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COSC 181 – Foundations 
of Computer Programming

Class 5

Today

� Continue looking at Classes in C++

� Look at Constructors

� Look at C++ “header files”

� Go over Assignment #2

Initializing Classes with 
“Constructors”

� Figure 3.5

� Previously

• courseName was set to empty when we instantiated 

the object 

GradeBook myGradeBook;

cout << “course name is:” << 

myGradeBook.getCourseName() << endl;

� Now – Figure 3.7

• Instead we are going to use

• GradeBook myGradeBook(“COSC 181: C++”);
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How do we do this?

� Fig. 3.7 (lines 16 – 17)
public:

GradeBook (string name)

{

setCourseName (name);

} 

…

� Created a new special member function
• Has the same name as the class

• Called a constructor
• Called when an object of the class is instantiated

What you didn’t know

� ALL classes with no other constructors have 

constructors called “default constructors”

• Classes can have either implicitly  or explicitly defined 

default constructors

• Default constructors are those that take no parameters

� Classes with defined constructors will not be 

implicitly given default constructors

Updated Class Diagram
Now with Constructor

<<constructor>> + GradeBook (name : String)
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Placing a class in a separate file
� So far in the same .cpp source file:

class ClassName

{

//private: public: class functions and attributes

};

int main()

{

// different variables and calls, etc.

system(“PAUSE”);

return 0;

}

� The class declaration and the main function don’t have to be in 
the same source file (.cpp file)

Using “header” files

� Instead, place the class definition(s) in a 
separate file

class ClassName

{

//private: public: class functions and attributes

};

� Place the entire class definition in a file and 
save it as GradeBook.h

� Do not compile or attempt to run GradeBook.h
• Has no main() function

• Instead, header files must be included in .cpp files

See Fig 3.9 and Fig 3.10

� Note, figure 3.9 is saved as a header file
• It has a .h file extension

� Figure 3.10 is saved as a .cpp file.
• It is the file that is going to be compiled

• It has the main() function

� Line 7 of Fig 3.10
• #include “GradeBook.h”

• This allows the instantiations that happen in lines 
13 and 14
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Seperating Interface from 
Functionality

� Further divide the code into 3 files
• GradeBook.h file

• GradeBook.cpp file

• Mainprogram.cpp file

� Why?
• A person working on the Mainprogram.cpp file will 

have to have access to GradeBook.h

• GradeBook.h has the implementation code for the 
classes methods
• This is generally not desirable

• Mainprogram programmer only needs to know how to 
call the functions

Fig. 3.11

� GradeBook.h file

� Give function “declarations”

Fig 3.12

� GradeBook.cpp

� Gives function “instantiations”
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Fig 3.13

� Fig03_13.cpp

� Makes use of the class

� Note: Compilation must be handled 

differently with this approach

• However, we will not make immediate use of 

this method, though details about the method 

may appear on a test in limited form

Today

� Introduce some important concepts 

about “control structures”

• if-else

• while

� Introduce the UML Activity Diagram

� Do some in-class examples

Welcome to Chapter 4
In this chapter you will learn: 
� Basic problem-solving techniques.
� To develop algorithms through the process of top-

down, stepwise refinement.
� To use the ifififif and if...elseif...elseif...elseif...else selection statements 

to choose among alternative actions.
� To use the whilewhilewhilewhile repetition statement to execute 

statements in a program repeatedly.
� Counter-controlled repetition and sentinel-controlled 

repetition.
� To use the increment, decrement and assignment 

operators.
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� Before writing a program
• Have a thorough understanding of problem 

• Carefully plan your approach for solving it

� While writing a program 
• Know what “building blocks” are available

• Use good programming principles

� Algorithms
• The actions to execute

• The order in which these actions execute

� Program control
• Specifies the order in which actions execute in a program

• Performed in C++ with control statements

� Pseudocode

• Artificial, informal language used to develop 

algorithms

• Used to think out program before coding

• Easy to convert into C++ program

• Similar to everyday English

• Only executable statements

• No need to declare variables

• Not executed on computers 

� Figure 4.1, pg 134

Control Structures

� Sequential execution
• Statements executed in sequential order

� Transfer of control
• Next statement executed is not the next one in 

sequence

� Three control structures 
• Sequence structure

• Programs executed sequentially by default

• Selection structures
•if, if…else, switch

• Repetition structures
•while, do…while, for
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More UML
� Use Cases

� Class Diagrams

� UML Activity Diagram (Fig. 4.2)

• Models the workflow

• Action state symbols

• Rectangles with curved sides

• Small circles

• Solid circle is the initial state

• Solid circle in a hollow circle is the final state

• Transition arrows

• Represent the flow of activity

• Comment notes

• Connected to diagram by dotted lines

Control Structures (Con’t)

� Single-entry/single-exit control 
statements 
• Three types of control statements

• Sequence statement

• Selection statements

• Repetition statements

• Combined in one of two ways
• Control statement stacking

• Connect exit point of one to entry point of the next

• Control statement nesting

What Constitutes Code?

� Any C++ program we will ever build can 

be constructed from only seven different 

types of control statements (sequence, 

if, if... else, switch, while, 

do... while and for) combined in 

only two ways (control-statement 

stacking and control-statement nesting).
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Review – The if Statement
• Choose among alternative courses of action

• Pseudocode example
• If student’s grade is greater than or equal to 60

Print “Passed”
• If the condition is true

• Print statement executes, program continues to next 
statement

• If the condition is false
• Print statement ignored, program continues

• Indenting makes programs easier to read

• C++ ignores white-space characters

• Translation into C++
•if ( grade >= 60 ) 

cout << "Passed";
• Consistently applying reasonable indentation conventions 

throughout your programs greatly improves program 
readability.

Activity Diagram with if 
statment

� Diamond symbol in UML modeling

• Indicates decision is to be made

• Contains guard conditions

• Test condition

• Follow correct path

UML Activity Diagram w/ 
decision
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if…else Double-Selection 
Statement
� if

• Performs action if condition true

� if…else
• Performs one action if condition is true, a different action if it is 

false

� Pseudocode
• If student’s grade is greater than or equal to 60

print “Passed”
Else

print “Failed” 
� C++ code

• if ( grade >= 60 ) 
cout << "Passed";

else
cout << "Failed";

Updated Activity Diagram

Indentation Practices
� Indent both body statements of an if... else

statement.

if ( grade >= 60 )
{ 

cout << "Passed";
cout << “ Good Job” << endl; 

}
else
{

cout << "Failed";
cout << “ Try Again” << endl; 

}
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Another Double-Selection 
Statement

� Ternary conditional operator (?:)

• Three arguments (condition, value if true, 

value if false)

� Code could be written:

• cout << ( grade >= 60 ? “Passed” : “Failed” );

Condition Value if true Value if false

Nesting Selection Statements
� Nested if…else statements

• One inside another, test for multiple cases 

• Once a condition met, other statements are skipped

• Example
• If student’s grade is greater than or equal to 90

Print “A”
Else 

If student’s grade is greater than or equal to 80
Print “B”

Else 
If student’s grade is greater than or equal to 70 

Print “C”
Else 

If student’s grade is greater than or equal to 60 
Print “D”

Else
Print “F”

If…else continued
if ( studentGrade >= 90 ) 

cout << "A";
else if (studentGrade >= 80 ) 

cout << "B";
else if (studentGrade >= 70 ) 

cout << "C";  
else if ( studentGrade >= 60 ) 

cout << "D";
else

cout << "F";

� A nested if...else statement can perform much faster 
than a series of single-selection if statements because 
of the possibility of early exit after one of the conditions is 
satisfied.

• Even faster on average if we test the conditions we think are 
most likely to be true at the beginning
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A Common Mistake
� Dangling-else problem

• Compiler associates else with the immediately preceding if
• Example

• if ( x > 5 )
if ( y > 5 )

cout << "x and y are > 5";
else

cout << "x is <= 5";
• Compiler interprets as

• if ( x > 5 )
if ( y > 5 )

cout << "x and y are > 5";
else

cout << "x is <= 5";
� How do we fix this?

Answer:

•Rewrite with braces ({})
•if ( x > 5 )
{

if ( y > 5 )
cout << "x and y are > 5";

}
else

cout << "x is <= 5";
• Braces indicate that the second if statement 

is in the body of the first and the else is 
associated with the first if statement

More on If - Else
� Compound statement

• Also called a block
• Set of statements within a pair of braces

• Used to include multiple statements in an if body

• Example
• if ( studentGrade >= 60 )

cout << "Passed.\n";
else
{

cout << "Failed.\n";
cout << "You must take this course again.\n";

}

• Without braces,
cout << "You must take this course again.\n";

always executes

� Good Programming Practice: Always include the 
braces.



1/31/2008

12

Try It

� Write a program that asks the user for a 
character. 

� Use if-else control statements to check if the 
character is an a,e,i,o, or u.

� If the character is an a
• Print out, “You typed in an a”

� Likewise if it is an e, i, o, or u

� If the character was not a vowel print out
“You did not enter a vowel.”

while Repetition Statement

� Repetition statement
• Action repeated while some condition remains true

• Pseudocode
• While there are more items on my shopping list

Purchase next item and cross it off my list
•while loop repeats until condition becomes false
• Example

•int product = 3;

while ( product <= 100 )
product = 3 * product;

• What will product equal when the loop stops 
executing?

What does this example do?

• Example
•int product = 3;

while ( product <= 100 )
product = 3 - product;



1/31/2008

13

Try It

� Use a single while statement to write the 

code for our last homework.

• Read in 20 characters

• Tell me how many a’s, e’s, i’s, o’s, and u’s 

there are.

Today

� Review the While loop

• In-class exercise

• Advanced class-based example

� Sentinel controlled repetition

� Casting

Announcement

� 1st Test
• Wed. Sept 19th

• Comprehensive through the end of this week

• Closed Note/Closed Book
• Read and Interpret Code

• “trace” code

• Write Code Snippets

• Small programs or parts of programs

• Syntax matters!

• Multiple-Choice



1/31/2008

14

While Loop Review

int count = 0;

while (count <= 10){

cout<<“Loop iteration “ << count << endl;

count = count + 1;

}

while (count < 10){

cout<<“Loop iteration “ << count << endl;

count = count + 1;

}

Common Error - #1

� Initialize each counter and total, either in 

its declaration or in an assignment 

statement. Totals are normally initialized 

to 0. Counters are normally initialized to 

0 or 1, depending on how they are used 

(we will show examples of when to use 0 

and when to use 1).

Common Error - # 2

� Using a loop’s counter-control variable in 
a calculation after the loop often causes 
a common logic error called an off-by-
one-error. In a counter-controlled loop 
that counts up by one each time through 
the loop, the loop terminates when the 
counter’s value is one higher than its last 
legitimate value (i.e., 11 in the case of 
counting from 1 to 10).
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In-class Exercise
� Write C++ statements to accomplish each of the following 

tasks
• Declare variables sum and x to be of type int

• Set variable x to 1

• Set variable sum to 0

• Add variable x to variable sum and assign the result to 
variable sum

• Print “The sum is: “ followed by the value of the variable 
sum

� Combine the above statements into a program that 
calculates and prints the sum of the integers from 1 to 10.  
Use the while statement to loop through the calculation 
and increment statements.
• The loop should terminate when x = 11

Formulating Algorithms: 
Counter-Controlled Repetition

� Problem statement

A class of ten students took a quiz. The grades 
(integers in the range 0 to 100) for this quiz are 
available to you. Calculate and display the total of
all student grades and the class average on the quiz.

� Finding the Algorithm is the hardest part

� Counter-controlled repetition

• Loop repeated until counter reaches certain value

• Also known as definite repetition
• Number of repetitions known beforehand

Formulating Algorithms: Counter-
Controlled Repetition (Cont.)

� Counter-controlled repetition (Cont.)

• Counter variable
• Used to count

• In example, indicates which of the 10 grades is 

being entered

• Total variable
• Used to accumulate the sum of several values

• Normally initialized to zero beforehand

• Otherwise it would include the previous value stored 

in that memory location
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Pseudocode
 1 Set total to zero 
 2 Set grade counter to one 
 3  
 4 While grade counter is less than or equal to ten 
 5  Prompt the user to enter the next grade 
 6  Input the next grade 
 7  Add the grade into the total 
 8  Add one to the grade counter 
 9  
10 Set the class average to the total divided by ten 
11 Print the total of the grades for all students in the class 
12 Print the class average 

 

Fig. 4.7

Adding the Interface
 1 // Fig. 4.8: GradeBook.h// Fig. 4.8: GradeBook.h// Fig. 4.8: GradeBook.h// Fig. 4.8: GradeBook.h    

 2 // Definition of class GradeBook that determines a class average.// Definition of class GradeBook that determines a class average.// Definition of class GradeBook that determines a class average.// Definition of class GradeBook that determines a class average.    

 3 // Member functions are defined in GradeBook.cpp// Member functions are defined in GradeBook.cpp// Member functions are defined in GradeBook.cpp// Member functions are defined in GradeBook.cpp    

 4 #include#include#include#include <string>  <string>  <string>  <string> // program uses C++ standard string class// program uses C++ standard string class// program uses C++ standard string class// program uses C++ standard string class    

 5 usingusingusingusing std::string; std::string; std::string; std::string;    

 6  

 7 // GradeB// GradeB// GradeB// GradeBook class definitionook class definitionook class definitionook class definition    

 8 classclassclassclass GradeBook GradeBook GradeBook GradeBook    

 9 {{{{    

10 publicpublicpublicpublic::::    

11    GradeBook( string );    GradeBook( string );    GradeBook( string );    GradeBook( string ); // constructor initializes course name// constructor initializes course name// constructor initializes course name// constructor initializes course name    

12             voidvoidvoidvoid setCourseName( string );  setCourseName( string );  setCourseName( string );  setCourseName( string ); // function to set the course name// function to set the course name// function to set the course name// function to set the course name    

13    string getCourseName();    string getCourseName();    string getCourseName();    string getCourseName(); // function to retrieve// function to retrieve// function to retrieve// function to retrieve the course name the course name the course name the course name    

14             voidvoidvoidvoid displayMessage();  displayMessage();  displayMessage();  displayMessage(); // display a welcome message// display a welcome message// display a welcome message// display a welcome message    

15             voidvoidvoidvoid determineClassAverage();  determineClassAverage();  determineClassAverage();  determineClassAverage(); // averages grades entered by the user// averages grades entered by the user// averages grades entered by the user// averages grades entered by the user    

16 privateprivateprivateprivate::::    

17    string courseName;    string courseName;    string courseName;    string courseName; // course name for this GradeBook// course name for this GradeBook// course name for this GradeBook// course name for this GradeBook    

18 }; }; }; }; // end class GradeB// end class GradeB// end class GradeB// end class GradeBook ook ook ook     
 

Function determineClassAverage
implements the class average algorithm 
described by the pseudocode

Adding the Functionality – Part 1
31 // function to retrieve the course name// function to retrieve the course name// function to retrieve the course name// function to retrieve the course name    

32 string GradeBook::getCourseName()string GradeBook::getCourseName()string GradeBook::getCourseName()string GradeBook::getCourseName()    

33 {{{{    

34             returnreturnreturnreturn courseName; courseName; courseName; courseName;    

35 } } } } // end function getCourseName// end function getCourseName// end function getCourseName// end function getCourseName    

36  

37 // display a welcome message to the GradeBook user// display a welcome message to the GradeBook user// display a welcome message to the GradeBook user// display a welcome message to the GradeBook user    

38 voidvoidvoidvoid GradeBook::displayMessage() GradeBook::displayMessage() GradeBook::displayMessage() GradeBook::displayMessage()    

39 {{{{    

40    cout <<    cout <<    cout <<    cout << "Welcome to the grade book for"Welcome to the grade book for"Welcome to the grade book for"Welcome to the grade book for\\\\n"n"n"n" << getCourseName() <<  << getCourseName() <<  << getCourseName() <<  << getCourseName() << "!"!"!"!\\\\n"n"n"n"        

41       << endl;      << endl;      << endl;      << endl;    

42 } } } } // end function displayMessage// end function displayMessage// end function displayMessage// end function displayMessage    

43  

44 // determine class average based on 10 grades entered by user// determine class average based on 10 grades entered by user// determine class average based on 10 grades entered by user// determine class average based on 10 grades entered by user    

45 voidvoidvoidvoid GradeBook::determineClassAverag GradeBook::determineClassAverag GradeBook::determineClassAverag GradeBook::determineClassAverage()e()e()e() 

46 {{{{    

47             intintintint total;  total;  total;  total; // sum of grades entered by user// sum of grades entered by user// sum of grades entered by user// sum of grades entered by user    

48             intintintint gradeCounter;  gradeCounter;  gradeCounter;  gradeCounter; // number of the grade to be entered next// number of the grade to be entered next// number of the grade to be entered next// number of the grade to be entered next    

49             intintintint grade;  grade;  grade;  grade; // grade value entered by user// grade value entered by user// grade value entered by user// grade value entered by user    

50             intintintint average;  average;  average;  average; // average of grades// average of grades// average of grades// average of grades    

51  
 

Function determineClassAverage
implements the class average algorithm 
described by the pseudocode

Declare counter variable 
gradeCounter

Declare total variable total
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Adding the Functionality – Part 2
52             // initialization phase// initialization phase// initialization phase// initialization phase    
53    total =    total =    total =    total = 0000; ; ; ; // initialize total// initialize total// initialize total// initialize total    
54             gradeCounter = gradeCounter = gradeCounter = gradeCounter = 1111; ; ; ; // initialize loop counter// initialize loop counter// initialize loop counter// initialize loop counter    
55  
56             // processing phase// processing phase// processing phase// processing phase    
57             whilewhilewhilewhile (  (  (  ( gradeCounter <= gradeCounter <= gradeCounter <= gradeCounter <= 10101010 )  )  )  ) // loop 10 times// loop 10 times// loop 10 times// loop 10 times    
58    {   {   {   {    
59       cout <<       cout <<       cout <<       cout << "Enter grade: ""Enter grade: ""Enter grade: ""Enter grade: ";;;;    // prompt for input// prompt for input// prompt for input// prompt for input    
60       cin >> grade;       cin >> grade;       cin >> grade;       cin >> grade; // input next grade// input next grade// input next grade// input next grade    
61       total = total + grade;       total = total + grade;       total = total + grade;       total = total + grade; // add grade to total// add grade to total// add grade to total// add grade to total    
62                         gradeCounter = gradeCounter + gradeCounter = gradeCounter + gradeCounter = gradeCounter + gradeCounter = gradeCounter + 1111; ; ; ; // increment counter by 1// increment counter by 1// increment counter by 1// increment counter by 1    
63    }    }    }    } // end while// end while// end while// end while    
64  
65          // termination phase // termination phase // termination phase // termination phase    
66             average = total / average = total / average = total / average = total / 10101010; ; ; ; // integer division yields integer result// integer division yields integer result// integer division yields integer result// integer division yields integer result    
67  
68             // display total and average of grades// display total and average of grades// display total and average of grades// display total and average of grades    
69    cout <<   cout <<   cout <<   cout << " " " "\\\\nTotal of all 10 grades is " nTotal of all 10 grades is " nTotal of all 10 grades is " nTotal of all 10 grades is " << total << endl;<< total << endl;<< total << endl;<< total << endl;    
70    cout <<    cout <<    cout <<    cout << "Class average is ""Class average is ""Class average is ""Class average is " << average << endl;  << average << endl;  << average << endl;  << average << endl;     
71 } } } } // end f// end f// end f// end function determineClassAverageunction determineClassAverageunction determineClassAverageunction determineClassAverage    

 

Initialize counter variable 
gradeCounter to 1

Continue looping as long as 
gradeCounter’s value is 
less than or equal to 10

Increment counter by 1, which 
causes gradeCounter to 
exceed 10 eventually

Perform the averaging 
calculation and assign its 
result to the variable 
average

Initilize total variable total to 0

Add the current grade to total

Main Function
 1 // Fig. 4.10: fig04_10.cpp// Fig. 4.10: fig04_10.cpp// Fig. 4.10: fig04_10.cpp// Fig. 4.10: fig04_10.cpp    
 2 // Create GradeBook object and invoke its determineClassAverage function.// Create GradeBook object and invoke its determineClassAverage function.// Create GradeBook object and invoke its determineClassAverage function.// Create GradeBook object and invoke its determineClassAverage function.    
 3 #include#include#include#include    "GradeBook.h" "GradeBook.h" "GradeBook.h" "GradeBook.h" // include definition of class GradeBook// include definition of class GradeBook// include definition of class GradeBook// include definition of class GradeBook    
 4  
 5 intintintint main() main() main() main()    
 6 {{{{    
 7       // create GradeBook object myGradeBook and   // create GradeBook object myGradeBook and   // create GradeBook object myGradeBook and   // create GradeBook object myGradeBook and     
 8             // pass course name to constructor// pass course name to constructor// pass course name to constructor// pass course name to constructor    
 9    GradeBook myGradeBook(    GradeBook myGradeBook(    GradeBook myGradeBook(    GradeBook myGradeBook( "CS101 C++ Programming""CS101 C++ Programming""CS101 C++ Programming""CS101 C++ Programming" ); ); ); );    
10  
11    myGradeBook.displayMessage();    myGradeBook.displayMessage();    myGradeBook.displayMessage();    myGradeBook.displayMessage(); // display welcome message// display welcome message// display welcome message// display welcome message    
12             myGradeBook.determineClassAverage(); myGradeBook.determineClassAverage(); myGradeBook.determineClassAverage(); myGradeBook.determineClassAverage(); // find average of 10 grades// find average of 10 grades// find average of 10 grades// find average of 10 grades    
13             returnreturnreturnreturn    0000; ; ; ; // indicate successful termination// indicate successful termination// indicate successful termination// indicate successful termination    
14 } } } } // end main// end main// end main// end main    
 
Welcome to the grade book forWelcome to the grade book forWelcome to the grade book forWelcome to the grade book for    
CS101 C++ ProgrammingCS101 C++ ProgrammingCS101 C++ ProgrammingCS101 C++ Programming    
 
Enter grade: Enter grade: Enter grade: Enter grade: 67 
Enter grade: Enter grade: Enter grade: Enter grade: 78 
Enter grade: Enter grade: Enter grade: Enter grade: 89 
Enter grade: Enter grade: Enter grade: Enter grade: 67 
Enter grade: Enter grade: Enter grade: Enter grade: 87 
Enter grade: Enter grade: Enter grade: Enter grade: 98 
Enter grade: Enter grade: Enter grade: Enter grade: 93 
Enter grade: Enter grade: Enter grade: Enter grade: 85 
Enter grade: Enter grade: Enter grade: Enter grade: 82 
Enter grade: Enter grade: Enter grade: Enter grade: 100 
 
Total of all 10 grades is 846Total of all 10 grades is 846Total of all 10 grades is 846Total of all 10 grades is 846    
Class average is 84Class average is 84Class average is 84Class average is 84    
    
 

 

Important Details

� Uninitialized variables

• Contain “garbage” (or undefined) values

� Notes on integer division and truncation
• Integer division

• When dividing two integers

• Performs truncation

• Fractional part of the resulting quotient is lost

• Truncation does not mean rounding

• 7 ÷ 4 = 1.75



1/31/2008

18

Formulating Algorithms: 
Sentinel-Controlled Repetition

� Problem statement

Develop a class average program that 
processes grades 

for an arbitrary number of students each time 
it is run.

� Sentinel-controlled repetition
• Also known as indefinite repetition

• Use a sentinel value
• Indicates “end of data entry”

• A sentinel value cannot also be a valid input value

• Also known as a signal, dummy or flag value

Example of Using a Sentinel 
Value

cout << “Enter a number; 0 to quite” << endl;

cin >> myNumber;

while(myNumber != 0)

{

…

}

� Choosing a sentinel value that is also a 

legitimate data value is a logic error.


