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Programs 

A program can be defined as either a set of written instructions created by a programmer or 

an executable piece of software. The word program is used in two ways: to describe individual 

instructions, or source code, created by the programmer, and to describe an entire piece of 

executable software. This distinction can cause enormous confusion, so we will try to 

distinguish between the source code on one hand, and the executable on the other. Source 

code can be turned into an executable program in two ways: Interpreters translate the source 

code into computer instructions, and the computer acts on those instructions immediately. 

Alternatively, compilers translate source code into a program, which you can run at a later 

time. While interpreters are easier to work with, most serious programming is done with 

compilers because compiled code runs much faster. C++ is a compiled language.  

Procedural, Structured, and Object-Oriented Programming 

Until recently, programs were thought of as a series of procedures that acted upon data. A 

procedure, or function, is a set of specific instructions executed one after the other. The data 

was quite separate from the procedures, and the trick in programming was to keep track of 

which functions called which other functions, and what data was changed. To make sense of 

this potentially confusing situation, structured programming was created. 

As an example, computing the average salary of every employee of a company is a rather 

complex task. You can, however, break it down into these subtasks:  

1. Find out what each person earns. 

2. Count how many people you have. 

3. Total all the salaries. 

4. Divide the total by the number of people you have.  

Totaling the salaries can be broken down into  

1. Get each employee's record. 

2. Access the salary. 

3. Add the salary to the running total. 
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4. Get the next employee's record.  

In turn, obtaining each employee's record can be broken down into  

1. Open the file of employees. 

2. Go to the correct record. 

3.  Read the data from disk.  

Structured programming remains an enormously successful approach for dealing with complex 

problems. By the late 1980s, however, some of the deficiencies of structured programing had 

became all too clear. 

First, it is natural to think of your data (employee records, for example) and what you can do 

with your data (sort, edit, and so on) as related ideas. 

Old-fashioned programs forced the user to proceed step-by-step through a series of screens. 

Modern event-driven programs present all the choices at once and respond to the user's 

actions. 

Object-oriented programming attempts to respond to these needs, providing techniques for 

managing enormous complexity, achieving reuse of software components, and coupling data 

with the tasks that manipulate that data. 

The essence of object-oriented programming is to treat data and the procedures that act upon 

the data as a single "object"--a self-contained entity with an identity and certain 

characteristics of its own. 

C++ and Object-Oriented Programming 

C++ fully supports object-oriented programming, including the four pillars of object-oriented 

development: encapsulation, data hiding, inheritance, and polymorphism. 

How C++ Evolved 

As object-oriented analysis, design, and programming began to catch on, Bjarne Stroustrup 

took the most popular language for commercial software development, C, and extended it to 

provide the features needed to facilitate object-oriented programming. He created C++, and 

in less than a decade it has gone from being used by only a handful of developers at AT&T to 

being the programming language of choice for an estimated one million developers worldwide. 

It is expected that by the end of the decade, C++ will be the predominant language for 

commercial software development. 
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The ANSI Standard 

The Accredited Standards Committee, operating under the procedures of the American 

National Standards Institute (ANSI), is working to create an international standard for C++. 

Compiling the Source Code 

To turn your source code into a program, you use a compiler. How you invoke your compiler, 

and how you tell it where to find your source code, will vary from compiler to compiler; check 

your documentation. In Borland's Turbo C++ you pick the RUN menu command or type 

tc <filename> 

from the command line, where <filename> is the name of your source code file (for example, 

test.cpp). Other compilers may do things slightly differently.  

After your source code is compiled, an object file is produced. This file is often named with the 

extension .OBJ. This is still not an executable program, however. To turn this into an 

executable program, you must run your linker.  

Creating an Executable File with the Linker 

The steps to create an executable file are  

1. Create a source code file, with a .CPP extension. 

2. Compile the source code into a file with the .OBJ extension. 

3. Link your OBJ file with any needed libraries to produce an executable program.  

The Development Cycle 

If every program worked the first time you tried it, that would be the complete development 

cycle: Write the program, compile the source code, link the program, and run it. 

Unfortunately, almost every program, no matter how trivial, can and will have errors, or bugs, 

in the program. Some bugs will cause the compile to fail, some will cause the link to fail, and 

some will only show up when you run the program. 

Whatever type of bug you find, you must fix it, and that involves editing your source code, 

recompiling and relinking, and then rerunning the program. The steps in the development of a 

C++ program.  

HELLO.CPP Your First C++ Program 

Traditional programming guides begin by writing the words Hello World to the screen, or a 

variation on that statement. Type the first program directly into your editor, exactly as shown. 
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Once you are certain it is correct, save the file, compile it, link it, and run it. It will print the 

words Hello World to your screen.  For example, in line 1 of Listing , you should enter: 

#include <iostream.h> 

HELLO.CPP, the Hello World program.  

#include <iostream.h> 

int main() 

{ 

   cout << "Hello World!\n"; 

        return 0; 

}  

Make certain you enter this exactly as shown. Pay careful attention to the punctuation. The 

<<  is the redirection symbol, produced on most keyboards by holding the Shift key and 

pressing the comma key twice. Line  ends with a semicolon; don't leave this off! 

Also check to make sure you are following your compiler directions properly. Most compilers 

will link automatically, but check your documentation. If you get errors, look over your code 

carefully and determine how it is different from the above 

Try running HELLO.EXE; it should write 

Hello World! 

directly to your screen. 

Compile Errors 

Compile-time errors can occur for any number of reasons. Usually they are a result of a type 

or other inadvertent minor error. Good compilers will not only tell you what you did wrong, 

they'll point you to the exact place in your code where you made the mistake.. If HELLO.CPP 

ran smoothly, edit it now and remove the closing brace on line 6.  

Demonstration of compiler error.  

1: #include <iostream.h> 

2: 

3: int main() 

4: { 
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5:    cout << "Hello World!\n"; 

6: return 0;  

Recompile your program and you should see an error that looks similar to the following: 

Hello.cpp, line 5: Compound statement missing terminating } in function main().  

This error tells you the file and line number of the problem, and what the problem is (although 

I admit it is somewhat cryptic). Note that the error message points you to line 5. The compiler 

wasn't sure if you intended to put the closing brace before or after the cout statement on line 

5. Sometimes the errors just get you to the general vicinity of the problem. If a compiler could 

perfectly identify every problem, it would fix the code itself.  
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Review Question 

1. What is program? 

2. Explain procedural, structured, and object oriented programming? 

3. Describe relationship between c++ and object oriented 

programming? 

4. Describe development cycle for a program? 

5. Explain compile error? 
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CHAPTER 2CHAPTER 2CHAPTER 2CHAPTER 2    

                                                                                                                        THE PARTS OF A C+THE PARTS OF A C+THE PARTS OF A C+THE PARTS OF A C++ PROGRAM+ PROGRAM+ PROGRAM+ PROGRAM    

A Simple Program 

Even the simple program HELLO.CPP from Chapter 1, "Getting Started," had many interesting 

parts. This section will review this program in more detail.  

HELLO.CPP demonstrates the parts of a C++ program.  

1: #include <iostream.h> 

 2: 

 3: int main()  

4: {  

5: cout << "Hello World!\n";  

6: return 0;  

7: } Hello World!  

On line 1, the file iostream.h is included in the file. The first character is the # symbol, which 

is a signal to the preprocessor. Each time you start your compiler, the preprocessor is run. The 

preprocessor reads through your source code, looking for lines that begin with the pound 

symbol (#), and acts on those lines before the compiler runs. 

include is a preprocessor instruction that says, "What follows is a filename. Find that file and 

read it in right here." The angle brackets around the filename tell the preprocessor to look in 

all the usual places for this file. If your compiler is set up correctly, the angle brackets will 

cause the preprocessor to look for the file iostream.h in the directory that holds all the H files 

for your compiler. The file iostream.h (Input-Output-Stream) is used by cout, which assists 

with writing to the screen. The effect of line 1 is to include the file iostream.h into this 

program as if you had typed it in yourself. 

The preprocessor runs before your compiler each time the compiler is invoked. The 

preprocessor translates any line that begins with a pound symbol (#) into a special command, 

getting your code file ready for the compiler. 

Line 3 begins the actual program with a function named main(). Every C++ program has a 

main() function.main(), like all functions, must state what kind of value it will return. The 
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return value type for main() in HELLO.CPP is void, which means that this function will not 

return any value at all. All functions begin with an opening brace ({) and end with a closing 

brace (}).Everything between the opening and closing braces is considered a part of the 

function. 

The object cout is used to print a message to the screen. Here's how cout is used: type the 

word cout, followed by the output redirection operator (<<).The final two characters, \n, tell 

cout to put a new line after the words Hello World! Some programmers signal an error by 

returning the value 1. In this guide, main() will always return 0. 

Cout 

For now, you can use cout without fully understanding how it works. To print a value to the 

screen, write the word cout, followed by the insertion operator (<<), which you create by 

typing the less-than character (<) twice.  

Using cout  

1: // Listing 2.2 using cout 

 2: 

 3: #include <iostream.h> 

 4: int main() 5: 

 { 6: 

 cout << "Hello there.\n"; 7: 

 cout << "Here is 5: " << 5 << "\n"; 8: 

 cout << "The manipulator endl writes a new line to the screen." << �endl; 

 9: cout << "Here is a very big number:\t" << 70000 << endl; 

 10: cout << "Here is the sum of 8 and 5:\t" << 8+5 << endl; 

 11: cout << "Here's a fraction:\t\t" << (float) 5/8 << endl; 

 12: cout << "And a very very big number:\t" << (double) 7000 * 7000 << �endl;  

13: cout << "Don't forget to replace Jesse Liberty with your name...\n";  

14: cout << "Jesse Liberty is a C++ programmer!\n"; 

 15: return 0; 

 16: }  
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Comments 

Comments are simply text that is ignored by the compiler, but that may inform the reader of 

what you are doing at any particular point in your program.  

Types of Comments 

C++ comments come in two flavors: the double-slash (//) comment, and the slash-star (/*) 

comment. The double-slash comment, which will be referred to as a C++-style comment, tells 

the compiler to ignore everything that follows this comment, until the end of the line. 

The slash-star comment mark tells the compiler to ignore everything that follows until it finds 

a star-slash (*/) comment mark. These marks will be referred to as C-style comments. Every 

/* must be matched with a closing */. 

As you might guess, C-style comments are used in the C language as well, but C++-style 

comments are not part of the official definition of C. 

2.3. HELP.CPP demonstrates comments.  

1: #include <iostream.h> 2: 

3: int main() 

4: {  

5: /* this is a comment  

6: and it extends until the closing  

7: star-slash comment mark */  

8: cout << "Hello World!\n";  

9: // this comment ends at the end of the line  

10: cout << "That comment ended!\n";  

11: 

12: // double slash comments can be alone on a line  

13: /* as can slash-star comments */  

14: return 0;  

15: } Hello World! That comment ended!  

The comments on lines 5 through 7 are completely ignored by the compiler, as  

are the comments on lines 9, 12, and 13. The comment on line 9 ended with the end of the 

line, however, while the comments on lines 5 and 13 required a closing comment mark.  
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Functions 

While main() is a function, it is an unusual one. Typical functions are called, or invoked, during 

the course of your program. A program is executed line by line in the order it appears in your 

source code, until a function is reached. Then the program branches off to execute the 

function. When the function finishes, it returns control to the line of code immediately 

following the call to the function. 

Demonstrating a call to a function.  

1: #include <iostream.h>  

2:  

3: // function Demonstration Function  

4: // prints out a useful message  

5: void DemonstrationFunction()  

6: {  

7: cout << "In Demonstration Function\n";  

8: }  

9:  

10: // function main - prints out a message, then  

11: // calls DemonstrationFunction, then prints out  

12: // a second message.  

13: int main()  

14: {  

15: cout << "In main\n" ;  

16: DemonstrationFunction();  

17: cout << "Back in main\n";  

18: return 0;  

19: } In main In Demonstration Function Back in main  

The function DemonstrationFunction() is defined on lines 5-7. When it is called, it prints a 

message to the screen and then returns. 
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Line 13 is the beginning of the actual program. On line 15, main() prints out a message saying 

it is in main(). After printing the message, line 16 calls DemonstrationFunction(). This call 

causes the commands in DemonstrationFunction() to execute. In this case, the entire function 

consists of the code on line 7, which prints another message. When DemonstrationFunction() 

completes (line 8), it returns back to where it was called from. In this case the program 

returns to line 17, where main() prints its final line.  

Using Functions 

Functions either return a value or they return void, meaning they return nothing. A function 

that adds two integers might return the sum, and thus would be defined to return an integer 

value. A function that just prints a message has nothing to return and would be declared to 

return void. 

Functions consist of a header and a body. The header consists, in turn, of the return type, the 

function name, and the parameters to that function. The parameters to a function allow values 

to be passed into the function. Thus, if the function were to add two numbers, the numbers 

would be the parameters to the function. Here's a typical function header: 

int Sum(int a, int b)  

A parameter is a declaration of what type of value will be passed in; the actual value passed in 

by the calling function is called the argument. The body of a function consists of an opening 

brace, zero or more statements, and a closing brace. The statements constitute the work of 

the function. A function may return a value, using a return statement. This statement will also 

cause the function to exit. If you don't put a return statement into your function, it will 

automatically return void at the end of the function. The value returned must be of the type 

declared in the function header.  

Listing 2.5 demonstrates a function that takes two integer parameters and returns an integer 

value. Don't worry about the syntax or the specifics of how to work with integer values (for 

example, int x) for now; that is covered in detail on Chapter 3. 

FUNC.CPP demonstrates a simple function.  

1: #include <iostream.h>  

2: int Add (int x, int y)  

3: {  

4:  
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5: cout << "In Add(), received " << x << " and " << y << "\n";  

6: return (x+y); 7: }  

8:  

9: int main()  

10: {  

11: cout << "I'm in main()!\n";  

12: int a, b, c;  

13: cout << "Enter two numbers: ";  

14: cin >> a;  

15: cin >> b;  

16: cout << "\nCalling Add()\n";  

17: c=Add(a,b);  

18: cout << "\nBack in main().\n";  

19: cout << "c was set to " << c;  

20: cout << "\nExiting...\n\n";  

21: return 0;  

22: }  

I'm in main()! Enter two numbers: 3 5 Calling Add() In Add(), received 3 and 5 Back in 

main(). c was set to 8 Exiting...  
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Review Question 

1. Define diffrent parts of c program ? 

2. Explain cout and write a program using cout ? 

3. Explain comments and its type ? 

4. Explain functions and write a program using simple function ? 
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CHAPTER 3CHAPTER 3CHAPTER 3CHAPTER 3    

VARIABLES AND CONSTANTSVARIABLES AND CONSTANTSVARIABLES AND CONSTANTSVARIABLES AND CONSTANTS    

Variable 

In C++ a variable is a place to store information. A variable is a location in your computer's 

memory in which you can store a value and from which you can later retrieve that value. 

When you define a variable in C++, you must tell the compiler what kind of variable it is: an 

integer, a character, and so on. This information tells the compiler how much room to set 

aside and what kind of value you want to store in your variable. 

If the type of variable you create is two bytes in size, it needs two bytes of memory. The type 

of the variable (for example, integer) tells the compiler how much memory (how many 

cubbyholes) to set for the variable. Because computers use bits and bytes to represent values.  

Size of Integers 

A char variable (used to hold characters) is most often one byte long. A short integer is two 

bytes on most computers, a long integer is usually four bytes, and an integer (without the 

keyword short or long) can be two or four bytes.  

New Term: A character is a single letter, number, or symbol that takes up one byte of 

memory.  

Determining the size of variable types on your computer. 

1: #include <iostream.h>  

2:  

3: int main()  

4: {  

5: cout << "The size of an int is:\t\t" << sizeof(int) << " bytes.\n";  

6: cout << "The size of a short int is:\t" << sizeof(short) << " bytes.\n";  

7: cout << "The size of a long int is:\t" << sizeof(long) << " bytes.\n";  

8: cout << "The size of a char is:\t\t" << sizeof(char) << " bytes.\n";  

9: cout << "The size of a float is:\t\t" << sizeof(float) << " bytes.\n";  

10: cout << "The size of a double is:\t" << sizeof(double) << " bytes.\n";  
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11:  

12: return 0;  

13: } 

 Output: The size of an int is: 2 bytes.  

The size of a short int is: 2 bytes.  

The size of a long int is: 4 bytes.  

The size of a char is: 1 bytes. 

 The size of a float is: 4 bytes.  

The size of a double is: 8 bytes.  

Table 3.1. Variable Types.  

Type  Size  Values 

unsigned short int 2 bytes 0 to 65,535 

short int 2 bytes -32,768 to 32,767 

unsigned long int 4 bytes 0 to 4,294,967,295 

long int 4 bytes 
-2,147,483,648 to 
2,147,483,647 

int (16 bit) 2 bytes -32,768 to 32,767 

int (32 bit) 4 bytes 
-2,147,483,648 to 
2,147,483,647 

unsigned int (16 bit) 2 bytes 0 to 65,535 

unsigned int (32 bit) 2 bytes 0 to 4,294,967,295 

char 1 byte 256 character values 

float 4 bytes 1.2e-38 to 3.4e38 

double 8 bytes 2.2e-308 to 1.8e308 

Defining a Variable 

You create or define a variable by stating its type, followed by one or more spaces, followed 

by the variable name and a semicolon. The variable name can be virtually any combination of 
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letters, but cannot contain spaces. Legal variable names include x, J23qrsnf, and myAge. The 

following statement defines an integer variable called myAge: 

int myAge;  

As a general programming practice, avoid such horrific names as J23qrsnf, and restrict single-

letter variable names (such as x or i) to variables that are used only very briefly. Try to use 

expressive names such as myAge or howMany. Such names are easier to understand three 

weeks later when you are scratching your head trying to figure out what you meant when you 

wrote that line of code. 

Example 1 

main()  

{  

unsigned short x; unsigned short y; ULONG z; z = x * y; 

 }  

Example 2 

main ()  

{ unsigned short Width; unsigned short Length; unsigned short Area; Area = Width * Length;  

}  

Clearly, the second program is easier to understand, and the inconvenience of having to type 

the longer variable names is more than made up for by how much easier it is to maintain the 

second program.  

Case Sensitivity 

C++ is case-sensitive. In other words, uppercase and lowercase letters are considered to be 

different. A variable named age is different from Age, which is different from AGE.  

There are various conventions for how to name variables, and although it doesn't much matter 

which method you adopt, it is important to be consistent throughout your program. 

Keywords 

Some words are reserved by C++, and you may not use them as variable names. These are 

keywords used by the compiler to control your program. Keywords include if, while, for, and 

main. Your compiler manual should provide a complete list, but generally, any reasonable 

name for a variable is almost certainly not a keyword.  
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Creating More Than One Variable at a Time 

You can create more than one variable of the same type in one statement by writing the type 

and then the variable names, separated by commas. For example: 

unsigned int myAge, myWeight; // two unsigned int variables long area, width, length; // 

three longs  

As you can see, myAge and myWeight are each declared as unsigned integer variables. The 

second line declares three individual long variables named area, width, and length. The type 

(long) is assigned to all the variables, so you cannot mix types in one definition statement.  

Assigning Values to Your Variables 

You assign a value to a variable by using the assignment operator (=). Thus, you would assign 

5 to Width by writing 

unsigned short Width; Width = 5;  

You can combine these steps and initialize Width when you define it by writing 

unsigned short Width = 5;  

Just as you can define more than one variable at a time, you can initialize more than one 

variable at creation. For example: 

// create two long variables and initialize them Âlong width = 5, length = 7;  

This example initializes the long integer variable width to the value 5 and the long integer 

variable length to the value 7. You can even mix definitions and initializations: 

int myAge = 39, yourAge, hisAge = 40;  

This example creates three type int variables, and it initializes the first and third. 

shows a complete program, ready to compile, that computes the area of a rectangle and 

writes the answer to the screen. 

 A demonstration of the use of variables. 

1: // Demonstration of variables  

2: #include <iostream.h>  

3: 

4: int main()  

5: {  

6: unsigned short int Width = 5, Length;  
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7: Length = 10; 

8: 

9: // create an unsigned short and initialize with result  

10: // of multiplying Width by Length 11: unsigned short int Area = Width * Length;  

12:  

13: cout << "Width:" << Width << "\n";  

14: cout << "Length: " << Length << endl;  

15: cout << "Area: " << Area << endl;  

16: return 0;  

17: }  

Output: Width:5  

  Length: 10  

  Area: 50  

typedef 

It can become tedious, repetitious, and, most important, error-prone to keep writing unsigned 

short int. C++ enables you to create an alias for this phrase by using the keyword typedef, 

which stands for type definition. 

typedef is used by writing the keyword typedef, followed by the existing type and then the 

new name. For example 

typedef unsigned short int USHORT  

creates the new name USHORT that you can use anywhere you might have written unsigned 

short int. 

 A demonstration of typedef. 

1: // *****************  

2: // Demonstrates typedef keyword  

3: #include <iostream.h>  

4: 

5: typedef unsigned short int USHORT; //typedef defined  

6:  
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7: void main()  

8: {  

9: USHORT Width = 5;  

10: USHORT Length;  

11: Length = 10;  

12: USHORT Area = Width * Length;  

13: cout << "Width:" << Width << "\n";  

14: cout << "Length: " << Length << endl;  

15: cout << "Area: " << Area <<endl;  

16: } Output: Width:5 Length: 10 Area: 50  

Characters and Numbers 

When you put a character, for example, `a', into a char variable, what is really there is just a 

number between 0 and 255. The compiler knows, however, how to translate back and forth 

between characters (represented by a single quotation mark and then a letter, numeral, or 

punctuation mark, followed by a closing single quotation mark) and one of the ASCII values. 

The value/letter relationship is arbitrary; there is no particular reason that the lowercase "a" is 

assigned the value 97. As long as everyone (your keyboard, compiler, and screen) agrees, 

there is no problem. It is important to realize, however, that there is a big difference between 

the value 5 and the character `5'. The latter is actually valued at 53, much as the letter `a' is 

valued at 97. 

Printing characters based on numbers 

1: #include <iostream.h> 2: int main() 3: { 4: for (int i = 32; i<128; i++) 5: cout << (char) 

i; 6: return 0; 7: }  

Output: !"#$%G'()*+,./0123456789:;<>?@ABCDEFGHIJKLMNOP 

_QRSTUVWXYZ[\]^'abcdefghijklmnopqrstuvwxyz<|>~s  

This simple program prints the character values for the integers 32 through 127.  

Special Printing Characters 

The C++ compiler recognizes some special characters for formatting. Table 3.2 shows the 

most common ones. You put these into your code by typing the backslash (called the escape 
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character), followed by the character. Thus, to put a tab character into your code, you would 

enter a single quotation mark, the slash, the letter t, and then a closing single quotation 

mark: 

char tabCharacter = `\t';  

This example declares a char variable (tabCharacter) and initializes it with the character value 

\t, which is recognized as a tab. The special printing characters are used when printing either 

to the screen or to a file or other output device. 

Table  The Escape Characters.  

Character What it means 

\n new line 

\t tab 

\b backspace 

\" double quote 

\' single quote 

\? question mark 

\\ backslash 

Constants 

Like variables, constants are data storage locations. Unlike variables, and as the name implies, 

constants don't change. You must initialize a constant when you create it, and you cannot 

assign a new value later.  

C++ has two types of constants: literal and symbolic. 

Literal Constants 

A literal constant is a value typed directly into your program wherever it is needed. For 

example 

int myAge = 39;  

myAge is a variable of type int; 39 is a literal constant. You can't assign a value to 39, and its 

value can't be changed.  
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Symbolic Constants 

A symbolic constant is a constant that is represented by a name, just as a variable is 

represented. Unlike a variable, however, after a constant is initialized, its value can't be 

changed. 

If your program has one integer variable named students and another named classes, you 

could compute how many students you have, given a known number of classes, if you knew 

there were 15 students per class: 

students = classes * 15;  

In this example, 15 is a literal constant. Your code would be easier to read, and easier to 

maintain, if you substituted a symbolic constant for this value: 

students = classes * studentsPerClass  

If you later decided to change the number of students in each class, you could do so where 

you define the constant studentsPerClass without having to make a change every place you 

used that value. 

There are two ways to declare a symbolic constant in C++. The old, traditional, and now 

obsolete way is with a preprocessor directive, #define. Defining Constants with #define To 

define a constant the traditional way, you would enter this: 

#define studentsPerClass 15  

Note that studentsPerClass is of no particular type (int, char, and so on). #define does a 

simple text substitution. Every time the preprocessor sees the word studentsPerClass, it puts 

in the text 15. 

Enumerated Constants 

Enumerated constants enable you to create new types and then to define variables of those 

types whose values are restricted to a set of possible values. For example, you can declare 

COLOR to be an enumeration, and you can define that there are five values for COLOR: RED, 

BLUE, GREEN, WHITE, and BLACK. 

The syntax for enumerated constants is to write the keyword enum, followed by the type 

name, an open brace, each of the legal values separated by a comma, and finally a closing 

brace and a semicolon. Here's an example: 

enum COLOR { RED, BLUE, GREEN, WHITE, BLACK };  

This statement performs two tasks:  
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1. It makes COLOR the name of an enumeration, that is, a new type. 

2. It makes RED a symbolic constant with the value 0, BLUE a symbolic constant with the 

value 1, GREEN a symbolic constant with the value 2, and so on.  

Every enumerated constant has an integer value. If you don't specify otherwise, the first 

constant will have the value 0, and the rest will count up from there. Any one of the constants 

can be initialized with a particular value, however, and those that are not initialized will count 

upward from the ones before them. Thus, if you write 

enum Color { RED=100, BLUE, GREEN=500, WHITE, BLACK=700 };  

then RED will have the value 100; BLUE, the value 101; GREEN, the value 500; WHITE, the 

value 501; and BLACK, the value 700. 

You can define variables of type COLOR, but they can be assigned only one of the enumerated 

values (in this case, RED, BLUE, GREEN, WHITE, or BLACK, or else 100, 101, 500, 501, or 

700). You can assign any color value to your COLOR variable. 

 A demonstration of enumerated constants. 

1: #include <iostream.h>  

2: int main()  

3: {  

4: enum Chapters { SunChapter, MonChapter, TuesChapter, WednesChapter, ThursChapter, 

FriChapter, Â_SaturChapter };  

5:  

6: Chapters ChapterOff;  

7: int x;  

8:  

9: cout << "What Chapter would you like off (0-6)? ";  

10: cin >> x;  

11: ChapterOff = Chapters(x);  

12:  

13: if (ChapterOff == SunChapter || ChapterOff == SaturChapter)  

14: cout << "\nYou're already off on weekends!\n";  
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15: else  

16: cout << "\nOkay, I'll put in the vacation Chapter.\n";  

17: return 0;  

18: } 

 Output: What Chapter would you like off (0-6)? 1  

Okay, I'll put in the vacation Chapter. 

 What Chapter would you like off (0-6)? 0  

You're already off on weekends!  
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Review Question 

1. What are variables and how doyou define variables in C ++? 

2. How do you create more than one variables t a time? 

3. Assign values to your variables with an example? 

4. Explain typedef ? And write a program using it? 

5. Explain characters and numbers? 

6. How do you print a character based on numbers? 

7. Explain special printing characters ? 

8. Explain Constant and its various type? 
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CHAPTER 4CHAPTER 4CHAPTER 4CHAPTER 4    

                                                                                    EEEEXPRESSIONS AND STATEMENTSXPRESSIONS AND STATEMENTSXPRESSIONS AND STATEMENTSXPRESSIONS AND STATEMENTS    

Statements 

In C++ a statement controls the sequence of execution, evaluates an expression, or does 

nothing (the null statement). All C++ statements end with a semicolon, even the null 

statement, which is just the semicolon and nothing else. One of the most common statements 

is the following assignment statement: 

x = a + b;  

Unlike in algebra, this statement does not mean that x equals a+b. This is read, "Assign the 

value of the sum of a and b to x," or "Assign to x, a+b." Even though this statement is doing 

two things, it is one statement and thus has one semicolon. The assignment operator assigns 

whatever is on the right side of the equal sign to whatever is on the left side. A null statement 

is a statement that does nothing.  

Whitespace 

Whitespace (tabs, spaces, and newlines) is generally ignored in statements. The assignment 

statement previously discussed could be written as 

x=a+b;  

or as 

x =a + b ;  

Although this last variation is perfectly legal, it is also perfectly foolish. Whitespace can be 

used to make your programs more readable and easier to maintain.  

Blocks and Compound Statements 

Any place you can put a single statement, you can put a compound statement, also called a 

block. A block begins with an opening brace ({) and ends with a closing brace (}). Although 

every statement in the block must end with a semicolon, the block itself does not end with a 

semicolon. For example 

{ temp = a; a = b; b = temp; }  

This block of code acts as one statement and swaps the values in the variables a and b.  
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Expressions 

Anything that evaluates to a value is an expression in C++. An expression is said to return a 

value. Thus, 3+2; returns the value 5 and so is an expression. All expressions are statements. 

The myriad pieces of code that qualify as expressions might surprise you. Here are three 

examples: 

3.2 // returns the value 3.2 PI // float const that returns the value 3.14 SecondsPerMinute // 

int const that returns 60  

Assuming that PI is a constant equal to 3.14 and SecondsPerMinute is a constant equal to 60, 

all three of these statements are expressions. 

The complicated expression 

x = a + b;  

not only adds a and b and assigns the result to x, but returns the value of that assignment 

(the value of x) as well. Thus, this statement is also an expression. Because it is an 

expression, it can be on the right side of an assignment operator: 

y = x = a + b;  

This line is evaluated in the following order: Add a to b. 

Assign the result of the expression a + b to x. 

Assign the result of the assignment expression x = a + b to y. 

If a, b, x, and y are all integers, and if a has the value 2 and b has the value 5, both x and y 

will be assigned the value 7. 

Evaluating complex expressions. 

1: #include <iostream.h>  

2: int main()  

3: {  

4: int a=0, b=0, x=0, y=35;  

5: cout << "a: " << a << " b: " << b;  

6: cout << " x: " << x << " y: " << y << endl;  

7: a = 9;  

8: b = 7;  
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9: y = x = a+b;  

10: cout << "a: " << a << " b: " << b;  

11: cout << " x: " << x << " y: " << y << endl;  

12: return 0;  

13: }  

Output: a: 0 b: 0 x: 0 y: 35 a: 9 b: 7 x: 16 y: 16  

Operators 

An operator is a symbol that causes the compiler to take an action. Operators act on 

operands, and in C++ all operands are expressions. In C++ there are several different 

categories of operators. Two of these categories are  

• Assignment operators.  

• Mathematical operators.  

Assignment Operator 

The assignment operator (=) causes the operand on the left side of the assignment operator 

to have its value changed to the value on the right side of the assignment operator. The 

expression 

x = a + b;  

assigns the value that is the result of adding a and b to the operand x. 

An operand that legally can be on the left side of an assignment operator is called an lvalue. 

That which can be on the right side is called (you guessed it) an rvalue. 

Constants are r-values. They cannot be l-values. Thus, you can write 

x = 35; // ok  

but you can't legally write 

35 = x; // error, not an lvalue!  

Mathematical Operators 

There are five mathematical operators: addition (+), subtraction (-), multiplication (*), 

division (/), and modulus (%). 

Addition and subtraction work as you would expect, although subtraction with unsigned 

integers can lead to surprising results, if the result is a negative number.  
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A demonstration of subtraction and integer overflow. 

1: // - demonstrates subtraction and  

2: // integer overflow  

3: #include <iostream.h>  

4:  

5: int main()  

6: {  

7: unsigned int difference;  

8: unsigned int bigNumber = 100;  

9: unsigned int smallNumber = 50;  

10: difference = bigNumber - smallNumber;  

11: cout << "Difference is: " << difference;  

12: difference = smallNumber - bigNumber;  

13: cout << "\nNow difference is: " << difference <<endl;  

14: return 0;  

15: } Output: Difference is: 50 Now difference is: 4294967246  

Integer Division and Modulus 

When you divide 21 by 4, the result is a real number (a number with a fraction). Integers 

don't have fractions, and so the "remainder" is lopped off. The answer is therefore 5. To get 

the remainder, you take 21 modulus 4 (21 % 4) and the result is 1. The modulus operator 

tells you the remainder after an integer division. 

Combining the Assignment and Mathematical Operators 

It is not uncommon to want to add a value to a variable, and then to assign the result back 

into the variable. If you have a variable myAge and you want to increase the value by two, 

you can write 

int myAge = 5; 

int temp; temp = myAge + 2; // add 5 + 2 and put it in temp myAge = temp; // put it back in 

myAge  

In C++, you can put the same variable on both sides of the assignment operator, and thus the 

preceding becomes 
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myAge = myAge + 2;  

which is much better. In algebra this expression would be meaningless, but in C++ it is read 

as "add two to the value in myAge and assign the result to myAge." 

Even simpler to write, but perhaps a bit harder to read is 

myAge += 2;  

The self-assigned addition operator (+=) adds the rvalue to the lvalue and then reassigns the 

result into the lvalue. This operator is pronounced "plus-equals." The statement would be read 

"myAge plus-equals two." If myAge had the value 4 to start, it would have 6 after this 

statement. 

There are self-assigned subtraction (-=), division (/=), multiplication (*=), and modulus (%=) 

operators as well.  

Increment and Decrement 

The most common value to add (or subtract) and then reassign into a variable is 1. In C++, 

increasing a value by 1 is called incrementing, and decreasing by 1 is called decrementing. 

There are special operators to perform these actions. 

The increment operator (++) increases the value of the variable by 1, and the decrement 

operator (--) decreases it by 1. Thus, if you have a variable, C, and you want to increment it, 

you would use this statement: 

C++; // Start with C and increment it.  

This statement is equivalent to the statement 

C = C + 1;  

which you learned is also equivalent to the statement 

C += 1;  

Prefix and Postfix 

Both the increment operator (++) and the decrement operator(--) come in two varieties: 

prefix and postfix. The prefix variety is written before the variable name (++myAge); the 

postfix variety is written after (myAge++). 

In a simple statement, it doesn't much matter which you use, but in a complex statement, 

when you are incrementing (or decrementing) a variable and then assigning the result to 

another variable. The prefix operator is evaluated before the assignment, the postfix is 

evaluated after. 
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A demonstration of prefix and postfix operators. 

1: // demonstrates use of  

2: // prefix and postfix increment and  

3: // decrement operators  

4: #include <iostream.h>  

5: int main()  

6: {  

7: int myAge = 39; // initialize two integers  

8: int yourAge = 39;  

9: cout << "I am: " << myAge << " years old.\n";  

10: cout << "You are: " << yourAge << " years old\n";  

11: myAge++; // postfix increment  

12: ++yourAge; // prefix increment  

13: cout << "One year passes...\n";  

14: cout << "I am: " << myAge << " years old.\n";  

15: cout << "You are: " << yourAge << " years old\n";  

16: cout << "Another year passes\n";  

17: cout << "I am: " << myAge++ << " years old.\n";  

18: cout << "You are: " << ++yourAge << " years old\n";  

19: cout << "Let's print it again.\n";  

20: cout << "I am: " << myAge << " years old.\n";  

21: cout << "You are: " << yourAge << " years old\n";  

22: return 0;  

23: }  

Output: I am 39 years old You are 39 years old One year passes I am 40 years old You are 40 

years old Another year passes I am 40 years old You are 41 years old Let's print it again I am 

41 years old You are 41 years old  

Precedence 

In the complex statement 

x = 5 + 3 * 8;  
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which is performed first, the addition or the multiplication? If the addition is performed first, 

the answer is 8 * 8, or 64. If the multiplication is performed first, the answer is 5 + 24, or 29. 

Every operator has a precedence value, and the complete list is shown in Appendix A, 

"Operator Precedence." Multiplication has higher precedence than addition, and thus the value 

of the expression is 29. 

When two mathematical operators have the same precedence, they are performed in left-to-

right order. Thus 

x = 5 + 3 + 8 * 9 + 6 * 4;  

is evaluated multiplication first, left to right. Thus, 8*9 = 72, and 6*4 = 24. Now the 

expression is essentially 

x = 5 + 3 + 72 + 24;  

Now the addition, left to right, is 5 + 3 = 8; 8 + 72 = 80; 80 + 24 = 104. 

Relational Operators 

The relational operators are used to determine whether two numbers are equal, or if one is 

greater or less than the other. Every relational statement evaluates to either 1 (TRUE) or 0 

(FALSE). If the integer variable myAge has the value 39, and the integer variable yourAge has 

the value 40, you can determine whether they are equal by using the relational "equals" 

operator: 

myAge == yourAge; // is the value in myAge the same as in yourAge?  

This expression evaluates to 0, or false, because the variables are not equal. The expression 

myAge > yourAge; // is myAge greater than yourAge?  

evaluates to 0 or false.  

There are six relational operators: equals (==), less than (<), greater than (>), less than or 

equal to (<=), greater than or equal to (>=), and not equals (!=). Table 4.1 shows each 

relational operator, its use, and a sample code use. 

Table  The Relational Operators.  

Name Operator Sample Evaluates 

Equals == 100 == 50; false 

  50 == 50; true 
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Not Equals != 100 != 50; true 

  50 != 50; false 

Greater Than > 100 > 50; True 

  50 > 50; False 

Greater Than >= 100 >= 50; True 

or Equals  50 >= 50; True 

Less Than < 100 < 50; False 

  50 < 50; False 

Less Than <= 100 <= 50; False 

or Equals  50 <= 50; True 

The if Statement 

The if statement enables you to test for a condition (such as whether two variables are equal) 

and branch to different parts of your code, depending on the result. 

The simplest form of an if statement is this: 

if (expression) statement;  

The expression in the parentheses can be any expression at all, but it usually contains one of 

the relational expressions. If the expression has the value 0, it is considered false, and the 

statement is skipped. If it has any nonzero value, it is considered true, and the statement is 

executed. Consider the following example: 

if (bigNumber > smallNumber) bigNumber = smallNumber;  

This code compares bigNumber and smallNumber. If bigNumber is larger, the second line sets 

its value to the value of smallNumber. 

Because a block of statements surrounded by braces is exactly equivalent to a single 

statement, the following type of branch can be quite large and powerful: 

if (expression) { statement1; statement2; statement3; }  

A demonstration of branching based on relational operators.  

1: //  demonstrates if statement  

2: // used with relational operators  
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3: #include <iostream.h>  

4: int main()  

5: {  

6: int RedSoxScore, YankeesScore;  

7: cout << "Enter the score for the Red Sox: ";  

8: cin >> RedSoxScore;  

9:  

10: cout << "\nEnter the score for the Yankees: ";  

11: cin >> YankeesScore;  

12:  

13: cout << "\n";  

14:  

15: if (RedSoxScore > YankeesScore)  

16: cout << "Go Sox!\n";  

17:  

18: if (RedSoxScore < YankeesScore)  

19: { 20: cout << "Go Yankees!\n";  

21: cout << "Happy Chapters in New York!\n";  

22: }  

23:  

24: if (RedSoxScore == YankeesScore)  

25: {  

26: cout << "A tie? Naah, can't be.\n";  

27: cout << "Give me the real score for the Yanks: ";  

28: cin >> YankeesScore;  

29:  

30: if (RedSoxScore > YankeesScore)  

31: cout << "Knew it! Go Sox!";  

32:  
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33: if (YankeesScore > RedSoxScore)  

34: cout << "Knew it! Go Yanks!";  

35:  

36: if (YankeesScore == RedSoxScore)  

37: cout << "Wow, it really was a tie!";  

38: }  

39:  

40: cout << "\nThanks for telling me.\n";  

41: return 0;  

42: }  

Output: Enter the score for the Red Sox: 10  

  Enter the score for the Yankees: 10  

  A tie? Naah, 

 can't be Give me the real score for the Yanks: 8 Knew it! Go Sox! Thanks for telling 

me.  

else 

Often your program will want to take one branch if your condition is true, another if it is false. 

If you wanted to print one message (Go Sox!) if the first test (RedSoxScore > Yankees) 

evaluated TRUE, and another message (Go Yanks!) if it evaluated FALSE. 

The method shown so far, testing first one condition and then the other, works fine but is a bit 

cumbersome. The keyword else can make for far more readable code: 

if (expression) statement; else statement;  

demonstrates the use of the keyword else. 

Demonstrating the else keyword.  

1: // Listing 4.5 - demonstrates if statement  

2: // with else clause  

3: #include <iostream.h>  

4: int main()  

5: {  
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6: int firstNumber, secondNumber;  

7: cout << "Please enter a big number: ";  

8: cin >> firstNumber;  

9: cout << "\nPlease enter a smaller number: ";  

10: cin >> secondNumber;  

11: if (firstNumber > secondNumber)  

12: cout << "\nThanks!\n";  

13: else  

14: cout << "\nOops. The second is bigger!";  

15:  

16: return 0;  

17: }  

Output: Please enter a big number: 10 

 Please enter a smaller number: 12 

 Oops. The second is bigger!  

Advanced if Statements 

It is worth noting that any statement can be used in an if or else clause, even another if or 

else statement. Thus, you might see complex if statements in the following form: 

if (expression1) { if (expression2) statement1; else { if (expression3) statement2; else 

statement3; } } else statement4;  

Gives an example of such a complex if statement. 

 A complex, nested if statement.  

1: // Listing 4.5 - a complex nested  

2: // if statement  

3: #include <iostream.h>  

4: int main()  

5: {  

6: // Ask for two numbers  

7: // Assign the numbers to bigNumber and littleNumber  
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8: // If bigNumber is bigger than littleNumber,  

9: // see if they are evenly divisible  

10: // If they are, see if they are the same number  

11:  

12: int firstNumber, secondNumber;  

13: cout << "Enter two numbers.\nFirst: ";  

14: cin >> firstNumber;  

15: cout << "\nSecond: ";  

16: cin >> secondNumber;  

17: cout << "\n\n";  

18:  

19: if (firstNumber >= secondNumber)  

20: {  

21: if ( (firstNumber % secondNumber) == 0) // evenly divisible?  

22: {  

23: if (firstNumber == secondNumber)  

24: cout << "They are the same!\n";  

25: else  

26: cout << "They are evenly divisible!\n";  

27: }  

28: else  

29: cout << "They are not evenly divisible!\n";  

30: }  

31: else  

32: cout << "Hey! The second one is larger!\n";  

33: return 0;  

34: }  

Output: Enter two numbers.  

First: 10  
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Second: 2  

They are evenly divisible!  

Logical Operators 

Imagine a sophisticated alarm system that has this logic: "If the door alarm sounds AND it is 

after six p.m. AND it is NOT a holiChapter, OR if it is a weekend, then call the police." C++'s 

three logical operators are used to make this kind of evaluation. These operators are listed in 

Table. 

Table  The Logical Operators.  

Operator Symbol Example 

AND && expression1 && expression2 

OR || expression1 || expression2 

NOT ! !expression 

Logical AND 

A logical AND statement evaluates two expressions, and if both expressions are true, the 

logical AND statement is true as well. If it is true that you are hungry, AND it is true that you 

have money, THEN it is true that you can buy lunch. Thus, 

if ( (x == 5) && (y == 5) )  

would evaluate TRUE if both x and y are equal to 5, and it would evaluate FALSE if either one 

is not equal to 5. Note that both sides must be true for the entire expression to be true. 

Note that the logical AND is two && symbols. A single & symbol is a different operator. 

Logical OR 

A logical OR statement evaluates two expressions. If either one is true, the expression is true. 

If you have money OR you have a credit card, you can pay the bill. You don't need both 

money and a credit card; you need only one, although having both would be fine as well. 

Thus, 

if ( (x == 5) || (y == 5) )  

evaluates TRUE if either x or y is equal to 5, or if both are. 

Note that the logical OR is two || symbols. A single | symbol is a different operator. 
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Logical NOT 

A logical NOT statement evaluates true if the expression being tested is false. Again, if the 

expression being tested is false, the value of the test is TRUE! Thus 

if ( !(x == 5) )  

is true only if x is not equal to 5. This is exactly the same as writing 

if (x != 5)  

Conditional (Ternary) Operator 

The conditional operator (?:) is C++'s only ternary operator; that is, it is the only operator to 

take three terms.The conditional operator takes three expressions and returns a value: 

(expression1) ? (expression2) : (expression3)  

This line is read as "If expression1 is true, return the value of expression2; otherwise, return 

the value of expression3." Typically, this value would be assigned to a variable. 

A demonstration of the conditional operator. 

1: //  demonstrates the conditional operator  

2: //  

3: #include <iostream.h>  

4: int main()  

5: {  

6: int x, y, z;  

7: cout << "Enter two numbers.\n";  

8: cout << "First: ";  

9: cin >> x;  

10: cout << "\nSecond: ";  

11: cin >> y;  

12: cout << "\n";  

13:  

14: if (x > y)  

15: z = x;  
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16: else  

17: z = y;  

18:  

19: cout << "z: " << z;  

20: cout << "\n";  

21:  

22: z = (x > y) ? x : y;  

23:  

24: cout << "z: " << z;  

25: cout << "\n";  

26: return 0;  

27: }  

Output: Enter two numbers.  

First: 5  

Second: 8  

z: 8 z: 8  
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Review Question 

1. Explain followings with a example? 

a. Statement    b. Whitespace   c. Block and ompound statement   d. 

Expressions 

2.   Explain operators and its types? 

3.   Explain combining assignment and methametial operators? 

4.   Define increment and decrement operators? 

5.   Define relational operators? 

6.   Explain if statement with example? 

7.   Explain logical operators? 
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CHAPTER 5CHAPTER 5CHAPTER 5CHAPTER 5    

                                                                                                            FUNCTIONFUNCTIONFUNCTIONFUNCTION    

Function 

A function is, in effect, a subprogram that can act on data and return a value. Every C++ 

program has at least one function, main(). When your program starts, main() is called 

automatically. main() might call other functions, some of which might call still others. 

Each function has its own name, and when that name is encountered, the execution of the 

program branches to the body of that function. When the function returns, execution resumes 

on the next line of the calling function.  

Declaring and Defining Functions 

Using functions in your program requires that you first declare the function and that you then 

define the function. The declaration tells the compiler the name, return type, and parameters 

of the function. The definition tells the compiler how the function works. No function can be 

called from any other function that hasn't first been declared. The declaration of a function is 

called its prototype.  

Declaring the Function 

There are three ways to declare a function:  

• Write your prototype into a file, and then use the #include directive to include it in your 

program.  

• Write the prototype into the file in which your function is used.  

• Define the function before it is called by any other function. When you do this, the definition 

acts as its own declaration.  

Although you can define the function before using it, and thus avoid the necessity of creating a 

function prototype, this is not good programming practice for three reasons. 

First, it is a bad idea to require that functions appear in a file in a particular order. Doing so 

makes it hard to maintain the program as requirements change. 

Second, it is possible that function A() needs to be able to call function B(), but function B() 

also needs to be able to call function A() under some circumstances. It is not possible to 
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define function A() before you define function B() and also to define function B() before you 

define function A(), so at least one of them must be declared in any case. 

Third, function prototypes are a good and powerful debugging technique. If your prototype 

declares that your function takes a particular set of parameters, or that it returns a particular 

type of value, and then your function does not match the prototype, the compiler can flag your 

error instead of waiting for it to show itself when you run the program.  

Function Prototypes 

Many of the built-in functions you use will have their function prototypes already written in the 

files you include in your program by using #include. For functions you write yourself, you must 

include the prototype. 

The function prototype is a statement, which means it ends with a semicolon. It consists of the 

function's return type, name, and parameter list. 

The parameter list is a list of all the parameters and their types, separated by commas.  

The function prototype and the function definition must agree exactly about the return type, 

the name, and the parameter list. If they do not agree, you will get a compile-time error. 

Note, however, that the function prototype does not need to contain the names of the 

parameters, just their types. A prototype that looks like this is perfectly legal: 

long Area(int, int);  

This prototype declares a function named Area() that returns a long and that has two 

parameters, both integers. Although this is legal, it is not a good idea. Adding parameter 

names makes your prototype clearer. The same function with named parameters might be 

long Area(int length, int width);  

It is now obvious what this function does and what the parameters are. 

Note that all functions have a return type. If none is explicitly stated, the return type defaults 

to int. Your programs will be easier to understand, however, if you explicitly declare the return 

type of every function, including main(). 

A function declaration and the definition and use of that function. 

1: // demonstrates the use of function prototypes  

2:  

3: typedef unsigned short USHORT;  
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4: #include <iostream.h>  

5: USHORT FindArea(USHORT length, USHORT width); //function prototype  

6:  

7: int main()  

8: {  

9: USHORT lengthOfYard;  

10: USHORT widthOfYard;  

11: USHORT areaOfYard;  

12:  

13: cout << "\nHow wide is your yard? ";  

14: cin >> widthOfYard;  

15: cout << "\nHow long is your yard? ";  

16: cin >> lengthOfYard;  

17:  

18: areaOfYard= FindArea(lengthOfYard,widthOfYard);  

19:  

20: cout << "\nYour yard is ";  

21: cout << areaOfYard;  

22: cout << " square feet\n\n";  

23: return 0;  

24: }  

25:  

26: USHORT FindArea(USHORT l, USHORT w)  

27: { 

28: return l * w;  

29: }  

Output: How wide is your yard? 100 

 How long is your yard? 200  

Your yard is 20000 square feet  
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Defining the Function 

The definition of a function consists of the function header and its body. The header is exactly 

like the function prototype, except that the parameters must be named, and there is no 

terminating semicolon. he body of the function is a set of statements enclosed in braces.  

Functions 

Function Prototype Syntax 

return_type function_name ( [type [parameterName]]...);  

Function Definition Syntax 

return_type function_name ( [type parameterName]...) { statements; }  

A function prototype tells the compiler the return type, name, and parameter list. Functions 

are not required to have parameters, and if they do, the prototype is not required to list their 

names, only their types. A prototype always ends with a semicolon (;). A function definition 

must agree in return type and parameter list with its prototype. It must provide names for all 

the parameters, and the body of the function definition must be surrounded by braces. All 

statements within the body of the function must be terminated with semicolons, but the 

function itself is not ended with a semicolon; it ends with a closing brace. If the function 

returns a value, it should end with a return statement. 

Function Prototype Examples 

long FindArea(long length, long width); // returns long, has two parameters  

void PrintMessage(int messageNumber); // returns void, has one parameter  

int GetChoice(); // returns int, has no parameters  

BadFunction(); // returns int, has no parameters  

Function Definition Examples  

long Area(long l, long w)  

{ return l * w; }  

void PrintMessage(int whichMsg)  

{   

   if (whichMsg == 0) cout << "Hello.\n";  

   if (whichMsg == 1) cout << "Goodbye.\n";  
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   if (whichMsg > 1) cout << "I'm confused.\n";  

}  

Local Variables 

Not only can you pass in variables to the function, but you also can declare variables within 

the body of the function. This is done using local variables, so named because they exist only 

locally within the function itself. When the function returns, the local variables are no longer 

available. 

Local variables are defined like any other variables. The parameters passed in to the function 

are also considered local variables and can be used exactly as if they had been defined within 

the body of the function.  

The use of local variables and parameters. 

1: #include <iostream.h>  

2:  

3: float Convert(float);  

4: int main()  

5: {  

6: float TempFer;  

7: float TempCel;  

8:  

9: cout << "Please enter the temperature in Fahrenheit: ";  

10: cin >> TempFer;  

11: TempCel = Convert(TempFer);  

12: cout << "\nHere's the temperature in Celsius: ";  

13: cout << TempCel << endl;  

14: return 0;  

15: }  

16:  

17: float Convert(float TempFer)  

18: {  
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19: float TempCel;  

20: TempCel = ((TempFer - 32) * 5) / 9;  

21: return TempCel;  

22: }  

Output: Please enter the temperature in Fahrenheit: 212  

Here's the temperature in Celsius: 100  

Please enter the temperature in Fahrenheit: 32  

Here's the temperature in Celsius: 0  

Please enter the temperature in Fahrenheit: 85  

Here's the temperature in Celsius: 29.4444  

Global Variables 

Variables defined outside of any function have global scope and thus are available from any 

function in the program, including main().Local variables with the same name as global 

variables do not change the global variables. A local variable with the same name as a global 

variable hides the global variable, however. If a function has a variable with the same name as 

a global variable, the name refers to the local variable--not the global--when used within the 

function.  

Listing 5.3. Demonstrating global and local variables. 

1: #include <iostream.h>  

2: void myFunction(); // prototype  

3:  

4: int x = 5, y = 7; // global variables  

5: int main()  

6: {  

7:  

8: cout << "x from main: " << x << "\n";  

9: cout << "y from main: " << y << "\n\n";  

10: myFunction();  

11: cout << "Back from myFunction!\n\n";  
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12: cout << "x from main: " << x << "\n";  

13: cout << "y from main: " << y << "\n";  

14: return 0; 15: }  

16:  

17: void myFunction()  

18: {  

19: int y = 10;  

20:  

21: cout << "x from myFunction: " << x << "\n";  

22: cout << "y from myFunction: " << y << "\n\n";  

23: }  

Output: x from main: 5  

y from main: 7  

x from myFunction: 5 

y from myFunction: 10  

Back from myFunction!  

x from main: 5  

y from main: 7  

Return Values 

Functions return a value or return void. Void is a signal to the compiler that no value will be 

returned.To return a value from a function, write the keyword return followed by the value you 

want to return. The value might itself be an expression that returns a value. For example: 

return 5; return (x > 5); return (MyFunction());  

These are all legal return statements, assuming that the function MyFunction() itself returns a 

value. The value in the second statement, return (x > 5), will be zero if x is not greater than 

5, or it will be 1. What is returned is the value of the expression, 0 (false) or 1 (true), not the 

value of x. 

A demonstration of multiple return statements. 

1: // Listing 5.6 - demonstrates multiple return  
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2: // statements  

3:  

4: #include <iostream.h>  

5:  

6: int Doubler(int AmountToDouble);  

7:  

8: int main()  

9: {  

10:  

11: int result = 0;  

12: int input;  

13:  

14: cout << "Enter a number between 0 and 10,000 to double: ";  

15: cin >> input;  

16:  

17: cout << "\nBefore doubler is called... ";  

18: cout << "\ninput: " << input << " doubled: " << result << "\n";  

19:  

20: result = Doubler(input);  

21:  

22: cout << "\nBack from Doubler...\n";  

23: cout << "\ninput: " << input << " doubled: " << result << "\n";  

24:  

25:  

26: return 0;  

27: }  

28:  

29: int Doubler(int original)  

30: {  
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31: if (original <= 10000)  

32: return original * 2;  

33: else  

34: return -1;  

35: cout << "You can't get here!\n";  

36: } 

 Output: Enter a number between 0 and 10,000 to double: 9000 

 Before doubler is called... input: 9000 doubled: 0  

Back from doubler...  

input: 9000  

doubled: 18000  

Enter a number between 0 and 10,000 to double: 11000 

Before doubler is called...  

input: 11000 doubled: 0  

Back from doubler... input: 11000  

doubled: -1  

Overloading Functions 

C++ enables you to create more than one function with the same name. This is called function 

overloading. The functions must differ in their parameter list, with a different type of 

parameter, a different number of parameters, or both. Here's an example: 

int myFunction (int, int); int myFunction (long, long); int myFunction (long);  

myFunction() is overloaded with three different parameter lists. The first and second versions 

differ in the types of the parameters, and the third differs in the number of parameters. 

The return types can be the same or different on overloaded functions. You should note that 

two functions with the same name and parameter list, but different return types, generate a 

compiler error. 

Suppose you write a function that doubles whatever input you give it. You would like to be 

able to pass in an int, a long, a float, or a double. Without function overloading, you would 

have to create four function names: 
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int DoubleInt(int); long DoubleLong(long); float DoubleFloat(float); double 

DoubleDouble(double);  

With function overloading, you make this declaration: 

int Double(int); long Double(long); float Double(float); double Double(double);  

This is easier to read and easier to use. You don't have to worry about which one to call; you 

just pass in a variable, and the right function is called automatically. Listing 5.8 illustrates the 

use of function overloading. 

A demonstration of function overloading 

1: // Listing 5.8 - demonstrates  

2: // function polymorphism  

3:  

4: #include <iostream.h>  

5:  

6: int Double(int);  

7: long Double(long);  

8: float Double(float);  

9: double Double(double);  

10:  

11: int main()  

12: {  

13: int myInt = 6500;  

14: long myLong = 65000;  

15: float myFloat = 6.5F;  

16: double myDouble = 6.5e20;  

17:  

18: int doubledInt;  

19: long doubledLong;  

20: float doubledFloat;  

21: double doubledDouble;  



 

Class 11   Programming ic C++   51

22:  

23: cout << "myInt: " << myInt << "\n";  

24: cout << "myLong: " << myLong << "\n";  

25: cout << "myFloat: " << myFloat << "\n";  

26: cout << "myDouble: " << myDouble << "\n";  

27:  

28: doubledInt = Double(myInt);  

29: doubledLong = Double(myLong);  

30: doubledFloat = Double(myFloat);  

31: doubledDouble = Double(myDouble);  

32:  

33: cout << "doubledInt: " << doubledInt << "\n";  

34: cout << "doubledLong: " << doubledLong << "\n";  

35: cout << "doubledFloat: " << doubledFloat << "\n";  

36: cout << "doubledDouble: " << doubledDouble << "\n";  

37:  

38: return 0;  

39: }  

40:  

41: int Double(int original)  

42: {  

43: cout << "In Double(int)\n";  

44: return 2 * original;  

45: }  

46:  

47: long Double(long original)  

48: {  

49: cout << "In Double(long)\n";  

50: return 2 * original; 51: }  
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52:  

53: float Double(float original)  

54: {  

55: cout << "In Double(float)\n";  

56: return 2 * original; 57: }  

58:  

59: double Double(double original)  

60: {  

61: cout << "In Double(double)\n";  

62: return 2 * original;  

63: }  

Output: myInt: 6500  

myLong: 65000  

myFloat: 6.5  

myDouble: 6.5e+20  

In Double(int) In Double(long) In Double(float) In Double(double) DoubledInt: 13000  

DoubledLong: 130000 DoubledFloat: 13 DoubledDouble: 1.3e+21  

Inline Functions 

If a function is declared with the keyword inline, the compiler does not create a real function: 

it copies the code from the inline function directly into the calling function. No jump is made; it 

is just as if you had written the statements of the function right into the calling function. 

Demonstrates an inline function. 

1: //  demonstrates inline functions  

2:  

3: #include <iostream.h>  

4:  

5: inline int Double(int);  

6:  

7: int main()  



 

Class 11   Programming ic C++   53

8: {  

9: int target;  

10:  

11: cout << "Enter a number to work with: ";  

12: cin >> target;  

13: cout << "\n";  

14:  

15: target = Double(target);  

16: cout << "Target: " << target << endl;  

17:  

18: target = Double(target);  

19: cout << "Target: " << target << endl;  

20:  

21:  

22: target = Double(target);  

23: cout << "Target: " << target << endl;  

24: return 0;  

25: }  

26:  

27: int Double(int target)  

28: {  

29: return 2*target;  

30: }  

Output: Enter a number to work with: 20  

Target: 40  

Target: 80  

Target: 160  
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Recursion 

A function can call itself. This is called recursion, and recursion can be direct or indirect. It is 

direct when a function calls itself; it is indirect recursion when a function calls another function 

that then calls the first function. 

It is important to note that when a function calls itself, a new copy of that function is run. The 

local variables in the second version are independent of the local variables in the first, and 

they cannot affect one another directly, any more than the local variables in main() can affect 

the local variables in any function it calls. 

To illustrate solving a problem using recursion, consider the Fibonacci series: 

1,1,2,3,5,8,13,21,34...  

Each number, after the second, is the sum of the two numbers before it. A Fibonacci problem 

might be to determine what the 12th number in the series is. 

One way to solve this problem is to examine the series carefully. The first two numbers are 1. 

Each subsequent number is the sum of the previous two numbers. Thus, the seventh number 

is the sum of the sixth and fifth numbers. More generally, the nth number is the sum of n - 2 

and n - 1, as long as n > 2. 

Recursive functions need a stop condition. Something must happen to cause the program to 

stop recursing, or it will never end. In the Fibonacci series, n < 3 is a stop condition. 

The algorithm to use is this:  

1. Ask the user for a position in the series. 

2. Call the fib() function with that position, passing in the value the user entered 

3. The fib() function examines the argument (n). If n < 3 it returns 1; otherwise, fib() 

calls itself (recursively) passing in n-2, calls itself again passing in n-1, and returns the 

sum.  

If you call fib(1), it returns 1. If you call fib(2), it returns 1. If you call fib(3), it returns the 

sum of calling fib(2) and fib(1). Because fib(2) returns 1 and fib(1) returns 1, fib(3) will return 

2. 

If you call fib(4), it returns the sum of calling fib(3) and fib(2). We've established that fib(3) 

returns 2 (by calling fib(2) and fib(1)) and that fib(2) returns 1, so fib(4) will sum these 

numbers and return 3, which is the fourth number in the series. 
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Taking this one more step, if you call fib(5), it will return the sum of fib(4) and fib(3). We've 

established that fib(4) returns 3 and fib(3) returns 2, so the sum returned will be 5. 

Demonstrates recursion using the Fibonacci series. 

1: //demonstrates recursion  

2: // Fibonacci find.  

3: // Finds the nth Fibonacci number  

4: // Uses this algorithm: Fib(n) = fib(n-1) + fib(n-2)  

5: // Stop conditions: n = 2 || n = 1  

6:  

7: #include <iostream.h>  

8:  

9: int fib(int n);  

10:  

11: int main()  

12: {  

13:  

14: int n, answer;  

15: cout << "Enter number to find: ";  

16: cin >> n;  

17:  

18: cout << "\n\n";  

19:  

20: answer = fib(n);  

21:  

22: cout << answer << " is the " << n << "th Fibonacci number\n";  

23: return 0;  

24: }  

25:  

26: int fib (int n)  
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27: {  

28: cout << "Processing fib(" << n << ")... ";  

29:  

30: if (n < 3 )  

31: {  

32: cout << "Return 1!\n";  

33: return (1); 34: }  

35: else  

36: {  

37: cout << "Call fib(" << n-2 << ") and fib(" << n-1 << ").\n";  

38: return( fib(n-2) + fib(n-1));  

39: }  

40: }  

Output: Enter number to find: 5  

Processing fib(5)... Call fib(3) and fib(4). Processing fib(3)... Call fib(1) and fib(2). Processing 

fib(1)... Return 1! Processing fib(2)... Return 1! Processing fib(4)... Call fib(2) and fib(3). 

Processing fib(2)... Return 1! Processing fib(3)... Call fib(1) and fib(2). Processing fib(1)... 

Return 1! Processing fib(2)... Return 1! 5 is the 5th Fibonacci number  
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Review Questions 

1. Explain functions ? How do you declare and define functions? 

2. Describe function prototype with example ? 

3. What is local variable and uses of local variables and parameters ? 

4. Explain Overloading functions with example ? 

5. Explain Inline functions with example ? 

6. Explain Recursion with example ? 
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CHAPTER 6CHAPTER 6CHAPTER 6CHAPTER 6    

                CLASSESCLASSESCLASSESCLASSES    

Basic Classes 

• Classes extend the built-in capabilities of C++ to assist you in representing and solving 

complex, real-world problems.  

Classes and Members 

You make a new type by declaring a class. A class is just a collection of variables--often of 

different types--combined with a set of related functions. 

One way to think about a car is as a collection of wheels, doors, seats, windows, and so on. 

Another way is to think about what a car can do: It can move, speed up, slow down, stop, 

park, and so on. A class enables you to encapsulate, or bundle, these various parts and 

various functions into one collection, which is called an object. 

A class can consist of any combination of the variable types and also other class types. The 

variables in the class are referred to as the member variables or data members. A Car class 

might have member variables representing the seats, radio type, tires, and so forth. 

The functions in the class typically manipulate the member variables. They are referred to as 

member functions or methods of the class. Methods of the Car class might include Start() and 

Brake(). A Cat class might have data members that represent age and weight; its methods 

might include Sleep(), Meow(), and ChaseMice(). 

Declaring a Class 

To declare a class, use the class keyword followed by an opening brace, and then list the data 

members and methods of that class. End the declaration with a closing brace and a semicolon. 

Here's the declaration of a class called Cat: 

class Cat  

{  

   unsigned int itsAge;  

   unsigned int itsWeight;  

   Meow();  

};  
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Declaring this class doesn't allocate memory for a Cat. It just tells the compiler what a Cat is, 

what data it contains (itsAge and itsWeight), and what it can do (Meow()). It also tells the 

compiler how big a Cat is--that is, how much room the compiler must set aside for each Cat 

that you create. In this example, if an integer is two bytes, a Cat is only four bytes big: itsAge 

is two bytes, and itsWeight is another two bytes. Meow() takes up no room, because no 

storage space is set aside for member functions (methods).  

Defining an Object 

You define an object of your new type just as you define an integer variable: 

unsigned int GrossWeight;  

// define an unsigned integer Cat Frisky;  

// define a Cat  

This code defines a variable called Gross Weight whose type is an unsigned integer. It also 

defines Frisky, which is an object whose class (or type) is Cat.  

Accessing Class Members 

Once you define an actual Cat object--for example, Frisky--you use the dot operator (.) to 

access the members of that object. Therefore, to assign 50 to Frisky's Weight member 

variable, you would write 

Frisky.Weight = 50;  

In the same way, to call the Meow() function, you would write 

Frisky.Meow();  

When you use a class method, you call the method. In this example, you are calling Meow() 

on Frisky.  

Assign to Objects, Not to Classes 

In C++ you don't assign values to types; you assign values to variables. For example, you 

would never write 

int = 5; // wrong  

The compiler would flag this as an error, because you can't assign 5 to an integer. Rather, you 

must define an integer variable and assign 5 to that variable. For example, 

int x; // define x to be an int x = 5; // set x's value to 5  
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This is a shorthand way of saying, "Assign 5 to the variable x, which is of type int." In the 

same way, you wouldn't write 

Cat.age=5; // wrong ???  

The compiler would flag this as an error, because you can't assign 5 to the age part of a Cat. 

Rather, you must define a Cat object and assign 5 to that object. For example, 

Cat Frisky; // just like int x; Frisky.age = 5; // just like x = 5;  

If You Dont Declare It, Your Class Wont Have It 

Try this experiment: Walk up to a three-year-old and show her a cat. Then say, "This is Frisky. 

Frisky knows a trick. Frisky, bark." The child will giggle and say, "No, silly, cats can't bark." 

If you wrote 

Cat Frisky; // make a Cat named Frisky Frisky.Bark() // tell Frisky to bark  

the compiler would say, No, silly, Cats can't bark. (Your compiler's wording may vary). The 

compiler knows that Frisky can't bark because the Cat class doesn't have a Bark() function. 

The compiler wouldn't even let Frisky meow if you didn't define a Meow() function.  

Private Versus Public 

Other keywords are used in the declaration of a class. Two of the most important are public 

and private. 

All members of a class--data and methods--are private by default. Private members can be 

accessed only within methods of the class itself. Public members can be accessed through any 

object of the class. This distinction is both important and confusing. To make it a bit clearer, 

consider an example from earlier in this chapter: 

class Cat { unsigned int itsAge; unsigned int itsWeight; Meow(); };  

In this declaration, itsAge, itsWeight, and Meow() are all private, because all members of a 

class are private by default. This means that unless you specify otherwise, they are private. 

However, if you write 

Cat Boots; Boots.itsAge=5; // error! can't access private data!  

the compiler flags this as an error. In effect, you've said to the compiler, "I'll access itsAge, 

itsWeight, and Meow() only from within member functions of the Cat class." Yet here you've 

accessed the itsAge member variable of the Boots object from outside a Cat method. Just 

because Boots is an object of class Cat, that doesn't mean that you can access the parts of 

Boots that are private. 



 

Class 11   Programming ic C++   61

This is a source of endless confusion to new C++ programmers. I can almost hear you yelling, 

"Hey! I just said Boots is a cat. Why can't Boots access his own age?" The answer is that Boots 

can, but you can't. Boots, in his own methods, can access all his parts--public and private. 

Even though you've created a Cat, that doesn't mean that you can see or change the parts of 

it that are private. 

The way to use Cat so that you can access the data members is 

class Cat { public: unsigned int itsAge; unsigned int itsWeight; Meow(); };  

Now itsAge, itsWeight, and Meow() are all public. Boots.itsAge=5 compiles without problems. 

Accessing the public members of a simple class. 

1: // Demonstrates declaration of a class and  

2: // definition of an object of the class,  

3:  

4: #include <iostream.h> // for cout  

5:  

6: class Cat // declare the class object  

7: {  

8: public: // members which follow are public  

9: int itsAge;  

10: int itsWeight;  

11: };  

12:  

13:  

14: void main()  

15: {  

16: Cat Frisky;  

17: Frisky.itsAge = 5; // assign to the member variable  

18: cout << "Frisky is a cat who is " ;  

19: cout << Frisky.itsAge << " years old.\n";  

20: } 

 Output: Frisky is a cat who is 5 years old.  
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Constructors and Destructors 

Classes have a special member function called a constructor. The constructor can take 

parameters as needed, but it cannot have a return value--not even void. The constructor is a 

class method with the same name as the class itself. 

Whenever you declare a constructor, you'll also want to declare a destructor. Just as 

constructors create and initialize objects of your class, destructors clean up after your object 

and free any memory you might have allocated. A destructor always has the name of the 

class, preceded by a tilde (~). Destructors take no arguments and have no return value. 

Therefore, the Cat declaration includes 

~Cat();  

Using constructors and destructors 

1: // Demonstrates declaration of a constructors and  

2: // destructor for the Cat class  

3:  

4: #include <iostream.h> // for cout  

5:  

6: class Cat // begin declaration of the class  

7: {  

8: public: // begin public section  

9: Cat(int initialAge); // constructor  

10: ~Cat(); // destructor  

11: int GetAge(); // accessor function  

12: void SetAge(int age); // accessor function  

13: void Meow();  

14: private: // begin private section  

15: int itsAge; // member variable  

16: };  

17:  

18: // constructor of Cat,  

19: Cat::Cat(int initialAge)  
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20: {  

21: itsAge = initialAge;  

22: }  

23:  

24: Cat::~Cat() // destructor, takes no action  

25: {  

26: }  

27:  

28: // GetAge, Public accessor function  

29: // returns value of itsAge member  

30: int Cat::GetAge()  

31: {  

32: return itsAge;  

33: }  

34:  

35: // Definition of SetAge, public  

36: // accessor function  

37:  

38: void Cat::SetAge(int age)  

39: {  

40: // set member variable its age to  

41: // value passed in by parameter age  

42: itsAge = age;  

43: }  

44:  

45: // definition of Meow method  

46: // returns: void  

47: // parameters: None  

48: // action: Prints "meow" to screen  
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49: void Cat::Meow()  

50: {  

51: cout << "Meow.\n";  

52: }  

53:  

54: // create a cat, set its age, have it  

55 // meow, tell us its age, then meow again.  

56: int main()  

57: {  

58: Cat Frisky(5);  

59: Frisky.Meow();  

60: cout << "Frisky is a cat who is " ;  

61: cout << Frisky.GetAge() << " years old.\n";  

62: Frisky.Meow();  

63: Frisky.SetAge(7);  

64: cout << "Now Frisky is " ;  

65: cout << Frisky.GetAge() << " years old.\n";  

66; return 0;  

67: }  

Output: Meow.  

Frisky is a cat who is 5 years old.  

Meow.  

Now Frisky is 7 years old.  

Structures 

A very close cousin to the class keyword is the keyword struct, which is used to declare a 

structure. In C++, a structure is exactly like a class, except that its members are public by 

default. You can declare a structure exactly as you declare a class, and you can give it exactly 

the same data members and functions. In fact, if you follow the good programming practice of 

always explicitly declaring the private and public sections of your class, there will be no 

difference whatsoever. 
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Review Question 

1. What is the dot operator, and what is it used for? 

2. Which sets aside memory--declaration or definition? 

3. Is the declaration of a class its interface or its implementation? 

4. What is the difference between public and private data members? 

5. Can member functions be private? 

6. Can member data be public? 

7. Do class declarations end with a semicolon? Do class method definitions? 

8. What function is called to initialize a class?  

Lab Exercises 

1. Write the code that declares a class called Employee with these data 

members: age, yearsOfService, and Salary. 

2. Rewrite the Employee class to make the data members private, and 

provide public accessor methods to get and set each of the data members. 

3. Write a program with the Employee class that makes two Employees; sets 

their age, YearsOfService, and Salary; and prints their values. 

4. Continuing from Exercise 3, provide a method of Employee that reports 

how many thousands of dollars the employee earns, rounded to the nearest 

1,000. 

5. Change the Employee class so that you can initialize age, YearsOfService, 

and Salary when you create the employee. 

6. BUG BUSTERS: What is wrong with the following declaration?  

class Square { public: int Side; }  

7. BUG BUSTERS: Why isn't the following class declaration very useful?  

class Cat { int GetAge()const; private: int itsAge; };  

8. BUG BUSTERS: What three bugs in this code will the compiler find?  

class TV { public: void SetStation(int Station); int GetStation() const; 

private: int itsStation; }; main() { TV myTV; myTV.itsStation = 9; 

TV.SetStation(10); TV myOtherTv(2); } 
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CHAPTER 7CHAPTER 7CHAPTER 7CHAPTER 7    

MORE PROGRAM FLOWMORE PROGRAM FLOWMORE PROGRAM FLOWMORE PROGRAM FLOW    

Looping 

Many programming problems are solved by repeatedly acting on the same data. There are two 

ways to do this: recursion and iteration. Iteration means doing the same thing again and 

again. The principal method of iteration is the loop.  

The Roots of Looping goto 

In the primitive Chapters of early computer science, programs were nasty, brutish, and short. 

Loops consisted of a label, some statements, and a jump. 

In C++, a label is just a name followed by a colon (:). The label is placed to the left of a legal 

C++ statement, and a jump is accomplished by writing goto followed by the label name. 

Looping with the keyword goto. 

1: //  

2: // Looping with goto  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter = 0; // initialize counter  

9: loop: counter ++; // top of the loop  

10: cout << "counter: " << counter << "\n";  

11: if (counter < 5) // test the value  

12: goto loop; // jump to the top  

13:  

14: cout << "Complete. Counter: " << counter << ".\n";  

15: return 0;  

16: }  
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Output: counter: 1  

counter: 2  

counter: 3  

counter: 4  

counter: 5  

Complete. Counter: 5.  

Why goto Is Shunned 

goto has received some rotten press lately, and it's well deserved. goto statements can cause 

a jump to any location in your source code, backward or forward. The indiscriminate use of 

goto statements has caused tangled, miserable, impossible-to-read programs known as 

"spaghetti code." Because of this, computer science teachers have spent the past 20 years 

drumming one lesson into the heads of their students: "Never, ever, ever use goto! It is evil!" 

To avoid the use of goto, more sophisticated, tightly controlled looping commands have been 

introduced: for, while, and do...while. Using these makes programs that are more easily 

understood, and goto is generally avoided, but one might argue that the case has been a bit 

overstated. Like any tool, carefully used and in the right hands, goto can be a useful 

construct, and the ANSI committee decided to keep it in the language because it has its 

legitimate uses.  

While Loops 

A while loop causes your program to repeat a sequence of statements as long as the starting 

condition remains true. In the example of goto, the counter was incremented until it was equal  

to 5.  

while loops. 

1: //   

2: // Looping with while  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  
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8: int counter = 0; // initialize the condition  

9:  

10: while(counter < 5) // test condition still true  

11: {  

12: counter++; // body of the loop  

13: cout << "counter: " << counter << "\n";  

14: }  

15:  

16: cout << "Complete. Counter: " << counter << ".\n";  

17: return 0;  

18: }  

Output: counter: 1  

counter: 2  

counter: 3  

counter: 4  

counter: 5  

Complete. Counter: 5.  

The while Statement 

The syntax for the while statement is as follows: 

while ( condition ) statement;  

condition is any C++ expression, and statement is any valid C++ statement or block of 

statements. When condition evaluates to TRUE (1), statement is executed, and then condition 

is tested again. This continues until condition tests FALSE, at which time the while loop 

terminates and execution continues on the first line below statement. 

Example 

// count to 10 int x = 0; while (x < 10) cout << "X: " << x++;  

More Complicated while Statements 

The condition tested by a while loop can be as complex as any legal C++ expression. This can 

include expressions produced using the logical && (AND), || (OR), and ! (NOT) operators.  
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Complex while loops. 

1: //   

2: // Complex while statements  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: unsigned short small;  

9: unsigned long large;  

10: const unsigned short MAXSMALL=65535;  

11:  

12: cout << "Enter a small number: ";  

13: cin >> small;  

14: cout << "Enter a large number: ";  

15: cin >> large;  

16:  

17: cout << "small: " << small << "...";  

18:  

19: // for each iteration, test three conditions  

20: while (small < large && large > 0 && small < MAXSMALL)  

21:  

22: {  

23: if (small % 5000 == 0) // write a dot every 5k lines  

24: cout << ".";  

25:  

26: small++;  

27:  

28: large-=2;  
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29: }  

30:  

31: cout << "\nSmall: " << small << " Large: " << large << endl;  

32: return 0;  

33: }  

Output: Enter a small number: 2 

 Enter a large number: 100000 small: 2......... 

 Small: 33335  

Large: 33334  

continue and break 

At times you'll want to return to the top of a while loop before the entire set of statements in 

the while loop is executed. The continue statement jumps back to the top of the loop. 

At other times, you may want to exit the loop before the exit conditions are met. The break 

statement immediately exits the while loop, and program execution resumes after the closing 

brace. 

Below demonstrates the use of these statements. This time the game has become more 

complicated. The user is invited to enter a small number and a large number, a skip number, 

and a target number. The small number will be incremented by one, and the large number will 

be decremented by 2. The decrement will be skipped each time the small number is a multiple 

of the skip. The game ends if small becomes larger than large. If the large number reaches 

the target exactly, a statement is printed and the game stops. 

The user's goal is to put in a target number for the large number that will stop the game. 

break and continue. 

1: //   

2: // Demonstrates break and continue  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  
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8: unsigned short small;  

9: unsigned long large;  

10: unsigned long skip;  

11: unsigned long target;  

12: const unsigned short MAXSMALL=65535;  

13:  

14: cout << "Enter a small number: ";  

15: cin >> small;  

16: cout << "Enter a large number: ";  

17: cin >> large;  

18: cout << "Enter a skip number: ";  

19: cin >> skip;  

20: cout << "Enter a target number: ";  

21: cin >> target;  

22:  

23: cout << "\n";  

24:  

25: // set up 3 stop conditions for the loop  

26: while (small < large && large > 0 && small < 65535)  

27:  

28: {  

29:  

30: small++;  

31:  

32: if (small % skip == 0) // skip the decrement?  

33: {  

34: cout << "skipping on " << small << endl;  

35: continue;  

36: }  
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37:  

38: if (large == target) // exact match for the target?  

39: {  

40: cout << "Target reached!";  

41: break;  

42: }  

43:  

44: large-=2;  

45: } // end of while loop  

46:  

47: cout << "\nSmall: " << small << " Large: " << large << endl;  

48: return 0;  

49: }  

Output: Enter a small number: 2  

Enter a large number: 20  

Enter a skip number: 4  

Enter a target number: 6  

skipping on 4 skipping on  

8 Small: 10 Large: 8  

The continue Statement 

continue; causes a while or for loop to begin again at the top of the loop. Example 

if (value > 10) goto end; if (value < 10) goto end; cout << "value is 10!"; end: cout << 

"done";  

The break Statement 

break; causes the immediate end of a while or for loop. Execution jumps to the closing brace. 

Example 

while (condition) { if (condition2) break; // statements; }  
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while (1) Loops 

The condition tested in a while loop can be any valid C++ expression. As long as that 

condition remains true, the while loop will continue. You can create a loop that will never end 

by using the number 1 for the condition to be tested. Since 1 is always true, the loop will 

never end, unless a break statement is reached. Flowing Listing 7.5 demonstrates counting to 

10 using this construct. 

while (1) loops. 

1: //  

2: // Demonstrates a while true loop  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter = 0;  

9:  

10: while (1)  

11: {  

12: counter ++;  

13: if (counter > 10)  

14: break;  

15: }  

16: cout << "Counter: " << counter << "\n";  

17: return 0;  

18: } 

Output: Counter: 11  

do...while Loops 

It is possible that the body of a while loop will never execute. The while statement checks its 

condition before executing any of its statements, and if the condition evaluates false, the 

entire body of the while loop is skipped.  
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Skipping the body of the while Loop. 

1: //  

2: // Demonstrates skipping the body of  

3: // the while loop when the condition is false.  

4:  

5: #include <iostream.h>  

6:  

7: int main()  

8: {  

9: int counter;  

10: cout << "How many hellos?: ";  

11: cin >> counter;  

12: while (counter > 0)  

13: {  

14: cout << "Hello!\n";  

15: counter--;  

16: }  

17: cout << "Counter is OutPut: " << counter;  

18: return 0;  

19: }  

Output: How many hellos?: 2  

Hello! Hello! Counter is OutPut: 0  

How many hellos?: 0  

Counter is OutPut: 0  

do...while 

The do...while loop executes the body of the loop before its condition is tested and ensures 

that the body always executes at least one time. 

Demonstrates do...while loop. 

1: //  

2: // Demonstrates do while  
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3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter;  

9: cout << "How many hellos? ";  

10: cin >> counter;  

11: do  

12: {  

13: cout << "Hello\n";  

14: counter--;  

15: } while (counter >0 );  

16: cout << "Counter is: " << counter << endl;  

17: return 0;  

18: } 

Output: How many hellos? 2  

Hello Hello  

Counter is: 0  

The do...while Statement 

The syntax for the do...while statement is as follows: 

do statement while (condition);  

statement is executed, and then condition is evaluated. If condition is TRUE, the loop is 

repeated; otherwise, the loop ends. The statements and conditions are otherwise identical to 

the while loop. Example 1 

// count to 10 int x = 0; do cout << "X: " << x++; while (x < 10)  

Example 2 

// print lowercase alphabet. char ch = `a'; do { cout << ch << ` `; ch++; } while ( ch <= 

`z' );  
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for Loops 

When programming while loops, you'll often find yourself setting up a starting condition, 

testing to see if the condition is true, and incrementing or otherwise changing a variable each 

time through the loop.  

While reexamined. 

1: // 

2: // Looping with while  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter = 0;  

9:  

10: while(counter < 5)  

11: {  

12: counter++;  

13: cout << "Looping! ";  

14: }  

15:  

16: cout << "\nCounter: " << counter << ".\n";  

17: return 0;  

18: }  

Output: Looping!  

Looping!  

Looping!  

Looping!  

Looping!  

Counter: 5.  
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Demonstrating the for loop. 

1: //  

2: // Looping with for  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter;  

9: for (counter = 0; counter < 5; counter++)  

10: cout << "Looping! ";  

11:  

12: cout << "\nCounter: " << counter << ".\n";  

13: return 0;  

14: }  

Output:  

Looping!  

Looping!  

Looping!  

Looping!  

Looping!  

Counter: 5.  

The for Statement 

The syntax for the for statement is as follows: 

for (initialization; test; action ) statement;  

The initialization statement is used to initialize the state of a counter, or to otherwise prepare 

for the loop. test is any C++ expression and is evaluated each time through the loop. If test is 

TRUE, the action in the header is executed (typically the counter is incremented) and then the 

body of the for loop is executed. Example 1 
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// print Hello ten times for (int i = 0; i<10; i++) cout << "Hello! ";  

Example 2 

for (int i = 0; i < 10; i++) { cout << "Hello!" << endl; cout << "the value of i is: " << i << 

endl; }  

Advanced for Loops 

for statements are powerful and flexible. The three independent statements (initialization, 

test, and action) lend themselves to a number of variations. 

A for loop works in the following sequence:  

1. Performs the operations in the initialization. 

2. Evaluates the condition. 

3. If the condition is TRUE, executes the action statement and the loop.  

After each time through, the loop repeats steps 2 and 3. Multiple Initialization and Increments 

It is not uncommon to initialize more than one variable, to test a compound logical expression, 

and to execute more than one statement. The initialization and the action may be replaced by 

multiple C++ statements, each separated by a comma. Listing 7.10 demonstrates the 

initialization and increment of two variables. 

Demonstrating multiple statements in for loops. 

1: // 

2: // demonstrates multiple statements in  

3: // for loops  

4:  

5: #include <iostream.h>  

6:  

7: int main()  

8: {  

9: for (int i=0, j=0; i<3; i++, j++)  

10: cout << "i: " << i << " j: " << j << endl;  

11: return 0;  

12: }  

Output:  
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i: 0  

j: 0  

i: 1  

j: 1  

i: 2  

j: 2  

Null statements in for loops. 

1: //  

2: // For loops with null statements  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter = 0;  

9:  

10: for( ; counter < 5; )  

11: {  

12: counter++;  

13: cout << "Looping! ";  

14: }  

15:  

16: cout << "\nCounter: " << counter << ".\n";  

17: return 0;  

18: }  

output:  

Looping!  

Looping!  

Looping!  
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Looping!  

Looping!  

Counter: 5.  

Illustrating empty for loop statement. 

1: // 

2: //empty for loop statement  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int counter=0; // initialization  

9: int max;  

10: cout << "How many hellos?";  

11: cin >> max;  

12: for (;;) // a for loop that doesn't end  

13: {  

14: if (counter < max) // test  

15: {  

16: cout << "Hello!\n";  

17: counter++; // increment  

18: }  

19: else  

20: break;  

21: }  

22: return 0;  

23: }  

Output: How many hellos?3 

 Hello! 
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 Hello! 

 Hello!  

Empty for Loops 

So much can be done in the header of a for statement, there are times you won't need the 

body to do anything at all. In that case, be sure to put a null statement (;) as the body of the 

loop. The semicolon can be on the same line as the header, but this is easy to overlook. 

Listing 7.13 illustrates how to use a null body in a for loop. 

Illustrates the null statement in a for loop. 

1: // 

2: //Demonstrates null statement  

3: // as body of for loop  

4:  

5: #include <iostream.h>  

6: int main()  

7: {  

8: for (int i = 0; i<5; cout << "i: " << i++ << endl)  

9: ;  

10: return 0;  

11: }  

Output:  

i: 0  

i: 1  

i: 2  

i: 3  

i: 4  

Nested Loops 

Loops may be nested, with one loop sitting in the body of another. The inner loop will be 

executed in full for every execution of the outer loop.  
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Illustrates nested for loops. 

1: // 

2: //Illustrates nested for loops  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: int rows, columns;  

9: char theChar;  

10: cout << "How many rows? ";  

11: cin >> rows;  

12: cout << "How many columns? ";  

13: cin >> columns;  

14: cout << "What character? ";  

15: cin >> theChar;  

16: for (int i = 0; i<rows; i++)  

17: {  

18: for (int j = 0; j<columns; j++)  

19: cout << theChar; 20: cout << "\n";  

21: }  

22: return 0;  

23: }  

Output: How many rows? 4  

How many columns? 12  

What character? x xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx xxxxxxxxxxxx  

Scoping in for Loops 

You will remember that variables are scoped to the block in which they are created. That is, a 

local variable is visible only within the block in which it is created. It is important to note that 

counting variables created in the header of a for loop are scoped to the outer block, not the 
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inner block. The implication of this is that if you have two for loops in the same function, you 

must give them different counter variables, or they may interfere with one another.  

Summing Up Loops 

A Fibonacci series starts with 1, 1, 2, 3, and all subsequent numbers are the sum of the 

previous two: 

1,1,2,3,5,8,13,21,34...  

The nth Fibonacci number is the sum of the n-1 and the n-2 Fibonacci numbers. The problem 

solved on Chapter 5 was finding the value of the nth Fibonacci number. This was done with 

recursion. 

Solving the nth Fibonacci numberusing iteration. 

 1: //   

2: // Demonstrates solving the nth  

3: // Fibonacci number using iteration  

4:  

5: #include <iostream.h>  

6:  

7: typedef unsigned long int ULONG;  

8:  

9: ULONG fib(ULONG position);  

10: int main()  

11: {  

12: ULONG answer, position;  

13: cout << "Which position? ";  

14: cin >> position;  

15: cout << "\n";  

16:  

17: answer = fib(position);  

18: cout << answer << " is the ";  

19: cout << position << "th Fibonacci number.\n";  

20: return 0;  
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21: }  

22:  

23: ULONG fib(ULONG n)  

24: {  

25: ULONG minusTwo=1, minusOne=1, answer=2;  

26:  

27: if (n < 3)  

28: return 1;  

29:  

30: for (n -= 3; n; n--)  

31: {  

32: minusTwo = minusOne;  

33: minusOne = answer;  

34: answer = minusOne + minusTwo;  

35: }  

36:  

37: return answer;  

38: }  

Output: Which position? 4  

3 is the 4th Fibonacci number.  

Which position? 5  

5 is the 5th Fibonacci number.  

Which position? 20  

6765 is the 20th Fibonacci number.  

Which position? 100  

3314859971 is the 100th Fibonacci number.  

the function iterates using the following algorithm: 

1. Establish the starting position: Fill variable answer with 2, minusTwo with 0 (answer-

2), and minusOne with 1 (answer-1). Decrement the position by 3, because the first 

two numbers are handled by the starting position. 

2. For every number, count up the Fibonacci series. This is done by 
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a. Putting the value currently in minusOne into minusTwo. 

b. Putting the value currently in answer into minusOne. 

c. Adding minusOne and minusTwo and putting the sum in answer. 

d. Decrementing n. 

3. When n reaches 0, return the answer. 

This is exactly how you would solve this problem with pencil and paper. If you were asked for 

the fifth Fibonacci number, you would write: 

1, 1, 2,  

and think, "two more to do." You would then add 2+1 and write 3, and think, "one more to 

find." Finally you would write 3+2 and the answer would be 5. In effect, you are shifting your 

attention right one number each time through, and decrementing the number remaining to be 

found. 

Note the condition tested on line 30 (n). This is a C++ idiom, and is exactly equivalent to n != 

0. This for loop relies on the fact that when n reaches 0 it will evaluate false, because 0 is 

false in C++. The for loop header could have been written: 

for (n-=3; n>0; n++)  

which might have been clearer. However, this idiom is so common in C++ that there is little 

sense in fighting it. 

Compile, link, and run this program, along with the recursive solution offered on Chapter 5. 

Try finding position 25 and compare the time it takes each program. Recursion is elegant, but 

because the function call brings a performance overhead, and because it is called so many 

times, its performance is noticeably slower than iteration. Microcomputers tend to be 

optimized for the arithmetic operations, so the iterative solution should be blazingly fast. 

Be careful how large a number you enter. fib grows quickly, and long integers will overflow 

after a while.  

switch Statements 

You saw how to write if and if/else statements. These can become quite confusing when 

nested too deeply, and C++ offers an alternative. Unlike if, which evaluates one value, switch 

statements allow you to branch on any of a number of different values. The general form of 

the switch statement is: 

switch (expression) { case valueOne: statement; break; case valueTwo: statement; break; .... 

case valueN: statement; break; default: statement; }  
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expression is any legal C++ expression, and the statements are any legal C++ statements or 

block of statements. switch evaluates expression and compares the result to each of the case 

values. Note, however, that the evaluation is only for equality; relational operators may not be 

used here, nor can Boolean operations. 

If one of the case values matches the expression, execution jumps to those statements and 

continues to the end of the switch block, unless a break statement is encountered. If nothing 

matches, execution branches to the optional default statement. If there is no default and there 

is no matching value, execution falls through the switch statement and the statement ends.  

It is important to note that if there is no break statement at the end of a case statement, 

execution will fall through to the next case statement. This is sometimes necessary, but 

usually is an error. If you decide to let execution fall through, be sure to put a comment, 

indicating that you didn't just forget the break. 

 Iillustrates use of the switch statement. 

Demonstrating the switch statement.  

1: // 

2: // Demonstrates switch statement  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: unsigned short int number;  

9: cout << "Enter a number between 1 and 5: ";  

10: cin >> number;  

11: switch (number)  

12: {  

13: case 0: cout << "Too small, sorry!";  

14: break;  

15: case 5: cout << "Good job!\n"; // fall through  

16: case 4: cout << "Nice Pick!\n"; // fall through  

17: case 3: cout << "Excellent!\n"; // fall through  
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18: case 2: cout << "Masterful!\n"; // fall through  

19: case 1: cout << "Incredible!\n";  

20: break;  

21: default: cout << "Too large!\n";  

22: break; 23: }  

24: cout << "\n\n";  

25: return 0;  

26: }  

Output: Enter a number between 1 and 5: 3  

Excellent! Masterful! Incredible!  

Enter a number between 1 and 5: 8  

Too large!  

The switch Statement 

The syntax for the switch statement is as follows: 

switch (expression) { case valueOne: statement; case valueTwo: statement; .... case valueN: 

statement default: statement; }  

The switch statement allows for branching on multiple values of expression. The expression is 

evaluated, and if it matches any of the case values, execution jumps to that line. Execution 

continues until either the end of the switch statement or a break statement is encountered. If 

expression does not match any of the case statements, and if there is a default statement, 

execution switches to the default statement, otherwise the switch statement ends. Example 1 

switch (choice) { case 0: cout << "Zero!" << endl; break case 1: cout << "One!" << endl; 

break; case 2: cout << "Two!" << endl; default: cout << "Default!" << endl; }  

Example 2 

switch (choice) { choice 0: choice 1: choice 2: cout << "Less than 3!"; break; choice 3: cout 

<< "Equals 3!"; break; default: cout << "greater than 3!"; }  

 

 

 

 



 

Class 11   Programming ic C++   88

Review Question 

1. How do I initialize more than one variable in a for loop? 

2. Why is goto avoided? 

3. Is it possible to write a for loop with a body that is never executed? 

4. Is it possible to nest while loops within for loops? 

5. Is it possible to create a loop that never ends? Give an example. 

6. What happens if you create a loop that never ends?  

Lab Exercises 

1. What is the value of x when the for loop completes?  

     for (int x = 0; x < 100; x++)  

2. Write a nested for loop that prints a 10x10 pattern of 0s. 

3. Write a for statement to count from 100 to 200 by 2s. 

4. Write a while loop to count from 100 to 200 by 2s. 

5. Write a do...while loop to count from 100 to 200 by 2s. 

6. BUG BUSTERS: What is wrong with this code?  

int counter = 0 while (counter < 10) { cout << "counter: " << counter; }  

7. BUG BUSTERS: What is wrong with this code?  

for (int counter = 0; counter < 10; counter++); cout << counter << " ";  

8. BUG BUSTERS: What is wrong with this code?  

int counter = 100; while (counter < 10) { cout << "counter now: " << counter; 

counter--; }  

9. BUG BUSTERS: What is wrong with this code?  

cout << "Enter a number between 0 and 5: "; cin >> theNumber; switch 

(theNumber) { case 0: doZero(); case 1: // fall through case 2: // fall through case 

3: // fall through case 4: // fall through case 5: doOneToFive(); break; default: 

doDefault(); break; }  
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CHAPTER 8CHAPTER 8CHAPTER 8CHAPTER 8    

    POINTERSPOINTERSPOINTERSPOINTERS    

Pointer 

A pointer is a variable that holds a memory address.  

To understand pointers, you must know a little about computer memory. Computer memory is 

divided into sequentially numbered memory locations. Each variable is located at a unique 

location in memory, known as its address.  

Different computers number this memory using different, complex schemes. Usually 

programmers don't need to know the particular address of any given variable, because the 

compiler handles the details. If you want this information, though, you can use the address of 

operator (&). 

Demonstrating address of variables. 

1: // Demonstrates address of operator  

2: // and addresses of local variables  

3:  

4: #include <iostream.h>  

5:  

6: int main()  

7: {  

8: unsigned short shortVar=5;  

9: unsigned long longVar=65535;  

10: long sVar = -65535;  

11:  

12: cout << "shortVar:\t" << shortVar;  

13: cout << " Address of shortVar:\t";  

14: cout << &shortVar _<< "\n";  

15:  

16: cout << "longVar:\t" << longVar;  
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17: cout << " Address of longVar:\t" ;  

18: cout << &longVar _<< "\n";  

19:  

20: cout << "sVar:\t" << sVar;  

21: cout << " Address of sVar:\t" ;  

22: cout << &sVar _<< "\n";  

23:  

24: return 0;  

25: }  

Output: shortVar: 5  

Address of shortVar: 0x8fc9:fff4  

longVar: 65535  

Address of longVar: 0x8fc9:fff2  

sVar: -65535 Address of sVar: 0x8fc9:ffee  

(Your printout may look different.) 

Storing the Address in a Pointer 

Every variable has an address. Even without knowing the specific address of a given variable, 

you can store that address in a pointer. 

For example, suppose that howOld is an integer. To declare a pointer called pAge to hold its 

address, you would write 

int *pAge = 0;  

This declares pAge to be a pointer to int. That is, pAge is declared to hold the address of an 

int. 

Note that pAge is a variable like any of the variables. When you declare an integer variable 

(type int), it is set up to hold an integer. When you declare a pointer variable like pAge, it is 

set up to hold an address. pAge is just a different type of variable. 

In this example, pAge is initialized to zero. A pointer whose value is zero is called a null 

pointer. All pointers, when they are created, should be initialized to something. If you don't 

know what you want to assign to the pointer, assign 0. A pointer that is not initialized is called 

a wild pointer. Wild pointers are very dangerous.  
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If you do initialize the pointer to 0, you must specifically assign the address of howOld to 

pAge. Here's an example that shows how to do that: 

unsigned short int howOld = 50; // make a variable unsigned short int * pAge = 0; // make a 

pointer pAge = &howOld; // put howOld's address in pAge  

The first line creates a variable--howOld, whose type is unsigned short int--and initializes it 

with the value 50. The second line declares pAge to be a pointer to type unsigned short int 

and initializes it to zero. You know that pAge is a pointer because of the asterisk (*) after the 

variable type and before the variable name. 

The third and final line assigns the address of howOld to the pointer pAge. You can tell that 

the address of howOld is being assigned because of the address of operator (&). If the address 

of operator had not been used, the value of howOld would have been assigned. That might, or 

might not, have been a valid address. 

At this point, pAge has as its value the address of howOld. howOld, in turn, has the value 50. 

You could have accomplished this with one less step, as in 

unsigned short int howOld = 50; // make a variable unsigned short int * pAge = &howOld; // 

make pointer to howOld  

pAge is a pointer that now contains the address of the howOld variable. Using pAge, you can 

actually determine the value of howOld, which in this case is 50. Accessing howOld by using 

the pointer pAge is called indirection because you are indirectly accessing howOld by means of 

pAge. Later toChapter you will see how to use indirection to access a variable's value. 

Pointer Names 

Pointers can have any name that is legal for other variables. This guide follows the convention 

of naming all pointers with an initial p, as in pAge or pNumber.  

The Indirection Operator 

The indirection operator (*) is also called the dereference operator. When a pointer is 

dereferenced, the value at the address stored by the pointer is retrieved. 

Normal variables provide direct access to their own values. If you create a new variable of 

type unsigned short int called yourAge, and you want to assign the value in howOld to that 

new variable, you would write 

unsigned short int yourAge; yourAge = howOld;  
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A pointer provides indirect access to the value of the variable whose address it stores. To 

assign the value in howOld to the new variable yourAge by way of the pointer pAge, you would 

write 

unsigned short int yourAge; yourAge = *pAge;  

The indirection operator (*) in front of the variable pAge means "the value stored at." This 

assignment says, "Take the value stored at the address in pAge and assign it to yourAge."  

Pointers, Addresses, and Variables 

It is important to distinguish between a pointer, the address that the pointer holds, and the 

value at the address held by the pointer. This is the source of much of the confusion about 

pointers. 

Consider the following code fragment: 

int theVariable = 5; int * pPointer = &theVariable ;  

theVariable is declared to be an integer variable initialized with the value 5. pPointer is 

declared to be a pointer to an integer; it is initialized with the address of theVariable. pPointer 

is the pointer. The address that pPointer holds is the address of theVariable. The value at the 

address that pPointer holds is 5.  

Manipulating Data by Using Pointers 

Once a pointer is assigned the address of a variable, you can use that pointer to access the 

data in that variable.  

Manipulating data by using pointers. 

1: // Using pointers  

2:  

3: #include <iostream.h>  

4:  

5: typedef unsigned short int USHORT;  

6: int main()  

7: {  

8: USHORT myAge; // a variable  

9: USHORT * pAge = 0; // a pointer  

10: myAge = 5;  
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11: cout << "myAge: " << myAge << "\n";  

12:  

13: pAge = &myAge; // assign address of myAge to pAge  

14:  

15: cout << "*pAge: " << *pAge << "\n\n";  

16:  

17: cout << "*pAge = 7\n";  

18:  

19: *pAge = 7; // sets myAge to 7  

20:  

21: cout << "*pAge: " << *pAge << "\n";  

22: cout << "myAge: " << myAge << "\n\n";  

23:  

24:  

25: cout << "myAge = 9\n";  

26:  

27: myAge = 9;  

28:  

29: cout << "myAge: " << myAge << "\n";  

30: cout << "*pAge: " << *pAge << "\n";  

31:  

32: return 0;  

33: }  

Output:  

myAge: 5  

*pAge: 5 *pAge = 7  

*pAge: 7  

myAge: 7  

myAge = 9  



 

Class 11   Programming ic C++   94

myAge: 9 * 

pAge: 9  

Examining the Address 

Pointers enable you to manipulate addresses without ever knowing their real value. After 

toChapter, you'll take it on faith that when you assign the address of a variable to a pointer, it 

really has the address of that variable as its value.  

Finding out what is stored in pointers. 

1: // What is stored in a pointer.  

2:  

3: #include <iostream.h>  

4:  

5: typedef unsigned short int USHORT;  

6: int main()  

7: {  

8: unsigned short int myAge = 5, yourAge = 10;  

9: unsigned short int * pAge = &myAge; // a pointer  

10:  

11: cout << "myAge:\t" << myAge << "\tyourAge:\t" << yourAge << "\n"; 12: cout << 

"&myAge:\t" << &myAge << "\t&yourAge:\t" << &yourAge <<"\n";  

13:  

14: cout << "pAge:\t" << pAge << "\n";  

15: cout << "*pAge:\t" << *pAge << "\n";  

16:  

17: pAge = &yourAge; // reassign the pointer  

18:  

19: cout << "myAge:\t" << myAge << "\tyourAge:\t" << yourAge << "\n"; 20: cout << 

"&myAge:\t" << &myAge << "\t&yourAge:\t" << &yourAge <<"\n";  

21:  

22: cout << "pAge:\t" << pAge << "\n";  

23: cout << "*pAge:\t" << *pAge << "\n";  
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24:  

25: cout << "&pAge:\t" << &pAge << "\n";  

26: return 0;  

27: }  

Output: myAge: 5  

yourAge: 10  

&myAge: 0x355C  

&yourAge: 0x355E  

pAge: 0x355C  

*pAge: 5  

myAge: 5  

yourAge: 10  

&myAge: 0x355C  

&yourAge: 0x355E  

pAge: 0x355E  

*pAge: 10  

&pAge: 0x355A  

(Your output may look different.) 

The Stack and the Free Store 

In the "Extra Credit" section following the discussion of functions in Chapter 5, five areas of 

memory are mentioned:  

• Global name space  

• The free store  

• Registers  

• Code space  

• The stack  

Local variables are on the stack, along with function parameters. Code is in code space, of 

course, and global variables are in global name space. The registers are used for internal 

housekeeping functions, such as keeping track of the top of the stack and the instruction 
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pointer. Just about all remaining memory is given over to the free store, which is sometimes 

referred to as the heap. 

The problem with local variables is that they don't persist: When the function returns, the local 

variables are thrown away. Global variables solve that problem at the cost of unrestricted 

access throughout the program, which leads to the creation of code that is difficult to 

understand and maintain. Putting data in the free store solves both of these problems. 

You can think of the free store as a massive section of memory in which thousands of 

sequentially numbered cubbyholes lie waiting for your data. You can't label these cubbyholes, 

though, as you can with the stack. You must ask for the address of the cubbyhole that you 

reserve and then stash that address away in a pointer. 

One way to think about this is with an analogy: A friend gives you the 800 number for Acme 

Mail Order. You go home and program your telephone with that number, and then you throw 

away the piece of paper with the number on it. If you push the button, a telephone rings 

somewhere, and Acme Mail Order answers. You don't remember the number, and you don't 

know where the other telephone is located, but the button gives you access to Acme Mail 

Order. Acme Mail Order is your data on the free store. You don't know where it is, but you 

know how to get to it. You access it by using its address--in this case, the telephone number. 

You don't have to know that number; you just have to put it into a pointer (the button). The 

pointer gives you access to your data without bothering you with the details. 

The stack is cleaned automatically when a function returns. All the local variables go out of 

scope, and they are removed from the stack. The free store is not cleaned until your program 

ends, and it is your responsibility to free any memory that you've reserved when you are done 

with it. 

The advantage to the free store is that the memory you reserve remains available until you 

explicitly free it. If you reserve memory on the free store while in a function, the memory is 

still available when the function returns. 

The advantage of accessing memory in this way, rather than using global variables, is that 

only functions with access to the pointer have access to the data. This provides a tightly 

controlled interface to that data, and it eliminates the problem of one function changing that 

data in unexpected and unanticipated ways. 

For this to work, you must be able to create a pointer to an area on the free store and to pass 

that pointer among functions. The following sections describe how to do this.  
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new 

You allocate memory on the free store in C++ by using the new keyword. new is followed by 

the type of the object that you want to allocate so that the compiler knows how much memory 

is required. Therefore, new unsigned short int allocates two bytes in the free store, and new 

long allocates four. 

The return value from new is a memory address. It must be assigned to a pointer. To create 

an unsigned short on the free store, you might write 

unsigned short int * pPointer; pPointer = new unsigned short int;  

You can, of course, initialize the pointer at its creation with 

unsigned short int * pPointer = new unsigned short int;  

In either case, pPointer now points to an unsigned short int on the free store. You can use this 

like any other pointer to a variable and assign a value into that area of memory by writing 

*pPointer = 72;  

This means, "Put 72 at the value in pPointer," or "Assign the value 72 to the area on the free 

store to which pPointer points." 

If new cannot create memory on the free store (memory is, after all, a limited resource) it 

returns the null pointer. You must check your pointer for null each time you request new 

memory.  

delete 

When you are finished with your area of memory, you must call delete on the pointer. delete 

returns the memory to the free store. Remember that the pointer itself--as opposed to the 

memory to which it points--is a local variable. When the function in which it is declared 

returns, that pointer goes out of scope and is lost. The memory allocated with new is not freed 

automatically, however. That memory becomes unavailable--a situation called a memory leak. 

It's called a memory leak because that memory can't be recovered until the program ends. It 

is as though the memory has leaked out of your computer. 

To restore the memory to the free store, you use the keyword delete. For example, 

delete pPointer;  

When you delete the pointer, what you are really doing is freeing up the memory whose 

address is stored in the pointer. You are saying, "Return to the free store the memory that this 

pointer points to." The pointer is still a pointer, and it can be reassigned. Listing 8.4 

demonstrates allocating a variable on the heap, using that variable, and deleting it.  
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WARNING: When you call delete on a pointer, the memory it points to is freed. Calling delete 

on that pointer again will crash your program! When you delete a pointer, set it to zero (null). 

Calling delete on a null pointer is guaranteed to be safe. For example:  

Animal *pDog = new Animal; delete pDog; //frees the memory  

pDog = 0; //sets pointer to null //... delete pDog; //harmless  

Allocating, using, and deleting pointers. 

1: //  

2: // Allocating and deleting a pointer  

3:  

4: #include <iostream.h>  

5: int main()  

6: {  

7: int localVariable = 5;  

8: int * pLocal= &localVariable;  

9: int * pHeap = new int;  

10: if (pHeap == NULL)  

11: {  

12: cout << "Error! No memory for pHeap!!";  

13: return 0;  

14: }  

15: *pHeap = 7;  

16: cout << "localVariable: " << localVariable << "\n";  

17: cout << "*pLocal: " << *pLocal << "\n";  

18: cout << "*pHeap: " << *pHeap << "\n";  

19: delete pHeap;  

20: pHeap = new int;  

21: if (pHeap == NULL)  

22: {  

23: cout << "Error! No memory for pHeap!!";  
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24: return 0;  

25: }  

26: *pHeap = 9;  

27: cout << "*pHeap: " << *pHeap << "\n";  

28: delete pHeap;  

29: return 0;  

30: }  

Output: localVariable: 5  

*pLocal: 5  

*pHeap: 7  

*pHeap: 9  

Memory Leaks 

Another way you might inadvertently create a memory leak is by reassigning your pointer 

before deleting the memory to which it points. Consider this code fragment: 

1: unsigned short int * pPointer = new unsigned short int; 2: *pPointer = 72; 3: pPointer = 

new unsigned short int; 4: *pPointer = 84;  

Line 1 creates pPointer and assigns it the address of an area on the free store. Line 2 stores 

the value 72 in that area of memory. Line 3 reassigns pPointer to another area of memory. 

Line 4 places the value 84 in that area. The original area--in which the value 72 is now held--

is unavailable because the pointer to that area of memory has been reassigned. There is no 

way to access that original area of memory, nor is there any way to free it before the program 

ends. 

The code should have been written like this: 

1: unsigned short int * pPointer = new unsigned short int; 2: *pPointer = 72; 3: delete 

pPointer; 4: pPointer = new unsigned short int; 5: *pPointer = 84;  

Now the memory originally pointed to by pPointer is deleted, and thus freed, in line 3.  

Accessing Data Members 

You accessed data members and functions by using the dot (.) operator for Cat objects 

created locally. To access the Cat object on the free store, you must dereference the pointer 

and call the dot operator on the object pointed to by the pointer. Therefore, to access the 

GetAge member function, you would write 
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(*pRags).GetAge();  

Parentheses are used to assure that pRags is dereferenced before GetAge() is accessed. 

Because this is cumbersome, C++ provides a shorthand operator for indirect access: the 

points-to operator (->), which is created by typing the dash (-) immediately followed by the 

greater-than symbol (>). C++ treats this as a single symbol. 

Accessing member data of objects on the free store. 

1: //  

2: // Accessing data members of objects on the heap  

3:  

4: #include <iostream.h>  

5:  

6: class SimpleCat  

7: {  

8: public:  

9: SimpleCat() {itsAge = 2; }  

10: ~SimpleCat() {}  

11: int GetAge() const { return itsAge; }  

12: void SetAge(int age) { itsAge = age; }  

13: private:  

14: int itsAge;  

15: };  

16:  

17: int main()  

18: {  

19: SimpleCat * Frisky = new SimpleCat;  

20: cout << "Frisky is " << Frisky->GetAge() << " years old\n";  

21: Frisky->SetAge(5);  

22: cout << "Frisky is " << Frisky->GetAge() << " years old\n";  
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23: delete Frisky;  

24: return 0;  

25: }  

Output: Frisky is 2 years old Frisky is 5 years old  

The this Pointer 

Every class member function has a hidden parameter: the this pointer. this points to the 

individual object. Therefore, in each call to GetAge() or SetAge(), the this pointer for the 

object is included as a hidden parameter. 

It is possible to use the this pointer explicitly,  

Using the this pointer. 

1: //  

2: // Using the this pointer  

3:  

4: #include <iostream.h>  

5:  

6: class Rectangle  

7: {  

8: public:  

9: Rectangle();  

10: ~Rectangle();  

11: void SetLength(int length) { this->itsLength = length; }  

12: int GetLength() const { return this->itsLength; }  

13:  

14: void SetWidth(int width) { itsWidth = width; }  

15: int GetWidth() const { return itsWidth; }  

16:  

17: private:  

18: int itsLength;  
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19: int itsWidth;  

20: };  

21:  

22: Rectangle::Rectangle()  

23: {  

24: itsWidth = 5;  

25: itsLength = 10;  

26: }  

27: Rectangle::~Rectangle()  

28: {}  

29:  

30: int main()  

31: {  

32: Rectangle theRect;  

33: cout << "theRect is " << theRect.GetLength() << " feet long.\n";  

34: cout << "theRect is " << theRect.GetWidth() << " feet wide.\n";  

35: theRect.SetLength(20);  

36: theRect.SetWidth(10);  

37: cout << "theRect is " << theRect.GetLength()<< " feet long.\n";  

38: cout << "theRect is " << theRect.GetWidth()<< " feet wide.\n";  

39: return 0;  

40: }  

Output: theRect is 10 feet long. theRect is 5 feet  
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Review Question  

1. What operator is used to determine the address of a variable? 

2. What operator is used to find the value stored at an address held in a pointer? 

3. What is a pointer? 

4. What is the difference between the address stored in a pointer and the value at that 

address? 

5. What is the difference between the indirection operator and the address of operator? 

6. What is the difference between const int * ptrOne and int * const ptrTwo?  

Lab Exercises 

1. What do these declarations do?  

a. int * pOne;  

b. int vTwo;  

c. int * pThree = &vTwo;  

2. If you have an unsigned short variable named yourAge, how would you declare a pointer to 

manipulate yourAge? 

3. Assign the value 50 to the variable yourAge by using the pointer that you declared in 

Exercise 2. 

4. Write a small program that declares an integer and a pointer to integer. Assign the address 

of the integer to the pointer. Use the pointer to set a value in the integer variable. 

 

5. BUG BUSTERS: What is wrong with this code?  

#include <iostream.h> int main() { int *pInt; *pInt = 9; cout << "The value at pInt: " << 

*pInt; return 0; }  

6. BUG BUSTERS: What is wrong with this code?  

int main() { int SomeVariable = 5; cout << "SomeVariable: " << SomeVariable << "\n"; int 

*pVar = & SomeVariable; pVar = 9; cout << "SomeVariable: " << *pVar << "\n"; return 0; } 
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CHAPTER 9CHAPTER 9CHAPTER 9CHAPTER 9    

                                                                                                                        REFERENCESREFERENCESREFERENCESREFERENCES    

Reference 

A reference is an alias; when you create a reference, you initialize it with the name of another 

object, the target. From that moment on, the reference acts as an alternative name for the 

target, and anything you do to the reference is really done to the target. 

You create a reference by writing the type of the target object, followed by the reference 

operator (&), followed by the name of the reference. References can use any legal variable 

name, but for this guide we'll prefix all reference names with "r." Thus, if you have an integer 

variable named someInt, you can make a reference to that variable by writing the following: 

int &rSomeRef = someInt;  

Creating and using references.  

1:    // 2:    // Demonstrating the use of References 

3: 

4:    #include <iostream.h> 

5: 

6:    int main() 

7:    { 

8:         int  intOne; 

9:         int &rSomeRef = intOne; 

10: 

11:        intOne = 5; 

12:        cout << "intOne: " << intOne << endl; 

13:        cout << "rSomeRef: " << rSomeRef << endl; 

14: 

15:        rSomeRef = 7; 

16:        cout << "intOne: " << intOne << endl; 

17:        cout << "rSomeRef: " << rSomeRef << endl; 
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18:   return 0; 

19: } 

Output: intOne: 5 

rSomeRef: 5 

intOne: 7 

rSomeRef: 7 

Using the Address of Operator & on References 

If you ask a reference for its address, it returns the address of its target. 

That is the nature of references. They are aliases for the target. 

Taking the address of a reference. 

1:    // 2:    // Demonstrating the use of References 

3: 

4:    #include <iostream.h> 

5: 

6:    int main() 

7:    { 

8:        int  intOne; 

9:        int &rSomeRef = intOne; 

10: 

11:       intOne = 5; 

12:       cout << "intOne: " << intOne << endl; 

13:       cout << "rSomeRef: " << rSomeRef << endl; 

14: 

15:       cout << "&intOne: "  << &intOne << endl; 

16:       cout << "&rSomeRef: " << &rSomeRef << endl; 

17: 

18:   return 0; 

19: } 

Output: intOne: 5 
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rSomeRef: 5 

&intOne:  0x3500 

&rSomeRef: 0x3500 

Null Pointers and Null References 

When pointers are not initialized, or when they are deleted, they ought to be 

assigned to null (0). This is not true for references. In fact,a reference cannot be null, and a 

program with a reference to a null object is consideredan invalid program. When a program is 

invalid, just about anything can happen. It 

can appear to work, or it can erase all the files on your disk. Both are possible outcomes of an 

invalid program. Most compilers will support a null object without much complaint, crashing 

only if you try to use the object in some way. Taking advantage of this, however, is still not a 

good idea. When you move your program to another machine or compiler, mysterious bugs 

may develop if you have null objects. 

Passing Function Arguments by Reference 

On Chapter 5, "Functions," you learned that functions have two limitations: 

Arguments are passed by value, and the return statement can return only one value.Passing 

values to a function by reference can overcome both of these limitations.In C++, passing by 

reference is accomplished in two ways: using pointers and using references. The syntax is 

different, but the net effect is the same. Rather than a copy being created within the scope of 

the function, the actual original object is passed into the function. 

Demonstrating passing by value. 

1:     // Demonstrates passing by value 

2: 

3:      #include <iostream.h> 

4: 

5:      void swap(int x, int y); 

6: 

7:      int main() 

8:      { 

9:        int x = 5, y = 10; 



 

Class 11   Programming ic C++   107 

10: 

11:        cout << "Main. Before swap, x: " << x << " y: " << y << "\n"; 

12:        swap(x,y); 

13:        cout << "Main. After swap, x: " << x << " y: " << y << "\n"; 

14:     return 0; 

15:     } 

16: 

17:      void swap (int x, int y) 

18:      { 

19:        int temp; 

20: 

21:        cout << "Swap. Before swap, x: " << x << " y: " << y << "\n"; 

22: 

23:        temp = x; 

24:        x = y; 

25:        y = temp; 

26: 

27:        cout << "Swap. After swap, x: " << x << " y: " << y << "\n"; 

28: 

29: } 

Output: Main. Before swap, x: 5 y: 10 

Swap. Before swap, x: 5 y: 10 

Swap. After swap, x: 10 y: 5 

Main. After swap, x: 5 y: 10 

Making swap() Work with Pointers 

When you pass in a pointer, you pass in the address of the object, and thus the function can 

manipulate the value at that address. To make swap() change the actual values using 

pointers, the function, swap(), should be declared to accept two int pointers. Then, by 
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dereferencing the pointers, the values of x and y will, in fact, be swapped. Demonstrates this 

idea. 

Passing by reference using pointers. 

1:     //Demonstrates passing by reference 

2: 

3:      #include <iostream.h> 

4: 

5:      void swap(int *x, int *y); 

6: 

7:      int main() 

8:      { 

9:        int x = 5, y = 10; 

10: 

11:        cout << "Main. Before swap, x: " << x << " y: " << y << "\n"; 

12:        swap(&x,&y); 

13:        cout << "Main. After swap, x: " << x << " y: " << y << "\n"; 

14:     return 0; 

15:      } 

16 

17:      void swap (int *px, int *py) 

18:      { 

19:        int temp; 

20: 

21:        cout << "Swap. Before swap, *px: " << *px << " *py: " << *py << "\n"; 

22: 

23:        temp = *px; 

24:        *px = *py; 

25:        *py = temp; 

26: 
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27:        cout << "Swap. After swap, *px: " << *px << " *py: " << *py << "\n"; 

28: 

29: } 

Output: Main. Before swap, x: 5 y: 10 

Swap. Before swap, *px: 5 *py: 10 

Swap. After swap, *px: 10 *py: 5 

Main. After swap, x: 10 y: 5 

Implementing swap() with References 

The preceding program works, but the syntax of the swap() function is cumbersome in two 

ways. First, the repeated need to dereference the pointers within the swap() function makes it 

error-prone and hard to read. Second, the need to pass the address of the variables in the 

calling function makes the inner workings of swap() overly apparent to its users. 

It is a goal of C++ to prevent the user of a function from worrying about how 

it works. Passing by pointers takes the burden off of the called function, and puts it where it 

belongs--on the calling function. rewrites the swap() 

function, using references. 

swap() rewritten with references. 

1:     // Demonstrates passing by reference 

2:      // using references! 

3: 

4:        #include <iostream.h> 

5: 

6:        void swap(int &x, int &y); 

7: 

8:        int main() 

9:        { 

10:            int x = 5, y = 10; 

11: 

12:            cout << "Main. Before swap, x: " << x << " y: " << y << "\n"; 

13:             swap(x,y); 
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14:             cout << "Main. After swap, x: " << x << " y: " << y << "\n"; 

15:     return 0; 

16:           } 

17: 

18:           void swap (int &rx, int &ry) 

19:           { 

20:             int temp; 

21: 

22:                cout << "Swap. Before swap, rx: " << rx << " ry: " << ry << "\n"; 

23: 

24:                temp = rx; 

25:                rx = ry; 

26:                ry = temp; 

27: 

28:                cout << "Swap. After swap, rx: " << rx << " ry: " << ry << "\n"; 

29: 

30: } 

Output: Main. Before swap, x:5 y: 10 

Swap. Before swap, rx:5 ry:10 

Swap. After swap, rx:10 ry:5 

Main. After swap, x:10, y:5 

Returning Values by Reference 

1:     // 2:      // Returning multiple values from a function 

3:      // using references 

4: 

5:      #include <iostream.h> 

6: 

7:      typedef unsigned short USHORT; 

8:      enum ERR_CODE { SUCCESS, ERROR }; 

9: 
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10:      ERR_CODE Factor(USHORT, USHORT&, USHORT&); 

11: 

12:      int main() 

13:      { 

14:           USHORT number, squared, cubed; 

15:           ERR_CODE result; 

16: 

17:           cout << "Enter a number (0 - 20): "; 

18:           cin >> number; 

19: 

20:           result = Factor(number, squared, cubed); 

21: 

22:           if (result == SUCCESS) 

23:           { 

24:                 cout << "number: " << number << "\n"; 

25:                 cout << "square: " << squared << "\n"; 

26:                 cout << "cubed: "  << cubed   << "\n"; 

27:           } 

28:           else 

29:           cout << "Error encountered!!\n"; 

30:     return 0; 

31:      } 

32: 

33:      ERR_CODE Factor(USHORT n, USHORT &rSquared, USHORT &rCubed) 

34:      { 

35:           if (n > 20) 

36:                return ERROR;   // simple error code 

37:           else 

38:           { 
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39:                rSquared = n*n; 

40:                rCubed = n*n*n; 

41:                return SUCCESS; 

42:           } 

43: } 

Output: Enter a number (0 - 20): 3 

number: 3 

square: 9 

cubed: 27 

Passing objects by reference. 

1:   // 

 2:   // Passing pointers to objects 

3: 

4:   #include <iostream.h> 

5: 

6:   class SimpleCat 

7:   { 

8:   public: 

9:           SimpleCat ();                    // constructor 

10:          SimpleCat(SimpleCat&);     // copy constructor 

11:          ~SimpleCat();                    // destructor 

12:   }; 

13: 

14:   SimpleCat::SimpleCat() 

15:   { 

16:          cout << "Simple Cat Constructor...\n"; 

17:   } 

18: 

19:   SimpleCat::SimpleCat(SimpleCat&) 
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20:   { 

21:          cout << "Simple Cat Copy Constructor...\n"; 

22:   } 

23: 

24:   SimpleCat::~SimpleCat() 

25:   { 

26:          cout << "Simple Cat Destructor...\n"; 

27:   } 

28: 

29:   SimpleCat FunctionOne (SimpleCat theCat); 

30:   SimpleCat* FunctionTwo (SimpleCat *theCat); 

31: 

32:   int main() 

33:   { 

34:          cout << "Making a cat...\n"; 

35:          SimpleCat Frisky; 

36:          cout << "Calling FunctionOne...\n"; 

37:          FunctionOne(Frisky); 

38:          cout << "Calling FunctionTwo...\n"; 

39:          FunctionTwo(&Frisky); 

40:     return 0; 

41:   } 

42: 

43:   // FunctionOne, passes by value 

44:   SimpleCat FunctionOne(SimpleCat theCat) 

45:   { 

46:                   cout << "Function One. Returning...\n"; 

47:                   return theCat; 

48:   } 
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49: 

50:   // functionTwo, passes by reference 

51:   SimpleCat* FunctionTwo (SimpleCat  *theCat) 

52:   { 

53:                   cout << "Function Two. Returning...\n"; 

54:                   return theCat; 

55: } 

Output: 1:  Making a cat... 

2:  Simple Cat Constructor... 

3:  Calling FunctionOne... 

4:  Simple Cat Copy Constructor... 

5:  Function One. Returning... 

6:  Simple Cat Copy Constructor... 

7:  Simple Cat Destructor... 

8:  Simple Cat Destructor... 

9:  Calling FunctionTwo... 

10: Function Two. Returning... 

11: Simple Cat Destructor... 

const References 

C++ programmers do not usually differentiate between "constant reference to a SimpleCat 

object" and "reference to a constant SimpleCat object." References themselves can never be 

reassigned to refer to another object,and so are always constant. If the keyword const is 

applied to a reference, it is to make the object referred to constant. 

When to Use References and When to Use Pointers 

C++ programmers strongly prefer references to pointers. References are cleaner and easier to 

use, and they do a better job of hiding information, as we saw in the previous 

example.References cannot be reassigned, however. If you need to point first to one object 

and then another, you must use a pointer. References cannot be null, so if there is any chance 

that the object in question may be null, you must not use a reference. You must use a pointer. 

An example of the latter concern is the operator new. If new cannot allocate memory on the 
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free store, it returns a null pointer. Since a reference can't be null, you must not initialize a 

reference to this memory until you've checked that it is not null. The following example shows 

how to handle this: 

int *pInt = new int; 

if (pInt != NULL) 

int &rInt = *pInt; 

In this example a pointer to int, pInt, is declared and initialized with the memory returned by 

the operator new. The address in pInt is tested, and if it is not null, pInt is dereferenced. The 

result of dereferencing an int variable is an int object, and rInt is initialized to refer to that 

object. Thus, rInt becomes an alias to the int returned by the operator new. 

Mixing References and Pointers 

It is perfectly legal to declare both pointers and references in the same function parameter 

list, along with objects passed by value. Here's an example: 

CAT * SomeFunction (Person &theOwner, House *theHouse, int age); 

This declaration says that SomeFunction takes three parameters. The first is a reference to a 

Person object, the second is a pointer to a house object, and the third is an integer. It returns 

a pointer to a CAT object. 
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Review Question 

1. What is the difference between a reference and a pointer? 

2. When must you use a pointer rather than a reference? 

3. What does new return if there is insufficient memory to make your 

new object? 

4. What is a constant reference? 

5. What is the difference between passing by reference and passing a reference? 

Lab Exercises 

1. Write a program that declares an int, a reference to an int,and a pointer to an int. 

Use the pointer and the reference to manipulate the value in the int. 

2. Write a program that declares a constant pointer to a constant integer. Initialize 

the pointer to an integer variable, varOne. Assign 6 to varOne.Use the pointer to 

assign 7 to varOne. Create a second integer variable, varTwo. assign the pointer to 

varTwo. 

3. Compile the program in Exercise 2. What produces errors? What produces 

warnings? 

4. Write a program that produces a stray pointer. 

5. Fix the program from Exercise 4. 

8. BUG BUSTERS: What is wrong with this program? 

1:     #include <iostream.h>2: 

3:     class CAT 

4:     { 

5:        public: 

6:           CAT(int age) { itsAge = age; } 

7:           ~CAT(){} 

8:           int GetAge() const { return itsAge;} 

9:        private: 

10:          int itsAge; 

11:    }; 

12: 
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13:    CAT & MakeCat(int age); 

14:    int main() 

15:    { 

16:       int age = 7; 

17:       CAT Boots = MakeCat(age); 

18:       cout << "Boots is " << Boots.GetAge() << " years old\n"; 

19:    } 

20: 

21:    CAT & MakeCat(int age) 

22:    { 

23:       CAT * pCat = new CAT(age); 

24:       return *pCat; 

25:    } 
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CHAPTER 10CHAPTER 10CHAPTER 10CHAPTER 10    

                                ADVANCED FUNCTIONSADVANCED FUNCTIONSADVANCED FUNCTIONSADVANCED FUNCTIONS    

Overloaded Member Functions 

On Chapter 5, you learned how to implement function polymorphism, or function overloading, 

by writing two or more functions with the same name but with different parameters. Class 

member functions can be overloaded as well, in much the same way. 

The Rectangle class, demonstrated in below program, has two DrawShape() functions. One, 

which takes no parameters, draws the Rectangle based on the class's current values. The 

other takes two values, width and length, and draws the rectangle based on those values, 

ignoring the current class values. 

Overloading member functions. 

1:     //Overloading class member functions 

2:     #include <iostream.h> 

3: 

4:     typedef unsigned short int USHORT; 

5:     enum BOOL { FALSE, TRUE}; 

6: 

7:     // Rectangle class declaration 

8:     class Rectangle 

9:     { 

10:    public: 

11:       // constructors 

12:       Rectangle(USHORT width, USHORT height); 

13:       ~Rectangle(){} 

14: 

15:       // overloaded class function DrawShape 

16:       void DrawShape() const; 

17:       void DrawShape(USHORT aWidth, USHORT aHeight) const; 
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18: 

19:    private: 

20:       USHORT itsWidth; 

21:       USHORT itsHeight; 

22:    }; 

23: 

24:    //Constructor implementation 

25:    Rectangle::Rectangle(USHORT width, USHORT height) 

26:    { 

27:       itsWidth = width; 

28:       itsHeight = height; 

29:    } 

30: 

31: 

32:    // Overloaded DrawShape - takes no values 

33:    // Draws based on current class member values 

34:    void Rectangle::DrawShape() const 

35:    { 

36:        DrawShape( itsWidth, itsHeight); 

37:    } 

38: 

39: 

40:    // overloaded DrawShape - takes two values 

41:    // draws shape based on the parameters 

42:    void Rectangle::DrawShape(USHORT width, USHORT height) const 

43:    { 

44:       for (USHORT i = 0; i<height; i++) 

45:       { 

46:          for (USHORT j = 0; j< width; j++) 
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47:          { 

48:             cout << "*"; 

49:          } 

50:          cout << "\n"; 

51:       } 

52:    } 

53: 

54:    // Driver program to demonstrate overloaded functions 

55:    int main() 

56:    { 

57:       // initialize a rectangle to 30,5 

58:       Rectangle theRect(30,5); 

59:       cout << "DrawShape(): \n"; 

60:       theRect.DrawShape(); 

61:       cout << "\nDrawShape(40,2): \n"; 

62:       theRect.DrawShape(40,2); 

63:     return 0; 

64: } 

NOTE: This listing passes width and height values to several functions. You should note that 

sometimes width is passed first and at other times height is passed first.  

Output: DrawShape(): ****************************** 

****************************** ****************************** 

****************************** ****************************** 

DrawShape(40,2): ************************************************************ 

************************************************************  

Using Default Values 

Just as non-class functions can have one or more default values, so can each member function 

of a class. The same rules apply for declaring the default values, as illustrated in this program.  

Using default values. 

1:     //Listing 10.2 Default values in member functions 
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2:     #include <iostream.h> 

3: 

4:     typedef unsigned short int USHORT; 

5:     enum BOOL { FALSE, TRUE}; 

6: 

7:     // Rectangle class declaration 

8:     class Rectangle 

9:     { 

10:    public: 

11:       // constructors 

12:       Rectangle(USHORT width, USHORT height); 

13:       ~Rectangle(){} 

14:       void DrawShape(USHORT aWidth, USHORT aHeight, BOOL UseCurrentVals =  ÂFALSE) 

const; 

15: 

16:    private: 

17:       USHORT itsWidth; 

18:       USHORT itsHeight; 

19:    }; 

20: 

21:    //Constructor implementation 

22:    Rectangle::Rectangle(USHORT width, USHORT height): 

23:    itsWidth(width),       // initializations 

24:    itsHeight(height) 

25:    {}                     // empty body 

26: 

27: 

28:    // default values used for third parameter 

29:    void Rectangle::DrawShape( 
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30:       USHORT width, 

31:       USHORT height, 

32:       BOOL UseCurrentValue 

33:       ) const 

34:    { 

35:       int printWidth; 

36:       int printHeight; 

37: 

38:       if (UseCurrentValue == TRUE) 

39:       { 

40:          printWidth = itsWidth;       // use current class values 

41:          printHeight = itsHeight; 

42:       } 

43:       else 

44:       { 

45:          printWidth = width;         // use parameter values 

46:          printHeight = height; 

47:       } 

48: 

49: 

50:       for (int i = 0; i<printHeight; i++) 

51:       { 

52:          for (int j = 0; j< printWidth; j++) 

53:          { 

54:             cout << "*"; 

55:          } 

56:          cout << "\n"; 

57:       } 

58:    } 

59: 
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60:    // Driver program to demonstrate overloaded functions 

61:    int main() 

62:    { 

63:       // initialize a rectangle to 10,20 

64:       Rectangle theRect(30,5); 

65:       cout << "DrawShape(0,0,TRUE)...\n"; 

66:       theRect.DrawShape(0,0,TRUE); 

67:       cout <<"DrawShape(40,2)...\n"; 

68:       theRect.DrawShape(40,2); 

69:     return 0; 

70: } 

Output: DrawShape(0,0,TRUE)... ****************************** 

****************************** ****************************** 

****************************** ****************************** 

DrawShape(40,2)... 

************************************************************ 

************************************************************  

Choosing Between Default Values and Overloaded Functions 

How do you decide whether to use function overloading or default values? Here's a rule of 

thumb: 

Use function overloading when  

• There is no reasonable default value.  

• You need different algorithms.  

• You need to support variant types in your parameter list.  

The Default Constructor 

As discussed on Chapter 6, "Basic Classes," if you do not explicitly declare a constructor for 

your class, a default constructor is created that takes no parameters and does nothing. You 

are free to make your own default constructor, however, that takes no arguments but that 

"sets up" your object as required. 
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The constructor provided for you is called the "default" constructor, but by convention so is 

any constructor that takes no parameters. This can be a bit confusing, but it is usually clear 

from context which is meant. 

Take note that if you make any constructors at all, the default constructor is not made by the 

compiler. So if you want a constructor that takes no parameters and you've created any other 

constructors, you must make the default constructor yourself!  

Overloading Constructors 

The point of a constructor is to establish the object; for example, the point of a Rectangle 

constructor is to make a rectangle. Before the constructor runs, there is no rectangle, just an 

area of memory. After the constructor finishes, there is a complete, ready-to-use rectangle 

object. 

Constructors, like all member functions, can be overloaded. The ability to overload 

constructors is very powerful and very flexible. 

For example, you might have a rectangle object that has two constructors: The first takes a 

length and a width and makes a rectangle of that size. The second takes no values and makes 

a default-sized rectangle.  

Overloading the constructor. 

1:     //  

2:      // Overloading constructors 

3: 

4:      #include <iostream.h> 

5: 

6:      class Rectangle 

7:      { 

8:      public: 

9:           Rectangle(); 

10:           Rectangle(int width, int length); 

11:           ~Rectangle() {} 

12:           int GetWidth() const { return itsWidth; } 

13:           int GetLength() const { return itsLength; } 
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14:      private: 

15:           int itsWidth; 

16:           int itsLength; 

17:      }; 

18: 

19:      Rectangle::Rectangle() 

20:      { 

21:           itsWidth = 5; 

22:           itsLength = 10; 

23:      } 

24: 

25:      Rectangle::Rectangle (int width, int length) 

26:      { 

27:           itsWidth = width; 

28:           itsLength = length; 

29:      } 

30: 

31:      int main() 

32:      { 

33:           Rectangle Rect1; 

34:           cout << "Rect1 width: " << Rect1.GetWidth() << endl; 

35:           cout << "Rect1 length: " << Rect1.GetLength() << endl; 

36: 

37:           int aWidth, aLength; 

38:           cout << "Enter a width: "; 

39:           cin >> aWidth; 

40:           cout << "\nEnter a length: "; 

41:           cin >> aLength; 

42: 
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43:           Rectangle Rect2(aWidth, aLength); 

44:           cout << "\nRect2 width: " << Rect2.GetWidth() << endl; 

45:           cout << "Rect2 length: " << Rect2.GetLength() << endl; 

46:     return 0; 

47: } 

Output: Rect1 width: 5 Rect1 length: 10 Enter a width: 20 Enter a length: 50 Rect2 width: 20 

Rect2 length: 50  

Initializing Objects 

Up to now, you've been setting the member variables of objects in the body of the 

constructor. Constructors, however, are invoked in two stages: the initialization stage and the 

body. 

Most variables can be set in either stage, either by initializing in the initialization stage or by 

assigning in the body of the constructor. It is cleaner, and often more efficient, to initialize 

member variables at the initialization stage. The following example shows how to initialize 

member variables: 

CAT(): // constructor name and parameters itsAge(5), // initialization list itsWeight(8) { } // 

body of constructor  

After the closing parentheses on the constructor's parameter list, write a colon. Then write the 

name of the member variable and a pair of parentheses. Inside the parentheses, write the 

expression to be used to initialize that member variable. If there is more than one 

initialization, separate each one with a comma. 

A code snippet showing initialization of member variables. 

1:   Rectangle::Rectangle(): 

2:       itsWidth(5), 

3:       itsLength(10) 

4:   { 

5:   }; 

6: 

7:   Rectangle::Rectangle (int width, int length) 

8:       itsWidth(width), 
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9:       itsLength(length) 

10:   

11: }; 

Output: No output.  

There are some variables that must be initialized and cannot be assigned to: references and 

constants. It is common to have other assignments or action statements in the body of the 

constructor; however, it is best to use initialization as much as possible.  

The Copy Constructor 

In addition to providing a default constructor and destructor, the compiler provides a default 

copy constructor. The copy constructor is called every time a copy of an object is made. 

When you pass an object by value, either into a function or as a function's return value, a 

temporary copy of that object is made. If the object is a user-defined object, the class's copy 

constructor is called. 

All copy constructors take one parameter, a reference to an object of the same class. It is a 

good idea to make it a constant reference, because the constructor will not have to alter the 

object passed in. For example: 

CAT(const CAT & theCat);  

Here the CAT constructor takes a constant reference to an existing CAT object. The goal of the 

copy constructor is to make a copy of the CAT. 

The default copy constructor simply copies each member variable from the object passed as a 

parameter to the member variables of the new object. This is called a member-wise (or 

shallow) copy, and although this is fine for most member variables, it breaks pretty quickly for 

member variables that are pointers to objects on the free store. 

The solution to this is to create your own copy constructor and to allocate the memory as 

required. Once the memory is allocated, the old values can be copied into the new memory. 

This is called a deep copy. Listing 10.5 illustrates how to do this. 

Copy constructors. 

1:   //  

2:   // Copy constructors 

3: 

4:   #include <iostream.h> 
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5: 

6:   class CAT 

7:   { 

8:       public: 

9:            CAT();                         // default constructor 

10:            CAT (const CAT &);     // copy constructor 

11:            ~CAT();                         // destructor 

12:            int GetAge() const { return *itsAge; } 

13:            int GetWeight() const { return *itsWeight; } 

14:            void SetAge(int age) { *itsAge = age; } 

15: 

16:       private: 

17:            int *itsAge; 

18:            int *itsWeight; 

19:  }; 

20: 

21:  CAT::CAT() 

22:  { 

23:       itsAge = new int; 

24:       itsWeight = new int; 

25:       *itsAge = 5; 

26:       *itsWeight = 9; 

27:  } 

28: 

29:  CAT::CAT(const CAT & rhs) 

30:  { 

31:       itsAge = new int; 

32:       itsWeight = new int; 

33:       *itsAge = rhs.GetAge(); 

34:       *itsWeight = rhs.GetWeight(); 
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35:  } 

36: 

37:  CAT::~CAT() 

38:  { 

39:       delete itsAge; 

40:       itsAge = 0; 

41:       delete itsWeight; 

42:       itsWeight = 0; 

43:  } 

44: 

45:  int main() 

46:  { 

47:       CAT frisky; 

48:       cout << "frisky's age: " << frisky.GetAge() << endl; 

49:       cout << "Setting frisky to 6...\n"; 

50:       frisky.SetAge(6); 

51:       cout << "Creating boots from frisky\n"; 

52:       CAT boots(frisky); 

53:       cout << "frisky's age: " <<     frisky.GetAge() << endl; 

54:       cout << "boots' age: " << boots.GetAge() << endl; 

55:       cout << "setting frisky to 7...\n"; 

56:       frisky.SetAge(7); 

57:       cout << "frisky's age: " <<     frisky.GetAge() << endl; 

58:       cout << "boot's age: " << boots.GetAge() << endl; 

59:     return 0; 

60: } 

Output: frisky's age: 5  

Setting frisky to 6... Creating boots from frisky  

frisky's age: 6  
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boots' age: 6  

setting frisky to 7... frisky's age: 7  

boots' age: 6  

Operator Overloading 

C++ has a number of built-in types, including int, real, char, and so forth. Each of these has a 

number of built-in operators, such as addition (+) and multiplication (*). C++ enables you to 

add these operators to your own classes as well. 

The Counter class. 

1:     //  

2:     // The Counter class 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:        public: 

10:          Counter(); 

11:          ~Counter(){} 

12:          USHORT GetItsVal()const { return itsVal; } 

13:          void SetItsVal(USHORT x) {itsVal = x; } 

14: 

15:       private: 

16:          USHORT itsVal; 

17: 

18:    }; 

19: 

20:    Counter::Counter(): 
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21:    itsVal(0) 

22:    {}; 

23: 

24:    int main() 

25:    { 

26:       Counter i; 

27:       cout << "The value of i is " << i.GetItsVal() << endl; 

28:     return 0; 

29: } 

Output: The value of i is 0  

Writing an Increment Function 

Operator overloading restores much of the functionality that has been stripped out of this  

class. For example, there are two ways to add the ability to increment a Counter object. The 

first is to write an increment method, as shown in Listing 10.7. 

Listing 10.7. Adding an increment operator. 

1:     // Listing 10.7 

2:     // The Counter class 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:        public: 

10:          Counter(); 

11:          ~Counter(){} 

12:          USHORT GetItsVal()const { return itsVal; } 

13:          void SetItsVal(USHORT x) {itsVal = x; } 

14:          void Increment() { ++itsVal; } 
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15: 

16:       private: 

17:          USHORT itsVal; 

18: 

19:    }; 

20: 

21:    Counter::Counter(): 

22:    itsVal(0) 

23:    {}; 

24: 

25:    int main() 

26:    { 

27:       Counter i; 

28:       cout << "The value of i is " << i.GetItsVal() << endl; 

29:       i.Increment(); 

30:       cout << "The value of i is " << i.GetItsVal() << endl; 

31:     return 0; 

32: } 

Output: The value of i is 0 The value of i is 1  

Overloading the Prefix Operator 

Prefix operators can be overloaded by declaring functions with the form: 

returnType Operator op (parameters)  

Here, op is the operator to overload. Thus, the ++ operator can be overloaded with the 

following syntax: 

void operator++ ()  

Overloading operator++. 

1:     //  

2:     // The Counter class 

3: 
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4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:        public: 

10:          Counter(); 

11:          ~Counter(){} 

12:          USHORT GetItsVal()const { return itsVal; } 

13:          void SetItsVal(USHORT x) {itsVal = x; } 

14:          void Increment() { ++itsVal; } 

15:          void operator++ () { ++itsVal; } 

16: 

17:       private: 

18:          USHORT itsVal; 

19: 

20:    }; 

21: 

22:    Counter::Counter(): 

23:    itsVal(0) 

24:    {}; 

25: 

26:    int main() 

27:    { 

28:       Counter i; 

29:       cout << "The value of i is " << i.GetItsVal() << endl; 

30:       i.Increment(); 

31:       cout << "The value of i is " << i.GetItsVal() << endl; 

32:       ++i; 
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33:       cout << "The value of i is " << i.GetItsVal() << endl; 

34:     return 0; 

35: } 

Output: The value of i is 0 The value of i is 1 The value of i is 2  

Returning Types in Overloaded Operator Functions 

Clearly, what you want is to return a Counter object so that it can be assigned to another 

Counter object. Which object should be returned? One approach would be to create a 

temporary object and return that. 

 Returning a temporary object. 

1:     //  

2:     // operator++ returns a temporary object 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:        public: 

10:          Counter(); 

11:          ~Counter(){} 

12:          USHORT GetItsVal()const { return itsVal; } 

13:          void SetItsVal(USHORT x) {itsVal = x; } 

14:          void Increment() { ++itsVal; } 

15:          Counter operator++ (); 

16: 

17:       private: 

18:          USHORT itsVal; 

19: 
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20:    }; 

21: 

22:    Counter::Counter(): 

23:    itsVal(0) 

24:    {}; 

25: 

26:    Counter Counter::operator++() 

27:    { 

28:        ++itsVal; 

29:        Counter temp; 

30:        temp.SetItsVal(itsVal); 

31:        return temp; 

32:    } 

33: 

34:    int main() 

35:    { 

36:       Counter i; 

37:       cout << "The value of i is " << i.GetItsVal() << endl; 

38:       i.Increment(); 

39:       cout << "The value of i is " << i.GetItsVal() << endl; 

40:       ++i; 

41:       cout << "The value of i is " << i.GetItsVal() << endl; 

42:       Counter a = ++i; 

43:       cout << "The value of a: " << a.GetItsVal(); 

44:       cout << " and i: " << i.GetItsVal() << endl; 

45:     return 0; 

46: } 

Output: The value of i is 0 The value of i is 1 The value of i is 2 The value of a: 3 and i: 3  
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Overloading the Postfix Operator 

So far you've overloaded the prefix operator. What if you want to overload the postfix 

increment operator? Here the compiler has a problem: How is it to differentiate between prefix 

and postfix? By convention, an integer variable is supplied as a parameter to the operator 

declaration. The parameter's value is ignored; it is just a signal that this is the postfix 

operator.  

Difference Between Prefix and Postfix 

Before we can write the postfix operator, we must understand how it is different from the 

prefix operator. We reviewed this in detail on Chapter 4, "Expressions and Statements"  

To review, prefix says "increment, and then fetch," while postfix says "fetch, and then 

increment." 

Thus, while the prefix operator can simply increment the value and then return the object 

itself, the postfix must return the value that existed before it was incremented. To do this, we 

must create a temporary object that will hold the original value, then increment the value of 

the original object, and then return the temporary. 

Let's go over that again. Consider the following line of code: 

a = x++;  

If x was 5, after this statement a is 5, but x is 6. Thus, we returned the value in x and 

assigned it to a, and then we increased the value of x. If x is an object, its postfix increment 

operator must stash away the original value (5) in a temporary object, increment x's value to 

6, and then return that temporary to assign its value to a. 

Note that since we are returning the temporary, we must return it by value and not by 

reference, as the temporary will go out of scope as soon as the function returns. 

Prefix and postfix operators. 

1:     //  

2:     // Returning the dereferenced this pointer 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 
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7:     class Counter 

8:     { 

9:     public: 

10:       Counter(); 

11:       ~Counter(){} 

12:       USHORT GetItsVal()const { return itsVal; } 

13:       void SetItsVal(USHORT x) {itsVal = x; } 

14:       const Counter& operator++ ();      // prefix 

15:       const Counter operator++ (int); // postfix 

16: 

17:    private: 

18:       USHORT itsVal; 

19:    }; 

20: 

21:    Counter::Counter(): 

22:    itsVal(0) 

23:    {} 

24: 

25:    const Counter& Counter::operator++() 

26:    { 

27:       ++itsVal; 

28:       return *this; 

29:    } 

30: 

31:    const Counter Counter::operator++(int) 

32:    { 

33:       Counter temp(*this); 

34:       ++itsVal; 
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35:       return temp; 

36:    } 

37: 

38:    int main() 

39:    { 

40:       Counter i; 

41:       cout << "The value of i is " << i.GetItsVal() << endl; 

42:       i++; 

43:       cout << "The value of i is " << i.GetItsVal() << endl; 

44:       ++i; 

45:       cout << "The value of i is " << i.GetItsVal() << endl; 

46:       Counter a = ++i; 

47:       cout << "The value of a: " << a.GetItsVal(); 

48:       cout << " and i: " << i.GetItsVal() << endl; 

49:       a = i++; 

50:       cout << "The value of a: " << a.GetItsVal(); 

51:       cout << " and i: " << i.GetItsVal() << endl; 

52:     return 0; 

53: } 

Output: The value of i is 0  

The value of i is 1  

The value of i is 2  

The value of a: 3  

and i: 3  

The value of a: 3  

and i: 4  

Operator Overloading Unary Operators 

Declare an overloaded operator as you would a function. Use the keyword operator, followed 

by the operator to overload. Unary operator functions do not take parameters, with the 

exception of the postfix increment and decrement, which take an integer as a flag. 
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 Example 1 

const Counter& Counter::operator++ ();  

Example 2 

Counter Counter::operator-(int);  

The Addition Operator 

The increment operator is a unary operator. It operates on only one object. The addition 

operator (+) is a binary operator, where two objects are involved. How do you implement 

overloading the + operator for Count? 

The goal is to be able to declare two Counter variables and then add them, as in this example: 

Counter varOne, varTwo, varThree; VarThree = VarOne + VarTwo;  

Once again, you could start by writing a function, Add(), which would take a Counter as its 

argument, add the values, and then return a Counter with the result.  

The Add() function. 

1:     // 

2:     // Add function 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:     public: 

10:       Counter(); 

11:       Counter(USHORT initialValue); 

12:       ~Counter(){} 

13:       USHORT GetItsVal()const { return itsVal; } 

14:       void SetItsVal(USHORT x) {itsVal = x; } 

15:       Counter Add(const Counter &); 
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16: 

17:    private: 

18:       USHORT itsVal; 

19: 

20:    }; 

21: 

22:    Counter::Counter(USHORT initialValue): 

23:    itsVal(initialValue) 

24:    {} 

25: 

26:    Counter::Counter(): 

27:    itsVal(0) 

28:    {} 

29: 

30:    Counter Counter::Add(const Counter & rhs) 

31:    { 

32:       return Counter(itsVal+ rhs.GetItsVal()); 

33:    } 

34: 

35:    int main() 

36:    { 

37:       Counter varOne(2), varTwo(4), varThree; 

38:       varThree = varOne.Add(varTwo); 

39:       cout << "varOne: " << varOne.GetItsVal()<< endl; 

40:       cout << "varTwo: " << varTwo.GetItsVal() << endl; 

41:       cout << "varThree: " << varThree.GetItsVal() << endl; 

42: 

43:     return 0; 
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44: } 

Output: varOne: 2 varTwo: 4 varThree: 6  

Overloading operator+ 

The Add() function itself is shown on lines 30-33. It works, but its use is unnatural. 

Overloading the + operator would make for a more natural use of the Counter class.  

 operator+. 

1:     //  

2:     //Overload operator plus (+) 

3: 

4:     typedef unsigned short  USHORT; 

5:     #include <iostream.h> 

6: 

7:     class Counter 

8:     { 

9:     public: 

10:       Counter(); 

11:       Counter(USHORT initialValue); 

12:       ~Counter(){} 

13:       USHORT GetItsVal()const { return itsVal; } 

14:       void SetItsVal(USHORT x) {itsVal = x; } 

15:       Counter operator+ (const Counter &); 

16:    private: 

17:       USHORT itsVal; 

18:    }; 

19: 

20:    Counter::Counter(USHORT initialValue): 

21:    itsVal(initialValue) 

22:    {} 

23: 
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24:    Counter::Counter(): 

25:    itsVal(0) 

26:    {} 

27: 

28:    Counter Counter::operator+ (const Counter & rhs) 

29:    { 

30:       return Counter(itsVal + rhs.GetItsVal()); 

31:    } 

32: 

33:    int main() 

34:    { 

35:       Counter varOne(2), varTwo(4), varThree; 

36:       varThree = varOne + varTwo; 

37:       cout << "varOne: " << varOne.GetItsVal()<< endl; 

38:       cout << "varTwo: " << varTwo.GetItsVal() << endl; 

39:       cout << "varThree: " << varThree.GetItsVal() << endl; 

40: 

41:     return 0; 

42: } 

Output: varOne: 2 varTwo: 4 varThree: 6  

Operator Overloading: Binary Operators 

Binary operators are created like unary operators, except that they do take a parameter. The 

parameter is a constant reference to an object of the same type. Example 1 

Counter Counter::operator+ (const Counter & rhs);  

Example 2 

Counter Counter::operator-(const Counter & rhs);  

The Assignment Operator 

The fourth and final function that is supplied by the compiler, if you don't specify one, is the 

assignment operator (operator=()). This operator is called whenever you assign to an object.  
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For example: 

CAT catOne(5,7); CAT catTwo(3,4); // ... other code here catTwo = catOne;  

Here, catOne is created and initialized with itsAge equal to 5 and itsWeight equal to 7. catTwo 

is then created and assigned the values 3 and 4. 

After a while, catTwo is assigned the values in catOne. Two issues are raised here: What 

happens if itsAge is a pointer, and what happens to the original values in catTwo? 

C++ programmers differentiate between a shallow or member-wise copy on the one hand, 

and a deep copy on the other. A shallow copy just copies the members, and both objects end 

up pointing to the same area on the free store. A deep copy allocates the necessary memory.  

There is an added wrinkle with the assignment operator, however. The object catTwo already 

exists and has memory already allocated. That memory must be deleted if there is to be no 

memory leak. But what happens if you assign catTwo to itself? 

catTwo = catTwo;  

No one is likely to do this on purpose, but the program must be able to handle it. More 

important, it is possible for this to happen by accident when references and dereferenced 

pointers hide the fact that the assignment is to itself. 

If you did not handle this problem carefully, catTwo would delete its memory allocation. Then, 

when it was ready to copy in the memory from the right-hand side of the assignment, it would 

have a very big problem: The memory would be gone. 

To protect against this, your assignment operator must check to see if the right-hand side of 

the assignment operator is the object itself. It does this by examining the this pointer.  

An assignment operator. 

1:      // 

2:      // Copy constructors 

3: 

4:      #include <iostream.h> 

5: 

6:      class CAT 

7:      { 

8:          public: 

9:               CAT();                         // default constructor 
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10:    // copy constructor and destructor elided! 

11:               int GetAge() const { return *itsAge; } 

12:               int GetWeight() const { return *itsWeight; } 

13:               void SetAge(int age) { *itsAge = age; } 

14:               CAT operator=(const CAT &); 

15: 

16:          private: 

17:               int *itsAge; 

18:               int *itsWeight; 

19:     }; 

20: 

21:     CAT::CAT() 

22:     { 

23:          itsAge = new int; 

24:       itsWeight = new int; 

25:       *itsAge = 5; 

26:       *itsWeight = 9; 

27:  } 

28: 

29: 

30: CAT CAT::operator=(const CAT & rhs) 

31: { 

32:    if (this == &rhs) 

33:       return *this; 

34:    delete itsAge; 

35:    delete itsWeight; 

36:    itsAge = new int; 

37:    itsWeight = new int; 

38:    *itsAge = rhs.GetAge(); 
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39:    *itsWeight = rhs.GetWeight(); 

40:    return *this; 

41: } 

42: 

43: 

44:     int main() 

45:     { 

46:          CAT frisky; 

47:          cout << "frisky's age: " << frisky.GetAge() << endl; 

48:          cout << "Setting frisky to 6...\n"; 

49:          frisky.SetAge(6); 

50:          CAT whiskers; 

51:          cout << "whiskers' age: " << whiskers.GetAge() << endl; 

52:          cout << "copying frisky to whiskers...\n"; 

53:          whiskers = frisky; 

54:          cout << "whiskers' age: " << whiskers.GetAge() << endl; 

55:     return 0; 

56: } 

Output frisky's age: 5  

Setting frisky to 6...  

whiskers' age: 5  

copying frisky to whiskers... whiskers' age: 6  

Conversion Operators 

What happens when you try to assign a variable of a built-in type, such as int or unsigned 

short, to an object of a user-defined class?  

Attempting to assign a Counter to a USHORT 

1:        // 

2:        // This code won't compile! 

3: 

4:        typedef unsigned short  USHORT; 
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5:        #include <iostream.h> 

6: 

7:        class Counter 

8:        { 

9:           public: 

10:             Counter(); 

11:             ~Counter(){} 

12:             USHORT GetItsVal()const { return itsVal; } 

13:             void SetItsVal(USHORT x) {itsVal = x; } 

14:          private: 

15:             USHORT itsVal; 

16: 

17:       }; 

18: 

19:       Counter::Counter(): 

20:       itsVal(0) 

21:       {} 

22: 

23:    int main() 

24:    { 

25:       USHORT theShort = 5; 

26:       Counter theCtr = theShort; 

27:       cout << "theCtr: " << theCtr.GetItsVal() << endl; 

28:     return ;0 

29: } 

Output: Compiler error! Unable to convert USHORT to Counter  

 

 



 

Class 11   Programming ic C++   147 

Review Question 

1. When you overload member functions, in what ways must they differ? 

2. What is the difference between a declaration and a definition? 

3. When is the copy constructor called? 

4. When is the destructor called? 

5. How does the copy constructor differ from the assignment operator (=)? 

6. What is the this pointer? 

7. How do you differentiate between overloading the prefix and postfix increment 

operators? 

8. Can you overload the operator+ for short integers? 

9. Is it legal in C++ to overload the operator++ so that it decrements a value in your 

class? 

10. What return value must conversion operators have in their declarations?  

Lab Exercises 

1. Write a SimpleCircle class declaration (only) with one member variable: itsRadius. 

Include a default constructor, a destructor, and accessor methods for radius. 

2. Using the class you created in Exercise 1, write the implementation of the default 

constructor, initializing itsRadius with the value 5. 

3. Using the same class, add a second constructor that takes a value as its 

parameter and assigns that value to itsRadius. 

4. Create a prefix and postfix increment operator for your SimpleCircle class that 

increments itsRadius. 

5. Change SimpleCircle to store itsRadius on the free store, and fix the existing 

methods. 

6. Provide a copy constructor for SimpleCircle. 

7. Provide an assignment operator for SimpleCircle. 

8. Write a program that creates two SimpleCircle objects. Use the default 

constructor on one and instantiate the other with the value 9. Call the increment 

operator on each and then print their values. Finally, assign the second to the first 

and print its values. 

9. BUG BUSTERS: What is wrong with this implementation of the assignment 

operator? SQUARE SQUARE ::operator=(const SQUARE & rhs) { itsSide = new int; 

*itsSide = rhs.GetSide(); return *this; }  
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                    CHAPTER 11CHAPTER 11CHAPTER 11CHAPTER 11    

                                                                                                                                                ARRAYSARRAYSARRAYSARRAYS    

Array 

To declare an array, write the type of object stored, followed by the name of the array and a 

subscript with the number of objects to be held in the array. Example 1 

int MyIntegerArray[90];  

Example 2 

long * ArrayOfPointersToLongs[100];  

To access members of the array, use the subscript operator. Example 1 

int theNinethInteger = MyIntegerArray[8];  

Example 2 

long * pLong = ArrayOfPointersToLongs[8]  

Arrays count from zero. An array of n items is numbered from 0 to n-1.  

Arrays of Objects 

Any object, whether built-in or user-defined, can be stored in an array. When you declare the 

array, you tell the compiler the type of object to store and the number of objects for which to 

allocate room. The compiler knows how much room is needed for each object based on the 

class declaration. The class must have a default constructor that takes no arguments so that 

the objects can be created when the array is defined. 

Accessing member data in an array of objects is a two-step process. You identify the member 

of the array by using the index operator ([ ]), and then you add the member operator (.) to 

access the particular member variable. Listing 11.4 demonstrates how you would create an 

array of five CATs. 

Creating an array of objects. 

1:     //An array of objects 

2: 

3:     #include <iostream.h> 

4: 



 

Class 11   Programming ic C++   149 

5:     class CAT 

6:     { 

7:        public: 

8:           CAT() { itsAge = 1; itsWeight=5; }  

9:           ~CAT() {}         

10:          int GetAge() const { return itsAge; } 

11:          int GetWeight() const { return itsWeight; } 

12:          void SetAge(int age) { itsAge = age; } 

13: 

14:       private: 

15:          int itsAge; 

16:          int itsWeight; 

17:    }; 

18: 

19:    int main() 

20:    { 

21:       CAT Litter[5]; 

22:       int i; 

23:       for (i = 0; i < 5; i++) 

24:          Litter[i].SetAge(2*i +1); 

25: 

26:       for (i = 0; i < 5; i++) 

27:       { 

28:          cout << "Cat #" << i+1<< ": "; 

29:          cout << Litter[i].GetAge() << endl; 

30:       } 

31:     return 0; 

32: } 

Output: cat #1: 1 
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cat #2: 3 

cat #3: 5 

cat #4: 7 

cat #5: 9 

Multidimensional Arrays 

It is possible to have arrays of more than one dimension. Each dimension is represented as a 

subscript in the array. Therefore, a two-dimensional array has two subscripts; a three-

dimensional array has three subscripts; and so on. Arrays can have any number of 

dimensions, although it is likely that most of the arrays you create will be of one or two 

dimensions. 

A good example of a two-dimensional array is a chess board. One dimension represents the 

eight rows; the other dimension represents the eight columns.  

Suppose that you have a class named SQUARE. The declaration of an array named Board that 

represents it would be 

SQUARE Board[8][8];  

You could also represent the same data with a one-dimensional, 64-square array. For 

example, 

SQUARE Board[64]  

This doesn't correspond as closely to the real-world object as the two-dimension. When the 

game begins, the king is located in the fourth position in the first row. Counting from zero 

array, that position corresponds to 

Board[0][3];  

assuming that the first subscript corresponds to row, and the second to column. A chess 

board and a two-dimensional array.  

Initializing Multidimensional Arrays 

You can initialize multidimensional arrays. You assign the list of values to array elements in 

order, with the last array subscript changing while each of the former holds steady. Therefore, 

if you have an array 

int theArray[5][3]  

the first three elements go into theArray[0]; the next three into theArray[1]; and so forth. 
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You initialize this array by writing 

int theArray[5][3] = { 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 }  

For the sake of clarity, you could group the initializations with braces. For example, 

int theArray[5][3] = { {1,2,3}, {4,5,6}, {7,8,9}, {10,11,12}, {13,14,15} };  

The compiler ignores the inner braces, which make it easier to understand how the numbers 

are distributed. 

Each value must be separated by a comma, without regard to the braces. The entire 

initialization set must be within braces, and it must end with a semicolon. 

The first dimension is the set of numbers from 0 to 5. The second dimension consists of the 

double of each value in the first dimension. 

Creating a multidimensional array. 

1:     #include <iostream.h> 

2:     int main() 

3:     { 

4:        int SomeArray[5][2] = { {0,0}, {1,2}, {2,4}, {3,6}, {4,8}}; 

5:        for (int i = 0; i<5; i++) 

6:           for (int j=0; j<2; j++) 

7:           { 

8:              cout << "SomeArray[" << i << "][" << j << "]: "; 

9:              cout << SomeArray[i][j]<< endl; 

10:          } 

11: 

12:     return 0; 

13: } 

Output: SomeArray[0][0]: 0 

SomeArray[0][1]: 0 

SomeArray[1][0]: 1 

SomeArray[1][1]: 2 
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SomeArray[2][0]: 2 

SomeArray[2][1]: 4 

SomeArray[3][0]: 3 

SomeArray[3][1]: 6 

SomeArray[4][0]: 4 

SomeArray[4][1]: 8 

Arrays of Pointers 

The arrays discussed so far store all their members on the stack. Usually stack memory is 

severely limited, whereas free store memory is far larger. It is possible to declare each object 

on the free store and then to store only a pointer to the object in the array. This dramatically 

reduces the amount of stack memory used. As an indication of the greater memory that this 

enables, the array is expanded from 5 to 500, and the name is changed from Litter to Family. 

Storing an array on the free store. 

1:     // An array of pointers to objects 

2: 

3:     #include <iostream.h> 

4: 

5:     class CAT 

6:     { 

7:        public: 

8:           CAT() { itsAge = 1; itsWeight=5; }    

9:           ~CAT() {}                                 // destructor 

10:          int GetAge() const { return itsAge; } 

11:          int GetWeight() const { return itsWeight; } 

12:          void SetAge(int age) { itsAge = age; } 

13: 

14:       private: 

15:          int itsAge; 

16:          int itsWeight; 

17:    }; 
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18: 

19:    int main() 

20:    { 

21:       CAT * Family[500]; 

22:       int i; 

23:       CAT * pCat; 

24:       for (i = 0; i < 500; i++) 

25:       { 

26:          pCat = new CAT; 

27:          pCat->SetAge(2*i +1); 

28:          Family[i] = pCat; 

29:       } 

30: 

31:       for (i = 0; i < 500; i++) 

32:       { 

33:          cout << "Cat #" << i+1 << ": "; 

34:          cout << Family[i]->GetAge() << endl; 

35:       } 

36:     return 0; 

37: } 

Output: Cat #1: 1 

Cat #2: 3 

Cat #3: 5 

... 

Cat #499: 997 

Cat #500: 999 

A Pointer to an Array Versus an Array of Pointers 

Examine these three declarations: 

1:  Cat   FamilyOne[500] 
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2:  CAT * FamilyTwo[500]; 

3:  CAT * FamilyThree = new CAT[500]; 

FamilyOne is an array of 500 CATs. FamilyTwo is an array of 500 pointers to CATs. 

FamilyThree is a pointer to an array of 500 CATs. 

The differences among these three code lines dramatically affect how these arrays operate. 

What is perhaps even more surprising is that FamilyThree is a variant of FamilyOne, but is 

very different from FamilyTwo. 

This raises the thorny issue of how pointers relate to arrays. In the third case, FamilyThree is 

a pointer to an array. That is, the address in FamilyThree is the address of the first item in 

that array. This is exactly the case for FamilyOne.  

Pointers and Array Names 

In C++ an array name is a constant pointer to the first element of the array. Therefore, in the 

declaration 

CAT Family[50];  

Family is a pointer to &Family[0], which is the address of the first element of the array Family. 

It is legal to use array names as constant pointers, and vice versa. Therefore, Family + 4 is a 

legitimate way of accessing the data at Family[4]. 

The compiler does all the arithmetic when you add to, increment, and decrement pointers. The 

address accessed when you write Family + 4 isn't 4 bytes past the address of Family--it is four 

objects. If each object is 4 bytes long, Family + 4 is 16 bytes. If each object is a CAT that has 

four long member variables of 4 bytes each and two short member variables of 2 bytes each, 

each CAT is 20 bytes, and Family + 4 is 80 bytes past the start of the array. 

Creating an array by using new. 

1:     // An array on the free store 

2: 

3:     #include <iostream.h> 

4: 

5:     class CAT 

6:     { 

7:        public: 
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8:           CAT() { itsAge = 1; itsWeight=5; }  

9:           ~CAT();          

10:          int GetAge() const { return itsAge; } 

11:          int GetWeight() const { return itsWeight; } 

12:          void SetAge(int age) { itsAge = age; } 

13: 

14:       private: 

15:          int itsAge; 

16:          int itsWeight; 

17:    }; 

18: 

19:    CAT :: ~CAT() 

20:    { 

21:      // cout << "Destructor called!\n"; 

22:    } 

23: 

24:    int main() 

25:    { 

26:       CAT * Family = new CAT[500]; 

27:       int i; 

28:       CAT * pCat; 

29:       for (i = 0; i < 500; i++) 

30:       { 

31:          pCat = new CAT; 

32:          pCat->SetAge(2*i +1); 

33:          Family[i] = *pCat; 

34:          delete pCat; 

35:       } 

36: 
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37:       for (i = 0; i < 500; i++) 

38:       { 

38:          cout << "Cat #" << i+1 << ": "; 

39:          cout << Family[i].GetAge() << endl; 

40:       } 

41: 

42:       delete [] Family; 

43: 

44:     return 0; 

45: } 

Output: Cat #1: 1 

Cat #2: 3 

Cat #3: 5 

... 

Cat #499: 997 

Cat #500: 999 

strcpy() and strncpy() 

C++ inherits from C a library of functions for dealing with strings. Among the many functions 

provided are two for copying one string into another: strcpy() and strncpy(). strcpy() copies 

the entire contents of one string into a designated buffer. 

Using strcpy(). 

1:     #include <iostream.h> 

2:     #include <string.h> 

3:     int main() 

4:     { 

5:        char String1[] = "No man is an island"; 

6:        char String2[80]; 

7: 

8:        strcpy(String2,String1); 
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9: 

10:       cout << "String1: " << String1 << endl; 

11:       cout << "String2: " << String2 << endl; 

12:     return 0; 

13: } 

Output: String1: No man is an island 

String2: No man is an island 

Using strncpy(). 

1:     #include <iostream.h> 

2:     #include <string.h> 

3:     int main() 

4:     { 

5:        const int MaxLength = 80; 

6:        char String1[] = "No man is an island"; 

7:        char String2[MaxLength+1]; 

8: 

9: 

10:       strncpy(String2,String1,MaxLength); 

11: 

12:       cout << "String1: " << String1 << endl; 

13:       cout << "String2: " << String2 << endl; 

14:     return 0; 

15: } 

Output: String1: No man is an island 

String2: No man is an island 

String Classes 

Most C++ compilers come with a class library that includes a large set of classes for data 

manipulation. A standard component of a class library is a String class. 
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C++ inherited the null-terminated string and the library of functions that includes strcpy() 

from C, but these functions aren't integrated into an object-oriented framework. A String class 

provides an encapsulated set of data and functions for manipulating that data, as well as 

accessor functions so that the data itself is hidden from the clients of the String class. 

If your compiler doesn't already provide a String class--and perhaps even if it does--you might 

want to write your own. The remainder of this chapter discusses the design and partial 

implementation of String classes. 

At a minimum, a String class should overcome the basic limitations of character arrays. Like 

all arrays, character arrays are static. You define how large they are. They always take up that 

much room in memory even if you don't need it all. Writing past the end of the array is 

disastrous. 

A good String class allocates only as much memory as it needs, and always enough to hold 

whatever it is given. If it can't allocate enough memory, it should fail gracefully. 

Using a String class. 

1:     //  

2: 

3:     #include <iostream.h> 

4:     #include <string.h> 

5: 

6:     // Rudimentary string class 

7:     class String 

8:     { 

9:        public: 

10:          // constructors 

11:          String(); 

12:          String(const char *const); 

13:          String(const String &); 

14:          ~String(); 

15: 

16:          // overloaded operators 

17:          char & operator[](unsigned short offset); 
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18:          char operator[](unsigned short offset) const; 

19:          String operator+(const String&); 

20:          void operator+=(const String&); 

21:          String & operator= (const String &); 

22: 

23:          // General accessors 

24:          unsigned short GetLen()const { return itsLen; } 

25:          const char * GetString() const { return itsString; } 

26: 

27:       private: 

28:          String (unsigned short);         // private constructor 

29:          char * itsString; 

30:          unsigned short itsLen; 

31:    }; 

32: 

33:    // default constructor creates string of 0 bytes 

34:    String::String() 

35:    { 

36:       itsString = new char[1]; 

37:       itsString[0] = `\0'; 

38:       itsLen=0; 

39:    } 

40: 

41:    // private (helper) constructor, used only by 

42:    // class methods for creating a new string of 

43:    // required size. Null filled. 

44:    String::String(unsigned short len) 

45:    { 

46:       itsString = new char[len+1]; 
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47:       for (unsigned short i = 0; i<=len; i++) 

48:          itsString[i] = `\0'; 

49:       itsLen=len; 

50:    } 

51: 

52:    // Converts a character array to a String 

53:    String::String(const char * const cString) 

54:    { 

55:       itsLen = strlen(cString); 

56:       itsString = new char[itsLen+1]; 

57:       for (unsigned short i = 0; i<itsLen; i++) 

58:          itsString[i] = cString[i]; 

59:       itsString[itsLen]='\0'; 

60:    } 

61: 

62:    // copy constructor 

63:    String::String (const String & rhs) 

64:    { 

65:       itsLen=rhs.GetLen(); 

66:       itsString = new char[itsLen+1]; 

67:       for (unsigned short i = 0; i<itsLen;i++) 

68:          itsString[i] = rhs[i]; 

69:       itsString[itsLen] = `\0'; 

70:    } 

71: 

72:    // destructor, frees allocated memory 

73:    String::~String () 

74:    { 

75:       delete [] itsString; 
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76:       itsLen = 0; 

77:    } 

78: 

79:    // operator equals, frees existing memory 

80:    // then copies string and size 

81:    String& String::operator=(const String & rhs) 

82:    { 

83:       if (this == &rhs) 

84:          return *this; 

85:       delete [] itsString; 

86:       itsLen=rhs.GetLen(); 

87:       itsString = new char[itsLen+1]; 

88:       for (unsigned short i = 0; i<itsLen;i++) 

89:          itsString[i] = rhs[i]; 

90:       itsString[itsLen] = `\0'; 

91:       return *this; 

92:    } 

93: 

94:    //nonconstant offset operator, returns 

95:    // reference to character so it can be 

96:    // changed! 

97:    char & String::operator[](unsigned short offset) 

98:    { 

99:       if (offset > itsLen) 

100:         return itsString[itsLen-1]; 

101:      else 

102:         return itsString[offset]; 

103:   } 

104: 
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105:   // constant offset operator for use 

106:   // on const objects (see copy constructor!) 

107:   char String::operator[](unsigned short offset) const 

108:   { 

109:      if (offset > itsLen) 

110:         return itsString[itsLen-1]; 

111:      else 

112:         return itsString[offset]; 

113:   } 

114: 

115:   // creates a new string by adding current 

116:   // string to rhs 

117:   String String::operator+(const String& rhs) 

118:   { 

119:      unsigned short  totalLen = itsLen + rhs.GetLen(); 

120:      String temp(totalLen); 

121:      for (unsigned short i = 0; i<itsLen; i++) 

122:         temp[i] = itsString[i]; 

123:      for (unsigned short j = 0; j<rhs.GetLen(); j++, i++) 

124:         temp[i] = rhs[j]; 

125:      temp[totalLen]='\0'; 

126:      return temp; 

127:   } 

128: 

129:   // changes current string, returns nothing 

130:   void String::operator+=(const String& rhs) 

131:   { 

132:      unsigned short rhsLen = rhs.GetLen(); 

133:      unsigned short totalLen = itsLen + rhsLen; 
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134:      String  temp(totalLen); 

135:      for (unsigned short i = 0; i<itsLen; i++) 

136:         temp[i] = itsString[i]; 

137:      for (unsigned short j = 0; j<rhs.GetLen(); j++, i++) 

138:         temp[i] = rhs[i-itsLen]; 

139:      temp[totalLen]='\0'; 

140:      *this = temp; 

141:   } 

142: 

143:   int main() 

144:   { 

145:      String s1("initial test"); 

146:      cout << "S1:\t" << s1.GetString() << endl; 

147: 

148:      char * temp = "Hello World"; 

149:      s1 = temp; 

150:      cout << "S1:\t" << s1.GetString() << endl; 

151: 

152:      char tempTwo[20]; 

153:      strcpy(tempTwo,"; nice to be here!"); 

154:      s1 += tempTwo; 

155:      cout << "tempTwo:\t" << tempTwo << endl; 

156:      cout << "S1:\t" << s1.GetString() << endl; 

157: 

158:      cout << "S1[4]:\t" << s1[4] << endl; 

159:      s1[4]='x'; 

160:      cout << "S1:\t" << s1.GetString() << endl; 

161: 

162:      cout << "S1[999]:\t" << s1[999] << endl; 
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163: 

164:      String s2(" Another string"); 

165:      String s3; 

166:      s3 = s1+s2; 

167:      cout << "S3:\t" << s3.GetString() << endl; 

168: 

169:      String s4; 

170:      s4 = "Why does this work?"; 

171:      cout << "S4:\t" << s4.GetString() << endl; 

172:     return 0; 

173: } 

Output: S1:        initial test 

S1:        Hello world 

tempTwo:           ; nice to be here! 

S1:        Hello world; nice to be here! 

S1[4]:     o 

S1:        Hellx World; nice to be here! 

S1[999]:           ! 

S3:        Hellx World; nice to be here! Another string 

S4:        Why does this work? 

Linked Lists and Other Structures 

Arrays are much like Tupperware. They are great containers, but they are of a fixed size. If 

you pick a container that is too large, you waste space in your storage area. If you pick one 

that is too small, its contents spill all over and you have a big mess. 

One way to solve this problem is with a linked list. A linked list is a data structure that consists 

of small containers that are designed to fit and that are linked together as needed. The idea is 

to write a class that holds one object of your data--such as one CAT or one Rectangle--and 

that can point at the next container. You create one container for each object that you need to 

store, and you chain them together as needed. 
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The containers are called nodes. The first node in the list is called the head, and the last node 

in the list is called the tail. 

Lists come in three fundamental forms. From simplest to most complex, they are  

• Singly linked  

• Doubly linked  

• Trees  

In a singly linked list, each node points forward to the next one, but not backward. To find a 

particular node, start at the top and go from node to node, as in a treasure hunt ("The next 

node is under the sofa"). A doubly linked list enables you to move backward and forward in 

the chain. A tree is a complex structure built from nodes, each of which can point in two or 

three directions. Computer scientists have created even more complex and clever data 

structures, nearly all of which rely on interconnecting nodes. 

Implementing a linked list. 

1:       //  

2:       // Linked list simple implementation 

3: 

4:       #include <iostream.h> 

5: 

6:       // object to add to list 

7:       class CAT 

8:       { 

9:       public: 

10:         CAT() { itsAge = 1;} 

11:         CAT(int age):itsAge(age){} 

12:         ~CAT(){}; 

13:         int GetAge() const { return itsAge; } 

14:      private: 

15:         int itsAge; 

16:      }; 

17: 



 

Class 11   Programming ic C++   166 

18:      // manages list, orders by cat's age! 

19:      class Node 

20:      { 

21:      public: 

22:         Node (CAT*); 

23:         ~Node(); 

24:         void SetNext(Node * node) { itsNext = node; } 

25:         Node * GetNext() const { return itsNext; } 

26:         CAT * GetCat() const { return itsCat; } 

27:         void Insert(Node *); 

28:         void Display(); 

29:      private: 

30:         CAT *itsCat; 

31:         Node * itsNext; 

32:      }; 

33: 

34: 

35:      Node::Node(CAT* pCat): 

36:      itsCat(pCat), 

37:      itsNext(0) 

38:      {} 

39: 

40:      Node::~Node() 

41:      { 

42:         cout << "Deleting node...\n"; 

43:         delete itsCat; 

44:         itsCat = 0; 

45:         delete itsNext; 

46:         itsNext = 0; 
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47:      } 

48: 

49:      // ************************************ 

50:      // Insert 

51:      // Orders cats based on their ages 

52:      // Algorithim: If you are last in line, add the cat 

53:      // Otherwise, if the new cat is older than you 

54:      // and also younger than next in line, insert it after 

55:      // this one. Otherwise call insert on the next in line 

56:      // ************************************ 

57:      void Node::Insert(Node* newNode) 

58:      { 

59:         if (!itsNext) 

60:            itsNext = newNode; 

61:         else 

62:         { 

63:            int NextCatsAge = itsNext->GetCat()->GetAge(); 

64:            int NewAge =  newNode->GetCat()->GetAge(); 

65:            int ThisNodeAge = itsCat->GetAge(); 

66: 

67:            if (  NewAge >= ThisNodeAge && NewAge < NextCatsAge  ) 

68:            { 

69:               newNode->SetNext(itsNext); 

70:               itsNext = newNode; 

71:            } 

72:            else 

73:               itsNext->Insert(newNode); 

74:         } 

75:      } 
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76: 

77:      void Node::Display() 

78:      { 

79:         if (itsCat->GetAge() > 0) 

80:         { 

81:            cout << "My cat is "; 

82:            cout << itsCat->GetAge() << " years old\n"; 

83:         } 

84:         if (itsNext) 

85:            itsNext->Display(); 

86:      } 

87: 

88:      int main() 

89:      { 

90: 

91:         Node *pNode = 0; 

92:         CAT * pCat = new CAT(0); 

93:         int age; 

94: 

95:         Node *pHead = new Node(pCat); 

96: 

97:         while (1) 

98:         { 

99:            cout << "New Cat's age? (0 to quit): "; 

100:            cin >>  age; 

101:            if (!age) 

102:               break; 

103:           pCat = new CAT(age); 

104:           pNode = new Node(pCat); 
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105:           pHead->Insert(pNode); 

106:        } 

107:        pHead->Display(); 

108:        delete pHead; 

109:        cout << "Exiting...\n\n"; 

110:     return 0; 

111: } 

Output: New Cat's age? (0 to quit): 1 

New Cat's age? (0 to quit): 9 

New Cat's age? (0 to quit): 3 

New Cat's age? (0 to quit): 7 

New Cat's age? (0 to quit): 2 

New Cat's age? (0 to quit): 5 

New Cat's age? (0 to quit): 0 

My cat is 1 years old 

My cat is 2 years old 

My cat is 3 years old 

My cat is 5 years old 

My cat is 7 years old 

My cat is 9 years old 

Deleting node... 

Deleting node... 

Deleting node... 

Deleting node... 

Deleting node... 

Deleting node... 

Deleting node... 

Exiting... 

  



 

Class 11   Programming ic C++   170 

Review Question 

1. What are the first and last elements in SomeArray[25]? 

2. How do you declare a multidimensional array? 

3. Initialize the members of the array in Question 2. 

4. How many elements are in the array SomeArray[10][5][20]? 

5. What is the maximum number of elements that you can add to a linked list? 

6. Can you use subscript notation on a linked list? 

7. What is the last character in the string "Brad is a nice guy"?  

Lab Exercises 

1. Declare a two-dimensional array that represents a tic-tac-toe game board. 

2. Write the code that initializes all the elements in the array you created in Exercise 

1 to the value 0. 

3. Write the declaration for a Node class that holds unsigned short integers. 

4. BUG BUSTERS: What is wrong with this code fragment?  

unsigned short SomeArray[5][4]; for (int i = 0; i<4; i++) for (int j = 0; j<5; j++) 

SomeArray[i][j] = i+j;  

5. BUG BUSTERS: What is wrong with this code fragment?  

unsigned short SomeArray[5][4]; for (int i = 0; i<=5; i++) for (int j = 0; j<=4; j++) 

SomeArray[i][j] =0; 
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CHAPTER 12CHAPTER 12CHAPTER 12CHAPTER 12    

                                                                                                                            INHERITANCEINHERITANCEINHERITANCEINHERITANCE    

Inheritance 

What is a dog? When you look at your pet, what do you see? A biologist sees a network of 

interacting organs, a physicist sees atoms and forces at work, and a taxonomist sees a 

representative of the species canine domesticus. 

It is that last assessment that interests us at the moment. A dog is a kind of canine, a canine 

is a kind of mammal, and so forth. Taxonomists divide the world of living things into Kingdom, 

Phylum, Class, Order, Family, Genus, and Species. 

This hierarchy establishes an is-a relationship. A dog is a kind of canine. We see this 

relationship everywhere: A Toyota is a kind of car, which is a kind of vehicle. A sundae is a 

kind of dessert, which is a kind of food. 

What do we mean when we say something is a kind of something else? We mean that it is a 

specialization of that thing. That is, a car is a special kind of vehicle.  

Inheritance and Derivation 

The concept dog inherits, that is, it automatically gets, all the features of a mammal. Because 

it is a mammal, we know that it moves and that it breathes air--all mammals move and 

breathe air by definition. The concept of a dog adds the idea of barking, wagging its tail, and 

so forth to that definition. We can further divide dogs into hunting dogs and terriers, and we 

can divide terriers into Yorkshire Terriers, Dandie Dinmont Terriers, and so forth. 

A Yorkshire Terrier is a kind of terrier, therefore it is a kind of dog, therefore a kind of 

mammal, therefore a kind of animal, and therefore a kind of living thing.  

C++ attempts to represent these relationships by enabling you to define classes that derive 

from one another. Derivation is a way of expressing the is-a relationship. You derive a new 

class, Dog, from the class Mammal. You don't have to state explicitly that dogs move, because 

they inherit that from Mammal. 

If the Dog class derives from the Mammal class, then Mammal is a base class of Dog. Derived 

classes are supersets of their base classes. Just as dog adds certain features to the idea of 

mammal, the Dog class will add certain methods or data to the Mammal class. 
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Typically, a base class will have more than one derived class. Just as dogs, cats, and horses 

are all types of mammals, their classes would all derive from the Mammal class.  

The Syntax of Derivation 

When you declare a class, you can what class it derives from by writing a colon after the class 

name, the indicate type of derivation (public or otherwise), and the class from which it 

derives. The following is an example. 

class Dog : public Mammal  

The type of derivation will be discussed later in this chapter. For now, always use public. The 

class from which you derive must have been declared earlier, or you will get a compiler error.  

Simple inheritance. 

1:     //Simple inheritance 

2: 

3:     #include <iostream.h> 

4:     enum BREED { YORKIE, CAIRN, DANDIE, SHETLAND, DOBERMAN, LAB }; 

5: 

6:     class Mammal 

7:     { 

8:     public: 

9:        // constructors 

10:       Mammal(); 

11:       ~Mammal(); 

12: 

13:       //accessors 

14:       int GetAge()const; 

15:       void SetAge(int); 

16:       int GetWeight() const; 

17:       void SetWeight(); 

18: 

19:       //Other methods 
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20:       void Speak(); 

21:       void Sleep(); 

22: 

23: 

24:    protected: 

25:       int itsAge; 

26:       int itsWeight; 

27:    }; 

28: 

29:    class Dog : public Mammal 

30:    { 

31:    public: 

32: 

33:       // Constructors 

34:       Dog(); 

35:       ~Dog(); 

36: 

37:       // Accessors 

38:       BREED GetBreed() const; 

39:       void SetBreed(BREED); 

40: 

41:       // Other methods 

42:       // WagTail(); 

43:       // BegForFood(); 

44: 

45:    protected: 

46:       BREED itsBreed; 

47: }; 
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This program has no output because it is only a set of class declarations without their 

implementations. Nonetheless, there is much to see here. 

Private Versus Protected 

Previously, class data had been declared private. However, private members are not available 

to derived classes. You could make itsAge and itsWeight public, but that is not desirable. You 

don't want other classes accessing these data members directly. 

What you want is a designation that says, "Make these visible to this class and to classes that 

derive from this class." That designation is protected. Protected data members and functions 

are fully visible to derived classes, but are otherwise private. 

There are, in total, three access specifiers: public, protected, and private. If a function has an 

object of your class, it can access all the public member data and functions. The member 

functions, in turn, can access all private data members and functions of their own class, and 

all protected data members and functions of any class from which they derive. 

Thus, the function Dog::WagTail() can access the private data itsBreed and can access the 

protected data in the Mammal class. 

Even if other classes are layered between Mammal and Dog (for example, DomesticAnimals), 

the Dog class will still be able to access the protected members of Mammal, assuming that 

these other classes all use public inheritance. 

Using a derived object. 

1://Using a derived object 

2: 

3: #include <iostream.h> 

4:enum BREED { YORKIE, CAIRN, DANDIE, SHETLAND, DOBERMAN, LAB }; 

5: 

6:class Mammal 

7:     { 

8:     public: 

9:        // constructors 

10:       Mammal():itsAge(2), itsWeight(5){} 

11:       ~Mammal(){} 
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12: 

13:       //accessors 

14:       int GetAge()const { return itsAge; } 

15:       void SetAge(int age) { itsAge = age; } 

16:       int GetWeight() const { return itsWeight; } 

17:       void SetWeight(int weight) { itsWeight = weight; } 

18: 

19:       //Other methods 

20:       void Speak()const { cout << "Mammal sound!\n"; } 

21:       void Sleep()const { cout << "shhh. I'm sleeping.\n"; } 

22: 

23: 

24:    protected: 

25:       int itsAge; 

26:       int itsWeight; 

27:    }; 

28: 

29:    class Dog : public Mammal 

30:    { 

31:    public: 

32: 

33:       // Constructors 

34:       Dog():itsBreed(YORKIE){} 

35:       ~Dog(){} 

36: 

37:       // Accessors 

38:       BREED GetBreed() const { return itsBreed; } 

39:       void SetBreed(BREED breed) { itsBreed = breed; } 

40: 
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41:       // Other methods 

42:       void WagTail() { cout << "Tail wagging...\n"; } 

43:       void BegForFood() { cout << "Begging for food...\n"; } 

44: 

45:    private: 

46:       BREED itsBreed; 

47:    }; 

48: 

49:    int main() 

50:    { 

51:       Dog fido; 

52:       fido.Speak(); 

53:       fido.WagTail(); 

54:       cout << "Fido is " << fido.GetAge() << " years old\n"; 

55:     return 0; 

56: } 

Output: Mammal sound! 

Tail wagging... 

Fido is 2 years old 

Virtual Methods 

This chapter has emphasized the fact that a Dog object is a Mammal object. So far that has 

meant only that the Dog object has inherited the attributes (data) and capabilities (methods) 

of its base class. In C++ the is-a relationship runs deeper than that, however. 

C++ extends its polymorphism to allow pointers to base classes to be assigned to derived  

class objects. Thus, you can write 

Mammal* pMammal = new Dog;  

This creates a new Dog object on the heap and returns a pointer to that object, which it 

assigns to a pointer to Mammal. This is fine, because a dog is a mammal.  
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You can then use this pointer to invoke any method on Mammal. What you would like is for 

those methods that are overridden in Dog() to call the correct function. Virtual functions let 

you do that.  

Using virtual methods. 

1:     //Using virtual methods 

2: 

3:     #include <iostream.h> 

4: 

5:     class Mammal 

6:     { 

7:     public: 

8:        Mammal():itsAge(1) { cout << "Mammal constructor...\n"; } 

9:        ~Mammal() { cout << "Mammal destructor...\n"; } 

10:       void Move() const { cout << "Mammal move one step\n"; } 

11:       virtual void Speak() const { cout << "Mammal speak!\n"; } 

12:    protected: 

13:       int itsAge; 

14: 

15:    }; 

16: 

17:    class Dog : public Mammal 

18:    { 

19:    public: 

20:       Dog() { cout << "Dog Constructor...\n"; } 

21:       ~Dog() { cout << "Dog destructor...\n"; } 

22:       void WagTail() { cout << "Wagging Tail...\n"; } 

23:       void Speak()const { cout << "Woof!\n"; } 

24:       void Move()const { cout << "Dog moves 5 steps...\n"; } 
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25:    }; 

26: 

27:    int main() 

28:    { 

29: 

30:       Mammal *pDog = new Dog; 

31:       pDog->Move(); 

32:       pDog->Speak(); 

33: 

34:     return 0; 

35: } 

Output: Mammal constructor... 

Dog Constructor... 

Mammal move one step 

Woof! 

Virtual Destructors 

It is legal and common to pass a pointer to a derived object when a pointer to a base object is 

expected. What happens when that pointer to a derived subject is deleted? If the destructor is 

virtual, as it should be, the right thing happens--the derived class's destructor is called. 

Because the derived class's destructor will automatically invoke the base class's destructor, 

the entire object will be properly destroyed. 

The rule of thumb is this: If any of the functions in your class are virtual, the destructor should 

be as well.  

Virtual Copy Constructors 

As previously stated, no constructor can be virtual. Nonetheless, there are times when your 

program desperately needs to be able to pass in a pointer to a base object and have a copy of 

the correct derived object that is created. A common solution to this problem is to create a 

Clone() method in the base class and to make that be virtual. The Clone() method creates a 

new object copy of the current class, and returns that object. 



 

Class 11   Programming ic C++   179 

Because each derived class overrides the Clone() method, a copy of the derived class is 

created. 

 Virtual copy constructor. 

1:     //Virtual copy constructor 

2: 

3:     #include <iostream.h> 

4: 

5:     class Mammal 

6:     { 

7:     public: 

8:        Mammal():itsAge(1) { cout << "Mammal constructor...\n"; } 

9:        ~Mammal() { cout << "Mammal destructor...\n"; } 

10:       Mammal (const Mammal & rhs); 

11:       virtual void Speak() const { cout << "Mammal speak!\n"; } 

12:       virtual Mammal* Clone() { return new Mammal(*this); }  

13:       int GetAge()const { return itsAge; } 

14:    protected: 

15:       int itsAge; 

16:    }; 

17: 

18:    Mammal::Mammal (const Mammal & rhs):itsAge(rhs.GetAge()) 

19:    { 

20:       cout << "Mammal Copy Constructor...\n"; 

21:    } 

22: 

23:    class Dog : public Mammal 

24:    { 

25:    public: 

26:       Dog() { cout << "Dog constructor...\n"; } 
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27:       ~Dog() { cout << "Dog destructor...\n"; } 

28:       Dog (const Dog & rhs); 

29:       void Speak()const { cout << "Woof!\n"; } 

30:       virtual Mammal* Clone() { return new Dog(*this); } 

31:    }; 

32: 

33:    Dog::Dog(const Dog & rhs): 

34:    Mammal(rhs) 

35:    { 

36:       cout << "Dog copy constructor...\n"; 

37:    } 

38: 

39:    class Cat : public Mammal 

40:    { 

41:    public: 

42:       Cat() { cout << "Cat constructor...\n"; } 

43:       ~Cat() { cout << "Cat destructor...\n"; } 

44:       Cat (const Cat &); 

45:       void Speak()const { cout << "Meow!\n"; } 

46:       virtual Mammal* Clone() { return new Cat(*this); } 

47:    }; 

48: 

49:    Cat::Cat(const Cat & rhs): 

50:    Mammal(rhs) 

51:    { 

52:       cout << "Cat copy constructor...\n"; 

53:    } 

54: 

55:    enum ANIMALS { MAMMAL, DOG, CAT}; 
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56:    const int NumAnimalTypes = 3; 

57:    int main() 

58:    { 

59:       Mammal *theArray[NumAnimalTypes]; 

60:       Mammal* ptr; 

61:       int choice, i; 

62:       for ( i = 0; i<NumAnimalTypes; i++) 

63:       { 

64:          cout << "(1)dog (2)cat (3)Mammal: "; 

65:          cin >> choice; 

66:          switch (choice) 

67:          { 

68:             case DOG: ptr = new Dog; 

69:             break; 

70:             case CAT: ptr = new Cat; 

71:             break; 

72:             default: ptr = new Mammal; 

73:             break; 

74:          } 

75:          theArray[i] = ptr; 

76:       } 

77:       Mammal *OtherArray[NumAnimalTypes]; 

78:       for (i=0;i<NumAnimalTypes;i++) 

79:       { 

80:          theArray[i]->Speak(); 

81:          OtherArray[i] = theArray[i]->Clone(); 

82:       } 

83:       for (i=0;i<NumAnimalTypes;i++) 
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84:          OtherArray[i]->Speak(); 

25:     return 0; 

86: } 

1:  (1)dog (2)cat (3)Mammal: 1 

2:  Mammal constructor... 

3:  Dog constructor... 

4:  (1)dog (2)cat (3)Mammal: 2 

5:  Mammal constructor... 

6:  Cat constructor... 

7:  (1)dog (2)cat (3)Mammal: 3 

8:  Mammal constructor... 

9:  Woof! 

10: Mammal Copy Constructor... 

11: Dog copy constructor... 

12: Meow! 

13: Mammal Copy Constructor... 

14: Cat copy constructor... 

15: Mammal speak! 

16: Mammal Copy Constructor... 

17: Woof! 

18: Meow! 

19: Mammal speak! 
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Review Question 

1. What is a v-table? 

2. What is a virtual destructor? 

3. How do you show the declaration of a virtual constructor? 

4. How can you create a virtual copy constructor? 

5. How do you invoke a base member function from a derived class in which    you've 

overridden that function? 

6. How do you invoke a base member function from a derived class in which you 

have not overridden that function? 

7. If a base class declares a function to be virtual, and a derived class does not use 

the term virtual when overriding that class, is it still virtual when inherited by a 

third-generation class? 

8. What is the protected keyword used for?  

Lab Exercises 

1. Show the declaration of a virtual function that takes an integer parameter and 

returns void. 

2. Show the declaration of a class Square, which derives from Rectangle, which in 

turn derives from Shape. 

3. If, in Exercise 2, Shape takes no parameters, Rectangle takes two (length and 

width), but Square takes only one (length), show the constructor initialization for 

Square. 

4. Write a virtual copy constructor for the class Square (in Exercise 3). 

5. BUG BUSTERS: What is wrong with this code snippet?  

void SomeFunction (Shape); Shape * pRect = new Rectangle; 

SomeFunction(*pRect);  

6. BUG BUSTERS: What is wrong with this code snippet?  

class Shape() { public: Shape(); virtual ~Shape(); virtual Shape(const Shape&); }; 
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                   CHAPTER 13CHAPTER 13CHAPTER 13CHAPTER 13    

                                                                                                                                                        POLYMORPHISMPOLYMORPHISMPOLYMORPHISMPOLYMORPHISM    

Multiple Inheritance 

It is possible to derive a new class from more than one base class. This is called Multiple 

Inheritance. To derive from more than the base class, you separate each base class by 

commas in the class designation. 

Multiple inheritance. 

1:     // Multiple inheritance. 

2:     // Multiple Inheritance 

3: 

4:     #include <iostream.h> 

5: 

6:     class Horse 

7:     { 

8:     public: 

9:        Horse() { cout << "Horse constructor... "; } 

10:       virtual ~Horse() { cout << "Horse destructor... "; } 

11:       virtual void Whinny() const { cout << "Whinny!... "; } 

12:    private: 

13:       int itsAge; 

14:    }; 

15: 

16:    class Bird 

17:    { 

18:    public: 

19:       Bird() { cout << "Bird constructor... "; } 

20:       virtual ~Bird() { cout << "Bird destructor... "; } 
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21:       virtual void Chirp() const { cout << "Chirp... ";  } 

22:       virtual void Fly() const  

23:       {  

24:          cout << "I can fly! I can fly! I can fly! ";  

25:       } 

26:    private: 

27:       int itsWeight; 

28:    }; 

29: 

30:    class Pegasus : public Horse, public Bird 

31:    { 

32:    public: 

33:       void Chirp() const { Whinny(); } 

34:       Pegasus() { cout << "Pegasus constructor... "; } 

35:       ~Pegasus() { cout << "Pegasus destructor...  "; } 

36:    }; 

37: 

38:    const int MagicNumber = 2; 

39:    int main() 

40:    { 

41:       Horse* Ranch[MagicNumber]; 

42:       Bird* Aviary[MagicNumber]; 

43:       Horse * pHorse; 

44:       Bird * pBird;  

45:       int choice,i; 

46:       for (i=0; i<MagicNumber; i++) 

47:       { 

48:          cout << "\n(1)Horse (2)Pegasus: "; 
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49:          cin >> choice; 

50:          if (choice == 2) 

51:             pHorse = new Pegasus; 

52:          else 

53:             pHorse = new Horse; 

54:          Ranch[i] = pHorse; 

55:       } 

56:       for (i=0; i<MagicNumber; i++) 

57:       { 

58:          cout << "\n(1)Bird (2)Pegasus: "; 

59:          cin >> choice; 

60:          if (choice == 2) 

61:             pBird = new Pegasus;  

62:          else 

63:             pBird = new Bird; 

64:          Aviary[i] = pBird; 

65:       } 

66: 

67:       cout << "\n"; 

68:       for (i=0; i<MagicNumber; i++) 

69:       { 

70:          cout << "\nRanch[" << i << "]: " ; 

71:          Ranch[i]->Whinny(); 

72:          delete Ranch[i]; 

73:       } 

74: 

75:       for (i=0; i<MagicNumber; i++) 

76:       { 
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77:          cout << "\nAviary[" << i << "]: " ; 

78:          Aviary[i]->Chirp(); 

79:          Aviary[i]->Fly(); 

80:          delete Aviary[i]; 

81:       } 

82:     return 0; 

83: } 

Output: (1)Horse (2)Pegasus: 1 

Horse constructor... 

(1)Horse (2)Pegasus: 2 

Horse constructor... Bird constructor... Pegasus constructor... 

(1)Bird (2)Pegasus: 1 

Bird constructor... 

(1)Bird (2)Pegasus: 2 

Horse constructor... Bird constructor... Pegasus constructor... 

Ranch[0]: Whinny!... Horse destructor... 

Ranch[1]: Whinny!... Pegasus destructor...  Bird destructor... Horse destructor... 

Aviary[0]: Chirp... I can fly! I can fly! I can fly! Bird destructor... 

Aviary[1]: Whinny!... I can fly! I can fly! I can fly!  

Pegasus destructor... Bird destructor... Horse destructor... 

Aviary[0]: Chirp... I can fly!  

I can fly! I can fly! Bird destructor... 

Aviary[1]: Whinny!... I can fly! I can fly! I can fly!  

Pegasus destructor.. Bird destructor... Horse destructor...  

Declaring Multiple Inheritance 

Declare an object to inherit from more than one class by listing the base classes following the 

colon after the class name. Separate the base classes by commas. Example 1: 

class Pegasus : public Horse, public Bird  
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Example 2: 

class Schnoodle : public Schnauzer, public Poodle  

The Parts of a Multiply Inherited Object 

A number of issues arise with objects with multiple base classes. For example, what happens if 

two base classes that happen to have the same name have virtual functions or data? How are 

multiple base class constructors initialized? What happens if multiple base classes both derive 

from the same class? The next sections will answer these questions, and explore how multiple 

inheritance can be put to work.  

Constructors in Multiply Inherited Objects 

If Pegasus derives from both Horse and Bird, and each of the base classes has constructors 

that take parameters, the Pegasus class initializes these constructors in turn. 

Calling multiple constructors. 

1:     //  

2:     // Calling multiple constructors 

3:     #include <iostream.h> 

4:     typedef int HANDS; 

5:     enum COLOR { Red, Green, Blue, Yellow, White, Black, Brown } ; 

6:     enum BOOL { FALSE, TRUE }; 

7: 

8:     class Horse 

9:     { 

10:    public: 

11:       Horse(COLOR color, HANDS height); 

12:       virtual ~Horse() { cout << "Horse destructor...\n"; } 

13:       virtual void Whinny()const { cout << "Whinny!... "; } 

14:       virtual HANDS GetHeight() const { return itsHeight; } 

15:       virtual COLOR GetColor() const { return itsColor; } 

16:    private: 

17:       HANDS itsHeight; 

18:       COLOR itsColor; 
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19:    }; 

20: 

21:    Horse::Horse(COLOR color, HANDS height): 

22:       itsColor(color),itsHeight(height) 

23:    { 

24:       cout << "Horse constructor...\n"; 

25:    } 

26: 

27:    class Bird 

28:    { 

29:    public: 

30:       Bird(COLOR color, BOOL migrates); 

31:       virtual ~Bird() {cout << "Bird destructor...\n";  } 

32:       virtual void Chirp()const { cout << "Chirp... ";  } 

33:       virtual void Fly()const  

34:       {  

35:          cout << "I can fly! I can fly! I can fly! ";  

36:       } 

37:       virtual COLOR GetColor()const { return itsColor; } 

38:       virtual BOOL GetMigration() const { return itsMigration; } 

39:  

40:    private: 

41:       COLOR itsColor; 

42:       BOOL itsMigration; 

43:    }; 

44: 

45:    Bird::Bird(COLOR color, BOOL migrates): 

46:       itsColor(color), itsMigration(migrates) 

47:    { 

48:       cout << "Bird constructor...\n"; 
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49:    } 

50: 

51:    class Pegasus : public Horse, public Bird 

52:    { 

53:    public: 

54:       void Chirp()const { Whinny(); } 

55:       Pegasus(COLOR, HANDS, BOOL,long); 

56:       ~Pegasus() {cout << "Pegasus destructor...\n";} 

57:       virtual long GetNumberBelievers() const  

58:        {  

59:           return  itsNumberBelievers;  

60:        } 

61: 

62:    private: 

63:       long itsNumberBelievers; 

64:    }; 

65:  

66:    Pegasus::Pegasus( 

67:        COLOR aColor,  

68:        HANDS height,  

69:        BOOL migrates,  

70:        long NumBelieve): 

71:    Horse(aColor, height), 

72:    Bird(aColor, migrates), 

73:    itsNumberBelievers(NumBelieve) 

74:    { 

75:       cout << "Pegasus constructor...\n"; 

76:    } 

77: 

78:    int main() 
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79:    { 

80:       Pegasus *pPeg = new Pegasus(Red, 5, TRUE, 10); 

81:       pPeg->Fly(); 

82:       pPeg->Whinny(); 

83:       cout << "\nYour Pegasus is " << pPeg->GetHeight(); 

84:       cout << " hands tall and "; 

85:       if (pPeg->GetMigration()) 

86:          cout << "it does migrate."; 

87:       else 

88:          cout << "it does not migrate."; 

89:       cout << "\nA total of " << pPeg->GetNumberBelievers(); 

90:       cout << " people believe it exists.\n"; 

91:       delete pPeg; 

92:     return 0; 

93: } 

Output: Horse constructor... 

Bird constructor... 

Pegasus constructor... 

I can fly! I can fly! I can fly! Whinny!... 

Your Pegasus is 5 hands tall and it does migrate. 

A total of 10 people believe it exists. 

Pegasus destructor... 

Bird destructor... 

Horse destructor...  

Ambiguity Resolution 

You may need to ask the Pegasus object to return its color, but you have a problem: the 

Pegasus class inherits from both Bird and Horse. They both have a color, and their methods 

for getting that color have the same names and signature. This creates an ambiguity for the 

compiler, which you must resolve. 

If you simply write 
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COLOR currentColor = pPeg->GetColor();  

you will get a compiler error: 

Member is ambiguous: `Horse::GetColor' and `Bird::GetColor'  

You can resolve the ambiguity with an explicit call to the function you wish to invoke: 

COLOR currentColor = pPeg->Horse::GetColor();  

Anytime you need to resolve which class a member function or member data inherits from, 

you can fully qualify the call by prepending the class name to the base class data or function. 

Note that if Pegasus were to override this function, the problem would be moved, as it should 

be, into the Pegasus member function: 

virtual COLOR GetColor()const { return Horse::itsColor; }  

This hides the problem from clients of the Pegasus class, and encapsulates within Pegasus the 

knowledge of which base class it wishes to inherit its color from. A client is still free to force 

the issue by writing: 

COLOR currentColor = pPeg->Bird::GetColor();  

Inheriting from Shared Base Class 

When a function or data member is called in the shared base class, another ambiguity exists. 

For example, if Animal declares itsAge as a member variable and GetAge() as a member 

function, and you call pPeg->GetAge(), did you mean to call the GetAge() function you inherit 

from Animal by way of Horse, or by way of Bird? 

 Common base classes. 

1:     //  

2:     // Common base classes 

3:     #include <iostream.h> 

4: 

5:     typedef int HANDS; 

6:     enum COLOR { Red, Green, Blue, Yellow, White, Black, Brown } ; 

7:     enum BOOL { FALSE, TRUE }; 

8: 

9:     class Animal        // common base to both horse and bird 

10:    { 
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11:    public: 

12:       Animal(int); 

13:       virtual ~Animal() { cout << "Animal destructor...\n"; } 

14:       virtual int GetAge() const { return itsAge; } 

15:       virtual void SetAge(int age) { itsAge = age; } 

16:    private: 

17:       int itsAge; 

18:    }; 

19: 

20:    Animal::Animal(int age): 

21:    itsAge(age) 

22:    { 

23:       cout << "Animal constructor...\n"; 

24:    } 

25: 

26:    class Horse : public Animal 

27:    { 

28:    public: 

29:       Horse(COLOR color, HANDS height, int age); 

30:       virtual ~Horse() { cout << "Horse destructor...\n"; } 

31:       virtual void Whinny()const { cout << "Whinny!... "; } 

32:       virtual HANDS GetHeight() const { return itsHeight; } 

33:       virtual COLOR GetColor() const { return itsColor; } 

34:    protected: 

35:       HANDS itsHeight; 

36:       COLOR itsColor; 

37:    }; 

38:  

39:    Horse::Horse(COLOR color, HANDS height, int age): 

40:       Animal(age), 
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41:       itsColor(color),itsHeight(height) 

42:    { 

43:       cout << "Horse constructor...\n"; 

44:    } 

45: 

46:    class Bird : public Animal 

47:    { 

48:    public: 

49:       Bird(COLOR color, BOOL migrates, int age); 

50:       virtual ~Bird() {cout << "Bird destructor...\n";  } 

51:       virtual void Chirp()const { cout << "Chirp... ";  } 

52:       virtual void Fly()const  

53:           { cout << "I can fly! I can fly! I can fly! "; } 

54:       virtual COLOR GetColor()const { return itsColor; } 

55:       virtual BOOL GetMigration() const { return itsMigration; } 

56:    protected: 

57:       COLOR itsColor; 

58:       BOOL itsMigration; 

59:    }; 

60: 

61:    Bird::Bird(COLOR color, BOOL migrates, int age): 

62:       Animal(age), 

63:       itsColor(color), itsMigration(migrates) 

64:    { 

65:       cout << "Bird constructor...\n"; 

66:    } 

67: 

68:    class Pegasus : public Horse, public Bird 

69:    { 

70:    public: 
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71:       void Chirp()const { Whinny(); } 

72:       Pegasus(COLOR, HANDS, BOOL, long, int); 

73:       ~Pegasus() {cout << "Pegasus destructor...\n";} 

74:       virtual long GetNumberBelievers() const  

75:          { return  itsNumberBelievers; } 

76:       virtual COLOR GetColor()const { return Horse::itsColor; } 

77:       virtual int GetAge() const { return Horse::GetAge(); } 

78:    private: 

79:       long itsNumberBelievers; 

80:    }; 

81:  

82:    Pegasus::Pegasus( 

83:       COLOR aColor, 

84:       HANDS height, 

85:       BOOL migrates, 

86:       long NumBelieve, 

87:       int age): 

88:    Horse(aColor, height,age), 

89:    Bird(aColor, migrates,age), 

90:    itsNumberBelievers(NumBelieve) 

91:    { 

92:       cout << "Pegasus constructor...\n"; 

93:    } 

94: 

95:    int main() 

96:    { 

97:       Pegasus *pPeg = new Pegasus(Red, 5, TRUE, 10, 2); 

98:       int age = pPeg->GetAge(); 

99:       cout << "This pegasus is " << age << " years old.\n"; 

100:      delete pPeg; 



 

Class 11   Programming ic C++   196 

101:     return 0; 

102: } 

Output: Animal constructor... 

Horse constructor... 

Animal constructor... 

Bird constructor... 

Pegasus constructor... 

This pegasus is 2 years old. 

Pegasus destructor... 

Bird destructor... 

Animal destructor... 

Horse destructor... 

Animal destructor...  

Virtual Inheritance 

It is possible to tell C++ that you do not want two copies of the shared base class. You 

accomplish this by making Animal a virtual base class of both Horse and Bird. The Animal class 

does not change at all. The Horse and Bird classes change only in their use of the term virtual 

in their declarations. Pegasus, however, changes substantially. 

Normally, a class's constructor initializes only its own variables and its base class. Virtually 

inherited base classes are an exception, however. They are initialized by their most derived 

class. Thus, Animal is initialized not by Horse and Bird, but by Pegasus. Horse and Bird have 

to initialize Animal in their constructors, but these initializations will be ignored when a 

Pegasus object is created. 

Illustration of the use of virtual inheritance. 

1:     //  

2:     // Virtual inheritance 

3:     #include <iostream.h> 

4: 

5:     typedef int HANDS; 

6:     enum COLOR { Red, Green, Blue, Yellow, White, Black, Brown } ; 
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7:     enum BOOL { FALSE, TRUE }; 

8: 

9:     class Animal        // common base to both horse and bird 

10:    { 

11:    public: 

12:       Animal(int); 

13:       virtual ~Animal() { cout << "Animal destructor...\n"; } 

14:       virtual int GetAge() const { return itsAge; } 

15:       virtual void SetAge(int age) { itsAge = age; } 

16:    private: 

17:       int itsAge; 

18:    }; 

19: 

20:    Animal::Animal(int age): 

21:    itsAge(age) 

22:    { 

23:       cout << "Animal constructor...\n"; 

24:    } 

25: 

26:    class Horse : virtual public Animal 

27:    { 

28:    public: 

29:       Horse(COLOR color, HANDS height, int age); 

30:       virtual ~Horse() { cout << "Horse destructor...\n"; } 

31:       virtual void Whinny()const { cout << "Whinny!... "; } 

32:       virtual HANDS GetHeight() const { return itsHeight; } 

33:       virtual COLOR GetColor() const { return itsColor; } 

34:    protected: 

35:       HANDS itsHeight; 
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36:       COLOR itsColor; 

37:    }; 

38:  

39:    Horse::Horse(COLOR color, HANDS height, int age): 

40:       Animal(age), 

41:       itsColor(color),itsHeight(height) 

42:    { 

43:       cout << "Horse constructor...\n"; 

44:    } 

45: 

46:    class Bird : virtual public Animal 

47:    { 

48:    public: 

49:       Bird(COLOR color, BOOL migrates, int age); 

50:       virtual ~Bird() {cout << "Bird destructor...\n";  } 

51:       virtual void Chirp()const { cout << "Chirp... ";  } 

52:       virtual void Fly()const  

53:          { cout << "I can fly! I can fly! I can fly! "; } 

54:       virtual COLOR GetColor()const { return itsColor; } 

55:       virtual BOOL GetMigration() const { return itsMigration; } 

56:    protected: 

57:       COLOR itsColor; 

58:       BOOL itsMigration; 

59:    }; 

60: 

61:    Bird::Bird(COLOR color, BOOL migrates, int age): 

62:       Animal(age), 

63:       itsColor(color), itsMigration(migrates) 

64:    { 
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65:       cout << "Bird constructor...\n"; 

66:    } 

67: 

68:    class Pegasus : public Horse, public Bird 

69:    { 

70:    public: 

71:       void Chirp()const { Whinny(); } 

72:       Pegasus(COLOR, HANDS, BOOL, long, int); 

73:       ~Pegasus() {cout << "Pegasus destructor...\n";} 

74:       virtual long GetNumberBelievers() const  

75:          { return  itsNumberBelievers; } 

76:       virtual COLOR GetColor()const { return Horse::itsColor; } 

77:    private: 

78:       long itsNumberBelievers; 

79:    }; 

80:  

81:    Pegasus::Pegasus( 

82:       COLOR aColor, 

83:       HANDS height, 

84:       BOOL migrates, 

85:       long NumBelieve, 

86:       int age): 

87:    Horse(aColor, height,age), 

88:    Bird(aColor, migrates,age), 

89:    Animal(age*2), 

90:    itsNumberBelievers(NumBelieve) 

91:    { 

92:       cout << "Pegasus constructor...\n"; 

93:    } 
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94: 

95:    int main() 

96:    { 

97:       Pegasus *pPeg = new Pegasus(Red, 5, TRUE, 10, 2); 

98:       int age = pPeg->GetAge(); 

99:       cout << "This pegasus is " << age << " years old.\n"; 

100:      delete pPeg; 

101:     return 0; 

102: } 

Output: Animal constructor... 

Horse constructor... 

Bird constructor... 

Pegasus constructor... 

This pegasus is 4 years old. 

Pegasus destructor... 

Bird destructor... 

Horse destructor... 

Animal destructor...  

Declaring Classes for Virtual Inheritance 

To ensure that derived classes have only one instance of common base classes, declare the 

intermediate classes to inherit virtually from the base class. Example 1: 

class Horse : virtual public Animal class Bird : virtual public Animal class Pegasus : public 

Horse, public Bird  

Example 2: 

class Schnauzer : virtual public Dog class Poodle : virtual public Dog class Schnoodle : public 

Schnauzer, public Poodle  

Problems with Multiple Inheritance 

Although multiple inheritance offers a number of advantages over single inheritance, there are 

many C++ programmers who are reluctant to use it. The problems they cite are that many 
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compilers don't support it yet, that it makes debugging harder, and that nearly everything that 

can be done with multiple inheritance can be done without it. 

These are valid concerns, and you will want to be on your guard against installing needless 

complexity into your programs. Some debuggers have a hard time with multiple inheritance, 

and some designs are needlessly made complex by using multiple inheritance when it is not 

needed.  

Abstract Data Types 

Often, you will create a hierarchy of classes together. For example, you might create a Shape 

class, and derive from that Rectangle and Circle. From Rectangle, you might derive Square, as 

a special case of Rectangle. 

Each of the derived classes will override the Draw() method, the GetArea() method, and so 

forth. 

 Shape classes. 

1:     // Shape classes.  

2: 

3:     #include <iostream.h> 

4: 

5:     enum BOOL { FALSE, TRUE }; 

6: 

7:     class Shape 

8:     { 

9:     public: 

10:       Shape(){} 

11:       ~Shape(){} 

12:       virtual long GetArea() { return -1; } // error 

13:       virtual long GetPerim() { return -1; } 

14:       virtual void Draw() {} 

15:    private: 

16:    }; 

17: 
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18:    class Circle : public Shape 

19:    { 

20:    public: 

21:          Circle(int radius):itsRadius(radius){} 

22:          ~Circle(){} 

23:          long GetArea() { return 3 * itsRadius * itsRadius; } 

24:          long GetPerim() { return 9 * itsRadius; } 

25:          void Draw(); 

26:    private: 

27:       int itsRadius; 

28:       int itsCircumference; 

29:    }; 

30:  

31:    void Circle::Draw() 

32:    { 

33:       cout << "Circle drawing routine here!\n"; 

34:    } 

35: 

36: 

37:    class Rectangle : public Shape 

38:    { 

39:    public: 

40:          Rectangle(int len, int width): 

41:             itsLength(len), itsWidth(width){} 

42:          ~Rectangle(){} 

43:          virtual long GetArea() { return itsLength * itsWidth; } 

44:          virtual long GetPerim() {return 2*itsLength + 2*itsWidth; } 

45:          virtual int GetLength() { return itsLength; } 

46:          virtual int GetWidth() { return itsWidth; } 

47:          virtual void Draw(); 
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48:    private: 

49:       int itsWidth; 

50:       int itsLength; 

51:    }; 

52: 

53:    void Rectangle::Draw() 

54:    { 

55:       for (int i = 0; i<itsLength; i++) 

56:       { 

57:          for (int j = 0; j<itsWidth; j++) 

58:             cout << "x "; 

59: 

60:          cout << "\n"; 

61:       } 

62:    } 

63: 

64:    class Square : public Rectangle 

65:    { 

66:    public: 

67:          Square(int len); 

68:          Square(int len, int width); 

69:          ~Square(){} 

70:          long GetPerim() {return 4 * GetLength();} 

71:    }; 

72: 

73:    Square::Square(int len): 

74:       Rectangle(len,len) 

75:    {} 

76: 

77:    Square::Square(int len, int width): 
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78:       Rectangle(len,width)  

79: 

80:    { 

81:       if (GetLength() != GetWidth()) 

82:          cout << "Error, not a square... a Rectangle??\n"; 

83:    } 

84: 

85:    int main() 

86:    { 

87:       int choice; 

88:       BOOL fQuit = FALSE; 

89:       Shape * sp; 

90: 

91:       while (1) 

92:       { 

93:          cout << "(1)Circle (2)Rectangle (3)Square (0)Quit: "; 

94:          cin >> choice; 

95: 

96:          switch (choice) 

97:          { 

98:             case 1: sp = new Circle(5); 

99:             break; 

100:            case 2: sp = new Rectangle(4,6); 

101:            break; 

102:            case 3: sp = new Square(5); 

103:            break; 

104:            default: fQuit = TRUE; 

105:            break; 

106:         } 

107:         if (fQuit) 
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108:            break; 

109: 

110:         sp->Draw(); 

111:         cout << "\n"; 

112:      } 

113:     return 0; 

114: } 

Output: (1)Circle (2)Rectangle (3)Square (0)Quit: 2 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

(1)Circle (2)Rectangle (3)Square (0)Quit:3 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

(1)Circle (2)Rectangle (3)Square (0)Quit:0 

Pure Virtual Functions 

C++ supports the creation of abstract data types with pure virtual functions. A virtual function 

ismade pure by initializing it with zero, as in 

virtual void Draw() = 0;  

Any class with one or more pure virtual functions is an ADT, and it is illegal to instantiate an 

object of a class that is an ADT. Trying to do so will cause a compile-time error. Putting a pure 

virtual function in your class signals two things to clients of your class:  

• Don't make an object of this class, derive from it.  

• Make sure you override the pure virtual function.  

Any class that derives from an ADT inherits the pure virtual function as pure, and so must 

override every pure virtual function if it wants to instantiate objects. Thus, if Rectangle 
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inherits from Shape, and Shape has three pure virtual functions, Rectangle must override all 

three or it too will be an ADT.   

Abstract Data Types. 

1:  class Shape 

2:  { 

3:  public: 

4:       Shape(){} 

5:       ~Shape(){} 

6:       virtual long GetArea() = 0; // error 

7:       virtual long GetPerim()= 0; 

8:       virtual void Draw() = 0; 

9:  private: 

10: }; 

Output: (1)Circle (2)Rectangle (3)Square (0)Quit: 2 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

(1)Circle (2)Rectangle (3)Square (0)Quit: 3 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

x x x x x 

(1)Circle (2)Rectangle (3)Square (0)Quit: 0 

Abstract Data Types 

Declare a class to be an abstract data type by including one or more pure virtual functions in 

the class declaration. Declare a pure virtual function by writing = 0 after the function 

declaration. Example: 

class Shape { virtual void Draw() = 0; // pure virtual };  
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Implementing Pure Virtual Functions 

Typically, the pure virtual functions in an abstract base class are never implemented. Because  

no objects of that type are ever created, there is no reason to provide implementations, and 

the ADT works purely as the definition of an interface to objects which derive from it. 

It is possible, however, to provide an implementation to a pure virtual function. The function 

can then be called by objects derived from the ADT, perhaps to provide common functionality 

to all the overridden functions. Listing 13.9 reproduces Listing 13.7, this time with Shape as 

an ADT and with an implementation for the pure virtual function Draw(). The Circle class 

overrides Draw(), as it must, but it then chains up to the base class function for additional 

functionality. 

In this example, the additional functionality is simply an additional message printed, but one 

can imagine that the base class provides a shared drawing mechanism, perhaps setting up a 

window that all derived classes will use. 

Implementing pure virtual functions. 

1:     //Implementing pure virtual functions 

2: 

3:     #include <iostream.h> 

4: 

5:     enum BOOL { FALSE, TRUE }; 

6: 

7:     class Shape 

8:     { 

9:     public: 

10:       Shape(){} 

11:       ~Shape(){} 

12:       virtual long GetArea() = 0; // error 

13:       virtual long GetPerim()= 0; 

14:       virtual void Draw() = 0; 

15:    private: 

16:    }; 
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17: 

18:     void Shape::Draw() 

19:    { 

20:       cout << "Abstract drawing mechanism!\n"; 

21:    } 

22: 

23:    class Circle : public Shape 

24:    { 

25:    public: 

26:          Circle(int radius):itsRadius(radius){} 

27:          ~Circle(){} 

28:          long GetArea() { return 3 * itsRadius * itsRadius; } 

29:          long GetPerim() { return 9 * itsRadius; } 

30:          void Draw(); 

31:    private: 

32:       int itsRadius; 

33:       int itsCircumference; 

34:    }; 

35: 

36:    void Circle::Draw() 

37:    { 

38:       cout << "Circle drawing routine here!\n"; 

39:       Shape::Draw(); 

40:    } 

41: 

42:  

43:    class Rectangle : public Shape 

44:    { 

45:    public: 
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46:          Rectangle(int len, int width): 

47:             itsLength(len), itsWidth(width){} 

48:          ~Rectangle(){} 

49:          long GetArea() { return itsLength * itsWidth; } 

50:          long GetPerim() {return 2*itsLength + 2*itsWidth; } 

51:          virtual int GetLength() { return itsLength; } 

52:          virtual int GetWidth() { return itsWidth; } 

53:          void Draw(); 

54:    private: 

55:       int itsWidth; 

56:       int itsLength; 

57:    }; 

58: 

59:    void Rectangle::Draw() 

60:    { 

61:       for (int i = 0; i<itsLength; i++) 

62:       { 

63:          for (int j = 0; j<itsWidth; j++) 

64:             cout << "x "; 

65: 

66:          cout << "\n"; 

67:       } 

68:       Shape::Draw(); 

69:    } 

70: 

71: 

72:    class Square : public Rectangle 

73:    { 

74:    public: 
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75:          Square(int len); 

76:          Square(int len, int width); 

77:          ~Square(){} 

78:          long GetPerim() {return 4 * GetLength();} 

79:    }; 

80:  

81:    Square::Square(int len): 

82:       Rectangle(len,len) 

83:    {} 

84: 

85:    Square::Square(int len, int width): 

86:       Rectangle(len,width) 

87: 

88:    { 

89:       if (GetLength() != GetWidth()) 

90:          cout << "Error, not a square... a Rectangle??\n"; 

91:    } 

92: 

93:    int main() 

94:    { 

95:       int choice; 

96:       BOOL fQuit = FALSE; 

97:       Shape * sp; 

98:  

99:       while (1) 

100:      { 

101:         cout << "(1)Circle (2)Rectangle (3)Square (0)Quit: "; 

102:         cin >> choice; 

103: 
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104:         switch (choice) 

105:         { 

106:            case 1: sp = new Circle(5); 

107:            break; 

108:            case 2: sp = new Rectangle(4,6); 

109:            break; 

110:            case 3: sp = new Square (5); 

111:            break; 

112:            default: fQuit = TRUE; 

113:            break; 

114:         } 

115:         if (fQuit) 

116:            break; 

117: 

118:         sp->Draw(); 

119:         cout << "\n"; 

120:      } 

121:     return 0; 

122: } 

Output: (1)Circle (2)Rectangle (3)Square (0)Quit: 2 

x x x x x x 

x x x x x x 

x x x x x x 

x x x x x x 

Abstract drawing mechanism! 

(1)Circle (2)Rectangle (3)Square (0)Quit: 3 

x x x x x 

x x x x x 

x x x x x 
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x x x x x 

x x x x x 

Abstract drawing mechanism! 

(1)Circle (2)Rectangle (3)Square (0)Quit: 0 

A Word About Multiple Inheritance, Abstract Data Types, and Java 

Many C++ programmers are aware that Java was based in large part on C++, and yet the 

creators of Java chose to leave out multiple inheritance. It was their opinion that multiple 

inheritance introduced complexity that worked against the ease of use of Java. They felt they 

could meet 90% of the multiple inheritance functionality using what are called interfaces. 

Whether this is a bug or a feature is in the eyes of the beholder. In either case, if you 

understand multiple inheritance and Abstract Data Types in C++ you will be in a good position 

to move on to using some of the more advanced features of Java should you decide to learn 

that language as well. 

The observer pattern and how it is implemented both in Java and C++ is covered in detail in 

Robert Martin's article "C++ and Java: A Critical Comparison," in the January 1997 issue of 

C++ Report.  
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Review Question 

1. What is a down cast? 

2. What is the v-ptr? 

3. If a round-rectangle has straight edges and rounded corners, and your 

RoundRect class inherits both from Rectangle and from Circle, and they in 

turn both inherit from Shape, how many Shapes are created when you create 

a RoundRect? 

4. If Horse and Bird inherit from Animal using public virtual inheritance, do their 

constructors initialize the Animal constructor? If Pegasus inherits from both 

Horse and Bird, how does it initialize Animal's constructor? 

5.  Declare a class vehicle, and make it an abstract data type. 

6. If a base class is an ADT, and it has three pure virtual functions, how many of 

these must be overridden in its derived classes?  

Lab Exercises 

1. Show the declaration for a class JetPlane, which inherits from Rocket and 

Airplane. 

2. Show the declaration for 747, which inherits from the JetPlane class 

described in Exercise 1. 

3. Write a program that derives Car and Bus from the class Vehicle. Make 

Vehicle be an ADT with two pure virtual functions. Make Car and Bus not be 

ADTs. 

4. Modify the program in Exercise 3 so that Car is an ADT, and derive SportsCar, 

Wagon, and Coupe from Car. In the Car class, provide an implementation for 

one of the pure virtual functions in Vehicle and make it non-pure. 
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CHAPTER 14CHAPTER 14CHAPTER 14CHAPTER 14    

                                                                    SPECIAL CLASSES AND FUNCTIONSSPECIAL CLASSES AND FUNCTIONSSPECIAL CLASSES AND FUNCTIONSSPECIAL CLASSES AND FUNCTIONS    

Static Member Data 

Until now, you have probably thought of the data in each object as unique to that object and 

not shared among objects in a class. For example, if you have five Cat objects, each has its 

own age, weight, and other data. The age of one does not affect the age of another. 

There are times, however, when you'll want to keep track of a pool of data. For example, you 

might want to know how many objects for a specific class have been created in your program, 

and how many are still in existence. Static member variables are shared among all instances 

of a class. They are a compromise between global data, which is available to all parts of your 

program, and member data, which is usually available only to each object. 

You can think of a static member as belonging to the class rather than to the object. Normal 

member data is one per object, but static members are one per class. This variable keeps 

track of how many Cat objects have been created. This is done by incrementing the static 

variable, HowManyCats, with each construction and decrementing it with each destruction. 

Static member data.  

1:     //static data members 

2: 

3:     #include <iostream.h> 

4: 

5:     class Cat 

6:     { 

7:     public: 

8:        Cat(int age):itsAge(age){HowManyCats++; } 

9:        virtual ~Cat() { HowManyCats--; } 

10:       virtual int GetAge() { return itsAge; } 

11:       virtual void SetAge(int age) { itsAge = age; } 

12:       static int HowManyCats; 

13: 
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14:    private: 

15:       int itsAge; 

16: 

17:    }; 

18: 

19:    int Cat::HowManyCats = 0; 

20: 

21:    int main() 

22:    { 

23:       const int MaxCats = 5; int i; 

24:       Cat *CatHouse[MaxCats]; 

25:       for (i = 0; i<MaxCats; i++) 

26:          CatHouse[i] = new Cat(i); 

27: 

28:       for (i = 0; i<MaxCats; i++) 

29:       { 

30:          cout << "There are "; 

31:          cout << Cat::HowManyCats; 

32:          cout << " cats left!\n"; 

33:          cout << "Deleting the one which is "; 

34:          cout << CatHouse[i]->GetAge(); 

35:          cout << " years old\n"; 

36:          delete CatHouse[i]; 

37:          CatHouse[i] = 0; 

38:       } 

39:     return 0; 

40: } 

Output: There are 5 cats left! 

Deleting the one which is 0 years old 

There are 4 cats left! 
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Deleting the one which is 1 years old 

There are 3 cats left! 

Deleting the one which is 2 years old 

There are 2 cats left! 

Deleting the one which is 3 years old 

There are 1 cats left! 

Deleting the one which is 4 years old 

Accessing static members without an object.  

1:     //static data members 

2: 

3:     #include <iostream.h> 

4: 

5:     class Cat 

6:     { 

7:     public: 

8:        Cat(int age):itsAge(age){HowManyCats++; } 

9:        virtual ~Cat() { HowManyCats--; } 

10:       virtual int GetAge() { return itsAge; } 

11:       virtual void SetAge(int age) { itsAge = age; } 

12:       static int HowManyCats; 

13: 

14:    private: 

15:       int itsAge; 

16: 

17:    }; 

18: 

19:    int Cat::HowManyCats = 0; 

20: 

21:    void TelepathicFunction(); 

22: 
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23:    int main() 

24:    { 

25:       const int MaxCats = 5; int i; 

26:       Cat *CatHouse[MaxCats]; 

27:       for (i = 0; i<MaxCats; i++) 

28:       { 

29:          CatHouse[i] = new Cat(i); 

30:          TelepathicFunction(); 

31:       } 

32: 

33:       for ( i = 0; i<MaxCats; i++) 

34:       { 

35:          delete CatHouse[i]; 

36:          TelepathicFunction(); 

37:       } 

38:       return 0; 

39:    } 

40: 

41:    void TelepathicFunction() 

42:    { 

43:       cout << "There are "; 

44:       cout << Cat::HowManyCats << " cats alive!\n"; 

45: } 

Output: There are 1 cats alive! 

There are 2 cats alive! 

There are 3 cats alive! 

There are 4 cats alive! 

There are 5 cats alive! 

There are 4 cats alive! 

There are 3 cats alive! 
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There are 2 cats alive! 

There are 1 cats alive! 

There are 0 cats alive!  

Accessing static members using non-static member functions.  

1:     // private static data members 

2: 

3:     #include <iostream.h> 

4: 

5:     class Cat 

6:     { 

7:     public: 

8:        Cat(int age):itsAge(age){HowManyCats++; } 

9:        virtual ~Cat() { HowManyCats--; } 

10:       virtual int GetAge() { return itsAge; } 

11:       virtual void SetAge(int age) { itsAge = age; } 

12:       virtual int GetHowMany() { return HowManyCats; } 

13: 

14: 

15:    private: 

16:       int itsAge; 

17:       static int HowManyCats; 

18:    }; 

19: 

20:    int Cat::HowManyCats = 0; 

21: 

22:    int main() 

23:    { 

24:       const int MaxCats = 5; int i; 

25:       Cat *CatHouse[MaxCats]; 

26:       for (i = 0; i<MaxCats; i++) 
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27:          CatHouse[i] = new Cat(i); 

28: 

29:       for (i = 0; i<MaxCats; i++) 

30:       { 

31:          cout << "There are "; 

32:          cout << CatHouse[i]->GetHowMany(); 

33:          cout << " cats left!\n"; 

34:          cout << "Deleting the one which is "; 

35:          cout << CatHouse[i]->GetAge()+2; 

36:          cout << " years old\n"; 

37:          delete CatHouse[i]; 

38:          CatHouse[i] = 0; 

39:       } 

40:     return 0; 

41: } 

Output: There are 5 cats left! 

Deleting the one which is 2 years old 

There are 4 cats left! 

Deleting the one which is 3 years old 

There are 3 cats left! 

Deleting the one which is 4 years old 

There are 2 cats left! 

Deleting the one which is 5 years old 

There are 1 cats left! 

Deleting the one which is 6 years old 

Static Member Functions 

Static member functions are like static member variables: they exist not in an object but in 

the scope of the class. Thus, they can be called without having an object of that class.  

Static member functions.  

1:     // static data members 
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2: 

3:     #include <iostream.h> 

4: 

5:     class Cat 

6:     { 

7:     public: 

8:        Cat(int age):itsAge(age){HowManyCats++; } 

9:        virtual ~Cat() { HowManyCats--; } 

10:       virtual int GetAge() { return itsAge; } 

11:       virtual void SetAge(int age) { itsAge = age; } 

12:       static int GetHowMany() { return HowManyCats; } 

13:    private: 

14:       int itsAge; 

15:       static int HowManyCats; 

16:    }; 

17: 

18:    int Cat::HowManyCats = 0; 

19: 

20:    void TelepathicFunction(); 

21: 

22:    int main() 

23:    { 

24:       const int MaxCats = 5; 

25:       Cat *CatHouse[MaxCats]; int i; 

26:       for (i = 0; i<MaxCats; i++) 

27:       { 

28:          CatHouse[i] = new Cat(i); 

29:          TelepathicFunction(); 

30:       } 

31: 
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32:       for ( i = 0; i<MaxCats; i++) 

33:       { 

34:          delete CatHouse[i]; 

35:          TelepathicFunction(); 

36:       } 

37:       return 0; 

38:    } 

39: 

40:    void TelepathicFunction() 

41:    { 

42:       cout << "There are " << Cat::GetHowMany() << " cats alive!\n"; 

43: } 

Output: There are 1 cats alive! 

There are 2 cats alive! 

There are 3 cats alive! 

There are 4 cats alive! 

There are 5 cats alive! 

There are 4 cats alive! 

There are 3 cats alive! 

There are 2 cats alive! 

There are 1 cats alive! 

There are 0 cats alive!  

Static Member Functions 

You can access static member functions by calling them on an object of the class just as you 

do any other member function, or you can call them without an object by fully qualifying the 

class and object name. Example 

class Cat 

{ 

public: 

static int GetHowMany() { return HowManyCats; } 
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private: 

static int HowManyCats; 

}; 

int Cat::HowManyCats = 0; 

int main() 

{ 

int howMany; 

Cat theCat;                       // define a cat 

howMany = theCat.GetHowMany();   // access through an object 

howMany = Cat::GetHowMany();     // access without an object 

} 

Pointers to Functions 

Just as an array name is a constant pointer to the first element of the array, a function name 

is a constant pointer to the function. It is possible to declare a pointer variable that points to a 

function, and to invoke the function by using that pointer. This can be very useful; it allows 

you to create programs that decide which functions to invoke based on user input. 

The only tricky part about function pointers is understanding the type of the object being 

pointed to. A pointer to int points to an integer variable, and a pointer to a function must point 

to a function of the appropriate return type and signature. 

In the declaration 

long (* funcPtr) (int);  

funcPtr is declared to be a pointer (note the * in front of the name) that points to a function 

that takes an integer parameter and returns a long. The parentheses around * funcPtr are 

necessary because the parentheses around int bind more tightly, that is they have higher 

precedence than the indirection operator (*). Without the first parentheses this would declare 

a function that takes an integer and returns a pointer to a long. (Remember that spaces are 

meaningless here.) 

Examine these two declarations: 

long * Function (int); long (* funcPtr) (int);  
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The first, Function (), is a function taking an integer and returning a pointer to a variable of 

type long. The second, funcPtr, is a pointer to a function taking an integer and returning a 

variable of type long. 

The declaration of a function pointer will always include the return type and the parentheses 

indicating the type of the parameters, if any. 

Pointers to functions.  

1:     // Using function pointers 

2: 

3:     #include <iostream.h> 

4: 

5:     void Square (int&,int&); 

6:     void Cube (int&, int&); 

7:     void Swap (int&, int &); 

8:     void GetVals(int&, int&); 

9:     void PrintVals(int, int); 

10:    enum BOOL { FALSE, TRUE }; 

11: 

12:    int main() 

13:    { 

14:       void (* pFunc) (int &, int &); 

15:       BOOL fQuit = FALSE; 

16: 

17:       int valOne=1, valTwo=2; 

18:       int choice; 

19:       while (fQuit == FALSE) 

20:       { 

21:          cout << "(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: "; 

22:          cin >> choice; 

23:          switch (choice) 

24:          { 
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25:             case 1: pFunc = GetVals; break; 

26:             case 2: pFunc = Square; break; 

27:             case 3: pFunc = Cube; break; 

28:             case 4: pFunc = Swap; break; 

29:             default : fQuit = TRUE; break; 

30:          } 

31: 

32:          if (fQuit) 

33:             break; 

34: 

35:          PrintVals(valOne, valTwo); 

36:          pFunc(valOne, valTwo); 

37:          PrintVals(valOne, valTwo); 

38:       } 

39:     return 0; 

40:    } 

41: 

42:    void PrintVals(int x, int y) 

43:    { 

44:       cout << "x: " << x << " y: " << y << endl; 

45:    } 

46: 

47:    void Square (int & rX, int & rY) 

48:    { 

49:       rX *= rX; 

50:       rY *= rY; 

51:    } 

52:  

53:    void Cube (int & rX, int & rY) 



 

Class 11   Programming ic C++   225 

54:    { 

55:       int tmp; 

56:  

57:       tmp = rX; 

58:       rX *= rX; 

59:       rX = rX * tmp; 

60: 

61:       tmp = rY; 

62:       rY *= rY; 

63:       rY = rY * tmp; 

64:    } 

65: 

66:    void Swap(int & rX, int & rY) 

67:    { 

68:       int temp; 

69:       temp = rX; 

70:       rX = rY; 

71:       rY = temp; 

72:    } 

73: 

74:    void GetVals (int & rValOne, int & rValTwo) 

75:    { 

76:       cout << "New value for ValOne: "; 

77:       cin >> rValOne; 

78:       cout << "New value for ValTwo: "; 

79:       cin >> rValTwo; 

80: } 

Output: (0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 1 

x: 1 y: 2 
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New value for ValOne: 2 

New value for ValTwo: 3 

x: 2 y: 3 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 3 

x: 2 y: 3 

x: 8 y: 27 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 2 

x: 8 y: 27 

x: 64 y: 729 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 4 

x: 64 y: 729 

x: 729 y: 64 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 0 

Pointer to Function 

A pointer to function is invoked exactly like the functions it points to, except that the function 

pointer name is used instead of the function name. Assign a pointer to function to a specific 

function by assigning to the function name without the parentheses. The function name is a 

constant pointer to the function itself. Use the pointer to function just as you would the 

function name. The pointer to function must agree in return value and signature with the 

function to which you assign it. Example 

long (*pFuncOne) (int, int); long SomeFunction (int, int); pFuncOne = SomeFunction; 

pFuncOne(5,7);  

Function Pointers without the pointer to function.  

1:     // Without function pointers 

2: 

3:     #include <iostream.h> 

4: 

5:     void Square (int&,int&); 

6:     void Cube (int&, int&); 

7:     void Swap (int&, int &); 
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8:     void GetVals(int&, int&); 

9:     void PrintVals(int, int); 

10:    enum BOOL { FALSE, TRUE }; 

11: 

12:    int main() 

13:    { 

14:       BOOL fQuit = FALSE; 

15:       int valOne=1, valTwo=2; 

16:       int choice; 

17:       while (fQuit == FALSE) 

18:       { 

19:          cout << "(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: "; 

20:          cin >> choice; 

21:          switch (choice) 

22:          { 

23:             case 1: 

24:                PrintVals(valOne, valTwo); 

25:                GetVals(valOne, valTwo); 

26:                PrintVals(valOne, valTwo); 

27:                break; 

28: 

29:             case 2: 

30:                PrintVals(valOne, valTwo); 

31:                Square(valOne,valTwo); 

32:                PrintVals(valOne, valTwo); 

33:                break; 

34: 

35:             case 3: 

36:                PrintVals(valOne, valTwo); 

37:                Cube(valOne, valTwo); 
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38:                PrintVals(valOne, valTwo); 

39:                break; 

40: 

41:             case 4: 

42:                PrintVals(valOne, valTwo); 

43:                Swap(valOne, valTwo); 

44:                PrintVals(valOne, valTwo); 

45:                break; 

46: 

47:                default : 

48:                fQuit = TRUE; 

49:                break; 

50:          } 

51:  

52:          if (fQuit) 

53:             break; 

54:       } 

55:     return 0; 

56: } 

Output: (0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 1 

x: 1 y: 2 

New value for ValOne: 2 

New value for ValTwo: 3 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 3 

x: 2 y: 3 

x: 8 y: 27 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 2 

x: 8 y: 27 

x: 64 y: 729 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 4 
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x: 64 y: 729 

x: 729 y: 64 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 0 

Shorthand Invocation 

The pointer to function does not need to be dereferenced, though you are free to do so. 

Therefore, if pFunc is a pointer to a function taking an integer and returning a variable of type 

long, and you assign pFunc to a matching function, you can invoke that function with either 

pFunc(x);  

or 

(*pFunc)(x);  

The two forms are identical. The former is just a shorthand version of the latter.  

Arrays of Pointers to Functions 

Just as you can declare an array of pointers to integers, you can declare an array of pointers 

to functions returning a specific value type and with a specific signature.  

Demonstrates use of an array of pointers to functions.  

1:     // demonstrates use of an array of pointers to functions 

2: 

3:     #include <iostream.h> 

4: 

5:     void Square (int&,int&); 

6:     void Cube (int&, int&); 

7:     void Swap (int&, int &); 

8:     void GetVals(int&, int&); 

9:     void PrintVals(int, int); 

10:    enum BOOL { FALSE, TRUE }; 

11: 

12:    int main() 

13:    { 

14:       int valOne=1, valTwo=2; 
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15:       int choice, i; 

16:       const MaxArray = 5; 

17:       void (*pFuncArray[MaxArray])(int&, int&); 

18: 

19:       for (i=0;i<MaxArray;i++) 

20:       { 

21:          cout << "(1)Change Values (2)Square (3)Cube (4)Swap: "; 

22:          cin >> choice; 

23:          switch (choice) 

24:          { 

25:             case 1:pFuncArray[i] = GetVals; break; 

26:             case 2:pFuncArray[i] = Square; break; 

27:             case 3:pFuncArray[i] = Cube; break; 

28:             case 4:pFuncArray[i] = Swap; break; 

29:             default:pFuncArray[i] = 0; 

30:          } 

31:       } 

32: 

33:       for (i=0;i<MaxArray; i++) 

34:       { 

35:          pFuncArray[i](valOne,valTwo); 

36:          PrintVals(valOne,valTwo); 

37:       } 

38:     return 0; 

39: } 

Output: (1)Change Values (2)Square (3)Cube (4)Swap: 1 

(1)Change Values (2)Square (3)Cube (4)Swap: 2 

(1)Change Values (2)Square (3)Cube (4)Swap: 3 

(1)Change Values (2)Square (3)Cube (4)Swap: 4 
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(1)Change Values (2)Square (3)Cube (4)Swap: 2 

New Value for ValOne: 2 

New Value for ValTwo: 3 

x: 2 y: 3 

x: 4 y: 9 

x: 64 y: 729 

x: 729 y: 64 

x: 7153 y:4096 

Passing Pointers to Functions to Other Functions 

The pointers to functions (and arrays of pointers to functions, for that matter) can be passed 

to other functions, which may take action and then call the right function using the pointer. 

Passing pointers to functions as function arguments.  

1:     // Without function pointers 

2: 

3:     #include <iostream.h> 

4: 

5:     void Square (int&,int&); 

6:     void Cube (int&, int&); 

7:     void Swap (int&, int &); 

8:     void GetVals(int&, int&); 

9:     void PrintVals(void (*)(int&, int&),int&, int&); 

10:    enum BOOL { FALSE, TRUE }; 

11: 

12:    int main() 

13:    { 

14:       int valOne=1, valTwo=2; 

15:       int choice; 

16:       BOOL fQuit = FALSE; 

17: 
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18:       void (*pFunc)(int&, int&); 

19: 

20:       while (fQuit == FALSE) 

21:       { 

22:          cout << "(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: "; 

23:          cin >> choice; 

24:          switch (choice) 

25:          { 

26:             case 1:pFunc = GetVals; break; 

27:             case 2:pFunc = Square; break; 

28:             case 3:pFunc = Cube; break; 

29:             case 4:pFunc = Swap; break; 

30:             default:fQuit = TRUE; break; 

31:          } 

32:          if (fQuit == TRUE) 

33:             break; 

34:          PrintVals ( pFunc, valOne, valTwo); 

35:       } 

36: 

37:     return 0; 

38:    } 

39: 

40:    void PrintVals( void (*pFunc)(int&, int&),int& x, int& y) 

41:    { 

42:       cout << "x: " << x << " y: " << y << endl; 

43:       pFunc(x,y); 

44:       cout << "x: " << x << " y: " << y << endl; 

45: } 

Output: (0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 1 
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x: 1 y: 2 

New value for ValOne: 2 

New value for ValTwo: 3 

x: 2 y: 3 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 3 

x: 2 y: 3 

x: 8 y: 27 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 2 

x: 8 y: 27 

x: 64 y: 729 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 4 

x: 64 y: 729 

x: 729 y:64 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 0 

Using typedef to make pointers to functions more readable.  

1:   // Using typedef to make pointers to functions more _readable 

2: 

3:   #include <iostream.h> 

4: 

5:   void Square (int&,int&); 

6:   void Cube (int&, int&); 

7:   void Swap (int&, int &); 

8:   void GetVals(int&, int&); 

9:   typedef  void (*VPF) (int&, int&) ; 

10:   void PrintVals(VPF,int&, int&); 

11:   enum BOOL { FALSE, TRUE }; 

12: 

13:   int main() 

14:   { 
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15:   int valOne=1, valTwo=2; 

16:   int choice; 

17:   BOOL fQuit = FALSE; 

18: 

19:   VPF pFunc; 

20: 

21:   while (fQuit == FALSE) 

22:   { 

23:   cout << "(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: "; 

24:   cin >> choice; 

25:   switch (choice) 

26:   { 

27:   case 1:pFunc = GetVals; break; 

28:   case 2:pFunc = Square; break; 

29:   case 3:pFunc = Cube; break; 

30:   case 4:pFunc = Swap; break; 

31:   default:fQuit = TRUE; break; 

32:   } 

33:   if (fQuit == TRUE) 

34:   break; 

35:   PrintVals ( pFunc, valOne, valTwo); 

36:   } 

37:   return 0; 

38:   } 

39: 

40:   void PrintVals( VPF pFunc,int& x, int& y) 

41:   { 

42:   cout << "x: " << x << " y: " << y << endl; 

43:   pFunc(x,y); 



 

Class 11   Programming ic C++   235 

44:   cout << "x: " << x << " y: " << y << endl; 

45: } 

Output: (0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 1 

x: 1 y: 2 

New value for ValOne: 2 

New value for ValTwo: 3 

x: 2 y: 3 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 3 

x: 2 y: 3 

x: 8 y: 27 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 2 

x: 8 y: 27 

x: 64 y: 729 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 4 

x: 64 y: 729 

x: 729 y: 64 

(0)Quit (1)Change Values (2)Square (3)Cube (4)Swap: 0 

Pointers to Member Functions 

Up until this point, all of the function pointers you've created have been for general, non-class 

functions. It is also possible to create pointers to functions that are members of classes. 

To create a pointer to member function, use the same syntax as with a pointer to function, but 

include the class name and the scoping operator (::). Thus, if pFunc points to a member 

function of the class Shape, which takes two integers and returns void, the declaration for 

pFunc is the following: 

void (Shape::*pFunc) (int, int);  

Pointers to member functions are used in exactly the same way as pointers to functions, 

except that they require an object of the correct class on which to invoke them.  

Pointers to member functions.  

1:      //Pointers to member functions using virtual methods 

2: 
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3:      #include <iostream.h> 

4: 

5:     enum BOOL {FALSE, TRUE}; 

6:     class Mammal 

7:     { 

8:     public: 

9:        Mammal():itsAge(1) {  } 

10:       ~Mammal() { } 

11:       virtual void Speak() const = 0; 

12:       virtual void Move() const = 0; 

13:    protected: 

14:       int itsAge; 

15:    }; 

16: 

17:    class Dog : public Mammal 

18:    { 

19:    public: 

20:       void Speak()const { cout << "Woof!\n"; } 

21:       void Move() const { cout << "Walking to heel...\n"; } 

22:    }; 

23: 

24: 

25:    class Cat : public Mammal 

26:    { 

27:    public: 

28:       void Speak()const { cout << "Meow!\n"; } 

29:       void Move() const { cout << "slinking...\n"; } 

30:    }; 

31: 

32: 

33:    class Horse : public Mammal 
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34:    { 

35:    public: 

36:       void Speak()const { cout << "Winnie!\n"; } 

37:       void Move() const { cout << "Galloping...\n"; } 

38:    }; 

39: 

40:  

41:    int main() 

42:    { 

43:       void (Mammal::*pFunc)() const =0; 

44:       Mammal* ptr =0; 

45:       int Animal; 

46:       int Method; 

47:       BOOL fQuit = FALSE; 

48: 

49:       while (fQuit == FALSE) 

50:       { 

51:          cout << "(0)Quit (1)dog (2)cat (3)horse: "; 

52:          cin >> Animal; 

53:          switch (Animal) 

54:          { 

55:             case 1: ptr = new Dog; break; 

56:             case 2: ptr = new Cat; break; 

57:             case 3: ptr = new Horse; break; 

58:             default: fQuit = TRUE; break; 

59:          } 

60:          if (fQuit) 

61:             break; 

62: 

63:          cout << "(1)Speak  (2)Move: "; 

64:          cin >> Method; 
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65:          switch (Method) 

66:          { 

67:             case 1: pFunc = Mammal::Speak; break; 

68:             default: pFunc = Mammal::Move; break; 

69:          } 

70: 

71:          (ptr->*pFunc)(); 

72:          delete ptr; 

73:       } 

74:     return 0; 

75: } 

Output: (0)Quit (1)dog (2)cat (3)horse: 1 

(1)Speak (2)Move: 1 

Woof! 

(0)Quit (1)dog (2)cat (3)horse: 2 

(1)Speak (2)Move: 1 

Meow! 

(0)Quit (1)dog (2)cat (3)horse: 3 

(1)Speak (2)Move: 2 

Galloping 

(0)Quit (1)dog (2)cat (3)horse: 0 

Arrays of Pointers to Member Functions 

As with pointers to functions, pointers to member functions can be stored in an array. The 

array can be initialized with the addresses of various member functions, and these can be 

invoked by offsets into the array. 

 Array of pointers to member functions.  

1:      //Array of pointers to member functions 

2: 

3:      #include <iostream.h> 

4: 
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5:     enum BOOL {FALSE, TRUE}; 

6: 

7:     class Dog 

8:     { 

9:     public: 

10:       void Speak()const { cout << "Woof!\n"; } 

11:       void Move() const { cout << "Walking to heel...\n"; } 

12:       void Eat() const { cout << "Gobbling food...\n"; } 

13:       void Growl() const { cout << "Grrrrr\n"; } 

14:       void Whimper() const { cout << "Whining noises...\n"; } 

15:       void RollOver() const { cout << "Rolling over...\n"; } 

16:       void PlayDead() const { cout << "Is this the end of Little Caeser?\n"; } 

17:    }; 

18: 

19:    typedef void (Dog::*PDF)()const ; 

20:    int main() 

21:    { 

22:       const int MaxFuncs = 7; 

23:       PDF DogFunctions[MaxFuncs] = 

24:          {  Dog::Speak, 

25:             Dog::Move, 

26:             Dog::Eat, 

27:             Dog::Growl, 

28:             Dog::Whimper, 

29:             Dog::RollOver, 

30:             Dog::PlayDead }; 

31: 

32:       Dog* pDog =0; 

33:       int Method; 

34:       BOOL fQuit = FALSE; 
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35:  

36:       while (!fQuit) 

37:       { 

38:          cout <<    "(0)Quit (1)Speak (2)Move (3)Eat (4)Growl"; 

39:          cout << " (5)Whimper (6)Roll Over (7)Play Dead: "; 

40:          cin >> Method; 

41:          if (Method == 0) 

42:          { 

43:             fQuit = TRUE; 

44:             break; 

45:          } 

46:          else 

47:          { 

48:             pDog = new Dog; 

49:             (pDog->*DogFunctions[Method-1])(); 

50:             delete pDog; 

51:          } 

52:       } 

53:     return 0; 

54: } 

 Output: (0)Quit (1)Speak (2)Move (3)Eat (4)Growl (5)Whimper (6)Roll Over (7)Play Dead:1 

Woof! 

 (0)Quit (1)Speak (2)Move (3)Eat (4)Growl (5)Whimper (6)Roll Over (7)Play Dead: 4 Grrr 

 (0)Quit (1)Speak (2)Move (3)Eat (4)Growl (5)Whimper (6)Roll Over (7)Play Dead: 7 

Is this the end of Little Caeser? 

 (0)Quit (1)Speak (2)Move (3)Eat (4)Growl (5)Whimper (6)Roll Over (7)Play Dead: 0 
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Review Question 

1. Can static member variables be private? 

2. Show the declaration for a static member variable. 

3.  Show the declaration for a static function pointer. 

4. Show the declaration for a pointer to function returning long and taking an 

integer parameter 

5.  Modify the pointer in Question 4 so it's a pointer to member function of class 

Car. 

6. Show the declaration for an array of 10 pointers as defined in Question 5.  

Lab Exercises 

1. Write a short program declaring a class with one member variable and one 

static member variable. Have the constructor initialize the member variable 

and increment the static member variable. Have the destructor decrement the 

member variable. 

2.  Using the program from Exercise 1, write a short driver program that makes 

three objects and then displays their member variables and the static 

member variable. Then destroy each object and show the effect on the static 

member variable. 

3.  Modify the program from Exercise 2 to use a static member function to 

access the static member variable. Make the static member variable private. 

4. Write a pointer to member function to access the non-static member data in 

the program in Exercise 3, and use that pointer to print the value of that data. 

5.  Add two more member variables to the class from the previous questions. 

Add accessor functions that get the value of these values, and give all the 

member functions the same return values and signatures. Use the pointer to 

member function to access these functions.  


