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23 gn g b IS (U e 5 Class
.

1 // Fig. 3.1: Welcomel.cs

2 // A first program in C#. =
3

4 using System; «——_ === |

5

6 class Welcomel

. T —

8 static void Main( String[] args )

9 {

10 Console.WritelLine( "Welcome td C# Programming!" );
11 }

12

by o5

Welcome to C# Programming!

o 13 K3 ol 200k 4ol 3.2

2% ConsoleApplicationt -

Fle Edt Vew Project Buld Debug Tools

R DR

oft Visual C# .NET [design] - Classl.cs (=]

Wov v J- | ) Debug

Window  Help

Start Page  Classl.cs |

Ev::: soleApplication] . Class] j IﬂOrr

ainstringl]

using System;

- namespace ConsoleApplicationi

L

criprion for
11/ </sunwmary
class Classl
{
'/ <surmmary:
The main entry point
[STAThread]
B statie void Main{string[
i
s
// TODO: Rdd code to
1

« =

Custom Tool

Custom Tool Mar -
File Name Class1.cs %
Classi. T in_ - J
Build Action

How the file related to the build and
deployment processes.

B Prop... | @ cont... |[2] Index |

for the application. ! Rl
[ Solution Explorer - Consoledp... % x|
=la)fell

(o Solution 'ConsoleApplicationt (1 pré
& (3] Consoleapplication1

1 argsj

start application here ) Appco
[*] Assemblylnfo.cs
[#] Classt.cs

IS I | €T |

Ready

I I | 4

10 Fig. 3.2 Visual Studio .NE

T-generated console application.
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0oks'\ 2001\ csphtp1’csphtpl_examples'ch03'Fig03_02'\ W
Wlelcome to CH# Programming?

Fig. 3.3 Execution of the Welcomel program.

1 // Fig. 3.4: Weleama2 —

2 // Printing a 1 o S 245 e elizal - Console. WriteLine

3 33 o S 555 p oy Ol 0Ll e sl

4 using System; ! ~ )

5 95 R T N (N R N Welcome2.cs
6 class Welcome2

7 {

8 static void Main( string[] args )

9 {

10 Console.Write( "Welcome to " )

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

12 }

13 }

Welcome to C# Programming! u\iﬁ ﬁ},&

2/23/2016
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1 // F1g 2.3.5: Wel.come3. &,;mléwk}yWQ&aJUﬁjié\ﬂ\n
g // Printing multiple 1 Lo ki )5.‘;2'})5 S5yl g;”/“‘;b .\_,M,
; using System; AL b S8 e ST e 2 Welcome3.cs
6 class Welcome3
7 {
8 static void Main( string[] args )
2_0 ! Console.WriteLine( "Welcome\nto\nC#\nProgramming!" ) ;
11 }
12}
Welcome MU)g ‘;?})5
to
c#
Programming!

oo o S ol 00lw a0l 3.2

‘Esa)esmﬂne Description

\n Newlire. Rodtionthe screencursor tothe begiming of tre ret lire.

\t Hoizortd tab. Mbwe tre screencursor fothe next t2b stop.

\r Cariege refum Rositicn the screencursor tothe begiming of the
curert line donctadvancetothe redline. Ay cheracters auput
dfter the carmiage refum overwite the previous cherecters autput on
tretline

\ Bacldash Used topnirt abeckdash craracter.

v Doblequote. Used to print adouble quote () character.

Fg 36 Somecomuonescape ssLemes

14
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1 // Fig. 3.7: Welcomed.cs -
2 // Printing multiple lines in a d System.Windows.Forms U sl
3 IS 5l bl o3l b 40l 4
2 it < i
4 using System; ‘/‘34 < ‘ Mw}‘ Bf’ Helcomed
5 using System.Windows.Form e o1, MESSagebox elcomes.cs
6
7 class Welcome4d
8 {
9 static void Main( string[] args )
10 {
11 MessageBox.Show( "Welcome\nto\nC#\nprogramming!" );
12 }
13 }
asl IS
* *
‘o 0> SO > 00w 4ol 9 3.2
w [ .
s « *
Add Reference x|
NET | com | projects |
Component Name [ version | Path [=]
System.Runtime Remoting 1.0.3300.0 CAWINNTIMicrosoft NET\Fra. ..
System.Runtime, Seriglization.... 1.0,3300.0 CAWINNTIMicrosoft NET\Fra. ..
System.Security 1.0.3300.0  CAWINNT|Microsoft.NETiFra...
System.ServiceProcess. di 1.0.3300.0  CAWINNT|Microsoft.NET\Fra...
System.web.dll 1.0.3300.0 CAWINNT\Microsoft NET\Fra. ..
System.Web.RegularExpressi... 1.0.3300.0
System.Xml.dl 1.0,3300.0 INNT\Microsoft. NET\Fr:
VSLangProj 7.0.3300.0  c:\Program FilesiMicrosoft v
VsMacroHierarchylib 7.0.33000  ci\Program Files\Microsoft Yis... —
Selected Components:
nent Name | Type [ Source | Remove:
System.Windows. Forms.dl MNET CAWINNT\Microsoft. NETIFram...
Add
Reference
. OK Cancel Help
dialogue
Fig. 3.8 Adding a reference to an assembly in Visual Studio .NET (part 1).
16
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Solution Explorer

Solution Explorer - Welcomed X

(]| @ 1= /

a Solution "Welcome4' {1 project)
= (&8 welcome4
BB fReferences

+J System

+2) System.Data | System .rg;er;g::es - Forms
+{2) System.Windows.Forms

References folder + System. XML
&#] AssemblyInfo.cs
o) Welcomed.cs

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

oo 13 3 ol 200k 4ol 3.2

Label  Button Text field  Menu Menu bar

/) Deitel & Associates, Inc. - Microsoft Internet Explorer =10 x|
Filg Edt View ﬁ
Hoack - = - @ [ A E/Parsnna\aar Quoearch [iFavorkes B | - S -EB AR ‘
Address [€] htpfom. detelcom =] @o [uis 7|

Yy

Java™, C, C++, Visual Basic®, Object Technology, and Internet and World Wide web Programeming Training
On-Site Seminars Delivered Worldwide (Contact Us For on-site seminars on any programming topic)

- -
Derrel s~

& AssOCIATES I, 90-BBoston Post Road, Suite 200, Sudbury, MAD1776

Corporate Training Curriculum
Publications/Book Store

Whats Nl Now Available!

Publications
PruindnadeDacn wrac B
4 J v
& [T [ intermet Z

Fig. 3.9 Internet Explorer’s GUI.
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OK button allows the _E «— Close box

user to dismiss the
dialog. Welcome
to
Cit
programming! | T Dialog is automatically sized to
accommodate its contents.
Mouse curso————— ___.

Fig. 3.10 Dialog displayed by calling MessageBox . Show.

Tudwo 90l qo> 23500 00lw 4ol » S93.3

aJ sl esls C‘f‘ |
3,05 555 CH oS (gl osls C‘f‘ u
String, Int, Double, Char, Long =
(¢ Jad) adsl s> g5 V0 m
ol CH 5 (60IS S (gl 6sls & tu A n
g a5 el i LG 3 L5 e OLSS 58 sla iz W
Console.ReadLine() =
55 oslial S 5lesls 3 S gl Ll g s n
Int32.Parse() =
35 o ol s e S Ol ST Lbis ¢l m
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21
1 // Fig. 3.11: Addition.cs
2 An additi . . e
3 " addition program | This is the start of class Addition
4 using System; . A
5 S / Two stri The comment after the Addition.cs
6 class Addition defined g declaration is used to briefly
1 { - fpose
8 static void Main( { These are three ints that are declared
° { over several lines and only use one
10 string firstNum] icol hi . -
11 secondNu] Semicolon. Each is § This line is considered a prompt
12 because it asks the user to input data.
13 int numberl, // first nu
14 number2, // second number to add
15 sum; // sum of numberl and n er2
16
17 // prompt for and read first number from usey¥ as string
18 Console.Write( "Please enter the first integer: " );
19 £ = o 1o naadl .
20 The two numbers are added Il?t32.Par.se 1S used to convert Fhe
21 and stored in the variable sum. P | gven strmg.lnto an. integer. It is
22 vy then stored in a variable.
23 se¢ondNumber = Console.Rea
24
25 // tonvert numbers fr e string to type int
26 n erl = Int32.Parse( firstNumber );
27 number2 = Int32.Parse( secondNumber ) ;
28
29 // add numbers Console.ReadLine is used to take the
30 sum = numberl . ot .
31 users input and place it into a variable.
22
32 // display results
33 Console.WritelLine( "\nThe sum is {0}.", sum );
34
35 } // end method Main sy
36 Addition.cs
37 } // end class Addition

Please enter the first integer: 45

Please enter the second integer: 72

The sum is 117.

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

Program Output

2/23/2016
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o Lim oslaial 3 e 1y 3 Oledlbl eslital 5550 la aze W

23

abasl> OIS
Gl abasl> 5l S iz o W
e 5 o3Il g 5 b Jolim
355 (5 Do 3| g B e L llie G gy K W

A palic 3.4

number1

Fig. 3.12  Memory location showing name and value of variable numberl.
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number1
number2

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

27

wlwlxo 3.5

numbert
number2

sum 117

Fig. 3.14 Memory locations after a calculation.

28
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wlwlxo 3.5

C# operation Arithmetic operator |Algebraic expression C# expression
Addition + [+7 £+ 7
Subtraction - p-c P -cC
Multiplication * bm TX b *m
Division / x/yer x/y
Modulus % rmod s r $s

Fg. 3.15 Arithmetic operators.

29
*
wlwilxe 3.5
*
QOperator(s) Operation Order of evaluation (precedence)
() Parentheses Evaluated first. If the parentheses are nested,
the expression in the innermost pair is
evaluated first. If there are several pairs of
parentheses “on the same level” (i.e., not
nested), they are evaluated left to right.
* [or% Multiplication  |Evaluated second. If there are several such
Division operators, they are evaluated left to right.
Modulus
+or - Addition Evaluated last. If there are several such
Subtraction operators, they are evaluated left to right.

Fig.3.16 Precedence of arithmetic operators.

30
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*
< lwbxo 3.5
*
Step 1.
y=2%*5%*5+3*5+7;
2 * 5 is (Leftmost multiplication)
Step 2.
y=10 * 5 + 3 * 5 + 7;
10 * 5 is ! (Leftmost multiplication)
Step 3.
y=50+3*%5+7;
3 * 5 is ! (Multiplication before addition)
Step 4.
y =50 + 15 + 7;
50 + 15 is (Leftmost addition)
Step 5.
ep y =65+ 7;
65 + 7 is (Last addition)
Step 6. ¢ = 72; (Last operation—place 72 into y)
Fig. 3.17 Order in which a second-degree polynomial is evaluated.
31
Sl Aty g o Alio b Jhos 3 5 g5 aonati 3.6
if =l m
Jﬁ&oJW‘kﬁwb‘jééﬁM‘é‘f.
.b}..:-' & ‘J}‘ Q‘)}Lﬂ.} :CA-VJ):-
S o s s s gl i slm
g r.&-d)j‘}gug.«-u o LLif jpnm
das e Ol ) ) anslie 5 (gl dal sl s YA S
s e e bl Ll S o m
32
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Standard algebraic |C# equality Example Meaning of

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

Equality operators

= == =y x is equal to y

# 1= x 1=y x isnotequal toy
Relational operators

> > x>y x is greater than y

< < x <y x is less thany

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

Fig. 3.18 Equality and relational operators.

33

®d o U A WN R

// Fig. 3.19: Comparison.cs

// Using if statements, relational operator

// 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() );

om use
"

If numberl is the same as

2

s and equality

THRY

number? this line is preformed |~ymhinine th

ese two methods eliminates

\E ( If number! does not equal number2
Co! ih If numberl is less than number2

temporary string variable.

L number2 ) ;

the program wi

if ( nu If number! is greater than number2
this line will be preformed

Console.Write¢Line( 1

if ( numberl number2 )

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

if ( numberl > number2 )

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

Comparison.cs

34

2/23/2016
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34 if ( numberl <= number2 )

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

37 if ( numberl >= number2 )

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

40 } // end method Main

41

42 } // end class Comparison

P s

Lastly if numberl is greater

[= =

Please enter

Please enter
2000 '= 1000
2000 > 1000

2000 >= 1000

first integer:

second integer:

2000 | this code will be executed

than or equal to number2 then —

1000

Please enter

Please enter
1000 != 2000
1000 < 2000

1000 <= 2000

first integer:

second integer:

1000

2000

Please enter

Please enter

first integer:

second integer:

1000

1000

Comparison.cs

Program Output

35

S a9 S amlio S os 35 5 paoncii 3.6

Operators Associativity Type

QO left to right parentheses

* /% left to right multiplicative

+ = left to right additive

< <= > >= left to right relational

= != left to right equality

= right to left assignment
b flee o pd oS5 5 oyl Fig. 3.20

36

2/23/2016
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Program of control =

b})&d@%ﬂgwob;|ﬂ| b (S gD b 6)lSMLsJ.: |
Las o i )l G g oS Sl Olyes W
bl sl m
if/else ;if ol > m
goto ;.o m
A 5L 5 e T oSyl Ko 54 ol sslinad Koo m
358 o Ul OIS Sl ol Lol
S5 ekl m
(6 J=s)do/while ywhile «il~ m
(6 Jai) foreach ; for «il- m

o S e sl 4.4

ol
35 oo oslinal 4l e f g W
LS o pamia sl FHy s
3b e o3linl Jas ool (5l Jokits W
38 g odlinal p 500 gl p A W
553 o oslizad 03l Jlal (sl ol o pls m
s o slisal e Sl 55 W
SAS sl S5 .
(Stacking) (sl aziy, m
S osls ALK il ey S W
(Nesting) 3l 5 35 ®
(65 skl g skl Soasls Ll 3w
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| add grade to total | total = total + grade;

| add 1 to counter | counter = counter + 1;

$

Fig. 4.1 Flowcharting C#’s sequence structure.

oI S eyl 4.4

C# Keywords
abstract as base bool break

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

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

C# sals =LisFig. 4.2

2/23/2016
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1 £ ! Jlsly 4.5

if =l m
Ssi o b booLl Lysa b oim
JJJH?U"MZTW@-
358 b o Jas plnil 5l False
ij’-/;),)«laj_;&il

JJ)‘JJL:: d}jﬁwﬂ\.’@b)@b-

i f ! JGSle 4.5

Grade >= 60 print “Passed”

Fig. 4.3  Flowcharting a single-selection if structure.

2/23/2016
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if/else bl Lol 4.6

if/else \=L. =
Sed Jis Wl o Jolie OL = b 5 055 G sl S js0 o W
303 55 CBE 55 fes S gl W
AS Jps ) Gl de Wil 0 55 s B slaslel
s () sk aslb axsl &S ke K5l i oS okl m
spi st Comse Ll oW
Fatal logic error m

Nonfatal logic error m

if/else il Lol 4.6

true

Grade >= 60

|print “Failed”

print “Passed”l

—0

Fig. 4.4 Flowcharting a double-selection if/else structure.

2/23/2016
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() byt s m
CH B o e s m
Wl +if/else jxliaim
Sl s g ol IS Ko m

(boolean value ? if true : if false) m

while )‘;3 )btﬂ 4.7
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355 S8 AL S (g o
sl true ST sl e aelsl while ol s m
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while )'ﬁ )l?:lw 4.7

Product <= 1000

Product = 2 * product

Fig.4.5 Flowcharting the while repetition structure.

) 59390 (w2 3oy $1 05 g0 9 4.8
(DN)W‘QOMJ}“}‘F)
oJJ)LqﬁZ b ol ;{f&f )[;;5 u
Used to enter data one at a time =
Constant amount m
Jﬁ&oéu&»‘ db—&&JQLA) ijsuﬁ-"'-*:""'é‘j oJJ)La...f&I
dLiLj' Q‘)Fé‘@)&@)‘@&@éﬁ)ws@uj.
Al
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aalllao 1i3 5 o5 (3,5 Algo 3 4.8
(0w ylow b o J 5 41 50) | (59390

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
Print the class average

Fig. 4.6
average problem.

the total divided by ten

Pseudocode algorithm that uses counter-controlled repetition to solve the class-

®d o U A WN R

// Fig. 4.7: Averagel.cs

// Class average with counter-controlled repetition.

using System;

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

{

int total, // sum
gradeCounter,  // numbe [pitialize total to 0
gradeValue, // grad

Averagel.cs

// a

average;

// initializatj
total = 0;

phase
// ¢ otal

gradeCounter = 1;4 // prepare to 1 The while loop will loop through 10

k////’

while ( gradeCounter <= 10 ) “// loop 10 times

// processing phase

{

dge of all arade

Initialize gradeCounter to 1

times to get the grades of the 10 students

// prompt for input and read grade from user
Console.Write( "Enter integer grade: " );

Prompt the user to enter a grade |

// read input and convert to integer

gradeValue = Int32.Parse( Cons

Accumulate the total of the 10 grades |

// add gradeValue a
total = total + gradeValue;

Add 1 to the counter so the loop will eventually end |

// add 1 to gradel er
gradeCounter = gradeCounter + 1

52

2/23/2016
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34

35 // termination phase

36 average = total / l0; // integer division

e A 1

38 // display average of exam des veragel.cs

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

40

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

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

Enter integer grade: 100 Progranl()utput

Enter integer grade: 88

Enter integer grade: 93

Enter integer grade: 55

Enter integer grade: 68

Enter integer grade: 77

Enter integer grade: 83

Enter integer grade: 95

Enter integer grade: 73

Enter integer grade: 62

Class average is 79

2P0 4 a8 Bl (b 4 YU b o0 59531 (2905 4.9
(51558 J 58 HleS) ¥ (59 590 axfline
LSS Load Jas IS5 m

LY = L&ﬁ dx‘JlLshlj:%Jé QLA} ;ﬂjcﬁ | |
Ol Sluie m
sphanSh il spd erse W
spholaxls, e n i W
When flag value = user entered value m
IS ad sl .
3pb r fah aiby S L W
%SM‘@:E}JJ;TQ‘)” u
A esle ol sll adb g oS das walsl pl- U1 il s m
Casting =
5,8 515 el 5550 Ks S5 Olge 4 CEge s5b a4 it SO U das sojll W
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2P0 4 P Bl (b 4 YU b o 59531 (2905 4.9
(155 IS Hlei) ¥ (59 390 adllan

Initialize total to zero
Initialize counter to zero

Input the first grade (possibly the sentinel)

While the user has not as yet entered the sentinel

Add this grade into the running total

Add one to the grade counter

Input the next grade (possibly the sentinel)

If the counter is not equal to zero

Set the average to the total divided by the counter

Print the average
Else
Print “No grades were entered”

Fig. 4.8 Pseudocode algorithm that uses sentinel-controlled repetition to solve the class-

average problem.

®d o U A WN R

// Fig. 4.9: Average2.cs
// Class average with sentinel-controlled repetition.

using System;

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

{

Average2.cs

int total, // sum of grades
gradeCounter, // number of grades ent
gradeValue; // grade value

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

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

// initialization phase
total = 0; // clear total
gradeCounter = 0; /7 prepare to loop

Variables gradeCounter and total are
set to zero at the beginning

// processing phase

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

)i

Get a value from the user and
store it in gradeValue

56
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57
25 // loop until a -1 is entered by user
26 while ( gradevValue !'= -1 )
27 {
28 // add gradeValue to to:_h Have the program loop as A A
= ce— 1

% total = total + gradevalue; Accumulate the total of the grades
31 // add 1 to gradeCounter ‘
32 gradeCounter = gradeCounter + 1;% | Add 1 to the counter in order
33 to know the student count
34 // prompt for input and read grade from
35 // convert grade from string to integer
36 Console.Write( "Enter Integer Grade, -1 to Quit: " );
37 gradeValue = Int32.Parse( Console.ReadLine() );
38
39 } // end while
40
a1 // termination phase Prompt the user for another
42 if ( gradeCounter != 0 ) grade, this time it is in the loop
43 { \e{* so it can happen repeatedly
ﬂ average = ( douple ) total / gr ounter;
45 ‘
46 // display average of exam s !
47 Console.WriteLine( "\nClass average i 0}", average .
18 } Divide the total by the
49 else number of times the program
50 {
51 Console.WriteLine( "\nNo grades were entered" ); looped to find the average
52 } ‘
53
54 } // end method Main [~ play the average |
55 Inform user if no grades
56 } // end class Average2

were entered

58
Enter Integer Grade, -1 to Quit: 97
Enter Integer Grade, -1 to Quit: 88
Enter Integer Grade, -1 to Quit: 72
Enter Integer Grade, -1 to Quit: -1
Average2.cs

Class average is 85.6666666666667 Program Output
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Initialize passes to zero

Initialize failures to zero
Initialize student to one

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

If the student passed

Add one to passes
Else

Add one to failures

Add one to student counter

Print the number of passes
Print the number of failures

If more than eight students passed
Print “Raise tuition”
Fig. 4.10 Pseudocode for examination-results problem.
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1 // Fig. 4.11: Analysis.cs
2 // RAnalysis of Examination Results.
3
4 using System; .
s Analysis.cs
6 class Analysis
7 {
8 static void Main( string[] args )
9 { Initialize both passes and failures to 0
10 int passes = 0, k//,/—/——nm
u failuzes = 0, "/ number of Set the student count to 1
12 student = 1, // student counter ‘
13 result; // one exam result " " N
14 | A while loop that will loop 10 times
15 // process 10 students; fggg&gg;EQBtrnlJ&x%&qur
16 while ( student <= 10 )
17 {
18 Console.Write( "Enter result (l=pass, 2=fail): " );
19 result = Int32.Parse( Console.ReadLine() );
20 . A nested if statement that determines
21 if (result == 1) «———— | R
22 passes = passes + 1; which counter should be added to
23
24 else
25 failures = failures + 1; If the user enters 1
26 add one to passes
g student = student + 1;
28 }
29 If the user enters 2 then add one to failures
Keep track of the total number of students
61
62

30 // termination phase
31 Console.WriteLine() ;
32 Console.WriteLine( "Passed: " + passes );
33 Console.WriteLine( "Failed: " + failures ); .
32 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

b If the total number of passes was greater than

8 then also tell the user to raise the tuition
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 2 Progranl()utput
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Passed: 9
Failed: 1
Raise Tuition
62
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Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 2
Enter result (l=pass, 2=fail): 2
Enter result (l=pass, 2=fail): 2 .
Enter result (l=pass, 2=fail): 2 Analysns.cs
Enter result (l=pass, 2=fail): 2 Program Olltpllt
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Enter result (l=pass, 2=fail): 1
Passed: 5
Failed: 5
63

63
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Assignment operator Sample expression | Explanation Assigns
Assume: int ¢ = 3,

d=5,e=4, £ =

6, g =12;

+= c += 17 c=c+ 7 10twe
== d = 4 d=d - 4 1tod
*= e %= § e =¢e % 5 20to e
/= £ /=3 £f=£f/ 3 210 f
%= g %= 9 g=9 % 9 3tog
Fig. 4.12 Arithmetic assignment operators.

bS5 il 39 sl yKhos 4.12

sl Ses =
Sah o esliial e 4 1y S O3y 8l gl W
x++ =m
x=x+1 ks =
sials s m
Sad e eslinal e Slasly S palS sl m
y-- =
(post-increment) 31330 .y Jlie )5 (Pre-increment) il53l =, =
X-Lx++ =
Ded o aalS L e g58l ,\;-US\:VW;}_:JA(L;;.!J&;J)! ]
—xL++x m
Sy gr ol o g 358 g 4SS S ek 035580l Ay S Ul W
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Operator Called Sample expression |Explanation

++ preincrement |44+a

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

++ postincrement |a++ Use the current value of a in the expression
in which a resides, then increment a by 1.
- predecrement |—-b Decrement b by 1, then use the new value

of b in the expression in which b resides.

- postdecrement |h——

Use the current value of b in the expression
in which b resides, then decrement b by 1.

Flg. 4.13The increment and decrement operators.

1 // Fig. 4.14: Increment.cs

2 // Preincrementing and postincrementing

3

4 using System;

5

6 class Increment

7 {

8 static void Main(string[] args)

9 {

10 int c; ¢ variable

11 ] ar1a

12 c=5; —— Set c equal to 5
13 Console.WriteLine( c ); // print 5

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

16 Display ¢ (6)

17 Console.WriteLine() ; // skip a 1li

18

19 c=5; . .

20 Console.WriteLine( c ); prin Dlsplayc (5) |
21 Console.WriteLine( ++c ); eincr] R

22 Console.WriteLine( c ); // print 6| Add 1 then dlsplayc(6) |
23

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

25

26 } // end of class Increment

5

5

6

5

6

6

Increment.cs

Program Output

68
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QOperators Associativity Type

() left to right parentheses
P right to left unary postfix
++ -=- + - (fype) right to left unary prefix
* /% left to right multiplicative
+ - left to right additive

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

?: right to left conditional
= 4= -= *= /= %= right to left assignment
Fig. 4.15 Precedence and associativity of the operators discussed so farin this book.

3999 w9 a0l 9 99 5! douie 4.13

(Inheritance) ¢, &l m
4l s .
30l 6,50 OIS Ol 5l aS LS K
Giie DS W
Cosl 035 oyl Kos WIS 51 aS oS m
L Sl IS S gl LS
Attributes (data) m

Behaviors (methods) m
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| Form1.cs Design] FormLcs‘ 4p %

[ai:ASwn\ﬂePrngram ASimpleProgram

public class ASimpleProgram : System.Windows.Forms.Form

private System.Windows.Forms.Label welcomelabel;

Collapscd private System.Windows.Forms.PictureBox bugPictureBox;
comment | ="
vate System.ComponentModel.Container components = null;
c ASimpleProgram()|. .. |
Collapsed
code —1 ide void Dispose( bool disposing )

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

3999 w9 a0l 9 99 (5! douic 4.13

| Form1.cs [Design] FDI'II'ILG:‘ 4b x
|[®¢ AsimpleProgram ASmpleProgram =l Jg# weicomeLabel =|
1 using System; =

2| using System.Drawing;

3 | using System.Collections; Expanded code
using System.ComponentModel;
using System.Windows.Forms;
using System.Data;

namespace ASimpleProgram

public class ASimpleProgram : System.Windows.Forms.Form

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

private System.ComponentModel.Container components = null;

public ASimpleProgram()

Fig. 4.17 Windows Form Designer generated code when expanded.
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Click here for
code view

Click here for
design view

Hex |~ | [E Ry B ae

"% ASimpleProgram - Microsoft Visual C# .NET [design] - Forml.cs*

Tools Window Help
» Debug -

Property initializations
for WelcomeLabel

Wi

Form1.cs [Design]* Forml.cs“
ﬁ:ASwmﬂergram .ASimpleProgram

j Ig. InitiaizeComponent() -

Label

.welcomelLabel.Font = new System.Drawing.Font("Microsoft Sans Serii
.welcomelabel.Location = new System.Drawing.Point (101, 0);

.welcomelabel .Name = "welcomeLabel”:

.welcomeLabel.S5ize = new System.Drawing.Size(254, 152); =
.welcomelabel.TabIndex = 0;

.welcomelabel.Text = "Deitel & Associates";

.welcomeLabel.TextAlign = System.Drawing.ContentAlignment.TopCente
-

|

»

o]

|[tnoz

Col 1 Chi [ Jms]

Fig. 4.18 Code generated by the IDE for welcomeLabel .

3999 w9 a0l 9 99 (5! douic 4.13

Properties

Text property

x|

| welcomeLabel

7,

73

Syspém.Windows.Forms.Label =]

¥ Deitel & Associates

-

Textalign TopCenter =
| UseMnemonic True -
Text

The text contained in the control.

Fig. 4.19 Using the Properties window to set a property value.
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ASimpleProgram - Microsoft Visual C# NET [design] - Form1.cs* =10l
File Edit View Project Buid Debug Tools Window Help

G~ SET %BR|E| 0w - o8 ‘|l 2
» oIl omom | * TELECE Hex |- R i
Form1.cs [Desion]* | FormiLcs* | 4b x|

iol:ASrrm:kngram.AS\mkamgram L] |301mna\.zec:ampunento

|

s.welcomeLabel.Font = new System.Drawing.Font("Microsoft Sans Serii
is.welcomelabel.Location = new System.Drawing.Point (101, 0);
this.welcomelabel.Name = "welcomeLabel";

.welcomeLabel.Size = new System.Drawing.35ize (254, 152);
.welcomeLabel.TabIndex

|
I
0:
.welcomeLabel.Text = "Deitel & Associates";
.welcomelLabel.TextAlign = System.Drawing.ContentAlignment.TopCente
o -
< | »

| Ready Il |[no3 Col 1 Chi [ Jms] 4

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

3999 w9 a0l 9 99 (5! douic 4.13

Form1.cs [Design]™ Furml.xs’l 4bx

[P AsmpieProgram Asmpieprogram =] [5 0 =

this.welcomeLabel.Font = new System.Drawing.l
this.welcomeLabel.Location = new System.Drawi
this.welcomelabel.Name = "welcomelabel";
this.welcomelabel.Size = new System.D:aw:Lng.‘_l
this.welcomelLabel.TabIndex = 0;
this.welcomelabel.Text = "Visual C# .NET";

Text property

this.welcomeLabel

.TextAlign = System.Drawing
o
K| | ;r'

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

Forml.cs [Desigll]'l FormL.cs™ | 4b x

simple Program = Properties

=l

Visual C# .NET

Textalign
UseMnemonic

|wekomeLa System.Windows.Forms.Label LI

TopCenter =t
True -

Text

The text contained in the control.

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

3999 w9 a0l 9 99 (5! douic 4.13

ASimpleProgram Load method

Form1.cs [Design] Formi.cs |

4P x

|°’g ASImpleProgram.ASimpleProgram

welcomeLabel.Text = "C§";

j | ) SfpleProgram_Load(object sendy,syslam.EvemArgfj
Jprivate void ASimpleProgram Load(object sender, System.EventArgs e) ﬂ

o

Fig. 4.23 Method ASimpleProgram Load.
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£ A Semple Froseam ~lol x|

C#

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

1 // Fig. 5.1: WhileCounter.cs

2 // Counter-controlled repetition.

3

4 using System;

5

6 class WhileCounter . R

7 { This is where the counter variable

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

9 {

10 int counter = 1;/ // ini - X - -
11 The loop will continue until counter is
12 while ( counter <= 5 )+ /7 repq greater than five (it will stop once it
13 { .

14 Console.WritelLine( counter ); gets to SlX)

% countertt; ‘\//m 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

83

for )‘;3 )tbtw 5.3

for i< k=l m
Syntax: for (Expressionl; Expression2; Expression3) =
LS o L1, J 28 (sls iz = Expression] m
b pane pdor Juld Ll o W
aal> aolsl b 5 = BExpression2 m
S/ il 53l = BExpression3 m
e (ks 30 Bxpression3 s, opl 5l il axils ame Lk Expressionl S1om
byl g
L5l sl countert+ 5 ++counter =
)‘.‘.’.":" L.)‘-"-:-" u
48 esliwl fOr 4> 40 55> Wiy .« Expression] m

25 o o Ol e AL e OLL ddl> S Gl m
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5.3 for Repetition Structure

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

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

Fig.5.3 Components of a typical £or header.

5.3 for Repetition Structure

Establish initial value

. int counter = 1
of control variable.

|
R

Determine if final

value of control true console.WriteLine |
. counter <= 10 — — counter++
variable has been ( counter * 10 );
reached. T
Increment the
false Body of loop (this may be  control variable.
multiple statements)

O

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

2 // Countel .. . for structure.

3 This is where the counter variable

4 using Sys{ is initialized. It is set tq1 ForCount

5 The counter is incremented ortounter.cs
6 class ForCounter : :

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

8 static void Main(| greater than five (it will st(xionce it

9 { .

10 // initializat gets to SIX) | nting

11 // are all ipcluded in the for‘structure \

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

13 Console.WritelLine( counter );

14 }

15}

; Program Output
3

4

5

87

for ybslw 3l ooliiwl Jb 5.4

m Message boxes

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

oals/ il m
Q:})él(ali;a L]
s5i peslind <= L < V- ST s W
;,:.A\SCK;«. [
35 peslizd =L SV ST s W
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m Massages boxes

m [cons
m Exclamation
m Question
mError

m Information

m Formatting

W (variable : forma)
das o Ol gk B glaas 5 08 Jsr

1 // Fig. 5.5: Sum.cs
2 // Summation with the for structure.
3
4 using System;
5 using System.Windows.Forms; Sum.cs
6 .
7 clas Once the number is greater
8 { The counter. It is initialized to 2 | than 100 the loon hreaks
9 static voz E¥A String args Increments number by2
10 { .
11 int sum = 0; every time the loop starts over
12 Th : L4l 1a [
: .. € 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 f:wolv/ Displays a message box with an OK button
18 MessageBoxButtons .OK4
19 MessageBoxIcon.Information ) jv— | Has the message box contain
20 ) an information icon
21 } // end method Main
22

23 } // end class Sum

Program Output

MessageBox Icon
(Optiongal) TR Argument 2: Title bar
\ ].) The sum is 2550 string (Optional)

Argument 3: OK dial Argument 1: Message
button. (Optional) to display

90
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MessageBox Icons

Icon |Description

MessageBoxIcon.Exclamation

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

MessageBoxIcon.Information

Displays a dialog with an
informational message to the
user.

MessageBoxIcon.Question

mark. Typically used to ask the
user a question.

MessageBoxIcon.Error

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

€))
@ Displays a dialog with a question

Fig. 5.6 Icons for message dialogs.

for ybslw 3l ooliiul Jb 5.4

MessageBox Buttons

Description

MessageBoxButton.

Specifies that the dialog should include an OK button.

MessageBoxButton.

Specifies that the dialog should include OK and Cancel
buttons. Warns the user about some condition and allows the
user to cither continue or cancel an operation.

MessageBoxButton.

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

MessageBoxButton.”

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

MessageBoxButton.

Specifies that the dialog should contain Retry and Cancel
buttons. Typically used to inform a user about a failed

operation and allow the user to retry or cancel the operation.

MessageBoxButton.

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

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

using System;
using System.Windows.Forms; Interest.cs
class Interest

{

static void Main( string[] a

{ Loops through 10 times

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

double rate = .05;
string output;

output = "Yeg
: int Formats amount to have a
{or ( int yes currency formatting ($0.00)

amount = principal *

decimal ) Math.Row( -
Insert a Tab Creates a message box that displays the
output += year ¥ "\t" W+ | output with a title of “Compound Interest”
}

String.Format( "{0:C} 1,74 an OK button and an information icon

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

} // end method Main

} // end class Interest

93

- Interest.cs
Compound Interest = X| Program Output

’i Year  Amount on deposit
1 $1,050.00

2 $1,102.50

3 $1,157.63
4 $1,215.51
5 $1,276.28
6 $1,340.10
7 $1,407.10
8 $1,477.46
9 $1,551.33
10 $1,628.89
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Format Code

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

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

Norn Formats the string with commas and two decimal places.

Eore Formats the number using scientific notation with a default of six decimal places.

Forf Formats the string with a fixed number of decimal places (two by default).

Gorg General. EitherE or F.

Xorx Formats the string as hexadecimal.

Fg. 5.9 stringfomatting codes.

switch adbFwe wlxi! Lol 5.5

switch ;z.o =
b ool m
String m
Integral m
[EQCRIEHY |
case ‘X’ : m

Use of constant variable cases m
S slacase m

P2 g Casc W
break ;.o =

.bj.ir & C)b- switch g )‘ ]

2/23/2016

48



97
1 // Fig. 5.10: SwitchTest.cs
2 // Counting letter grades.
3
4 using System; .
5 95y SwitchTest.cs
6 class SwitchTest
7 {
8 static void Main( string[] args )
9 {
10 —
11 | A for loop that initializes i to 1, loops 10 Eachof th h)
12 | times and increments i by one each time ach of these varia les acfs asa
13 T counter so they are initialized to zero
14 dCount =/0, | // number of Ds —
15 fCount # 0; ) // number of Fs Prompt the user for a grade and
16 store it into the grade variable
17 for ( int =1; i <= 10; i++ ) T
18 { .
19 Console.Write( "Enter a letter grad| The start of the switch
2 = - se( Console.ReadLin statement. The grade variable is
2| Both cases add one to aCount | used as the data to be tested for
2z itch ( grade ) - —
23 { case ‘A’ is empty so it is the
24 se 'A': «—//grade is uppercas| same as case ‘a’
25 case 'a': // or lowercase a
26 ++aCount; The break statement is used to exit the
27 break; &¥— " ——— === | .
28 switch statement and not perform the rest
29 case 'B': // grade is uppercas| of the operations
30 case 'b': // or lowercase b
% ::::l‘:‘j‘“t’ Both case ‘B’ and case ‘b’ add one
33 ’ to the bCount variable
98
34 case 'C' <—LLﬂ Both cases add 1 to cCount
35 case 'c': //
36 ++cCount;
37 break; .
g SwitchTest.cs
39 case 'D': // grade i n
40 case 'd': // or lower If grade equals D or d
———
4 ++dCount; add one to dCount
42 break;
43
44 case 'F': // grade is uppercase F
43 case 'f': fw Add one to fCount if grade equals F or f |
46 ++£fCount;
47 break; ‘
48
49 default: all other chai If non of the cases are equal to the value of
50 Console.WriteLine ( grade then the default case is executed
51 "Incorrect letter grade entered.
52 "\nGrade not added to totals." );
53 break;
54
55 } // end switch Display the results
56
57 } // end for
58
59 Console.WriteLine (
60 "\nTotals for each letter grade are:\nA: {0}" +
61 "\nB: {1}\nC: {2}\nD: {3}\nF: {4}", aCount, bCount,
62 cCount, dCount, fCount );
63
64 } // end method Main
65
66 } // end class SwitchTest
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Enter
Enter
Enter
Enter
Enter

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

a
a
a
a

N MmO P

Incorrect letter grade entered.

Grade
Enter
Enter
Enter
Enter
Enter

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

Qp WAoo

a
a
a
a

Totals for each letter grade are:

: 3

MU QWY

1
2
2
1

SwitchTest.cs
Program Output

99

5.5 switch Multiple-Selection

7 Structure

true ;
_case:a .~ — P caseaaction(s) —» break:;
l false
: - true
~.._case: b _—> caseb action(s) —* break;

:l false
|

true

case: Z —> caseZ action(s} —» break;

false

defaultaction(s)

break;

!

Fig. 5.11 Flowcharting the switch multiple-selection structure.
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do/while )1,53 )&?Lﬂ 5.6

do/while s «il> s ;s while b <il~ m

while wil- & il eslical m
iji = Cnd J’,r; u
iji ~° fL;d\ Lymp u
5555 ool IS b 4 15 e ail
do/while wil> & ;lesliz m
iji ~° fL;d\ Lymp u
iji = S atl> lajni B u
Al Ll LSS Pl d il m

J}iddeéuﬁﬁﬂ‘b;ogjéﬂ)"d;jlg-d‘ﬂ(})d‘ﬂj|w.

102

DoWhileLoop.cs

Program Output

1 // Fig. 5.12: DoWhileLoop.cs

2 // The do/while repetition structure.

3

4 using System;

5

6 class DoWhileLoop

7 {

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

9 { ‘/{ The counter is initialized to one

10 int counter = 1;

11

12 do

13 {

14 Console.WritelLine( counter ); .

is countertt: ‘—{ These actions are performed at least one |
16 } while( counter <= 5 );

17

18 i

19 The incrementing task | Continue looping as long as counter is less than 6 |
20} /) —evocrwss B |
1

2

3

4

5
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do/while )'ﬁ )l?:lw 5.6

‘ ‘ action (s) ‘

true

condition

2Jfalse

Fig.5.13 Flowcharting the do/while repetition structure.

continue g break yomd 5.7
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continue ,;..m
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BreakTest.cs

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

1 // Fig. 5.14: BreakTest.cs

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

3

4 using System;

5 using System.Windows.Forms;

6

7 class BreakTest

8 {

io Ttatic void| A loop that starts at one, goes

11 string of 10 toN, and increments by one

12 int count;

13

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

15 {

16 if ( count == 5 ) _

17 br eak;‘—‘ If count = 5 then break out of the loop !
18| : if t==25

19| Display the last value that the // if coun

20| counter was at before it broke | «;

21

22 } // end for loo

23

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

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

29 } // end method Main

30

31 } // end class BreakTest

105

Demonstrating the break s

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 statement in a for structure.

using System;

using System.Windows.Forms;

class ContinueTest

{

static void Main( str

ContinueTest.cs

A loop that starts at 1, goes

to 10, and| If count = 5 then continue looping causing

{

string output = "";

for ( int count = 1; count <=

if ( count ==
continue;

output += count

}

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

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

} // end method Main

} // end class ContinueTest

the program to skip the rest of the loop

7 count++ )

Create a message box that displays the output, has
the title “using the continue statement,” uses an
OK button, and displays an information icon.

107

Using the continue statemen

@)

ContinueTest.cs
_)_(] Program Output

1234678910
Used continue to skip printing 5
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b s m
Logical AND (&) =
Conditional AND (&&) =
Logical OR (|) =
Conditional OR (| |) =
Logical XOR (%) m

Logical NOT (!)

S gs oo odliial Hgias .bfi; ke 05958 gl W

<P w9 Al s Ko 5.8

expression| expression2 expression| && expression2
false false false

false true false

true false false

true true true

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

expression| expression?2 expressionl | | expression2
false false false

false true true

true false true

true true true

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

2/23/2016

55



Dy g Silano sl Khos 5.8

expression| expression?2 expressionl ~ expression?2
false false false

false true true

true false true

true true false

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

false true

True false

Fig. 5.19 Truth table for operator! (logical NOT).

112

WU A WNR

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

class LogicalOperators

{

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

{

// testing the conditional AND operator (&ET
Console.WriteLine( "Conditional AND (&&)" +

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

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

"\nfalse || false:
"\nfalse || true:
"\ntrue || false:
"\ntrue || true:

LagjcalOperators.cs

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

+ (false &6 false )\ (Only trje if both inputs are true
+ ( false && truz/y/ p
)

+ ( true && fals

+ ( true && true )_L'

+ ( false || false )
+ ( false || true )
+ ( true || false )
+ ( true || true ) )|

// testing the logical AND operator (&)

Console.WriteLine( "\n\nLogical AND (&)" ;\1\

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

+

+
+
+

( false & false )

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

Only false if both [inputs are false

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

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

The result is only true if both are true

112
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31 // testing the logical OR operator (|) Outputsatruth table for the
32 Console.WriteLine( "\n\nLogical OR (|)" + A
33 "\nfalse | false: " + ( false | false ) + lOglcal OR operator (H)
34 "\nfalse | true: " + ( false | true ) .
35 "\ntrue | false: " + ( true | false ) + oglcalOperators.cs
g: "\ntrue | true: " + ( true | true ) ); If one is true the result is tme|
38 // testing the logical exclusive OR opera ") :
39 Console.WriteLine( "\n\nLogical exclusive OR (*)" Outputsatruth table for the
40 "\nfalse * false: " + ( false * false ) logical exclusive OR operator
41 "\nfalse *~ true: " + ( false * true )
42 "\ntrue ~ false: " + ( true ~ false ) + | (H)
43 "\ntrue * true: " + ( true " true ) ); conditionals are the same |
44 :
45 // testing the logical NOT opekator (!) Outputsatruth table for the
46 Console.WriteLine( "\n\nLogica X
27 "\n'!false: " + ( 'false ) + loglcal NOT operator (')
48 "\n'true: " + ( 'true ) );
19 } ; ;
50} —RJeturns the opposite as the input
Conditional AND (&&) Program Olltpllt
false && false: False
false && true: False
true && false: False
true && true: True
Conditional OR (||)
false || false: False
false || true: True
true || false: True
true || true: True
113

Logical AND (&)

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

Logical OR ()

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

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

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

114
LogicalOperators.cs
Program Output

114
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&8l colv (w9 ol g 3l ol 4N 5.9

oS sl m
S350 S Lis m
ST S ki m
s el slessh el m
das ol ps s 50
558 Jls 5 olT 5 5 el LS 558 o lslim
Lol 6 Sdea bbb m
goto suls wls'm

&8l colu w9 ol g 3l (gl WS> 5.9

eV sldas sl s m
RS Rl slxl Glr ol glael, m
Sequential (only 1 way) =
Ar s sl m
Selection (3 ways) =
if selection (one choice) m
if/else selection (two choices) m
switch statement (multiple choices) m
Repetition (4 ways) =
while structure m
do/while structure =
for structure m

foreach structure (chapter 7) m
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Operators Associativity Type

0 left to right parentheses

++ -- right to left unary postfix

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

* /% left to right multiplicative

+ - left to right additive

< <= > >= left to right relational

== I= left to right equality

& left to right logical AND

A left to right logical exclusive OR
| left to right logical inclusive OR
&& left to right conditional AND

11 left to right conditional OR

?: right to left conditional

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

Fig. 5.21Precedence and associativity ofthe operatorsdiscussed so far.

&8l colu w9 ol g 3l (gl WS> 5.9

Sequence

?
—

O

Fig.5.22 C#’s single-entry/single-exit sequence, selection and repetition structures. (part 1)
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&8l colv (w9 ol g 3l ol 4N 5.9

Selection switch structure

(multiple selections)

else/if structure

(double selection)
T

if structure
(single selection) T —{ break |
T F

F

break

2

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

&8l colu w9 ol g 3l (gl WS> 5.9

Repetition

for structure/foreach structure

while structure

do/while structure

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

60



2/23/2016

Q8L colw (w9 ol g 3f (ol 4N 5.9

Rulesfor Forming Sructured Programs

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

2) |Any rectangle (action) can be replaced by two rectangles (actions) in sequence.
3) [Any rectangle (action) can be replaced by any control structure (sequence, 1£,
if/else, switch, while, do/while, for or foreach, as we will see in
Chapter 8, Object-Oriented Programming).

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

Fg.5.23 Rulesforforming structured programs.

&8 colu w9 4ol g 3l (gl N> 5.9

[ ]

| |

Fig. 5.24 Simplest flowchart.
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Fig.5.25 Repeatedly applying rule 2 of Fig. 5.23 to the simplest flowchart.

&8l colu w9 ol g 3l (gl WS> 5.9

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

] 1 || =]
[ ]

Overlapping building blocks
(illegal in structured programs)

Fig. 5.27 Stacked, nested and overlapped building blocks.

&8 colu w9 4ol g 3l (gl N> 5.9

)

[ J—

Fig. 5.28 Unstructured flowchart.
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C# 49 sl 091 &g

Short Name |.NET Class Type Width Range (bits)
byte Byte Unsigned integer 8 0 to 255
sbyte SByte Signed integer 8 -128 to 127
int Int32 Signed integer 32 -2,147,483,648 to 2,147,483,647
uint UInt32 Unsigned integer 32 0 to 4294967295
short Intlé Signed integer 16 -32,768 to 32,767
ushort UIntlé Unsigned integer 16 0 to 65535
. . -9223372036854775808 to
long Int64 Signed integer 64 9223372036854775807
ulong UInt64d Unsigned integer 64 0 to 18446744073709551615
float Single i;;zle'premsmn floating point 32 |-3.402823e38 to 3.402823e38
Double-precision floating point -1.79769313486232e308 to
double Double type 64 11.797693134862322308
char Char A single Unicode character 16 Unicode symbols used in text
bool Boolean Logical Boolean type 8 True or false
object Object Base type of all other types
string String A sequence of characters
Precise fractional or integral
decimal Decimal type that can represent decimal 128 [£1.0 x 10e-28 to +7.9 x 10e28

numbers with 29 significant digits

127

380203 L VAL EAVEL VTV 400 N0 B+ 3L 51015 e 03l 55 cpl saulong: el ¢ 5

C# 49 sl 091 &g

25 a3 Y00 B ol Sl LlS e esls g5 ) sbyte: esls &

285 e NV B VYA 6L 51 0l e eals g 55 nl asbyter osls ¢ 5
285023 YTV B =YYV 5L 51015 e 03l ¢ 5 cpl shorts esls ¢ 55
28023 10T B v o3 51 OIS e o3ls ¢ 5 ol ssushorts esls ¢ 55

38 0205 [ TAAVEATAEY B YA EVEAT VA o34 51 015 o o3l 6 55 ol oaint: esls &
25 03 L EXAEATVYA0 b v o5l 51 05 o 025 58 cnl ssuint: esls &
03 1 ANTFOAVY TTAOEMVOALY L =AY YFIVY 0 FTAOLIVVOAA 651 51 055 o 0315 ¢ 55 xl olong: esls ¢ 55

B S

5,5 0,53 1,e38 YL YAYY Be38- Y.L+ YAYY o5l 51 Ol 5 oo esls ¢ ol oofloat: esls ¢y ®
o 231,308 1.VAVIATIFLATYTY Le308- V. VAVIATIVEATYYY oL 51 015 o o3l ¢ 55 sxdouble: o5l ¢

S S

G -VATYAVIYOVEYTEYTVORTOLFA0 YT o5 51 05 o o3l ¢ 55 ssdecimal: esls ¢5 ®
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Methods

129

C# 40 Method w9 40l 9 6.2

la Jj}l.ﬁ |

Class m

Method =

536 1, LT 8 e gm 51 AT 05 1 e, 5 eudS 5l oslizal m
The .NET Framework Class Library (FCL) =

M&L&J)WOJW‘%GM.

Console s

MessageBox =

130
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C# 49 Method w9 40l 99 6.2

boss
|worker1 | |worker2 | |worker3 |
|worker4 | |worker5 |

u-“:JJ boss

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

131

Math S bW 6.3

Math =
dad oo o3lrl sy o2l Slslos plnil (Gl )5 oo @
laie 3l eslaiwl ®
ClassName.MethodName( argument1, arument2, ... ) ®
ool 1Y J&.';):La.u«g,msjl
el m
Math.PI = 3.1415926535... m
Math.E = 2.7182818285... m

132

2/23/2016

66



6.3 Math Class Methods

e thod

D ription

Example

Abs( x )

absolute value of x

Abs( 23.7 ) is23.7
Abs( 0 )is0
Abs( -23.7 )is23.7

Ceiling(

x ) rounds x to the smallest integer not less than x

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

Cos( x )

trigonometric cosine of x
(xin radians)

Cos( 0.0 )is1.0

Exp( x )

exponential method ex

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

Floor( x

) rounds x to the largest integer not greater than x

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

Log( x )

natural logarithm of x (base €)

Log( 2.7182818284590451 )
is approximately 1.0
Log( 7.3890560989306504 )
is approximately 2.0

Max( x, ¥y ) larger value of x and y Max( 2.3, 12.7 )is12.7
(also has versions for f£1oat, int and long Max({ -2.3, -12.7 )is-2.3
values)

Min( x, v ) smaller value of x and 3 Min( 2.3, 12.7 ) is2.3
(also has versions for float, int and long Min( -2.3, -12.7 )is-12.7
values)

Pow( x, ¥ ) X raised to power y (xy) Pow ( 0, 7.0 ) is128.0

2.
Pow( 9.0, .5 )is3.0
0.

Sin( x )

trigonometric sine of X
(xin radians)

Sin ( )is0.0

Sgrt( x

Y square root of x

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

Tan( x )

trigonometric tangent of x
(xin radians)

Tan( 0.0 ) is0.0

Fig. 6.2 Commonly used Math class methods.
133
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Koo ) 95 6.5

ol gy de G i W
sla H
ReturnType Properties Name( Param1, Param2, ... ) m
L4
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sk r;\)ﬁn sy el iS50 Slde Jels m
Wby s gl s sl g sl elad ¢l m
S ose s bl Jlyl m
Kpd iy md NS G s n bl e aen m

®d o U A WN R

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

using
using
using
using
using
using

{

private System.ComponentModel.Container components = null;

/7

private System.Windows.Forms.Label outputLabel;

public SquarelIntegers () <—{ Start of the Squarelntegers method

{

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

public class SquareIntegers : System.Windows.Forms.Form

System; // includes basic data types Sub
System.Drawing; // for araphics capabilities ubtract.cs
System.Collections; | Start of class Squarelnteger. It implements

System.ComponentMode
System.Windows.Forms

System.Windows .Forms.Form

label containing results

// 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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137
26 // loop 10 times
27 for ( int counter = 1; counter <= 10; counter++ )
28 {
29 // calculate squa counter and s i 1e Subt ¢
30 result = Square( counter ); The main body of the ubtract.cs
31 . Squarelntegers method
32 // append result to“Qutput string
33 outputLabel.Text += " square of " + counter +
34 " is " + result + "\n'
35 }
gg ) /) end s Int A call to the Square method. The
en areIntegers . . .
38 o 9 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 J
41 {
42 // Visual Studio .NET-generated code for method Dispose
43 }
44
45 // Required method for Designer support
46 private void InitializeComponent ()
47 {
48 // Visual Studio .NET generated code
49 // for method InitializeComponent
50 }
51
138
52 // The main entry point for the application.
53 [STAThread]
54 static void Main()
55 {
56 Application.Run( new SquareIntegers() ); Subtract.cs
57 }
58 The Square method. Receives one
59 // Square method deiinitio/ . .
60 int Square( int y ) integer and returns an integer
61 {
62 return y * y; // return square of y
63
64 } // end method Squar
65 The method returns the passed
66 } // end of class SquareIntegers | variable multiplied by itself
@Squarelntegers O] x| Program Olltpllt

The square of 1is 1
The square of 2 is 4
The square of 3is 9
The square of 4 is 16
The square of 5 is 25
he square of B is

The square of 7 is 43
The square of 8 is 64
The square of 9 is 81
The square of 10is 100
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MaximumValue.cs

139

The program gets three
values from the user

1 // Fig. 6.4: MaximumValue.cs

2 // Finding the maximum of three doubles.

3

4 using System;

5

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: " );
13 double numberl = Double.Parse( Console.ReadLine() );
14

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( numberl, number2, number3 );
23
24 // display maximum value

The three values are then passed

]

25 C le.Writeli " i is: " + H .
26 onsole.Writeline ("\nmaximm is max ) to the Maximum method for use
27 } // end method Main
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 ) .
32 ( MaximumValue.cs
33 return Math.Max( x, z) );
34
35 } // end method Maximum
36
37} // end class NaximumValue 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 Progranl()utput
Enter third floating-point value: 27.1928
maximum is: 99.32
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Make an object that of a derived class and more complex m
ol K om

Make an object that of a base class and cause some data loss m
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boo¥ T 5
. I Axwgd 6.6
QLogs 5 g 6.
Type Canbe Converted to Type(s)
bool object
byte decimal, double. float. int.uint. long. ulong, object. short orushort
sbyte decimal, double. float, int, long.object or short
char decimal. double. float. int.uint. long. ulong. ocbject orushort
decimal object
double object
float double or object
int decimal, double. float. longorobject
uint decimal, double. float. long, ulong. or cbject
long decimal, double. float or object
ulong decimal, double. float or object
object None
short decimal,.double. float, int, long or object
ushort decimal, double. float, int, uint, long, ulong or object
string object
Fig. 6.5 Allowed implicit conversions.
142
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143

6.7 C# Namespaces

Namespace Description

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

System. Threading Contairns classes for multithreading, used to nn multiple perts
of a program simultaneously.

System.Windows .Forms Contains classes used to create graphical user interfaces.

System.Xml Contains classes used to process XML data.

Fg.66  Namespacesin the Famework Classlibrary.

144
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Ll o il g5 Shesls oo m
35 ool wgal s buys m
lastruct =
enumerations (Chapter 8) m
CL?-J sy ®
Al e oals Juli oS ol il 55 (ol i el el ®
35 bl wgal s buys m
Classes (Chapter 8) =
Interfaces (Chapter 8) m
Delegates (Chapter 9) m

All values are 32bit allowing cross-platform use =

145

EL 1L Sl 9
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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 (eriginal ¥3 the value will be altered in the rest
10 static void SquareRef( ref int x )
11 { of the program as well
12 X =X :K
13 } .
14 Since the methods are void
15 // original | they do not need a return value. lized
16 static void ox Tt ouTTInCT =7
17 {
18 x=6; Since x is passed as out the variable
19 X =X * x; L. R
20 ) can then be initialed in the method
21
22 // % is passed by value (original value not changed)
23 static void Square( int x ) i R i , -
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: } 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
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 val RefQutTest.cs
39 RefOutTest.SquareRef ( ref y ); The calling of the SquareRef
40 RefOutTest.SquareOut( out z ); and SquareOut methods
41
42 // display values of y and z after modified by methods
43 // SquareRef and SquareOut
44 string output2 = "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: " 4+ z + "\n\n\n";
48 The calling of the
49 // values of y and z are passed by value SquareRefand SquareOut
50 RefOutTest.Square(y ); .
51 RefOutTest.Square( z ); methods by passing the
52 variables by value
53 // values of y and z will be same as before because Sqyuare
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: " +y+ "\nz: " + z + "\n\n";
58
59 MessageBox.Show( outputl + output2 + output3,
60 "Using ref and out Parameters", MessageBoxButtons.OK,
61 MessageBoxIcon.Information );
62
63 } // end method Main
64
65 } // end class RefOutTest
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Using ref and out Parameters ] x|
|\i) The value of y begins as 5, z begins uninitialized.
After calling SquareRef with y as an argument and SquareOut with z a5 an argument,
the values of y and z are:
y: 25
2: 36
After calling Square on both x and v, the values of y and z are:

y: 25
2: 36

RefOutTest.cs
Program Output

149

Solai olust w63 6.10

Class

Random =

Within namespace System =

Truly random =

The numbers are generated using an equations with a

The seed is usually the exact time of day

randomObject.

seed m

Next()

Returns a number from 0 to Int32 .MaxValue =

Int32.MaxValue = 2,147,483,647

randomObject.Next(x)

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
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1 // Fig. 6.9: RandomInt.cs
2 // Random integers.
3
4 using System;
5 using System.Windows.Forms; Randomlnt.cs
6
7 // calculates and displays 20 random integers
8 class RandomInt
9 {
10 // main entry po
11 static void Mainll Creates a new Random object
12 {
13 int value;
14 string output = "";
15
16 Random randomInteger = new Random() ; Will set value to a random number
17 from1 up to but not including 7
18 // loop 20 times
19 for (int i = 1; i <= 20; i++ )
20 {
21 // pick random integer between and 6
22 value = randomInteger.Next( 1, 7 );
23 output += value + " "; // append value to output
24
25 // if counter divisible by 5, append newline
26 if (i %5==0)
27 output += "\n";
28
29 } // end for structure
30 Format the output to only have
5 numbers per line
152
31 MessageBox.Show( output, "20 Random Numbers from 1 to 6",
32 MessageBoxButtons.OK, MessageBoxIcon.Information );
33
g; } // end Main Randomlnt.cs
36 } // end class RandomInt

Display the output in a message box

20 Random Numbers from 1to 6 [E3

35444
41235
62613
23246

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.IO; // 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.ComponentModel.Container components = 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 dieLabel4;
24
25 private Random randomNumber = new Random() ;
26
27 public RollDie()
28 {
29 InitializeComponent() ;
30 }
31
32 // Visual Studio .NET-generated code
33
154
34 // method called when rollButton clicked,
35 // passes labels to another method
36 protected void rollButton_Click(
;; . object sender, System.EventArgs e ) RollDie.cs
39 // pass the labels to a method that will
40 // randomly assign a face to each die
41 DisplayDie( dielLabell );
42 DisplayDie( dieLabel2 ); Pass the labels to be assigned data
43 DisplayDie( dielLabel3 );
44 DisplayDie( dielLabeld );
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 Directory.GetCurrentDirectory() +
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
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RollDie.cs
Program Output
Roll Roll
¥ RollDie 1 [=]
Roll
156
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// Fig. 6.11: RollDie2.cs

// Rolling 12 dice with frequency chart.

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

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

using System.Data;
using System.IO;

// displays the different dice and frequency information

public class RollDie2

System.Windows.Forms.Form

private System.ComponentModel.Container components = null;

private System.Windows.Forms.Button rollButton;

private System.Windows.

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

Forms.

Forms.

Forms

Forms.
Forms.
Forms.

Forms

Forms.

Forms

Forms.

Forms

Forms.

Forms

private Random randomNumber

RichTextBox displayTextBox;

Label dieLabell;
.Label dieLabel2;
Label dieLabel3;
Label dieLabel4;
Label dieLabel5;
.Label dieLabel6;
Label dieLabel7;
.Label dieLabel8;
Label dieLabeld;
.Label dieLabell0;
Label dieLabelll;
.Label dieLabell2;

= new Random() ;

RollDie2.cs
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35
36 private int ones, twos, threes, fours, fives, sixes;
37
38 public RollDie2()
39 { Sets all of the variables to 0 RolIDie2.cs
40 InitializeComponent() ;
41 ones = twos = threes = fours = fives = sixes = 0;
42 }
43
44 // Visual Studio .NET-generated code
45
46 // simulates roll by calling DisplayDie for
47 // each label and displaying the results
48 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 ) ;
54 DisplayDie( dieLabel2 ) ;
55 DisplayDie( dieLabel3 ); Pass the label to be assigned
56 DisplayDie( dieLabel4d );
57 DisplayDie( dieLabel5 ); a random number
58 DisplayDie( dieLabel6 ) ;
59 DisplayDie( dieLabel7 );
60 DisplayDie( dieLabel8 ) ;
61 DisplayDie( dieLabel9 );
62 DisplayDie( dieLabellO );
63 DisplayDie( dieLabelll );
64 DisplayDie( dieLabell2 );
65
66 double total = ones + twos + threes + fours + fives + sixes;
67
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 / 1l * 100 ) + .
72 "$\n2\t\t" + twos + "\t\t" + RollDie2.cs
73 String.Format( "{0:F2}", twos / total * 100
74 "$\n3\t\t" + threes + "\t\t" +
75 String.Format( "{0:F2}", threes / total *| Displays to the user the amount of
76 "$\nd\t\t" + fours + "\t\t" + times each dice number has shown up
77 String.Format( "{0:F2}", fours / total *
78 "$\n5\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 {
g8 int face = 1 + randomNumber.Next( 6 ) /| Assign a random face to the label
89 based on the number generated
20 dieLabel.Image = Image.FromFile (
91 Directory.GetCurrentDirectory() +
92 "\\images\\die" + face + ".gif" );
93
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94 // add one to frequency of current face
95 switch ( face )
96 {
o case Lionesth RollDie2.cs
igo case 2: twost; 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: fives++;
110 break;
111
112 case 6: sixes++;
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
160

Roll
Face Frequency Percent
1 16 1212%
2 28 21.21%
3 22 16.67%
4 21 16591%
5 23 17.42%
6 22 16.67%

RollDie2.cs
Program Output
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m GUI controls

il &3b 2Jo 6.11

m A GroupBox

m Holds other controls

m Manages/organizes them

m A PictureBox

m Used to display a picture on the form

161

®d o U A WN R

// Fig. 6.12: CrapsGame.cs

// Craps Game

using System;
using System.Drawing;

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

using System.Data;

using System.IO;

public class CrapsGame

{

private
private
private
private

private

private
private

private

private

System.
System.
System.
System.
System.

System.
System.

System.

System.

System.Windows.Forms.Form

ComponentModel.Container components = null;

Windows.
Windows.
Windows.

Windows.

Windows.
Windows.

Windows.

Windows.

Forms.
.PictureBox imgDie2;

Forms

Forms.

Forms.

Forms.
Forms.

Forms.

Forms.

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

PictureBox imgPointDie2;
PictureBox imgDiel;
Label lblsStatus;

Button rollButton;
Button playButton;

PictureBox imgPointDiel;

GroupBox fraPoint;

CrapsGame.cs

162
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34 public enum DiceNames
35 {
36 SNAKE_EYES = 2, Creates an enumeration of the
37 TREY = 3, .
38 CRAPS = 7, constant values in craps CrapsGame.cs
39 YO_LEVEN = 11,
40 BOX_CARS = 12,
41 }
42
43 public CrapsGame ()
44 {
45 InitializeComponent() ;
46 }
47
48 // Visual Studio .NET-generated code
49
50 // simulate next roll and result of that roll
51 protected void rollButton_Click(
52 object sender, System.EventArgs e )
53 {
54 int sum;
:: sum = rollbice(); When the second rolled sum equals
57 if ( sum == myPoint ) the first rolled sum the player wins
58 {
59 lblStatus.Text = "You Win!
60 rollButton.Enabled = false;
61 playButton.Enabled = true;
62 }
164
63 else
64 if ( sum == ( int )DiceNames.CRAPS )
65 {
66 lblStatus.Text = "Sorry. You lose.";
67 rollButton.Enabled = false; CraPSGame‘cs
68 playButton.Enabled = true;
69 } If the second roll equals CRAPS (7),
70
71 } // end rollButton_Click thenthelﬂayerloses
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
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86 switch ( sum )
87 {
88 case ( int )DiceNames.CRAPS:
89 case ( int )DiceNames.YO LEVEN:
90 rollButton.Enabled = ;alse; // disable Roll button CrapsGame.cs
ﬂ lblStatus.Text = "You Win!!!";
92 break; ‘\\\\
93 case ( int )DiceNames.SNAKE EYES: If on the first roll the players
94 case ( int )DiceNames.TREY: gets a7oranll they win
95 case ( int )DiceNames.BOX CARS:
96 rollButton.Enabled = false;
97 lblStatus.Text = "Sorry. You
98 break;
99 default:
100 myPoint = sum;
101 fraPoint.Text = "Point is " + sum; If the first roll is a 2,3o0r12,
102 lblStatus.Text = "Roll Again"; the player 1OSCS.
103 displayDie( imgPointDiel, myDiel );
104 displayDie( imgPointDie2, myDie2 );
105 playButton.Enabled = false;
106 rollButton.Enabled = true;«— | Any other number allows the
107 break; player to roll again
108
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
166
120 // simulates the rolling of two dice
121 private int rollDice()
122 {
123 int diel, die2, dieSum;
124 Random randomNumber = new Random() ; (:raPS(;alne‘cs
125
126 diel = randomNumber.Next( 1, 7 )
127 die2 = randomNumber.Next( 1, 7 )?\ Generates two random
128 numbers, one for each die
129 displayDie( imgDiel, diel );
130 displayDie( imgDie2, die2 );
131
132 myDiel = diel;
133 myDie2 = die2;
134 dieSum = diel + die2;
135 return dieSum;
136
137 } // end rollDice
138
139 // main entry point for application
140 [STAThread]
141 static void Main()
142 {
143 Application.Run(new CrapsGame());
144 }
145
146 } // end of class CrapsGame
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Play Program Output
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‘
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// Fig. 6.13: Scoping.cs
// A Scoping example.

using System;

using System.Drawing;

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

public class Scoping : System.Windows.Forms.Form

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

Scoping.cs

public int x = ;| Thisvariable has class scope and ¢
be used by any method in the class

public Scoping()

an

{

InitializeComponent() ;

This variable is local only to

int x = 5; 77/—variable—localt

It hides the value of the global variable

Scoping.

outputLabel.Text = outputLabel.Text

T
"local x in method Scoping is " + x; ‘\| Will output the value of 5

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

outputLabel.Text = outputLabel.Text +
"\n\nlocal x in method Scoping is " + X e |

Remains 5 despite changes
} | to global version of x

170
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35
36 // Visual Studio .NET-generated code
37
38 public void MethodA() .
39 ( Sconing.cs
40 int x = 25; 77 initialized each tif Uses a new X variable that hides
41 the value of the global x
42 outputLabel.Text = outputLabel.Text +
43 "\n\nlocal x in MethodA is " + x +
44 " after entering MethodA";
45 ++x;
46 outputLabel.Text = outputLabel.Text +
47 "\nlocal x in MethodA is " + x +
48 " before exiting MethodA";
49 }
50
51 public void MethodB (
52 {
53 outputLabel.Text = output: el.Text +
54 "\n\ninstance variable x is
55 " on entering MethodB";
56 x *= 10; Uses the global version of x (1) |
57 outputLabel.Text™ tputLabel.Text +
58 "\ninstance varable x 1 ‘
:(9) ) " 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
172
Scoping.cs
Program Output
L}QSCDping Class O] x]

local % in method Scoping is 5

local % in Method? is 25 after entering MethodA
local % in Method4 is 26 before exiting Method4

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

local % in Methoda is 25 after entering MethodA,
local % in Methoda is 26 before exiting Method&

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

local % in method Scopingis &
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6.14 Recursion

Final value = 120

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

Fig. 6.14 Recursive evaluation of 5!.
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1 // Fig. 6.15: FactorialTest.cs
2 // Recursive Factorial method.
3
4 using System; .
5 using System.Drawing; FactorialTest.cs
6 using System.Collections;
7 using System.ComponentModel;
8 using System.Windows.Forms;
9 using System.Data;
10
11 public class FactorialTest System.Windows.Forms.Form
12 {
13 private System.ComponentModel.Container components = null;
14
15 private System.Windows.Forms.Label outputLabel;
16
17 public FactorialTest()
18 {
19 InitializeComponent() ;
20
21 for ( long i = 0; i <= 10; i++ )
22 outputLabel.Text += i + "! = " +
23 Factorial( i ) + "\n";
24 }
25
176
26 // Visual Studio .NET-generated code
27
28 public long Factorial( long number )
29 { 1 .
30 if ( number <= 1) // base case The Factorlal metPOd FactorialTest.cs
31 . calls itself (recursion)
return 1;
32
33 else
34 return number * Facto: 1( number - 1 );
35 }
36 .
37 [STAThread] The recursion ends when
38 static void Main() the value is less than or
39 { . . . equal to 1
40 Application.Run( new FactorialTest())
41 }
42
43 } // end of class FactorialTest
MFactorialTest [CIOIX] Program Output
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6.15 Example Using Recursion:
The Fibonacci Sequence

m Fibonacci Sequence
mF0)=0
mEF(1) =1
mF(n)=Fh-1)+Fhn-2)
m Recursion is used to evaluate F(n)
m Complexity theory

m How hard computers need to work to perform
algorithms

177

178
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// Fig. 6.16: FibonacciTest.cs
// Recursive fibonacci method.

using System;

using System.Drawing;

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

FibonacciTest.cs

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

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

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

public FibonacciTest()
{
InitializeComponent() ;

}

// Visual Studio .NET-generated code

89
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29 // call Fibonacci and display results
30 protected void calculateButton_Click(
31 object sender, System.EventArgs e )
32 { . .
33 string numberString = ( inputTextBox.Text ); FibonacciTest.cs
34 int number = System.Convert.ToInt32( numberString );
35 int fibonacciNumber = Fibonacci( number ) ;
36 displayLabel.Text = "Fibonacci lue is " + fibonacciNumber;
37 }
38
39 // calculates Fibonacci number
40 public int Fibonacci( int number )
41 {
42 if ( number == 0 || number == 1 ) The number uses the Fibonacci
43 return numbef; method to get its result
44 else
45 return Fibgnacci( number - 1 ) + Fibonacci( number - 2 );
46 } “-\§\\§\\\\\N\\§> f
47
:g [imfh The recursion ends when Calls itself twice, to get the result
statid A
50 { the number is 0 or 1 of the the two previous numbers
51 Application.Run( new FibonacciTest() );
52 }
53
54 } // end of class FibonacciTest
180

FibonacciTest.cs

Program Output
[_TO]X] MribonacciTest [_ O] ]
Enter an Integer: z— Enter an Integer: R
Fibonacci Value is 17711
Calculate Fibonacci I Calculate &bonacci I
&
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6.15 Example Using Recursion:
The Fibonacci Sequence

|F(3)|

Iret:uran( 2 )| + |F( 1) |I

IreturnlE‘(1)|+ |F(0)|I I|return1|I

I|return 1 |I I|return 0 |I

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

using System;

using System.Drawing;

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

public class MethodOverload : System.Windows.Forms.Form

{

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

public MethodOverload()

{

InitializeComponent() ;

// call both versions of Square
outputLabel.Text =

MethodOverload.cs

184

"The square of integer 7 is " + Square( 7 ) +
"\nThe square of double 7.5 is " + Square ( 7:;77\“\
}

Two v

ersions of the square

method are called

// Visual Studio .NET-generated code

2/23/2016
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29 // first version, takes one integer
30 public int Square ( int x_)
31 { 1 One method takes an
32 return x * x; i
33 ) int as parameters MethodOverload.cs
34
35 // second version, takes one double
36 public double Square ( double y )
37 {
38 return y * y;
Zg } The other version of the method uses
4 [STAThread] a double instead of an integer
42 static void Main()
43 {
44 Application.Run( new MethodOverload() )
45 }
46
47 } // end of class MethodOverload

W ™ethodoverload [_[O] x] Program Output

The square of integer 7 is 43

The square of double 7.5 is 56.25

186
1 // Fig. 6.19: MethodOverload2.cs
2 // Overloaded methods with identical signatures and
3 // different return types.
4
5 using System; MethodOverload2.cs
6
7 class MethodOverload2
8 {
9 public int e (_doubl - N
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 {
ig ) return y * y; This method returns a double number
20
21 // main entry point for application
22 tati id Mai . .
23 ‘:’ atic void Main() Since the compiler cannot tell
24 int squareValue = 2; / which method to use based on
25 Square ( squareValue ); passed values an error is generated
26 }
27
28 } // end of class MethodOverload2
Program Output
[ Task List] B Outout |53 Indes Resuts | 5) Search Resuits @) Breakpaints |
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First element of array cis c[0] =

189

7Y Q‘)T 7.2

Name of array (Note that /

all elements of this array
have the same name, c)

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

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

T

Fig.7.1 A 12-clement array.
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7.2 Arrays

Operators Associativity Type
O 0. ++ - left to right highest (unary postfix)
++ —— + - | (npe) right to left unary (unary prefix)
* /% left to right multiplicative
+: = left to nght additive
< <= > >= left to right relational
== l= left to nght equality
& left to right boolean logical AND
~ left to night boolean logical exclusive OR
| left to right boolean logical inclusive OR
&& left to right logical AND
I left to right logical OR
2 right to left conditional
= 4= = *= /= %= right to left assignment
Fg.7.2 Precedence and associativity of the operatorsdicussed o far.
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// Fig 7.3: InitArray.cs
// Different ways of initializing arrays.

using System;
using System.Windows.Forms;

class InitArray

InitArray.cs

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

eclare a

Allocate x to be
of size 10

{

string output = "";

array x

¢=}

// declare reference t
// dynamically allocat
// default values

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

// initializer list specifies n el

95, 14, 90, 70

O an array

e array Declare a constant

Dd ARRAY_SIZE

array y and initialize it

with values
60, 37 } \

ements

const int ARRAY SIZE = 10; // naTSSLzﬁﬁ;;
P — — i +I

int[] z; 77

Initialize the elements in z
using a for loop

// allocate array of
z = new int[

I teger array z

elements

// set e values in the array
for ( int i = 0; i < z.Length; i++ )
z[[ i ] =2+ 2*13i;

Initialize z to be of size
ARRAY SIZE

output += "Subscript\tArray x\tArray y\tArray z\n";

194
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34 // output values for each array
35 for ( int i = 0; i < ARRAY_SIZE; i++ )
36 output += i + "\t" + x[ i ] + "\t" + y[ i ] +
37 "\t" + z[ i ] + "\n"; .
P InitArray.cs
39 MessageBox.Show ( output,
40 "Initializing an array of int values", -
41 MessageBoxButtons.OK, MessageBoxIcon.Information ); Add values in the arrays to
42 output
43 } // end Main
44
45 } // end class InitArray
Ini ing an array of int values ] PrOgram OUtPUt

Subscript Aray & Amayy  Aray 2

0 0 2 2

1 0 27 4

2 0 64 &

3 0 18 8

4 1] 95 10

5 1] 14 12

(] 1] 40 14

i 0 70 16

8 (1] 60 18

9 0 e 20

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; PPN g y SumArray.cs
. and initialize it
7 class SumArray
8 {
9 // main entry poi for application Total the contents of
10 static void Maifi( string[] args )
array a

11
12 int[] a = 9, 10 };
13 int total
14
15 for ( int i = 0; i < a.Length; i++ )
16 total += a[ i ];
17
18 MessageBox.Show( "Total of array elements: " + total,
19 "Sum the elements of an array",
20 MessageBoxButtons.OK, MessageBoxIcon.Information );
21
22 } // end Main
23
24 } // end class SumArray

Sum the elements of an amay | x|

‘\) Total of aray elements: 55

Program Output
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1 // Fig. 7.5: Histogram.cs
2 // Using data to create a histogram.
3
4 using System; -
5 using System.Windows.Forms; - H:Lstogram.cs
6 Declare an integer
1 class Histogram array n and initialize it
8 {
9 // main entry point application
1(1) Ttat:.c void Ma. string[] args ) Create a bar for each
12 int[] n = { 19, 3, 15, 7, 11, 9, element in n
13 string output = "";
14
15 output += "Element\tw
16
17 // buil Print a bar consisting of
% f"r (fint i =0; i < n.Length; it+ ) asterisks, corresponding to
20 output += "\n" + i + " T+ "\t"; the value of the element in n
21
22 for (int j = 1; j <= n[ i ]; j++ ) // print a bar
23 output += "*";
24 }
25
26 MessageBox.Show( output, "Histogram Printing Program",
27 MessageBoxButtons.OK, MessageBoxIcon.Information );
28
29 } // end Main
30
31 } // end class Histogram
198

@ Element value  Histogram
19 [RR—

0

1 3 xx

2 15 RN NRHANAR
3 7 -

4 1 R

5 ] ra—

6 13 RKXKAAXRERNK

7 5 0

8 17 PrESr————
9 1 *

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

2 // Rolling 12 dice.

3

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

7 using System.ComponentModel;

8 using System.Windows.Forms;

9 using System.Data;

10 using System.IO;

11

12 public class RollDie : System.Windows.Forms.Form

13 {

14 private System.Windows.Forms.Button rollButton;

15

16 private System.Windows.Forms.RichTextBox displayTextBox;

17

18 private System.Windows.Forms.Label dieLabell;

19 private System.Windows.Forms.Label dieLabel2;

20 private System.Windows.Forms.Label dieLabel3;

21 private System.Windows.Forms.Label dieLabel4;

22 private System.Windows.Forms.Label dieLabel5;

23 private System.Windows.Forms.Label dieLabel6; Create a Random object |
24 private System.Windows.Forms.Label dieLabell;

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

26 private System.Windows.Forms.Labe ieLabeld;

27 private System.Windows.Forms el dieLabellO; Declare an integer array
28 private System.Windows. .Label dieLabelll; :
29 private System.Wi .Forms.Label dieLabell2; frequency and allocate it
30 enough memory to hold
31 private .ComponentModel iner components = |7 integers

32

33 Random ra umber = new Random() ;

3_4 int[] frequency = new int[ 7 ];

35

200
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36 public RollDie()
37 {
38 InitializeComponent() ;
39 } Event handler for the RollDie.cs
40 . .
41 // Visual Studio .NET generated co rol[Button Click event
42
43 [STAThread]
44 static void Main()
45 {
46 Application.Ri new RollDie() ); Call method DisplayDie once
47 }
48 for each Label
49 private void rollButton_ Click(
50 object sender, System.Even gs e )
51 {
52 // pass the labels a method that will
53 // randomly ass&gn a face to each die
54 DisplayDie( dieLabell );
55 DisplayDie( dieLabel2 );
56 DisplayDie( dieLabel3 );
57 DisplayDie( dieLabel4d );
58 DisplayDie( dieLabel5 ); Total the number of
59 DisplayDie( dieLabel6 ); times the dice have
60 DisplayDie( dieLabel7 ); been rolled
61 DisplayDie( dieLabel8 )
62 DisplayDie( dieLabel9 )7
63 DisplayDie ( 0);
64 DisplayDie ( )
65 DisplayDie ( dieLabell2 );
66
67 doub = 0;
68
Q for (int i =1; i < 7; i++ )
70 total += frequency[ i ]:
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 1 + "\t\t" + String.Format( "{O0:N}",
79 frequency[ x_] / total * 100 ) + "%\n";
:(1) } Ou Get a random number
82 } // end Main die valy from 1to 6
83
84 // simulates roll, displa Dlsplay die 1mage correspondlng
85 // image and increm to the number rolles
86 public void Di
87 {
88 int face omNumber .Next( 1,
89
9% dieLabel.Image = Image.FromFile (
91 Directory.GetCurrentDirectory() +
92 "\\images\\die" + face + ".gif" );
93
94 frequency[ face ]++;
95 }
96
97 } // end class RollDie
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=101 x|
a RollDie.cs
n Program Output

. =

1 3

2 1

3 2

n 3

5 2

3 i 333% &

B [=5

Face Frequency Percent -

1 113 18.83%

2 E) 16.50%

3 15.00%

4 120 20.00%

5 8 1633%

3 80 13334 =

204

0doUs WN

// Fig. 7.7: StudentPoll.cs
// A student poll program.

Declare and initialize
integer array responses

using System;
using System.Windows.Forms;

StudentPoll.cs

class StudentPoll
{

)

// main entr oint for applicatio:

r— For every element in responses,
increment the frequency element
[ ] that corresponds to the answer

5,9, 7,8, 10, 1,
7, 6, 8,6, 7,
8, 10 };

int[] frequen
string outpdt = "";

Output the number of times each
response appeared

// jrcrement the frequency for e response
for ( int answer = 0; answe; responses.Length; answer++ )
++frequency[ respon [ answer ] ],

output += "Rating\tFrequency\n";

// put results

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

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

} // end method Main

} // end class StudentPoll
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StudentPoll.cs
Program Output

Student poll program | X| I

[’\i\.‘) I;'latng ;lequency

2
3
4
5
B
7
8
9
1

W=~Mm=oM NN
=

(=]
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1 // Fig. 7.8: PassArray.cs
2 // Passing arrays and individual elements to methods.
3 using System;
4 using System.Drawing;
5 using System.Collections; PaSSArray' cs
6 using System.ComponentModel;
7 using System.Windows.Forms;
8 using System.Data;
9
10 public class PassArray : System.Windows.Forms.Form
11 {
12 private System.Windows.Forms.Button showOutputButton;
13 private System.Windows.Forms.Label outputLabel;
14 R
15 // Visual Studio .NET generated code Declare and initialize
16 integer array a
17 [STAThread]
18 static void Main()
19 { Call method ModifyArray, pass
20 Application.Run( new PassArray() );
21 } array a as an argument by
22 reference
23 private void s utputButton Click( Jject sender,
24 System.EyentArgs e )
25 { Output contents of array a |
26 int[] a= {1, 2, 3, 4,
27
28 outputLabel.Text = " s of passing entire array " +
29 "call-by-refe e:\n\nThe values of the original " +
30 "array
31
32 for ( int &= 0; i < a.Length; i++ )
33 out] Label.Text += " "4+ al[ i1];
34
35 ModifyArray( a ); // array is passed by reference
208
36
37 outputLabel.Text +=
38 "\n\nThe values of the modified array are:\n\t";
3 PassA
40 // display elements of array a Replace every element in assArray.cs
41 for ( int i = 0; i < a.Length; i++ ) L7
2 tLabel.Text += i array by twice its value
43
44 outputLabel.Text of passing array " +
45 "element call-by-va [ 3 1 before " +
46 "ModifyElement:
47 .
48 // array element passed €all-by-value Output array a after ModlfyArray
49 ModifyElement( a[ 3 ] changed the contents
50
51 outputLabe
52 odifyElement: " + a[ 3 ]1;
53 }
54
55 // method mo
56 // original/will be modified Call method ModifyElement,
57 public vodd ModifyArray( int[] b ) pass element of array a that is
58 { .
59 for ( int j = 0; j < b.Length; j++ ) atindex 3
60 b[ j 1 *=2;
61 }
62
63 // method modifies the integer passed to it
64 // original will not be modified
65 public void ModifyElement( int e )
66 {
67 outputLabel.Text +=
68 "\nvalue received in ModifyElement: " + e;
69
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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

Il Program Output

Show Output

Effects of passing entire array call-by-reference:
The values of the original array are:
12 304Nh
The values of the modified array are:
24681
Effects of passing array element call-by-value:
2| 3] before ModifyElement: 8
value received in ModifyElement: 8

value calculated in ModifyElement: 16
23| 3] after ModifyElement: 8

209

7.6 Passing Arrays by Value and

210

by Reference

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

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

Passing value types to methods
m A copy of the variable is made
m  Any changes to variable in method do not effect the original variable
Passing reference types to methods
m A copy of the reference to the object is made
m  Any changes to the reference in the method do not effect the original
variable
m  Any changes to the contents of the object in the method, do effect the
object outside the method

2/23/2016
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7.6 Passing Arrays by Value and
by Reference

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

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

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

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

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

21

212
1 // Fig. 7.9: ArrayReferenceTest.cs
2 // Testing the effects of passing array references
3 // by value and by reference.
: noing :i:z:fmawing; 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 ArrayReferenceTest : System.Windows.Forms.Form
12 {
13 private System.Windows/Forms.Label outputLabel;
14 private System.Windows.Forms.Button showOutputButton;
15
16 [STAThread] Declare integer array
17 static void Main .
18 ( firstArrayCopy and have it
19 Application/Run( new reference firstArray
20 }
21
22 private voyd showOdtputButton Click( object sender,
23 Systel
24 {
25 // nd initialize firstArray
26 int[] fiXstArray = { 1, 2, 3 };
27
28 // copy 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 FirstDouble:\n\t";
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36
37 // print contents of firstArray
38 for ( int i = 0; i < firstArray.Length; i++ )
39 ou Label.Text += firstArra i + "y
20 vl il ArrayReferenceTe
41 // pass reference stArray by value to FirstDouble st.cs
42 FirstDouble( firstArra
3 ( o Test whether firstArray and firstArrayCopy
44 outputLabel~Text += "\n\nContents reference the eame ohiect
45 "calling FirstBauble\n\t"; Declare integer array secondArrayCopy and
46 . set it to reference secondArray
47 // print contents of rstAr A .
48 for ( int i = 0; < firstArray, Zength; i++ ) Declare and initialize integer arry
49 utputLabeX  Text += firstApfay[ i ] + g secondArray
50
51 // Wl her reference #as changed FirstDouble Lall metnod FIrstjoudic
52 if ( firstArray.== firs rayCopy on ﬁrStArray
53 outputLabel. Tex
54 "\n\nThe refeypén er to the same array\n";
55 else
56 outputLabel. +=
57 "\n\nTh eferences refer to ferent arrays\n";
58
59 // cx e and initialize secondArray Output contents ofﬁrstArray
60 int[] secondArray = { 1, 2, 3 };
61
62 // gopy secondArray reference
63 int[] secondArrayCopy = secondArray;
64
65 outputLabel.Text += "\nTest passing secondArray " +
66 "reference by reference";
67
68 outputLabel.Text += "\n\nContents of secondArray " +
69 "before calling SecondDouble:\n\t";
70
214
71 // print contents of secondArray before method call
72 for ( int i = 0; i < secondArray.Length; i++ )
73 tputLabel.Text += secondArray[ i ] + " ";
74
75 SecopdDouble secondarray ); | lest whether secondArray ArrayReferenceTe
76 and secondArrayCopy st.cs
77 outputLabehText += "\n\ ts 1 reference the same object
78 "after cal SecondDodble™\n)\
79
80 // print contents SecondArray after meéthad call | Replace each element in the array
81 £ ( int i = 0771 < secon ray.Length; i++ ) by twice its value
82 o utL 1l.Text += second’ y[ i1 +" " .
83
84 // st whet reference was changed SeéondDoublg Set array to reference a new
85 if ( secondArray == secondArrayCopy ) integer array containing the
86 outputLabel.Text
87 "\n\nThe references~xefer tg-the same ar \ values 11, 12 and 13
g8 else and pass SCCONAAITay DY
89 outputLabel.Text += reference
90 "\n\nThe references refer to di rent arrays\n"; ‘
91
92 } // end method showOutpdtButton_ Click Output contents ofsecondArray
93
94 // modify elements of array al attempt to modify
95 // reference
96 void FirstDouble( int[] array )
97 {
98 // ble each element's value
929 for ( int i 0; i < array.Length; i++ )
100 array 1 *= 2;
101
102 // eate new reference and assign it to array
103 array = new int[] { 11, 12, 13 };
104 }
105
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107
108
109
110
111
112
113
114
115
116
117

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

{

// double each element's value

for ( int i = 0;

array[ i ] *= 2;

int[] { 11, 12, 13 };

i < array.Length; i++ )

new reference and assign it to array

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

™ ArrayReferenceTest i =10/x|

Show Output
Test passing firstArray reference by value
?3"5&!1!5 of firstArray before calling FirstDouble:

Contents of firstArray afier calling FirstDouble
248

The references refer to the same array

Test passing secondArray reference by reference
Contents of secondArray before calling
lSoiogndDouHe.

Contents of secondArray after calling SecondDouble
11213

The references refer to different arrays

215

ArrayReferenceTe
st.cs

Program Output

7.7 Sorting Arrays

m Sorting data is important in many applications

m Bubble Sort — array of size n

m Make n passes through the array

m For each pass, compare every pair of successful elements

m If the first is larger then the second, swap the elements

m Easy to program

m Runs slowly

m NET Framework includes high-speed sorting
capabilities

216
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1 // Fig. 7.10: BubbleSorter.cs
2 // Sorting an array's values into ascending order.
3 using System;
4 using System.Drawing;
5 using System.Collections; BubbleSorter.cs
6 using System.ComponentModel;
7 using System.Windows.Forms;
8 using System.Data;
9
10 public class BubbleSorter : System.Windows.Forms.Form
11 {
12 private System.Windows.Forms.Button sortButton;
13 private System.Windows.Forms.Label outputLabel;
14
15 // Visual Studio .NET generated code Declare and initialize array a |
16
17 [STAThread] ‘
18 static void Main() Output the contents of array a |
19 {
20 Application.Run( ne ‘
2; } Call method Bubble sort on array a |
23 private void
24
25 {
26 int[] a 68, 45, 37 };
27
28 outputLabel.Text += "Data items in original order\n";
29
30 for ( int i i < a.Length; i++ )
31 output; el.Text += " "4+ al[ i1];
32
33 // &6rt elements in array a
34 BubbleSort( a );
35
218
36 outputLabel.Text += "\n\nData items in ascending order\n";
37
38 for ( int i Length; i++ ) S ; ) N
39 ou "+ oa[ i]; waps two elements
20 of an array IbbleSorter.cs
41 } // end method sortButton Click If g1y
42 igger then the following [ 2
43 // sort the elements of an array wi u 1 t the el ¢
44 public void BubbleSort( int[] b clement, swap the elements
45 {
46 b.Length; pass++ ) // passes
47
48 i < b.Length - 1; i++ ) // one pass
49
50 // one comparison
51 // one swap
52 }
53 Perform contents of for loop
54 // swap two elements of an array for each element ofan“ayb
55 public void Swap( int[] c, int first )
56 {
57 int hold; // temporary holding area for swap
58
59 hold = c[ first ];
60 c[ first ] = c[ first + 1 ];
61 c[ first + 1 ] = hold;
62 }
63 1}

I -0 X

Data items in original order
264810 12 89 68 45 37

Data items in ascending order
2468 10 12 37 45 68 89

Program Output
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1 // Fig. 7.11: LinearSearcher.cs
2 // Demonstrating linear searching of an array.
3 using System;
4 using System.Drawing;

L

5 using System.Collections; ' inearSearcher.c
6 using System.ComponentModel; Retrieve the number user s
7 using System.Windows.Forms; inputasthesearch key
8 using System.Data;
9
12 7ub11c class LinearSearcher : System.Windows.Forms.Form Perform linear search
12 private System.Windows.Formg.Button searchButton; fbrtheseaICh]{ey
13 private System.Windows.Forpms.TextBox inputTextBox;
14 private System.Windows. s .Label outputLabel;
15
16 int[] a={ 2, 4, 6, 8/ 10, 12, 14, 16, 18,720, 22, 24, 26,
17 28, 30, 32, 34, 36, 38, 40, , 44, 46, 48, 50 };
18
19 // Visual Studio T generated cod
20
21 [STAThread]
22 static void Majyn ()
23 {
24 Applicatién.Run( new XinearSearcher() );
25 }
26
27 private i utton Click( object sender,
28 Sys
29 {
30 int se = Int32.Parse( inputTextBox.Text );
31
32 int elementIndex = LinearSearch( a, searchKey );
33

222
34
35
36
37 -
38 LinearSearcher.c
39 outputLabel.Text = "Va. 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 )
45 { If search failed, return -1 |
46 for ( int n = 0; n < array.Length; n+
47 { ‘
48 CR
19 return n; Start at beginning of array -
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

I/ Il
Found value in element 2 Value not found

Program Output
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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 us:_l.ng System.Collections; integer array a .Cs
7 using System.ComponentModel;
8 using System.Windows.Forms;
9 using System.Data;
10
11 public class BinarySearclTest : System.Windows.Forms.Form
12 {
13 private System. .Forms.Label promptLabel;
14
15 private System.Windows.Forms.TextBox inputTextBox;
16
17 private System.Windows.Forms.Label resultLabel;
18 private .Windows.Forms.Label displayLabel;
19 private .Windows.Forms.Label outputLabel;
20
21 private .Windows.Forms.Button findButton;
22
23 priv@te System.ComponentModel.Container components = null;
24
25 int[] a= (0, 2, 4, 6, 8, 10, 12, 14, 16,
26 18, 20, 22, 24, 26, 28 };
27
28 // Visual Studio .NET generated code
29
30 // main entry point for application
31 [STAThread]
32 static void Main()
33 {
34 Application.Run( new BinarySearchTest() );
35 }
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// searches for an element by calling

// BinarySearch and displaying results

private void findButton_Click( object sender,
System.EventArgs e )

{

BinarySearchTest
.cs

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

// perform the binary search
int element = BinarySearch( a, searchKey

= "Found value i

int low = 0;
int high array. L
int middle;
while ( low <= high )

middle = ( low + high ) / 2;

element " +

If the low index is less then
the high index then try to
—| find element (otherwise,
etrieV| element is not in the array :|
I
Compute midpoint of

current search space

methoa BIarysSearci on
array a with the user input as
the search key

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

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

226

// the following line displays the portion
// of the array currently being manipulated during
// each iteration of the binary search loop

BuildOutput( a, low, middle, high );

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

le - 1; // search low end of array| array within two indices and

BinarySearchTest
.cs

Output all elements of the

mark the middle element.

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

middle element

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

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

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

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

Otherwise, set the low index to be
one more then the middle index
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99 else
100 outputLabel.Text +=
101 array[ i ].ToString( "OO0" ) + " ";
102 } -
103 BinarySearchTest
104 outputLabel.Text += "\n"; -cs
105
106 } // end BuildOutput
107
108 } // end class BinarySearchTest
_aix
Enter key 3 Result: Found value in element 3 Program Output
Portions of array searched
00 0z 04 06 08 10 12 14* 16 18 20 22 24 26 28
00 0z 04 06~ 08 10 12
228
BinarySearchTest
T S -cs
Enterkey [3 Result Foundvaluein element4 Program Output

Portions of array searched
00 02 04 0€ 08 10 12 14* 16 18 20 22 24 26
00 02 04 06* 08 10 12

28

Enter key 25 Result:  Value not found

Portions of array searched
00 02 04 06 08 10 12 14* 16 18 20 22 24 26
16 18 20 22* 24 26 28
24 ze+ 28
24

s =] 3]
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Jagged Arrays m
Arrays of arrays m

Arrays that compose jagged arrays can be of different lengths m

229

7.9 Multiple-Subscripted Arrays

Column 0 Column1l Column2 Column 3

Row0 |a[0, 0] |a[0, 1] |a[0, 2] |a[0, 3]
Rowl |a[1l, 0] [a[1, 1] |a[1l, 2] |a[l, 3]
Row?2 |al[2, 0] |a[2, 1] |a[2, 2] |al2, 3]

L Column index (or subscript)

Row index (or subscript)

Array name

Fig. 7.13 Double-subscripted array with three rows and four columns.

230
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1 // Fig. 7.14: TwoDimensionalArrays.cs
2 // Initializing two-dimensional arrays.
3 using System;
; 2:1:3 3:2::2;?::2310“ Initialize the third element | | TwoDimensionalAr
6 using System.ComponentModelj in array? to be an array that § alement in rays.cs
7 using System.Windows.Forms ; 1 i
8 asing System.Data; contains 3 integers that .
9 contains 1 integer lare a jagged
10 public class TwoDimensiornalArrAys SYS CEll. WIlTQOWS . FOLMS . FOXM 7| AIT. ynamed
11 { .
12 private System.Windows.F s /Button showOutputButton; array2 with 3 rows
13 private System.Wind¢ws.FEormg.Label outputLabel; [
14 Declare and initialize a
15 // Visual Studio .NET /geperated code lar int
16 rectangu ar iteger array
17 [STAThread] named arrayl
18 static void Mairn/()
19 {
20 Application n { new TwoDim nalArrays() ),
21 }
22
23 private void//showOu utton_Click( object sender,
24 System.Eye s )
25 {
26 // ati¥én and initialization of rectangular array
27 int[, ayl = new int[,] { {1, 2, 3}, { 4, 5, 6 } };
28
29 // claration and initialization of jagged array
30 i [] array2 = new int[ 3 ][]’
31 a y2[ 0 ] = new int[] { 1, 2 };
32 aryay2[ 1 ] = new int[] { 3 };
33 array2[ 2 ] = new int[] { 4, 5, 6 };
34
35 outputLabel.Text += "Values in arrayl by row are\n";
232
36
37 // output values in arrayl
38 for ( int i = 0; i < arrayl.GetLength( 0 ); i++ )
39 { . .
40 for ( int j = 0; j < arrayl.GetLength( 1 ); j++ ) TwoDimensionalAr
41 outputLabel.Text += arrayl[ i, j ] + " "; rays.cs
42
43 outputLabel.Text += "\n";
a4 }
45
46 outputLabel.Text += "\nValues in array2 by row are\n";
47
48 // output values in array2
49 for ( int i = 0; i < array2.Length; i++ )
50 {
51 for ( int j = 0; j < array2[ i ].Length; j++ )
52 outputlLabel.Text += array2[ i J[ j 1 + " ";
53
54 outputLabel.Text += "\n";
55 }
56
57 } // end method showOutputButton_Click
58
59 } // end class TwoDimensionalArrays
= Program Output
Show Output

Values in array1 by row are
123
456

Yalzua in array2 by row are

3
4586
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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; RN
16 int students, exams; Initialize array grades to have 3 rows |
17 [
12 // Visual Studio .NET generated’code | |pitiglize each element in array grades |
20 [STAThread]
21 static void Main()
22 {
23 Application.Run(“new DoubleArray() ),
24 }
25
26 private void/showOutputButton Click( object sender,
27 System, EventArgs e )
28
29 {
30 grades = new int[ 3 ][]’
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 };
34
234
35 students = grades.Length; // number of students
36 exams = grades[ 0 ].Length; // number of exams
37
38 // line up column headings _
39 outputLabel.Text += " "; Output cach row DoubleArray.cs
40
41 // output the column headings Output each
42 for ( int i = 0; i exams; i++ )
13 outputLabel TEXE = element of the row
44
45 /[ _output the rows
46 for (int i = 0; i < eénts; i++ )
47 { . Output the minimum and
48 outputLab: = "\ngrades[" + i + " .
19 maximum grades
50 for ( int j = 0; j < ex
51 outputLabel.T = grades[ i 1[ § 1 +." Output the average for each row
52 }
53
54 outputLabel.Text += owest grade: " + Minimum() +
55 "\nHighest €: " + Maximum() + "\n";
56
57 for™( int i = 0; i < students; i++ )
58 outputLabel.Text += "\nAverage for student " + i + " is " +
59 Average( grades[ i ] );
60
61 } // end method showOutputButton_ Click
62
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// find minimum grade in grades array
public int Minimum/()
{

int lowGrade = 100;

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

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

DoubleArray.cs

Examine each element in
grades array

return lowGrade;

}

// find maximum grade in grade rray
public int Maximum()

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

{

element
\

int highGrade = 0;

for ( int i = 0; i < studénts; i++ )

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

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

if grades[ i ][ j ] > highGrade )
highGrade = grades[ i ][ j 1/

return highGrade;

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

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

{
int total = 0;

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

return ( double ) 1l / setOfGrades.Length;

}

DoubleArray.cs

} // end class Doub rray

Total the grades for the array

Divide the total by the
number of grades

]

=10l

87
grades[2] 70 50

Lowest grade: 68
Highest grade: 36

Average for student Ois 76
Average for student 1is 88.25
Average for student 2is 81.75

Program Output

236
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7.10 foreach Repetition Structure

The foreach repetition structure 1s used to iterate =

through values in data structures such as arrays

No counter =

A variable is used to represent the value of each =

237

element

Use the foreach loop to examine
each element in the array

ForEach.cs

1 // Fig. 7.16: ForEach.cs

2 // Demonstrating for/each structure

3 using System;

4

5 class ForEach

6 {

7 // main entry point for fthe application
8 static void Main( strihg[] args )

9 {

10 int[,] gradeApfay = { { 77,

11 { 98, 87

12

13 int lowGrade = 100;

14

15 foreach ( i grade in gradeArray )
16 {

17 if ( grade < lowGrade )

18 lowGrade = grade;

19 }

20

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

23 }

+

238

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

lowGrade ) ;

The minimum grade is: 68
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