs
Program Output
Logical OR (1)
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
116
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&3l il ot g 40l g 31 &1 40MS 5.9

SAS sl m
RETSTRECTLY
S St ki m
st el gl s el
A2 ol s 2 S
38 dUs s oll s s a T baS sl odelm
L0 s Sdea Lla bl m
goto culS ads'm

&3l il ot g 40l g 31 &1 40MS 5.9

pYsldas sl JSar -
JAs el Gl sl gla e, @
Sequential (only 1 way) m
e ag gl W
Selection (3 ways) =
if selection (one choice) m
if/else selection (two choices) »
switch statement (multiple choices) w
Repetition (4 ways) =
while structure m
do/while structure m
for structure m

foreach structure (chapter 7) m

&5 il ot g3 40l g 31 &1 40NS 5.9

Operators Associativity Type

Q0 left toright parentheses

++ == right to left unary postfix

++ == + = | (npe) right to left unary prefix

7 s Teff to right multplicative

+ = left to right additive

< <=> >= left to right relational

= k= left to right equality

& left to right logical AND

E Tefi to right Togical exclusive OR
1 Tefi to right Togical mclusive OR
& left to right conditional AND

Il left toright conditional OR

2?: right to left conditional

= += -= %= /= %= [right to left assignment

Fig. 5.21 Precedence and associativity of the operatorsdiscussed so far

AL Clw (i g9 4ol g 31 (g1 AN 5.9

Sequence

IFI

@)

Fig.5.22 C#’s single-entry/single-exit sequence, selection and repetition structures. (part 1)
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Selection swi tch structure

(multiple selections)

(P else/if structure

(double selection)
F T
[ 1 |
F
if structure
(single selection) ]
T F
F

O
O

&3l il ot g 40l g 31 &1 40MS 5.9

Repetition

while structure

for structure/foreach structure

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

do/while structure

(©)

F

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

&5 il ot g3 40l g 31 &1 40NS 5.9

Rules for Forming Sructured Programs

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

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

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

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

Fg. 523 Rulesforforming structured programs.

&5 Al ot g3 40l g 31 &1 40NS 5.9

| —

Fig. 5.24 Simplest flowchart.

4/7/2017

31
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( ;l l ) [l]

Rule 2 Rule 2 Rule 2
\ | B | | \ | |

|
Rue2, e, |

L = =
0

Fig.5.25 Repeatedly applying rule 2 of Fig. 5.23 to the simplest flowchart.

|
.

&3l il ot g 40l g 31 &1 40MS 5.9

% . Rule3 S
Rule 3 -~ — o
e R e ——
I

( )
Fig.5.26 Applying rule 3 of Fig. 5.23 to the simplest flowchart.

&5 il ot g3 40l g 31 &1 40NS 5.9

Stacked building blocks Nested building blocks
1] | | | | (=

Overlapping building blocks
(illegal in structured programs)

Fig.5.27 Stacked, nested and overlapped building blocks.

&5 Al ot g3 40l g 31 &1 40NS 5.9
)

Fig. 5.28 Unstructured flowchart.
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129

C# 39 Method (w9 4ol 99 6.2

(a JJJLA | |
Class m
Method m
5306 15 LT S oo 51 AT 05 1y sy 5 LIS 5l oslizad m
s olowil L el S Gpor XS s
The NET Framework Class Library (FCL) =
.LS&“J.WAAL«L&A.Q.A;UM.
Consolem
MessageBox =

130

C# 439 Method (w9 4ol 99 6.2

|worker1 | |worker2 | |worker3 |

|worker4 | |worker5 |

J“:JJ boss

S5 worker
Fig. 6.1 Hierarchical boss method/worker method relationship.

131

Math Wi bW 6.3

Math ,os=
Aoy pooilrl mly (L Olsloe il 6l S 4 @
ladze 3l esleal m
ClassName.MethodName( argument1, arument2, ... ) m
sl LY K5 s s e o J
llm
Math.PI = 3.1415926535... =
Math.E = 2.7182818285... m

132
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6.3 Math Class Methods

Tathes Casripfon Exomels
AB=( x ) ‘absolute value of X Ab=( 23.7 ) 323 .7

Ab=¢ 0 ) is0
Abs( -23.7 )i323.7

EITing( x ) |foungs ¥ 0 the SnEIes IHteger AoC 1858 (hEn % Ceiling( 5.2 ) 3160

Ceiling( =9.8 )is-9.0

Tos (%3 trgonametic cosne of X Coz( 0.0 ) B1.0
(x in radians)
Eow % 3 metod &

= 5
2.7182818284590451

Esp( 2.0 ) is approximately
7.3890560989306504

Ficox( & ) Tounds X to the largest integer Aot greater than ~ Floox( 5.2 ) i85 0

Floox({ =9.8 ) is=-10.0
Log( 2.7182818284590451 )
is spproximately 1.0

Log( 7.3890560989306504 )
is spproximasely 2. 0

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

Tog( =) necural logarichm of X (base &)

Hooc( %, ¥ 3 Terger valve of x &G 3
(also has versions for £1oat, int and long

bw 6.4

a,se =
o pAie = 500 iy e s W
Sl poa = 355 iy oS A Sl ol W
303 3 gm s Al o S e o ) LT S lade Lo W
Ladze ol b bLol (sl 2yl Jleyl m
oalazl J‘l\j'> u

(Divide and conquer) «lé 5 (e W

At L S T sl Olentle sbs Sl Olge 4 oy 5 s S Sl eslizd m

SIS tals m

Lpd Sl el e a5l aSlg e iy, @

134

values)

Min( =, ¥ ) smaller value of x and )’ Min¢ 2.3, 12.7 )is2.3
(also has versions for £loat, int and long Min{ -2.3, -12.7 ) is-12.7
values)

Pow( =, y ) x rmsed to power V' (%y) Pow( 2.0, 7.0 )is128.0

Pow( 9.0, .S )is3.0

Sin( = ) trigonomemc sneof x Sin( 0.0 ) i80.0

Cx in radisns)
gl % ) square root of x Sqgxt{ 900.0 ) 1530.0
Sqgxt( 9.0 )is3.0

e EFEteTE Tan?{ 656 7B0 0
(x inradians)

fm 2 Commoriy wedHATE cice merom

133

- . .
Y0 W $8 6.5
-
oy de G iy B
BRTN |
ReturnType Properties Name( Param1, Param2,
[ ]
L5 ool e L 4 AL o laiS oLz W
Ll rj\ij\ S el IS0 lde Lels m
by s gl s Slelp ekl gl m
S ps bzl Jll m
Kb iy m S S s s b bs e aan @
135

// Fig. 6.3: Squarelnt.cs
// A programmer-defined Square method.

using System;

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

// includes basic data types

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

Subtract.cs

using System.Data; // for feading outside data
// form used to display results of squaring 10 numbers

public class SquareIntegers : System.Windows.Forms.Form

{

private System.C

// label containing results

private System.Windows.Forms.Label outputLabel;

1.Container

= null;

public SquareIntegers () ‘—' Start of the SquareIntegers method
' q g

// 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.

136
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26 // loop 10 times
27 for ( int counter = 1; counter <= 10; counter++ )
28 {
29 // calculate squ ounter and s < Sub
30 result = Square( counter ); The main body of the ubtract.cs
31 X Squarelntegers method
32 // append result to“qutput string
33 outputLabel.Text += "The square of " + counter +
34 " is " + result + "\n™
35 }
36 A call to the Square method. The
37 } // end Squarelntegers N N .
pos counter variable is passed to it for use.
39 // Clean up any resources being used. The return value is stored in result
40 protected override void Dispose( bool disposing |
a1 {
42 // Visual Studio .NET-generated code for method Dispose
43 }
a4
45 // Required method for Designer support
46 private void InitializeComponent ()
a7 {
48 // Visual Studio .NET generated code
49 // for method InitializeComponent
50 }
51
139
1 // Fig. 6.4: MaximumValue.cs
2 // Finding the maximum of three doubles.
3
4 using System; .
5 9 5y MaximumValue.cs
6  class MaximumValue
7 {
8 // main entry point for application
9 static void Main( string[] args )
10 {
11 // obtain user input and convert to double
12 Console.Write( "Enter first floating-point value: " ); The program gets three
13 double numberl = Double.Parse( Console.ReadLine() ); values from the user
11
15 Console.Write( "Enter second floating-point value: " );
16 double number2 = Double.Parse( Console.ReadLine() );
17
18 Console.Write( "Enter third floating-point value: " );
19 double number3 = Double.Parse( Console.ReadLine() );
20
21 // call method Maximum to determine largest value
22 double max = Maximum( numbgrl, number2, number3 );
23
24 // display maximum value The three values are then passed
25 Console.WriteLine ("\nmaximum is: " + max ); .
26 to the Maximum method for use
27 } // end method Main

138
52 // The main entry point for the application.
53 [STAThread]
54 static void Main()
55 {
56 Application.Run( new Squarelntegers() ); Subtract.cs
57 }
58 The Square method. Receives one
59 // Square method definition : :
60 int Square( int y ) integer and returns an integer
61 {
62 return y * y; // return square of y
63
64 } // end method Squati
65 The method returns the passed
66} // end of class Squarelntegers | variable multiplied by itself
(8 S quarelntegers JSi[a EJ Program Qutput
The square of 1is 1
The square of 2is 4
The square of 3is 9
The square of 4 is 16
The square of 5 is 25
The square of 6 is 36
The square of 7 is 49
The square of 8 is b4
The square of 9is 81
The square of 101 100
140
28
29 // Maximum method uses method Math.Max to help determine
30 // the maximum value
31 static double Maximum( double x, double y, double z ) .
2 ( MaximumValue.cs
33 return Math.Max( x, Math.Max(y, z ) );
31
35 } // end method Maximum
36
37 } // 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

Program Output
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35 Sed Sl leMbl ST 2 el Y =

At

Make an object that of a derived class and more complex
NERRECY |

Make an object that of a base class and cause some data loss =

141

Type Can be Converted to Type(s)

bool object

byte decimal, double, float, int, uint, long, ulong, object, short orushort
sbyte decimal, double, £loat, int, long, object or short

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

double object

float double or object

int decimal, double, float, long of object

uint decimal, double, float, long, ulong, orobject

long decimal, double, float or cbject

ulong decimal, double, float 0f chject

object (None

short decimal, double, float, int, long or object

ushort decimal, double, £loat, int. uint, long. ulong or object

string object

Fig.6.5 Allowed implicit conversons

C# ob sl&d 6.7

Namespace =
el s S sl S Sim
A3l o b slalias 5l e S S FCL m
o o3 s e edeal el oS Il L6 S s ol glaliai m
5,8
Col el 6.6 |5 3 FLC Wb glalizs 5l e K m
SSalsal,y 5 0ly susing gulS s m

143

142
6.7 C# Namespaces

Namespace Descrption

System Contains essential classes and datatypes (such as int.
double, char. etc.). Implicitly referenced by all G#
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 Contamns classes for the input and output of data, such as with
files.

System.Threading Contains classes for multithreading. used to nmn multiple parts

of aprogram sinuiltaneously.

Contains classes used to create graphical user interfaces.

System. Xl

Contams classes used to process XML data.

Fg.66  Namespacesin the

Framework ClassLibrary.

144
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Sldds sl g5 ®
LBl o pante gl esls Lz m
358 bl us sl bey W
lsstruct =
enumerations (Chapter 8) =
sl sy m
Ll e o3l ol a5 ol sl 55 gl abais esl el m
358 bl Gus sl bey W
Classes (Chapter 8) m
Interfaces (Chapter 8) m
Delegates (Chapter 9) =

All values ate 32bit allowing cross-platform use m
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L b Gl 2
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Set by value by default m
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1 // Fig. 6.8: RefOutTest.cs
2 // Demonstrating ref and out parameters.
3
4 using System;
5  using System.Windows.Forms; RefOutTest.cs
6
7  class RefOutTest -
8 { When passing a value by reference
9 // x is passed as a ref int (original ¥ the value will be altered in the rest
10 static void SquareRef( ref int x )
i { of the program as well
12 x=x*x
13 } . X
12 Since the methods are void
15 // original | they do not need a return value.  Fized
16 static void . 7
17 {
18 x = 6; [ Since x is passed as out the variable
19 X =x *x; L -
20 } can then be initialed in the method
21
22 // x is passed by value (original value not changed)
23 static void Square( int x ) - - - - -
22 { \ Since not specified, this value is defaulted to being
25 x=x*x; passed by value. The value of x will not be changed
2.6, ¥ elsewhere in the program because a duplicate of the
28 static void Main( string[] args ) variable is created.
29 {
30 // create a new integer value, set it to 5
31 int y = 5;
32 int z; // declare z, but do not initialize it
33

S dals
146
148
34 // display original values of y and z
35 string outputl = "The value of y begins as "
36 +y + ", z begins uninitialized.\n\n\n";
37
38 // values of y and z are passed by vali RefQutTest.cs
39 RefOutTest.SquareRef( ref y ); The calling of the SquareRef
40 RefOutTest.SquareOut( out z ); and SquareOut methods
a1
42 // display values of y and z after modified by methods
43 // SquareRef and SquareOut
a4 string output2 = "After calling SquareRef with y as an " +
45 "argument and SquareOut with z as an argument,\n" +
46 "the values of y and z are:\n\n" +
47 "y: " +y+ "\nz: " + z + "\n\n\n";
48 The calling of the
49 // values of y and z are passed by value SquareRef and SquareOut
50 RefOutTest.Square(y ); N
51 RefOutTest.Square( z ) ; methods by passing the
52 variables by value
53 // values of y and z will be same as before quare
54 // did not modify variables directly
55 string output3 = "After calling Square on both x and y, " +
56 "the values of y and z are:\n\n" +
57 "y: " 4y + "\nz: " + z + "\n\n";
58
59 MessageBox.Show( outputl + output2 + output3,
60 "Using ref and out .OK,
61 MessageBoxIcon.Information ) ;
62
63 } // end method Main
64
65 } // end class RefOutTest
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Using ref and out Parameters X

'\l) The value of y begins as 5, z begins uninitislized.

After calling SquareRef with y as an argument and SquareQut with 2 as an argument,
the values of y and z are:

yi 25
36
After calling Square on both x and v, the values of y and z are:

%25
236

=

RefOutTest.cs
Program Output

149

ol st wd 93 6.10

Class Random =
Within namespace System =
Truly random m
The numbers are generated using an equations with a seed m
The seed is usually the exact time of day =
randomObject .Next() m
Returns a number from 0 to Int32.MaxValue =
Int32.MaxValue = 2,147,483,647 =
randomObject.Next(x) m
Returns a value from 0 up to but not including x =
randomObject.Next(x,y) =

Returns a number between x and up to but not including y =

150

// Fig. 6.9: RandomlInt.cs
// Random integers.

using System;
using System.Windows.Forms;

// calculates and displays 20 random integers
class RandomInt

{

// main entry po -
static void Mai_n]i Creates a new Random object
{
int value;
string output = "";

Randomint.cs

Random randomInteger = new Random(); | Will set value to a random number
from1 up to but not including 7

// loop 20 times
for (int i = 1; i <= 20; i++ )
{

// pick random integer between A and 6

value = randomInteger.Next( 1, 7 );

output += value + " "; // append value to output

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

)
output += "\n“;'\
} // end for s

Format the output to only have
5 numbers per line

151

152

MessageBox . Show( output, "20 Random Numbers from 1 to 6",
.OK, Icon.I: ion );

} // end Main RandomlInt.cs

} // end class RandomInt

Display the output in a message box

=] Program Output
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1 // Fig. 6.10: 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.I0; // enables reading data from files
11
12 // form simulates the rolling of 12 dice,
13 // and displays them
14 public class RollDie : System.Windows.Forms.Form
15
16 private System.C 1.Container = null;
17
18 private System.Windows.Forms.Button rollButton;
19
20 private System.Windows.Forms.Label dieLabel2;
21 private System.Windows.Forms.Label dieLabell;
22 private System.Windows.Forms.Label dieLabel3;
23 private System.Windows.Forms.Label dieLabeld;
24
25 private Random randomNumber = new Random() ;
26
27 public RollDie()
28 {
29 InitializeComponent () ;
30
31
32 // Visual Studio .NET-generated code
33
. 155
™ RoliDie M=K N =]
RollDie.cs
Program Output

|
&
x|

% RoliDie

154
34 // method called when rollButton clicked,
35 // passes labels to another method
36 protected void rollButton Click(
:3«; object sender, System. EventArgs e ) RollDie.cs
39 // pass the labels to a method that will
40 // randomly assign a face to each die
a1 DisplayDie( dieLabell );
42 DisplayDie( dielabel2 ) Pass the labels to be assigned data
43 DisplayDie( dieLabel3 );
a4 DisplayDie( dieLabeld );
45
46 } // end rollButton Click
47
48 // determines image to be displayed by current die
49 public void DisplayDie( Label dieLabel ) -
50 { Will return a random
51 int face = 1 + randomNumber.Next( 6 ); integer from 0 up to 6
52
53 // displays image specified by filename
54 dieLabel.Image = Image.FromFile(
55 Di y.GetC tDirectory() +
56 "\\images\\die" + face +".gif" );
57 }
58
59 // main entry point for application
60 [STAThread]
61 static void Main()
62 {
63 Application.Run( new RollDie() );
64 }
65
66 } // end class RollDie
156
1 // Fig. 6.11: RollDie2.cs
2 // Rolling 12 dice with frequency chart.
3
4 using System; .
5  using System.Drawing; RoliDie2.cs
6  using System.Collections;
7  using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10 using System.IO;
11
12 // displays the di dice and i ion
13  public class RollDie2 : System.Windows.Forms.Form
14
15 private System.C 1.Container = null;
16
17 private System.Windows.Forms.Button rollButton;
18
19 private System.Windows.Forms.RichTextBox displayTextBox;
20
21 private System.Windows.Forms.Label dieLabell;
22 private System.Windows.Forms.Label dieLabel2;
23 private System.Windows.Forms.Label dieLabel3;
24 private System.Windows.Forms.Label dieLabeld;
25 private System.Windows.Forms.Label dieLabel5;
26 private System.Windows.Forms.Label dieLabel6;
27 private System.Windows.Forms.Label dieLabel7;
28 private System.Windows.Forms.Label dieLabel8;
29 private System.Windows.Forms.Label dieLabel9;
30 private System.Windows.Forms.Label dieLabell0;
31 private System.Windows.Forms.Label dieLabelll;
32 private System.Windows.Forms.Label dieLabell2;
33
34 private Random randomNumber = new Random() ;
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35
36 private int ones, twos, threes, fours, fives, sixes;
37
38 ublic RollDie2 () .
39 l? Sets all of the variabl, RolIDie2.cs
40 InitializeComponent () ;
a1 ones = twos = threes = fours = fives = sixes =
42 }
43
a4 // Visual Studio .NET-generated code
45
46 // simulates roll by calling DisplayDie for
a7 // each label and displaying the results
a8 protected void rollButton Click(
49 object sender, System.EventArgs e )
50 {
51 // pass the labels to a method that will
52 // randomly assign a face to each die
53 DisplayDie( dieLabell ) ;
51 DisplayDie( dieLabel2 )
55 DisplayDie( dieLabel3 ); Pass the label to be assigned
56 DisplayDie( dieLabeld );
57 DisplayDie( dieLabel5 ); a random number
58 DisplayDie( dieLabel6 ) ;
59 DisplayDie( dieLabel7 ) ;
60 DisplayDie( dieLabel8 ) ;
61 DisplayDie( dieLabel9 );
62 DisplayDie( dieLabell0 ) ;
63 DisplayDie( dieLabelll );
64 DisplayDie( dieLabell2 );
65
66 double total = ones + twos + threes + fours + fives + sixes;
67
159
94 // add one to frequency of current face
95 switch ( face )
% {
Z; cas:,;k?ne;ﬁ\ RollDie2.cs
izo case 2: twostt; A switch statement is used to keep
101 break; track of number of each die rolled
102
103 case 3: threes++;
104 break;
105
106 case 4: fours++;
107 break;
108
109 case 5: fivest+;
110 break;
111
112 case 6: sixest+;
113 break;
114
115 } // end switch
116
117 } // end DisplayDie
118
119 // The main entry point for the application.
120 [STAThread]
121 static void Main()
122 {
123 Application.Run( new RollDie2() );
124 }
125
126 } // end of class RollDie2

158
68 // display the current frequency values
69 displayTextBox.Text = "Face\t\tFrequency\tPercent\nl\t\t" +
70 ones + "\t\t" +
71 String.Format( "{0:F2}", ones / 1 % 100 ) + .
72 "$\n2\t\t" + twos + "\t\t" + RollDie2.cs
73 String.Format( "{0:F2}", twos / total * 10
74 "$\n3\t\t" + threes + "\t\t" + -
75 String.Format( "{0:F2}", threes / total *| Displays to the user the amount of
76 "$\nd\t\t" + fours + "\£\t" + times each dice number has shown up
77 String.Format( "{0:F2}", fours / total *
78 "$\nS\t\t" + fives + "\t\t" +
79 String.Format( "{0:F2)}", fives / total * 100 ) +
80 "$\n6\t\t" + sixes + "\t\t" +
81 String.Format( "{0:F2}", sixes / total * 100 ) + "&";
82
83 } // end rollButton Click
84
85 // display the current die, and modify frequency values
86 public void DisplayDie( Label dieLabel )
87 { -
88 int face = 1 + randomNumber.Next( 6 )7 Assign a random face to the label
89 based on the number generated
20 dieLabel.Image = Image.FromFile(
o1 Di y.GetC tDirectory() +
92 "\\images\\die" + face + ".gif" );
93
160

Face Froquency Pescert
i 16 1212
2 2 anx
3 2 1667%
4 2 1591%
5 3 17.42%
6 2 1667%

RollDie2.cs
Program Output
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m GUI controls

161

m A GroupBox

m Holds other controls

m Manages/organizes them
m A PictureBox

m Used to display a picture on the form

public enum DiceNames

{

}

SNAKE_EYES = 2, Creates an enumeration of the

TREY = 3, !
CRaPS = 7, constant values in craps
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;

CrapsGame.cs

sum = rollDice();

if ( sum == myPoint ) the first rolled sum the player

When the second rolled sum equals

wins

{
1blStatus.Text = "You Win!!!";
rollButton.Enabled = false;
playButton.Enabled = true;

163

162
1 // Fig. 6.12: CrapsGame.cs
2 // Craps Game
3
4 using System;
5 using System.Drawing; CrapsGame.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 CrapsGame : System.Windows.Forms.Form
13
14 private System.C 1.Container = null;
15
16 private System.Windows.Forms.PictureBox imgPointDie2;
17 private System.Windows.Forms.PictureBox imgDie2;
18 private System.Windows.Forms.PictureBox imgDiel;
19
20 private System.Windows.Forms.Label lblStatus;
21
22 private System.Windows.Forms.Button rollButton;
23 private System.Windows.Forms.Button playButton;
24
25 private System.Windows.Forms.PictureBox imgPointDiel;
26
27 private System.Windows.Forms.GroupBox fraPoint;
28
29 // declare other variables
30 int myPoint;
31 int myDiel;
32 int myDie2;
33
164
63 else
64 if ( sum == ( int )DiceNames.CRAPS )
65
66 1blStatus.Text = "Sorry. You lose.'; CransG
G rollButton.Enabled = false; rapsGame.cs
68 playButton.Enabled = true;
69 If the second roll equals CRAPS (7),
70
71 } // end rollButton Click then the player loses
72
73 // simulate first roll and result of that roll
74 protected void playButton Click(
75 object sender, System.EventArgs e )
76
77 int sum;
78 myPoint = 0;
79 fraPoint.Text = "Point";
80 lblStatus.Text = "";
81 imgPointDiel.Image = null;
82 imgPointDie2.Image = null;
83
84 sum = rollDice()
85

4/7/2017
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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() ; CrapsGame.cs

diel
die2

randomNumber.Next ( 1, 7 )
randomNumber.Next ( 1, 7 )1~ Generates two random

numbers, one for each die

displayDie( imgDiel, diel );
displayDie( imgDie2, die2 );

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

} // end rollbDice

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

Application.Run(new CrapsGame());
}

} // end of class CrapsGame

166

165
86 switch ( sum )
87
88 case ( int )DiceNames.CRAPS:
89 case ( int )DiceNames.YO_LEVEN: c G
20 rollButton.Enabled = false; // disable Roll button rapsGame.cs
91 1blStatus.Text = "You Win!!!";
92 break;
93 case ( int )DiceNames.SNAKE_EYES: If on the first roll the players
9 case ( int )DiceNames.TREY: gets a7 oran 11 they win
95 case ( int )DiceNames.BOX CARS:
96 rollButton.Enabled = false;
97 lblStatus.Text = "Sorry. You se.";
98 break;
99 default:
100 myPoint = sum; -
101 fraPoint.Text = "Point is " + sum; If the first roll isa 2, 3 or 12,
102 1blStatus.Text = "Roll Again"; the player loses.
103 displayDie( imgPointDiel, myDiel );
104 displayDie( imgPointDie2, myDie2 );
105 playButton.Enabled = false;
106 rollButton.Enabled = true; Any other number allows the
iz; break; player to roll again
109 } // end switch
110
111 } // end playButton Click
112
113 private void displayDie( PictureBox imgDie, int face )
114 {
115 imgDie.Image = Image.FromFile(
116 Directory.GetCurrentDirectory() +
117 "\\images\\die" + face + ".gif" );
118 }
119
167
=0l =loix|
~Point Pointis 5 CrapsGame.cs
m Program Output
Rol
0 8
HCropsGome _lofx| M CrapsGome o =T
Pointis S Point
You Wintll Sorry. You
lose.

b 4wl oy oW 6.12

(Duration) ob; i
Al o Bl abasl s anlis S oS ey
(Scope) o35~ ®
AL o s Bl GBS b 5l i
o Sl e W
el sll s e cdy s 4SSl B
B o Sl po e
Not initialized m
Most variables ate set to 0 m
All bool variables ate set to false m

All reference variables are set to null m
168
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cs

35

36 // Visual Studio .NET-generated code

37

38 public void MethodA () Qenni
39 (

40 int x = 25; 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 +

4 " after entering MethodA";

45 ++x;

6 outputLabel.Text = outputLabel.Text +

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

a8 " before exiting MethodA";

19 }

50

51 public void MethodB(

52 (

53 outputLabel.Text = output] 1.Text +

54 "\n\ninstance variable x is

55 " on entering MethodB";

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

58 "\ninstance varable x IS~ t x +

:3 ) " 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

170
1 // Fig. 6.13: Scoping.cs
2 // A Scoping example.
3
4 using System; Scopi
5 using System.Drawing; coping.cs
6  using System.Collections;
7  using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10
11 public class Scoping : System.Windows.Forms.Form
12
13 private System.C 1.Container = null;
14 private System.Windows.Forms.Label outputLabel;
15
16 public int x = 1; This variable has class scope and can
17 be used by any method in the class
18 public Scoping()
19 {
20 InitializeComponent () ;
21 . A . -
22 int x = 5; «—//variabtetocat]| 1his variable is local only to Scoping.
23 It hides the value of the global variable
24 outputLabel.Text = outputLabel.Text—
25 "local x in method Scoping is " + x; 4\‘ Will output the value of 5
26
27 MethodA () ; // MethodA has automatic local x;
28 )i /1 uses i variable x
29 MethodA () ; // MethodA creates new automatic local x
30 MethodB () ; // instance variable x retains its value
31
32 outputLabel.Text = outputLabel.Text + - -
33 "\n\nlocal x in method Scoping is " + X Remains 5 de§plte changes
31 } to global version of x
171 172

Scoping.cs
Program Output
1 [=] 3

[ Scoping Class

local % in method Scopingis §

local % in Method, is 25 after entering MethodA
local  in Method is 26 before exting Methodd,

instance vanable % is 1 on entering MethodB
instance varable x is 10 on exiting MethodB

local % in Methodé is 25 after entering Methodd,
local x in Methoda, is 26 before exting Method4.

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

local  in method Scoping is 5
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6.14 Recursion

Final value = 120

1 returned

(a) Procession of recursive calls. (b) Values returned from each recursive call.

Fig. 6.14 Recursive evaluation of 5!.

174

// 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;

FactorialTest.cs

public class FactorialTest : System.Windows.Forms.Form
{

private System.C 1.Container = null;

private System.Windows.Forms.Label outputLabel;

public FactorialTest ()
{
InitializeComponent () ;

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

175

// Visual Studio .NET-generated code

public long Factorial( long number )
{

if ( number g= 1 ) FactorialTest.cs

return 1;

// base case

else
return number * Factorial( number - 1 );

}

The recursion ends when
the value is less than or

t . . . equal to 1
Application.Run( new FactorialTest())

[STAThread]
static void Main()

} // end of class FactorialTest

HEE Program Output

176
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6.15 Example Using Recursion:
The Fibonacci Sequence

m Fibonacci Sequence
= F(0) =0
mF(1)=1
®m F(n) = F(n-1) + B(n - 2)

m Recursion is used to evaluate F(n)

m Complexity theory

m How hard computers need to work to petform

algorithms

177

// call Fibonacci and display results
P void calcul ,_Click(
object sender, System.EventArgs e )

{

string tring = ( i .Text ) ;

int number = System.Convert.ToInt32( numberString );
int fibonacciNumber = Fibonacci( number ) ;
displayLabel.Text = "Fibonacci

}

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

ue is " + fibonacciNumber;

FibonacciTest.cs

if ( number

0 || number == 1)

method to get its result

The number uses the Fibonacci

return numb:
oo Z‘
return Fibghacci( number - 1 ) + Fibonacci( number - 2 );

' e

[STATh

-] The recursion ends when
statid ;
( the numberis 0 or 1

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

Application.Run( new Fibonacc
}

} // end of class FibonacciTest

iTest() )’

179

178
1 // Fig. 6.16: FibonacciTest.cs
2 // Recursive fibonacci method.
3
4 using System; . "
5 using System.Drawing; FibonacciTest.cs
6  using System.Collections;
7  using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10
11  public class FibonacciTest : System.Windows.Forms.Form
12
13 private System.C 1.Container = null;
14
15 private System.Windows.Forms.Button calculateButton;
16
17 private System.Windows.Forms.TextBox inputTextBox;
18
19 private System.Windows.Forms.Label displayLabel;
20 private System.Windows.Forms.Label promptLabel;
21
22 public FibonacciTest ()
23
24 InitializeComponent () ;
25 }
26
27 // Visual Studio .NET-generated code
28
180

B ribonaccitest A= B

Enter an Integer: 2
&

Enter an Integer: =z

Fibonaces Value is 17711

FibonacciTest.cs
Program Output

4/7/2017
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6.15 Example Using Recursion:

The Fibonacci Sequence

|F(3)

Ireturn + I

Ir:etm:nlf‘(l)|+ |F(0)|I |return1||

[ 1 T 1
|return 1 | |return 0 |

Fig. 6.17  Set of recursive calls to method Fibonacci (abbreviated as F).

181

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

= Can consume memory and processor speed

182

6.17 Method Overloading

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

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

using System;

using System.Drawing;

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

public class MethodOverload : System.Windows.Forms.Form

{

private System.C 1.Container

private System.Windows.Forms.Label outputLabel;

public MethodOverload ()
{
InitializeComponent () ;

// call both versions of Square
outputLabel.Text =
"The square of integer 7 is " + Square( 7
"\nThe square of double 7.5 is " + Square
}

// Visual Studio .NET-generated code

= null;

MethodOverload.cs

184

Two versions of the square
method are called

4/7/2017
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// first version, takes one integer
public int Square ( int x_)
{ One method takes an

return x * x;

int as parameters

}

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

return y * y;

MethodOverload.cs

} The other version of the method uses

[STAThread] adouble instead of an integer

static void Main()
{

Application.Run( new MethodOverload() )
}

} // end of class MethodOverload

185

186
// Fig. 6.19: MethodOverload2.cs
// Overloaded methods with identical signatures and
// different return types.
MethodOverload2.cs

class MethodOverload2
{

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

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

11 return x * x;
12 }
13
14 // second Square method takes same number,
15 // order and type of arguments, error
16 public double Square( double y )
17 {
i: ) return y * y; This method returns a double number
20
21 // main entry point for application
22 tati id Mai . -
23 7 atic void Main() Since the compiler cannot tell
24 int squarevalue = 2; / which method to use based on
:_2 ) Square( squareValue ); passed values an error is generated
27
28 } // end of class MethodOverload2
l' = — T l Program Output
TS am Calod Scucs with types Chcs 19
T T L] 1 Gutpus |°2 index aveds | 0 Sowch Revuls [ @) Bros port

B Hethodoverload o] Program Output
e B O R 8% s
M
7Y 43“‘ )T
187

dovio 7.1

m Data structures

il o Sl s Ll sl sl elom
Ll o SLOLL L 55 plo Olgs oyl m

188
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First element of array cis c[0] m

b 41,772

b 41,772

c[0] -45
. c[1] 6
Name of array (Note that
all elements of this array c[2] 0
have the same name, c) 31 7
c[4] 1543
e[5] -89
e[6] 0
e[7] 62
[ 8] 3
Position number (index c[9] 1
or subscript) of the ¢[10] 6453
element within array ¢
e[11] 78

Fig.7.1 A 12-clement array.

190

189
7.2 Arrays
Operators Associativiy Type
00 .+ -- left to right highest (unary postfix)
+H -+ - 1 (@pe) right to left unary (unary prefix)
* [/ % left to right multiplicative
¥ - IeF to right additive
< <=>>= left to right relational
= I= left to right equality
& left to right boolean logical AND
& left to right boolean logical exclusive OR.
1 left to right boolean logical mclusive OR
&& left to right logical AND
1 left to right logical OR
?: right to left conditional
=4= = *= /= %= right to left assignment

Fg.72  Prcedence and asociativity of the operators disc ussed so far.

191
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// output values for each array
for ( int i = 0; i < ARRAY SIZE; i++ )
output += i + "\t" + x[ i ] + "\t" + y[ i ] +

"\t" + z[ i ] + "\n"; InitArray.cs

MessageBox . Show ( output,
"Initializing an array of int values",

0K, Icon. T Add values in the arrays to

output

} // end Main

} // end class InitArray

Program Output

ubscipt Ay x Anayy  Anayz
0 2 2

0 27 4
a &1 13
a 18 8
0 % 10
0 1 12
0 14
0 n 16
[ 0 18
0 7 20

195

194
1 // Fig 7.3: InitArray.cs
2 // Different ways of initializing arrays.
3
4 using System; .
5  using System.Windows.Forms; InitArray.cs
6
7 class InitArray
8 { . . . . Allocate x to be
9 // main entry point for application Fize 10
i i i i of size
1111 s(::anc void Main( string[] args ) /]%clare a
12 string output = ""; array X
13
14 int[] x; // declare reference to an array Decl
15 X = new int[ 10 1; // dynamically allocate array eclare a constant
16 // default values
17 —
18 // initializer list specifies array y and initialize it
19 // and value of e with values
20 int[] y
21 . Initialize the elements in z
22 const int ARRAY_SIZE using a for loop
g int[] z; S teger array z
25 // allocate array of ARKA
i_f’ z = new int[ ARRA¥7SIZE ]; «—— | Initialize z to be of size
28 // set wh€ values in the array ARRAY_SIZE
29 for ( int i = 0; i < z.Length; i++ )
30 zZ[ 1] =2+2*%i;
31
32 output += "Subscript\tArray x\tArray y\tArray z\n";
33
196
1 // Fig. 7.4: SumArray.cs
2 // Computing the sum of the elements in an array.
3
4 using System; Declare integer array a
5  using System.Windows.Forms; are 10 1ege Y SumArray.cs
M and initialize it
7 class SumArray
8 {
9 // main entry poipt” for application Total the contents of
10 static void Maifi( string[] args )
array a
11 {
12 int[] a={1, 2, 3, 4 . 6,7,8, ;
13 int total = 0:
14
15 for ( int i = 0; i < a.Length; i++ )
16 total += a[ i 1;
17
18 MessageBox.Show( "Total of array elements: " + total,
19 "Sum the elements of an array",
20 .OK, Icon.T ion );
21
22 } // end Main
23
24} // end class

Sum the elements o ay B3

\l) Total of snay elements: 55

Program Output
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using System;
using System.Windows.Forms;

class Histogram

{

} // end class Histogram

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

Declare an integer

array n and initialize it

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

Create a bar for
element in n

int[] n = { 19, 3, 15, 7, 11, 9, 13,
string output = "";

output += "Element\t:

197

Histogram.cs

each

// buil,
for ( int i = 0; i < n.Length; i++ )
{

output += "\n" + i + " T+ "\t";

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

for (“int
output

1; j <=nl i]1; j++) // print a bar
xn

}

MessageBox.Show( output, "Histogram Printing Program",
0K Icon.T ion )

} // end Main

o jlod ylgs 4 13T Sy polis 3f ookt 7.4.4

S sl 6,80 ¢l wl)] ele

5l eslizad m

il gl il Olgie 4 Wb 5,5 5550

osla.l W
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198
Histogram.cs
Program Output
0
1 3 =
2 15 mem——
3 7 fl—
1 1 [ ——
5 3 e
6 13 R —
7 5 -
8 17 e
9 1 "
200
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 dieLabell;
19 private System.Windows.Forms.Label dieLabel2;
20 private System.Windows.Forms.Label dieLabel3;
21 private System.Windows.Forms.Label dieLabeld;
22 private System.Windows.Forms.Label dieLabel5;
23 private System.Windows.Forms.Label dieLabel6; Create a Random object
24 private System.Windows.Forms.Label dieLabel
25 private System.Windows.Forms.Label die
26 private System.Windows.Forms.Label dieLabel;
27 private System.Windows. 1 dieLabell0; Declare an integer array
28 private System.Windows. s.Label dielabelll; f
29 private System.Wi Forms.Label dieLabell2; frequency and allocate it
30 enough memory to hold
31 private = { 7 integers
32
33 Random _x. er = new Random() ;
31 int[] frequency = new int[ 7 1;
L35
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201
36 public RollDie()
37 {
38 InitializeComponent () ;
39 ¥ Event handler for the RollDie.cs
40 - .
a // Visual Studio .NET rollButton Click event
12
43 [STAThread]
a4 static void Main()
45 {
46 Application.Ryn( new RollDie() ); Call method DisplayDie once
:; ! for each Label
49 private void rollButton Click(
50 object sender, System.EventArgs e )
51 {
52 // pass the labels a method that will
53 // randomly asségn a face to each die
54 DisplayDie( dieLabell );
55 DisplayDie( dieLabel2 );
56 DisplayDie( dieLabel3 );
57 DisplayDie( dieLabeld );
58 DisplayDie( dieLabel5 ); Total the ngmber of
59 DisplayDie( dieLabel6 ); times the dice have
60 DisplayDie( dieLabel7 ) ; been rolled
61 DisplayDie( dieLabel8 ) ;
62 DisplayDie( dieLabel9 )7
63 DisplayDie( di ()
64 DisplayDie (
65 DisplayDie (_dieLabell2 ) ;
66
67 doub; =
68
69 for (int i = 1; i < 7; i++ )
70 total += il
203

g

—nwn—-

Cra

| BB
%HQB
=@

. B8

RollDie.cs
Program Output

202
71
72 displayTextBox.Text = "Face\tFrequency\tPercent\n";
73
74 // output frequency values .
75 for ( int x = 1; x < frequency.Length; x++ ) RollDie.cs
76 {
77 displayTextBox.Text += x + "\t" +
78 frequency[ x ] + "\t\t" + String.Format( "{0:N}",
79 frequency[ x_] / total * 100 ) + "$\n";
:(1] ¥ 0 Get a random number
82 } // end Main Jie val| from 1 t0 6
83 - — -
84 // simulates roll, displa Per Display die image corresponding
85 // image and incr requency to the number rolles
86 public void DisplayDie( Label dj 1)
87 {
88 int face = GmNumber .Next( 1, 7 );
89
90 dieLabel.Image = Image.FromFile(
o1 Di y.GetC tDirectory() +
92 "\\images\\die" + face + ".gif" );
93
9 frequency[ face ]++;
95 }
9
97 } // end class RollDie
204
1 // Fig. 7.7: StudentPoll.cs
2 A student poll . P
3 // A student poll program Declare and initialize
4 using System; integer array responses
5  using System.Windows.Forms; StudentPoll.cs
¢ For every element in responses,
7  class StudentPoll . -
8 increment the frequency element
9 // main entr; that corresponds to the answer
10 static void
11 {
12 int[] 8, 10, 1,
13 7,
14
15
16 int[] Output the number of times each
17 string outpdt ;
18 response appeared
19 // jnErement the frequency for each response
20 for ( int answer = 0; answer< responses.Length; answer++ )
21 ++frequency[ respon; answer ] 1;
22
23 output += ifig\tFrequency\n" ;
24
25 // @utput results
26 for ( int rating = 1; rating < frequency.Length; rating++ )
27 output += rating + "\t" + frequency[ rating ] + "\n";
28
29 MessageBox.Show ( output, "Student poll program",
30 OK, Icon. I ion );
31
32 } // end method Main
33
34 } // end class StudentPoll
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Student poll program x|

Rating  Frequency
2

=00~ W N

=)
ORI XL LYY

StudentPoll.cs
Program Output
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// Fig. 7.8: PassArray.cs

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

using
using
using
using
using
using

public class PassArray :
{

private System.Windows.Forms.Button showOutputButton;
private System.Windows.Forms.Label out]

// Visual Studio .NET generated code

[STAThread]
static void Main()

{
}

private void s

System

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

System.Windows.Forms.Form

putLabel ;

PassArray.cs

Declare and initialize
integer array a

Application.Run( new PassArray() )/

utputButton_Click (

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

(a): array is passed b

Ject sender,

Label.Text += " "+ ali];

Call method ModifyArray, pass
array a as an argument by
reference

Output contents of array a

207

36
37
38

40
41

43
44

46
47
48

50
51

53
54

56
57
58

60
61

63
64

66
67
68
69

outputLabel.Text +=
"\n\nThe values of the modified array are:\n\t";

// display elements of array a PassArray.cs

for ( int i = 0; i < a.Length; i++ )
tLabel.Text += " "+ al i

Replace every element in
array by twice its value

of passing array " +
[ 3 ] before " +

Output array a after ModifyArray
ModifyElement( a[ 3 14 changed the contents

odifyElement: " + a[ 3 ];

// original/will be modified Call method ModifyElement,
pass element of array a that is
at index 3

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

}

// method modifies the integer passed to it
// original will not be modified
public void ModifyElement( int e )
{
outputLabel.Text +=
"\nvalue received in ModifyElement: " + e;

208
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70
71
72

74
75

e *=2;

outputLabel.Text +=

alue calculated in ModifyElement: " + e;
PassArray.cs

Multiply argument by two

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

=loix|

Show Output

Program Output

Effects of passing entire array call-by-reference:

The values of the original array are:
12345

The values of the modified array are:
246810

Effects of passing array element call-by-value:

a[ 3] before Modify Element: &

value received in ModifyElement: 8

value calculated in ModifyElement: 16
a| 3] after ModifyElement 8

209

7.6 Passing Arrays by Value and
by Reference

m Variables that “store” object, actually store references to those
objects
m A reference is a location in computer’s memory where the object
itself is stored
m Passing value types to methods
m A copy of the variable is made
m Any changes to variable in method do not effect the original variable
m 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
vatiable
m Any changes to the contents of the object in the method, do effect the
object outside the method

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

212
1 // Fig. 7.9: ArrayReferenceTest.cs
2 // Testing the effects of passing array references
3 // by value and by reference.
g :::g :z:tth”ing; Declare and initialize ArrayReferenceTe
6 using System.Collections; integer array firstArray st.cs
7  using System.ComponentModel;
8  using System.Windows.Forms;
9  using System.Data;
10
11  public class ArrayReferenceJést : System.Windows.Forms.Form
12 {
13 private System.Windows/Forms.Label outputLabel;
14 private System.Windowé.Forms.Button showOutputButton;
15
16 [STAThread] Declare integer array
17 static void Main - .
18 ( firstArrayCopy and have it
19 Application, reference firstArray
20 }
21
22 private vojd showQutputButton Click( object sender,
23 Syst
24 {
25 // gkeate 4nd initialize firstArray
26 int[] firstArray = { 1, 2, 3 };
27
28 // coby firstArray reference
29 int[] firstArrayCopy = firstArray;
30
31 outputLabel.Text +=
32 "Test passing firstArray reference by value";
33
34 outputLabel.Text += "\n\nContents of firstArray " +
35 "before calling Fi tDouble:\n\t";
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71 // print contents of secondArray before method call
72 for ( int i = 0; i < secondArray.Length; i++ )
73 bel.Text += il 4y
74
75 1o y; | Test whether secondArray ArrayReferenceTe
76 and secondArrayCopy st.cs
77 outputLabei.Text += "\n\ ts { reference the same object
78 "after call SecondDoublaT
79
80 // print contents SecondArray after methad call | Replace each element in the array
81 fqr ( int i = 07 i < secondArray.Length; i++ ) by twice its value
82 SutputLab€l.Text += secondArray[ i ] + " "; -
83
84 // feSt whed) was ch d 14 Set array to reference a new
85 if ( PY ) integer array containing the
86 outputLabel . Text
87 "\n\nThe referencei-cefer to fhe same arsagine] VAlUCs1l,12and 13
88 else and pass sccondArray by
89 outputLabel . Text += reference
20 "\n\nThe references réfer to diff€rent arrays\n"; I
91
92 } // end method showOutpdtButton CLi Output contents of secondArray
93
94 // modify elements of array apd attempt to modify
95 // reference
9 void FirstDouble( int[] afray )
97 {
98 /1 le each element's value
99 for ( int i =0; i < array.Length; i++ )
100 array[ 4 ] *= 2;
101
102 // gfeate new reference and assign it to array
103 array = new int[] { 11, 12, 13 };
104 }
105

213
36
37 // print contents of firstArray
38 for ( int i = 0; i < firstArray.Length; i++ )
33 o abel.Text += firstArray[ i ] + ; ArrayReferenceTe
41 // pass reference stArray by value to FirstDouble st.cs
% Firsthouble( firstArray Test whether firstArray and firstArrayCopy
m outputLabel~Text += "\n\nC £ the came ahiect
45 "calling Firs Declare integer array secondArrayCopy and
a6 . set it to reference secondArray
a7 // print
48 for ( int i Declare and initialize integer arry
4 t = secondArray
:g m Firstpoubie—] Call MeMod FITstDoubIe
52 if ( firstArra on firstArray
53
54 fer to the same array\n";
55 else
56
57 ferent arrays\n";
58
59 /1 ex Output contents of firstArray
60 int[] sg€ondArray = { 1, 2, 3 };
61
62 // sopy secondArray reference
63 int[] opy = ;
61
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
215
106 // modify elements of array and change reference array
107 // to refer to a new array
108 void SecondDouble( ref int[] array )
109 {
110 // double each element's value ArrayReferenceTe
111 for ( int i = 0; i < array.Length; i++ ) st.cs
112 array[ i ] *= 2;
113
114 // create new reference and assign it to array
115 ar; int[] { 11, 12, 13 };
116 } N
117 Set array to reference a new integer array

{ containing the values 11, 12 and 13

1= ] Program Output
Show Output

Test passing firstisray reference by valve

Sotonts of friiry ke clleg FirsDouble

gv?cn of firstArray sher calling FirstDouble
4

The references refer o the same array

Test passing secondirray reference by reference
Canterts of secondirray betoee ealling

123 =

Canterts of secondiray sher calling SecondDeuble
11213

The references refer fo different amrays

216

7.7 Sorting Arrays

Sorting data is important in many applications
Bubble Sort — array of size n
m Make n passes through the array

m Por each pass, compare every pair of successful elements

m If the first is larger then the second, swap the elements
m Hasy to program
= Runs slowly
NET Framework includes high-speed sorting
capabilities
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// Fig. 7.10: BubbleSorter.cs

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

using System.Drawing;

using System.Collections;

using System.ComponentModel;

using System.Windows.Forms;

using System.Data;

BubbleSorter.cs

public class BubbleSorter : System.Windows.Forms.Form

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

// Visual Studio .NET generated code Declare and initialize array a |

Output the contents of array a |

Call method Bubble sort on array a |

[STAThread]
static void Main()
{

Application.Run( ne

}

int[] a 45, 37 };

// &6rt elements in array a
BubbleSort( a );

218

outputLabel.Text += "\n\nData items in ascending order\n";

for ( int i
5w

i < a.Length; i++ )
ext +alil;

Swaps two elements
of an array

1

bleSorter.cs

} // end method sortButton_Click
igger then the following

t the elements of i
// sor © elements of an array W 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

Perform contents of for loop
for each element of array b

swap two elements of an array
£lic void Swap( int[] ¢, int first )

int hold; // temporary holding area for swap

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

gl
inal order
64 10 12 89 68 45 37

2
Osta tems in ascending order
2468101237 5638

Program Output

9 B> G911 ,T (g9 7.8
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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 : Sysfem.Windows.Forms.Form [ po.po lioocon o

for the search key

private System.Windows.Formy.Button searchButton;

18,720, 22, 24, 26,

int[] a = { 2, 4, 6, 8/ 10, 12, 14, 16,
Z , 44, 46, 48, 50 };

28, 30,
// Visual Studio .

[STAThread]
static void Maj

int se Int32.Parse( inputTextBox.Text );

int elementIndex = LinearSearch( a, searchKey );

29995 (S b 43T 40 gxin> 7.8.2

iledd Cije L4l
Abfﬁ):Mﬂt&}lﬁﬁ)éﬂ&ﬁj\ | ]
P
VJ{J}S.H u
S Ml s e m
oy 28 1y Jay i g il (ol 0 L e Wil pa LT ST
oy elsl LT 51 sl e 53 1y szt (ol Javs jomie 5l S i S I W
s,\.;u\:igbf)'\”>m_.})gi)ﬁ;ﬁ?“;,,,\L,.d},.a;ojljfjﬁbw,glfﬁ\l
3 ks by e gl i S WS Sl S SISV m
05 e MS gl 53 &) WAL AW (5 i elipd gt 4l

(s qu
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222

34 if ( elementIndex != -1 )
35
36 value in element " + elementIndex;
37 .
38 olse LinearSearcher.c
39 outputLabel .Text = "Value not found"; s
40
41 } // end method searchButton Click If the index of the search key is —
42 . 1, then element was not found
43 // search array for the specified key value
44 public int LinearSearch( int[] array, int key ) I
45 { If search failed, return -1 ‘
46 for ( int n = 0; n < array.length; nt
Y [
48 if ( ar n] ke P
29 return n Start at beginning of array N
50 } Check every element to see if it
51 matches the search key.
% return -1; If it does, return the current index
54 } // end method LinearSearch
55
56 } // end class LinearSearcher

7 Locarscarcn—SRTSTEY 2 Lncarscarcn ST

[se | F [seect | s Program Output

Found value in element 2 Valve not found

224

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 BinarySearchTest
6 using System.Collections; integer array a .cs
7 using System.C
8  using System.Windows.Forms;
9  using System.Data;
10
11  public class BinarySearchfTest : System.Windows.Forms.Form
12 {
13 private System.Wingbws.Forms.Label promptLabel;
14
15 private System.Windows.Forms.TextBox inputTextBox;
16
17 private Systefi.Windows.Forms.Label resultLabel;
18 private Sysyem.Windows.Forms.Label displayLabel;
19 private Sydtem.Windows.Forms.Label outputLabel;
20
21 private/System.Windows . Forms.Button findButton;
22
23 private System.C 1.Container = 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 }
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36
37 // searches for an element by calling
38 // BinarySearch and displaying results
39 private void findButton Click( object sender, .
20 System.EventArgs e ) BinarySearchTest
a1 { .cs
42 int searchKey = Int32.Parse( inputTextBox.Text );
3
:; /1 i“it:g T If the low index is less then
tputL: .Text . .
26 outpw o1 Tex the high index then try to
a7 // perform the binary search find element (otherwise,
a8 int element = BinarySearch( a, searchKey element is not in the array ]
19
S0 i .
51 "Found value jn element " + Compute midpoint of
52 current search space
53 else methoT BIMATySearc om
54 displayLabel.Te . )
55 array a with the user input as
56 } // end findButton Click the search key
57
58 // searchs array for s
59 public int BinarySea If —1 was returned, then
60 { search key was not found
61 int low = 0; // low t
62 int high ength - 1; // high subscript
63 int middle; // middle subscript
64
65 while ( low <= high )
66 {
67 middle = ( low + high ) / 2;
68
227
99 else
100 outputLabel.Text +=
101 array[ i ].ToString( "00" ) + " ";
102 } .
103 BinarySearchTest
104 outputLabel.Text += "\n"; -Cs
105
106 } // end BuildOutput
107
108 } // end class BinarySearchTest
=lolx|
Enter key 3 Result  Found value in element 3 Prugram Olltput
Portions of array searched
z o4 08 20 12 14416 18 20 22 24 26 20
0 03 o4 08 10

226
69 // the following line displays the portion
70 // of the array currently being manipulated during
71 // each iteration of the binary search loop
72 BuildOutput( a, low, middle, high ); .
7 uildoutput( a, low, middle, high ) BinarySearchTest
74 if ( key == array[ middle ] ) // match .cs
75 i ;
76 key < array[ middle ] ) Output ‘all.elemet}ts gfthe
77 ; // search low end of array| array withintwo indices and
% mark the middle element.
80 If the middle elemen{ Print spaces for the other
81 arch key, return thg elements
82 ;
middle element
83 return -1; // 8
84 I
85 } // end If the key value is smaller
86 .
& pubiic void Buildoutput( then Fhe rpnddle element, set
88 int[] array, int low, int mid, int high ) | the highindex to be one less
89 { then the current middle index
20 for ( int i = 0; i < array.Length}
91 {
92 if (i< 1low || i > high
93 outputLabel.Text += " " Otherwise, set the low index to be
24 . . one more then the middle index
95 // mark middle element in output
9 else if ( i == mid )
97 outputLabel .Text +=
98 array[ i ].ToString( "00" ) + "% ";
228
BinarySearchTest
=Iojx] et
Emerkey [ Result Foundvaluein clementd Program Output

Portions of array searched
00 02 04 06 08 10 12 14*16 18 20
00 02 04 06* 08 10 12

o8 10° 12

oEe

o
Enter key ’;5— Result  Value not found

Portions of ar axched
10 12 14+ 16
16 18 20

zay
00 01 04 06 o8
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Jagged Arrays m

Arrays of arrays m

Arrays that compose jagged arrays can be of different lengths m

231
1 // Fig. 7.14: TwoDimensionalArrays.cs
2 // Initializing two-dimensional arrays.
3 using System;
: ::;:g :z::z:g:;:::z;ms; Initialize the third element _‘ TwoDimensionalAr
6 using System.ComponentModelj in array2 to be an array that | element in rays.cs
7 using System.Windows.Forms/| contains 3 integers that
8  using System.Data; N
9 i lare a jagged
10 public class TwoDimensiopalArrdys ,/syscem: s y named
11 :
12 private System.Windops.Fg array2 with 3 rows
13 private System.Winddws. s [
14 Declare and initialize a
15 // Visual Studio .
16 rectangular integer array
17 [STAThread] named arrayl
18 static void Main/()
19 {
20 Application
21 }
22
23 private void//shéwOutpy
24 System.E 3
25 {
26 // ge 6én and initialization of rectangular array
27 int[,J/@arfayl = new int[,] { {1, 2, 3}, {4, 5,61} };
28
29 //yfdclaration and initialization of jagged array
30 ig array2 = new int[ 3 ][],
3T agkAy2[ 0 ] = new int[] { 1, 2 };
32 argay2[ 1 ] = new int[] { 3 };
33 array2[ 2 ] = new int[] { 4, 5, 6 };
34
35 tputLabel.Text += "Values in arrayl by row are\n";:

230
Itipl i Ar
7.9 Multiple-Subscripted Arrays
Column0 Column1 Column2 Column3
Row0 [a[0, O] |a[0, 1] |[a[0, 2] |a[O, 3]
Rowl |a[l, 0] |a[l, 1] |[a[l, 2] |a[l, 3]
Row2 |[a[2, 0] |a[2, 1] |a[2, 2] |a[2, 3]
'[— Column index (or subscript)
Row index (or subscript)
Array name
Fig. 7.13 Double-subscripted array with three rows and four columns.
232
36
37 // output values in arrayl
38 for ( int i = 0; i < arrayl.GetLength( 0 ); i++ )
3 { TwoDi ionalA:
40 for ( int j = 0; j < arrayl.GetLength( 1 ); j++ ) woDimensionallAr
41 outputLabel.Text += arrayl[ i, j ] + " "; rays.cs
42
43 outputLabel.Text += "\n";
44
a5
46 outputLabel.Text += "\nValues in array2 by row are\n";
a7
48 // output values in array2
49 for ( int i = 0; i < array2.length; i++ )
50 {
51 for (int j = 0; j < array2[ i ].Length; j++ )
52 outputLabel .Text += array2[ i 1[ 3 1 + " ";
53
54 outputLabel.Text += "\n";
55
56
57 } // end method showOutputButton Click
58
59} // end class TwoDimensionalArrays
T —
=lojx| Program Output
Show Outout

Values in array 1 by row are.
123
458
Yokwain array2 by row are

3
456
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233
1 // Fig. 7.15: DoubleArray.cs
2 // Manipulating a double-subscripted array.
3 using System;
4 using System.Drawing;
5  using System.Collections; DoubleArray.cs
6  using System.ComponentModel;
7  using System.Windows.Forms;
8  using System.Data;
9
10 public class DoubleArray : System.Windows.Forms.Form
11
12 private System.Windows.Forms.Button showOutputButton;
13 private System.Windows.Forms.Label outputLabel;
14
15 int[][] grades; T |
Te int students, exams; Initialize array grades to have 3 rows
17 I
1: // Visual Studio .NET generated’code | nitialize each element in array grades ‘
20 [STAThread]
21 static void Main()
22 {
23 Application.Run( fhew DoubleArray() );
24 }
25
26 private void/ShowOutputButton Click( object sender,
27 System EventArgs e )
28
29 {
30 grades = new int[ 3 1[I
31 grades[ 0 ] = new int[]{ 77, 68, 86, 73 };
32 grades[ 1 ] = new int[]{ 96, 87, 89, 81 };
33 grades[ 2 ] = new int[]{ 70, 90, 86, 81 };
31
235
63 // £ind minimum grade in grades array
64 public int Minimum()
65
:f; int lowGrade = 100; DoubleArray.cs
68 for ( int i = 0; i < students; i++ )
69 S ——
70 for ( int j = 0; j < exams; j++ ) Examine each element in
7 grades array
72 if ( grades[ i 1[ j 1 < lowGrade )
73 wGrade = grades[ i ][ j 1;
74 -
75 return lowGrade} If the currgnt array element higher
76 } then the highest grade, set the value
7 of highGrade to be the current
78 // £ind maximum grade in gradéd-array I "
79 public int Maximum() clemen
80 ( I
81 int highGrade = 0; .
82 < If the current array element is less
83 for ( int i = 0; i < studénts; i++ ) then the lowest grade, set the value of
84 lowGrade to be the current element
85 for ( int j =07 j < exams; j++ )
86
87 if (Grades[ i 1[ j ] > highGrade )
88 highGrade = grades[ i 1[ j 1;
89
90 return highGrade;
51 }
92

35 students = grades.Length; // number of students
36 exams = grades[ 0 ].Length; // number of exams
37
38 // line up column headings Output each row
39 outputLabel.Text += " P DoubleArray.cs
40
a1 // output the column head Output each
12 for ( int i = 0; Xams; i++ )
43 outputLabel Fext += "[" + i + "] clement of the row
4
45 put the rows
46 for (int i =0; i < s
:; { Output the minimum and
19 maximum grades
50
51 -| Output the average for each row
52 }
53
54 tputLabel.Text += " grade: " + Minimum() +
55 \nHighest " 4 Maximum() + "\n";
56
57 for*( int i = 0; i < students; i++ )
58 tputLabel.Text += " ge for student " + i + " is " +
59 Average( grades[ i ] );
60
61 } // end method showOutputButton Click
62
236
93 // determine average grade for a particular student
9 public double Average( int[] setOfGrades )
95 {
% int total = 0;
97 DoubleArray.cs
98 for ( int i = 0; i < setOfGrades.Length; i++ )
99 += setOfGrades[ i ];
100
101 return ( double ) / setOfGrades.length;
102 }
103 Total the grades for the array ‘
104 } // end class DoubleArray

Divide the total by the
number of grades

2
Hverage for student 2 is 8175

Program Output
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7.10 foreach Repetition Structure

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

No counter =

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

// Fig. 7.16: ForEach.cs

// Demonstrating for/each

using System;

Use the foreach loop to examine
each element in the array

{
// main entry point for fhe application

1
2
3
4
5 class ForEach
6
7
8 static void Main( stzing[] args )

10 int[,] gradeApfay = { { 77, 68, 86,
11 { 98, 87,789, 81 }, { 70, 90

13 int loyGrade = 100;

14

15 foreach ( ipt-grade in gradeArray )
16 {

17 if ( grade < lowGrade )

18 lowGrade = grade;

19 }

20

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

23 )

+

ForEach.cs

238

If the current array
then lowGrade, set

element is smaller
lowGrade to contain

the value of the current element

lowGrade ) ;

The minimum grade is: 68
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