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Part |
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In this chapter you will learn:

= To use the 1 ¥ and if..else selection
statements to choose between alternative
actions.

= To use the whi l e repetition statement to
execute statements in an application
repeatedly.

= To use counter-controlled repetition and
sentinel-controlled repetition.

= To develop algorithms through the process of
top-down, stepwise refinement.

= To use the increment, decrement and
compound assignment operators. <5
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* Program control
— Specifies the order in which actions execute in a program
« Sequential execution
— Statements are executed one after the other in the order in
which they are written
« Transfer of control

— Specifying the next statement to execute that is not
necessarily the next one in order
« Selection structure
« Repetition structure

<>

© 2006 Pearson Education, Inc. Al rights reserved

« All programs could be written with three control
structures
. Sequence structure
« Selection structure
« Repetition structure
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« Selection Statements
— if statement
« Single-selection statement
— if.else statement
« Double-selection statement
— switch statement
« Multiple-selection statement
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« Repetition statements
— Also known as looping statements

— Repeatedly performs an action while its loop-continuation
condition remains true

— whi le statement

« Performs the actions in its body zero or more times
— do..whi le statement

« Performs the actions in its body one or more times
— for statement

« Performs the actions in its body zero or more times
— foreach statement

« Performs the actions in its body zero or more times
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« i f statements
— Execute an action if the specified condition is true
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«if. else statement

— Executes one action if the specified condition is true or a
different action if the specified condition is false

Iorade <o X ade 3 80)
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* Nested i f..else statements

— i1f..else statements can be put inside other i f..else
statements
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« Dangling-el se problem
— What is the output when x=60
if (x> 70) if (x < 65) output (“a’) else
output (“b”)
— elses are always associated with the immediately
preceding i unless otherwise specified by braces { }
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= whi le statement

— Repeats an action while its loop-continuation condition remains
true

— while (condition) {...}

dequion - _ ¥ A
L ety e = tnple product vilue

Conespoeding 8 statement
product = product * 3
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« Example: write all even numbers up to 200
e inti = 0; while (i<=200) {Console.Write(*{0}",i);
i=i+2;}
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« Counter-controlled repetition
— Also known as a definite repetition

— Use a counter variable to count the number of times a loop
is iterated
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 Pseudocode

— An informal language similar to English

— Helps programmers develop algorithms

— Does not run on computers

— Should contain input, output and calculation actions
Should not contain variable declarations
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1 set total to zero

2 set grade counter to one

3

4 while grade counter is less than or equal to ten
prompt the user to enter the next grade

input the next grade

add the grade into the total

add one to the grade counter

© ® ~N o o

10 set the class average to the total divided by ten
11 print the class average

Fig. 5.5 | Pseudocode algorithm that uses counter-controlled repetition to solve the class-
average problem.
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2 4/ GradeBook class that solves class-average problem using Outline
3 4/ counter-controlled repetition. -
4 uslng System;
5 :ubllc class Gradesook GradeBook.cs
(10f3)
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20 /7 display a welcome message To the GradeBook user Outline

30  public void DisplayMessageQ E—

31 {

32 /7 property CourseName gets the name of the course

33 Console.WriteLlne( "Welcone to the grade book™);

= € g 2 GradeBook.cs

37 /7 deterine class average based on 10 grades entered by user (of3)

38 tic void i o r -

B "{w | Declare method DetermineClassAverage |
40 int total; // sum of the grades entered by user

41 Int gradeCounter; // nunber of the grade t@_be entered next

42 int grade; // grade value entered by the user

43 Int average; // average of the grades

m Counter to control whi e loop
45 7/ Initialization phase

46 total = 0; // initialize the total

Declare local int variables total,

47 gradeCounter = 1; // Initlalize the loop counter
gradeCounter, grade and average

Initialize counter to 1
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18
7/ processing phase Outline

while ( gradeCounter <= 10 ) // loop 10 Tines — =
{ whi le loop iterates as long as
Consolle.Write( “Erter grade: " ); // prompt the user gradeCounter <= 10
grade = Convert.Tolm32( Console.ReadLine(Q ); /7 read grade G
radeBook.cs
total = total + grade; // add the grade to total

gradeCounter = gradeCounter + 1; // increment the counter by 1 (30f3)
3} 77 end while

Increment the counter variable gradeCounter ‘

// ternination phase
aversge = total / 10; // integer division yields integer result
R ————
Console.WriteLine( “\nTotal of all 10 grades is {0}", total );
Consolle.WriteLine( "Class average is {0}", average );
3 /7 end nethod DeternineClassAverage
} /7 end class GradeBook

Display results
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[T 77 Fig. B.7: GradeBooklest.cs T

2 // Create GradeBook ohject and invoke its DetermineClassAverage method. Outline
3 publlic class GradeBookTest _—
aq | Create a new GradeBook object |
5 public static void Main( string[] args )
6 {
7 /7 create GradeBook oblect myGradeBook and GradeBookTest.cs
8 /1 pass course name to constructor
9 = new bH 3 0
ass the course’s name to the GradeBook
12 myGradeBook.DisplayNessageQ: // display welcome m i tri
13 myGradeBook. DeternineClassaverageQ: 7/ FIm CEEiaay EHE Sl

14 } // end Maln
15 } // end class GradeBookTest

weficone T the grade baok DetermineClassAverage method

Call GradeBook’s ‘

m
§
i
f8BRBEY
8

Total of all 10 grades Is 848
Class average Is 84
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Many applications can be divided logically into
three phases: an initialization phase that
initializes the variables; a processing phase that
inputs data values and adjusts application
variables (e.g., counters and totals) accordingly;
and a termination phase that calculates and
outputs the final results.
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20 /7 display a welcome message to the GradeBook user i
30 blic void Di: '—O‘Uﬂ'ﬂ‘e—‘
= :" fe vou O | Declare method DisplayMessage
32 Console.WritsLine( “Welcone to the grade book for\n{0}1\n",
33 CourseName
34 3} /7 end method DisplayMessage GradeBook.cs
35
36 /7 determine the average of an arbitrary number of grades (20f3)
37 public vold o] —
38 L | Declare method DetermineClassAverage
£ Int total; // sun of grades
40 Int gradeCounter; // number of grades entered
41 Int grade: // grade value
42 doublle average: // number with decimal point for average

44 7/ Initlalizatlon phase - -
45 total = 0; // Initlalize Declare local int variables total,
46 gradeCounter = 0; /7 i loop counter gradeCounter and grade and

double variable average

48 77 processing phase

49 77 prompt. for input and read grade from user

50 Console.Write( “Enter grade or -1 to quit: " );

51 grade = Convert.Tolnt32( Console.ReadLineQ ):

52

53 #7 Toop until sentinel value read from user whi le loop iterates as long as
54 while ( grade I= -1 ) grade != the sentinel

£9 € value, -1

56 total = total + grade; // add grade to total

57 gradeCounter = gradeCounter + 1; // Increment counter
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« Sentinel-controlled repetition
— Also known as indefinite repetition
— Use a sentinel value (also known as a signal, dummy or flag
value)
« A sentinel value cannot also be a valid input value
» Choosing a sentinel value that is also a legitimate
data value is a logic error.
<>
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inftialize total to zero
initialize counter to zero

1
2
3
4 prompt the user to enter the first grade

5 input the first grade (possibly the sentinel)
6

7

8

9

while the user has not yet entered the sentinel
add this grade into the running total
add one to the grade counter
10 prompt the user to enter the next grade
11  input the next grade (possibly the sentinel)

13 IT the counter Is not equal to zero

14  set the average to the total divided by the counter
15  print the average

16 else

17  print “No grades were entered”

ig. 5.8 | Class-average problem pseudocode algorithm sentinel-controlled repetition.
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50 7/ prowpt For input and read next grade from user Outline

60 Consolle.Write( “Enter grade or -1 To quit: ~ ); -

61 grade = Convert.TolInt32( Console-ReadLIneQ ):

62 } /7 end while

= GradeBook.cs

64 7/ termination phase

65 // If user entered at least one grade... (30f3)

66 if ( gradeCounter 1= 0 )

67 1

68 7/ calculate average of all grades entered Calculate average grade
69 average = ( double ) total / using (double) to
2 perform explicit

71 7/ display total and average (with two digits of precision) YR

72 Consolle.WriteLlne( “\nTotal of the {0} grades entered Is {1}",

73 gradeCounter, total );

74 Consolle.WriteLine( "Class average is {0:F2}", average ):
75 3} /7 end it

7 else // o grades were entered, so output error message

Consolle.WriteLine( “No grades were entered” );
78 3 /7 end method DetermineClassAverage
79 3 77 end class GradeBook

|Display “No grades were entered” message ‘
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T i) T GradeBooKTest. s

b LB 25
2 // Create GradeBook object and Invoke Its DetermineClassAverage method-

Outline
3 public class GradeBookTest
4 {
5 publlic static void Main( string[] args ) l Create a new GradeBook object |
54
7 // create GradeBook object myGradeBook and GradeBookTest..cs
8 /7 pass course name to constructor
9 GradeBook = new
12 myGradeBook.DisplayMessage(); /7 display welcome Pass the course’s name to the GradeBook
13 myGradeBook.DetermineClassAverageQ; // find constructor as a string

14} 7/ end Main
15 } // end cless GradeBookTest

Welcome to the grade book

Enter grade or -1 to qult: 96

Enter grade or -1 to quit: 88
79
1

Enter grade or -1 to qu
Enter grade or -1 to qu

Total of the 3 grades entered Is 263
Class average Is 87.67

Call GradeBook’s
DetermineClassAverage method
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« Compound assignment operators
— An assignment statement of the form:
variable = variable operator expression;
where operator is +, -, *, / or % can be written as:
variable operator= expression;
— example: ¢ = ¢ + 3; can be written as ¢ += 3;

« This statement adds 3 to the value in variable c and stores
the result in variable c
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Operator  Called
++ prefix ++a Increment @ by 1, then use
increment the new value of ain the
expression in which a
resides.
++ postfix at+ Use the current value of a
increment in the expression in which
a resides, then increment
abyl
- prefix --b Decrement b by 1, then
decrement use the new value of b in
the expression in which b
resides.
- postfix b—- Use the current value of b
decrement in the expression in which
b resides, then decrement
bby 1.
Fig. 5.15 | Increment and decrement operators.
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initialize passes to zero
initialize failures to zero
initialize student counter to one

prompt the user to enter the next exam result

1
2
3
4
5 While student counter Is less than or equal to 10
6
7 input the next exan result

8

9

if the student pessed
10 add one to passes
1 else

12 add one to fallures

14  add one to student counter
16 print the number of passes
17 print the mumber of failures
18

19 IT more than efght students passed
20 print “Raise tuition™

Fig. 5.11 | Pseudocode for the examination-results problem.
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« Unary increment and decrement operators
— Unary increment operator (++) adds one to its operand
— Unary decrement operator (--) subtracts one from its
operand
— Prefix increment (and decrement) operator
« Changes the value of its operand, then uses the new value of
the operand in the expression in which the operation appears
— Postfix increment (and decrement) operator
« Uses the current value of its operand in the expression in
which the operation appears, then changes the value of the
operand
<>
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2 /7 Prefix Increment and postfix Increment operators. Outline
3 uslng System; _—
4
5 public class Increment
6 {
7 public static void Main( string[] args ) Increment.cs
8 {
9 int c;
10
11 /7 demonstrate postfix increment operator
12 c = 5; // assign 5 to c
13 Con (¢ ); // print 5
14 Cont H it 5 again, then increment
15 Console.WriteLine( ¢ ); /7 print 6
16
11; Console.WriteLineQ); // skip a line
19 /7 demonstrate prefix increment operator
20 ¢ =5; // assign 5 to ¢

WriteLineC ¢ ); /7 print 5
( ++¢ )3 // Increment then print 6

23 iteLine( ¢ ); /7 print 6 again
24 3}
25 } 77 end class Increment Preincrementing the c variable
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Attempting to use the increment or decrement
operator on an expression other than one to which
a value can be assigned is a syntax error. For
example, writing ++(x + 1) is a syntax error
because (X + 1) isnota variable.
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