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Section 1: Abstract Data Types in C++
Unlike C, C++ allows the data and functions of an ADT to be defined together. It also
enables an ADT to prevent access to internal implementation details, as well as to
guarantee that an object is appropriately initialized when it is created.

1.1.





1.2.







1.3.

Goal:

Describing Objects Using ADTs
An abstract data type (ADT) is a set of objects and an associated set of operations
on those objects
ADTs support abstraction, encapsulation, and information hiding
o Basically, enhance representational independence
o They provide equal attention to data and operations
Common examples of ADTs:
o Built-in types: boolean, integer, real, arrays
o User-defined types: stacks, queues, trees, lists

Built-in ADTs
boolean
o Values: TRUE and FALSE
o Operations: and, or, not, nand, etc.
integer
o Values: Whole numbers between MIN and MAX values
o Operations: add, subtract, multiply, divide, etc.
arrays
o Values: Homogeneous elements, i.e., array of X
o Operations: initialize, store, retrieve, copy, etc.
queue
o Values: Queue elements, i.e., queue of X: : :
o Operations: create, dispose, enqueue, dequeue, is empty, is full, etc.
tree search structure
o Values: Tree elements, i.e., tree of X
o Operations: insert, delete, find, size, traverse (in-order, post-order, preorder, level-order), etc.
Avoiding Over-Specification

We want complete, precise, and unambiguous descriptions and specifications of
software components
Problem:
We do not want to be dependent on physical representation
Too hard to port
Too hard to change implementation
Solution
Use ADTs
ADTs capture essential properties without over-specifying their internal
realizations
ADT interfaces provide a list of operations rather than an implementation
description
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i.e., what rather than how
Over-Specification Examples
_ e.g.,
int buffer[100], last = -1;
...
buffer[++last] = 13;
_ e.g.,
struct Node {
int item ;
Node *next ;
} *p, *first = 0;
p = new Node;
p->next = first; p->item = 13; first = p;
_ e.g.,
template <class T, int SIZE>
class Stack {
public:
int push (T new item); /* : : : */
// . . .
private:
T stack [SIZE]
};
Stack<int, 100> int stack;
// . . .
int stack.push (13);
1.4.


Algebraic Specification of ADTs
Allows complete, precise, and non-ambiguous specification of ADTs without
over-specifying their underlying implementation
e.g., language independent
 ADT specification techniques must define:
 Syntax
e.g., map function: arguments ->results
 Semantics
Meaning of the mapping
Often entails preconditions, postconditions, axioms
Exceptions
Error conditions
Algebraic specifications attempt to be complete, consistent, and handle errors
They consist of four parts: types, functions, preconditions/postconditions, and axioms

1.5.








C++ Support for ADTs
C++ Classes
Automatic Initialization and Termination
Assignment and Initialization
Parameterized Types
Exception Handling
Iterators
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2. Objects and Classes
2.1. Class
A class is a user defined data type. A class is a logical abstraction. It is a template that
defines the form of an object. A class specifies both code and data. It is not until an
object of that class has been created that a physical representation of that class exists in
memory. When you define a class, you declare the data that it contains and the code that
operates on that data. Data is contained in instance variables defined by the class known
as data members, and code is contained in functions known as member functions. The
code and data that constitute a class are called members of the class. The general form
of class declaration is:
class class-name {
access-specifier:
data and functions
access-specifier:
data and functions
// ...
access-specifier:
data and functions
} object-list;
The object-list is optional. If present, it declares objects of the class. Here, accessspecifier is one of these three C++ keywords:
public
private
protected
By default, functions and data declared within a class are private to that class and may
be accessed only by other members of the class. The public access_specifier allows
functions or data to be accessible to other parts of your program. The protected
access_specifier is needed only when inheritance is involved.
Example:
#include<iostream>
using namespace std;
Class myclass { // class declaration
// private members to myclass
int a;
public:
// public members to myclass
void set_a(int num);
int get_a( );
};
2.2. Object
An object is an identifiable entity with specific characteristics and behavior. An object is
said to be an instance of a class. Defining an object is similar to defining a variable of any
data type: Space is set aside for it in memory. Defining objects in this way means
creating them. This is also called instantiating them. Once a Class has been declared, we
can create objects of that Class by using the class Name like any other built-in type
variable as shown:
className objectName
Example
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void main( ) {
myclass ob1, ob2; //these are object of type myclass
// ... program code
}
2.3. More about Classes
1. Class name must start with an uppercase letter(Although this is not mandatory).
If class name is made of more than one word, then first letter of each word must
be in uppercase. Example, class Study, class StudyNow etc
2. Classes contain, data members and member functions, and the access of these
data members and variable depends on the access specifiers.
3. Class's member functions can be defined inside the class definition or outside the
class definition.
4. Class in C++ are similar to structures in C, the only difference being, class
defaults to private access control, where as structure defaults to public.
5. All the features of OOPS, revolve around classes in C++. Inheritance,
Encapsulation, Abstraction etc.
6. Objects of class holds separate copies of data members. We can create as many
objects of a class as we need.
7. Classes do posses more characteristics, like we can create abstract classes,
immutable classes, all this we will study later.
2.4. Objects of Classes
Class is mere a blueprint or a template. No storage is assigned when we define a class.
Objects are instances of class, which holds the data variables declared in class and the
member functions work on these class objects.
Each object has different data variables. Objects are initialised using special class
functions called Constructors. We will study about constructors later.
And whenever the object is out of its scope, another special class member function
called Destructor is called, to release the memory reserved by the object. C++ doesn't
have Automatic Garbage Collector like in JAVA, in C++ Destructor performs this task.
class Abc
{
int x;
void display()
{
// some statement
}
};
int main()
{
Abc obj; // Object of class Abc created
}
Object: Object is a instance of class, object has state and behaviors.
An Object in C++ has three characteristics:
 State
 Behavior
 Identity
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2.4.1. Object Identity
Distinguishes object by their inherent existence & not by descriptive properties that
they may have.
Identity - an Handle to the Object
C++ - Memory Address is an Object Identifier
myWatch
watch2
watch1
seconds = 0
seconds = 32
seconds = 32
2.4.2. Behavior & State of an Object
Methods take an Object from one State to Another
A method may be called only when an Object is in a selected set of states.
– Example: FileHandler:
• Open may be called only if state is not open
• Close may be called only if the state is open
• Conditions: Pre-Conditions & Post-Conditions
– Pre-Condition (Advertised Requirements)
• Must be satisfied for proper/guaranteed execution of function.
– Post-Condition (Advertised Promises)
• Guaranteed State of the Object upon completion of function
Example:
class Stack
{
...
push(Item& objC);
// Requirement: Stack not full.
// Promise: size = size +1; pop() == objC.
Item* pop();
// Requirement: Stack not empty
// Promise: size = size – 1
};
Some OOPLs like Eiffel Support pre/post Conditions
No Direct C++ Support!
• Specified through Comments
• Enforced through Exception
In simple terms, the state of an object is its state at a certain point in time, and a
behaviour of an object is the things it can do which is stored in methods. When the
method is run, it performs an action, thus changing the state of the object.
State Examples:
1. A radio can be "on" or "off"
2. A song can be "playing" or "not playing"
3. A task can be either "complete" or "incomplete"
Behaviour Examples:
1. If a power button is pressed, the radio turns from "off" to "on"
2. If a stop button is pressed, the song that is playing "stops"
3. If you finish a task and click on the checkbox to the left, a line crosses thru the
text task indicating it's complete
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2.5. Accessing Class Members
The main() cannot contain statements that access class members directly. Class
members can be accessed only by an object of that class. To access class members, use
the dot (.) operator. The dot operator links the name of an object with the name of a
member. The general form of the dot operator is shown here:
object.member
Example
ob1.set_a(10);
The private members of a class cannot be accessed directly using the dot operator, but
through the member functions of that class providing data hiding. A member function
can call another member function directly, without using the dot operator.
C++ program to find sum of two numbers using classes
#include<iostream>
using namespace std;
class A{
int a,b,c; // a , b and c are private data members of class A
public:
void sum(){ // void sum() is a public member function of class A
cout<<"Enter two numbers: ";
cin>>a>>b;
c=a+b;
cout<<"Sum = "<<c;
}
};
int main(){
A u;
// u is an object of (instance of ) class A
u.sum(); // u is calling member function sum() of class a
return(0);
}
Output:
Enter two numbers: 10 15
Sum = 25
Example
Our first program contains a class and two objects of that class. Although it’s simple, the
program demonstrates the syntax and general features of classes in C++. Here’s the
listing for the
SMALLOBJ program:
// smallobj.cpp
// demonstrates a small, simple object
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class smallobj //define a class
{
private:
int somedata; //class data
public:
void setdata(int d) //member function to set data
{ somedata = d; }
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void showdata() //member function to display data
{ cout << “Data is “ << somedata << endl; }

};
////////////////////////////////////////////////////////////////
int main()
{
smallobj s1, s2; //define two objects of class smallobj
s1.setdata(1066); //call member function to set data
s2.setdata(1776);
s1.showdata(); //call member function to display data
s2.showdata();
return 0;
}
Each of the two objects is given a value, and each displays its value. Here’s the output of
the
program:
Data is 1066  object s1 displayed this
Data is 1776 object s2 displayed this
2.6. Functions Are Public, Data Is Private
Usually the data within a class is private and the functions are public. This is a result of
the way classes are used. The data is hidden so it will be safe from accidental
manipulation, while the functions that operate on the data are public so they can be
accessed from outside the class.
However, there is no rule that says data must be private and functions public; in some
circumstances you may find you’ll need to use private functions and public data.

2.7.

Member Functions Defined Outside the Class

So far we’ve seen member functions that were defined inside the class definition. This
need not always be the case. ENGLCON shows a member function, add_dist(), that is not
defined within the Distance class definition. It is only declared inside the class, with the
statement
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void add_dist( Distance, Distance );
This tells the compiler that this function is a member of the class but that it will be
defined outside the class declaration, someplace else in the listing.
In ENGLCON the add_dist() function is defined following the class definition.
//add lengths d2 and d3
void Distance::add_dist(Distance d2, Distance d3)
{
inches = d2.inches + d3.inches; //add the inches
feet = 0; //(for possible carry)
if(inches >= 12.0) //if total exceeds 12.0,
{ //then decrease inches
inches -= 12.0; //by 12.0 and
feet++; //increase feet
} //by 1
feet += d2.feet + d3.feet; //add the feet
}
The declarator in this definition contains some unfamiliar syntax. The function name,
add_dist(), is preceded by the class name, Distance, and a new symbol—the double
colon (::). This symbol is called the scope resolution operator. It is a way of specifying
what class something is associated with. In this situation, Distance::add_dist() means
“the add_dist() member function of the Distance class.” Figure below shows its usage.
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3. Constructor and Destructors
3.1. Constructors
A constructor is a special member function whose task is to initialize the objects of its
class. It is special because its name is same as the class name. The constructor is invoked
whenever an object of its associated class is created. It is called constructor because it
construct the value data members of the class. The constructor functions have some
special characteristics.
 They should be declared in the public section.
 They are invoked automatically when the objects are created.
 They do not have return types, not even void and therefore, they cannot return
values.
 They cannot be inherited, though a derived class can call the base class
constructor.
Example:
#include< iostream>
Using namespace std;
class myclass { // class declaration
int a;
public:
myclass( ) { //default constructor
cout <<"In constructor\n";
a=10;
}
void show( ) {
cout<< a;
}
};
int main( ) {
int ob; // automatic call to constructor
ob.show( );
return0;
}
In this simple example the constructor is called when the object is created, and the
constructor initializes the private variable a to10.
Output:
10
A Counter Example
As an example, we’ll create a class of objects that might be useful as a general-purpose
programming element. A counter is a variable that counts things. Maybe it counts file
accesses, or the number of times the user presses the Enter key, or the number of
customers entering a bank. Each time such an event takes place, the counter is
incremented (1 is added to it). The counter can also be accessed to find the current
count.
Let’s assume that this counter is important in the program and must be accessed by
many different functions. In procedural languages such as C, a counter would probably
be implemented as a global variable.
// counter.cpp
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// object represents a counter variable
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Counter
{
private:
unsigned int count; //count
public:
Counter() : count(0) //constructor
{ /*empty body*/ }
void inc_count() //increment count
{ count++; }
int get_count() //return count
{ return count; }
};
////////////////////////////////////////////////////////////////
int main()
{
Counter c1, c2; //define and initialize
cout << “\nc1=” << c1.get_count(); //display
cout << “\nc2=” << c2.get_count();
c1.inc_count(); //increment c1
c2.inc_count(); //increment c2
c2.inc_count(); //increment c2
cout << “\nc1=” << c1.get_count(); //display again
cout << “\nc2=” << c2.get_count();
cout << endl;
return 0;
}
3.1.1. Automatic Initialization
When an object of type Counter is first created, we want its count to be initialized to 0.
After all, most counts start at 0. We could provide a set_count() function to do this and
call it with an argument of 0, or we could provide a zero_count() function, which would
always set count to 0. However, such functions would need to be executed every time
we created a Counter object.
3.1.2. Same Name as the Class
There are some unusual aspects of constructor functions. First, it is no accident that
they have exactly the same name (Counter in this example) as the class of which they
are members. This is one way the compiler knows they are constructors.
Second, no return type is used for constructors. Why not? Since the constructor is called
automatically by the system, there’s no program for it to return anything to; a return
value wouldn’t make sense. This is the second way the compiler knows they are
constructors.
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3.1.3. Initializer List
One of the most common tasks a constructor carries out is initializing data members. In
the Counter class the constructor must initialize the count member to 0. You might
think that this would be done in the constructor’s function body, like this: count()
{ count = 0; } However, this is not the preferred approach (although it does work).
Here’s how you should initialize a data member:
count() : count(0)
{}
The initialization takes place following the member function declarator but before the
function body. It’s preceded by a colon. The value is placed in parentheses following the
member data.
If multiple members must be initialized,
someClass() : m1(7), m2(33), m2(4) ←--initializer list { }
Counter Output
c1=0
c2=0
c1=1
c2=2
If this isn’t enough proof that the constructor is operating as advertised, we can rewrite
the constructor to print a message when it executes.
Counter() : count(0)
{ cout << “I’m the constructor\n”; }
Now the program’s output looks like this:
I’m the constructor
I’m the constructor
c1=0
c2=0
c1=1
c2=2
As you can see, the constructor is executed twice—once for c1 and once for c2—when
the statement
Counter c1, c2;
is executed in main().
3.2. Default constructor
The default constructor for any class is the constructor with no arguments. When no
arguments are passed, the constructor will assign the values specifically assigned in the
body of the constructor. It can be zero or any other value. The default constructor can be
identified by the name of the class followed by empty parentheses. Above program uses
default constructor. If it is not defined explicitly, then it is automatically defined
implicitly by the system.
3.3. Parameterized Constructor
It is possible to pass arguments to constructors. Typically, these arguments help
initialize an object when it is created. To create a parameterized constructor, simply add
parameters to it the way you would to any other function. When you define the
constructor's body, use the parameters to initialize the object.
Example:
#include <iostream>
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using namespace std;
class myclass {
private:
int a, b;
public:
myclass() // default constructor
{
a=1;
b=2;
}
myclass(int i, int j) //parameterized constructor
{
a=i; b=j;
}
void show() {
cout <<”a=” <<a << ", b= " << b << endl;
}
};
int main() {
myclass obj; // call to default constructor
myclass ob(3, 5); //call to parameterized constructor
ob.show();
obj.show();
return 0;
}
Output:
a=3, b= 5  ob
a=1, b=2  obj
C++ supports constructor overloading. A constructor is said to be overloaded when the
same constructor with different number of argument and types of arguments initializes
an object. Its also called Overloaded Constructors.
3.4. Copy Constructors
The copy constructor is a constructor which creates an object by initializing it with an
object of the same class, which has been created previously. If class definition does not
explicitly include copy constructor, then the system automatically creates one by
default. The copy constructor is used to:
 Initialize one object from another of the same type.
 Copy an object to pass it as an argument to a function.
 Copy an object to return it from a function.
The most common form of copy constructor is shown here:
classname (const classname &obj) {
// body of constructor
}
Here, obj is a reference to an object that is being used to initialize another object. The
keyword const is used because obj should not be changed.
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Example of (Default) Copy Constructor
We’ve seen two ways to initialize objects. A no-argument constructor can initialize data
members to constant values, and a multi-argument constructor can initialize data
members to values passed as arguments. Let’s mention another way to initialize an
object: you can initialize it with another object of the same type. Surprisingly, you don’t
need to create a special constructor for this; one is already built into all classes. It’s
called the default copy constructor. It’s a one argument constructor whose argument is
an object of the same class as the constructor. The ECOPYCON program shows how this
constructor is used.
// ecopycon.cpp
// initialize objects using default copy constructor
#include <iostream>
using namespace std;
class Distance //English Distance class
{
private:
int feet;
float inches;
public:
//constructor (no args)
Distance() : feet(0), inches(0.0)
{}
//Note: no one-arg constructor
//constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{}
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
};
int main()
{
Distance dist1(11, 6.25); //two-arg constructor
Distance dist2(dist1); //one-arg constructor
Distance dist3 = dist1; //also one-arg constructor
//display all lengths
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
cout << “\ndist3 = “; dist3.showdist();
cout << endl;
return 0;
}
We initialize dist1 to the value of 11’-6.25” using the two-argument constructor. Then
we define two more objects of type Distance, dist2 and dist3, initializing both to the
value of dist1. You might think this would require us to define a one-argument
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constructor, but initializing an object with another object of the same type is a special
case. These definitions both use the default copy constructor. The object dist2 is
initialized in the statement
Distance dist2(dist1);
his causes the default copy constructor for the Distance class to perform a member-bymember copy of dist1 into dist2. Surprisingly, a different format has exactly the same
effect, causing dist1 to be copied member-by-member into dist3:
Distance dist3 = dist1;
Although this looks like an assignment statement, it is not. Both formats invoke the
default copy constructor, and can be used interchangeably. Here’s the output from the
program:
dist1 = 11’-6.25”
dist2 = 11’-6.25”
dist3 = 11’-6.25”
This shows that the dist2 and dist3 objects have been initialized to the same value as
dist1.

3.5.

Destructor

A destructor destroys an object after it is no longer in use. The destructor, like
constructor, is a member function with the same name as the class name. But it will be
preceded by the character Tilde (~). A destructor takes no arguments and has no return
value. Each class has exactly one destructor.
If class definition does not explicitly include destructor, then the system automatically
creates one by default. It will be invoked implicitly by the compiler upon exit from the
program to clean up storage that is no longer accessible.
// A Program showing working of constructor and destructor
#include <iostream>
using namespace std;
class Myclass{
public:
int x;
Myclass(){ //Constructor
x=10;
}
~Myclass(){ //Destructor
cout<<”Destructing….” ;
}
};
int main()
{
Myclass ob1, ob2;
cout<<ob1.x<<” “<<ob2.x;
return 0;
}
Output:
10 10
Destructing……..
Destructing……..
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4. Functions and Arguments
4.1. Objects as Function Arguments
Our next program adds some embellishments to the ENGLOBJ example. It also
demonstrates some new aspects of classes: constructor overloading, defining member
functions outside the class, and—perhaps most importantly—objects as function
arguments. Here’s the listing for ENGLCON:
// englcon.cpp
// constructors, adds objects using member function
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public: //constructor (no args)
Distance() : feet(0), inches(0.0)
{}
//constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{}
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
void add_dist( Distance, Distance ); //declaration
};
//-------------------------------------------------------------//add lengths d2 and d3
void Distance::add_dist(Distance d2, Distance d3)
{
inches = d2.inches + d3.inches; //add the inches
feet = 0; //(for possible carry)
if(inches >= 12.0) //if total exceeds 12.0,
{ //then decrease inches
inches -= 12.0; //by 12.0 and
feet++; //increase feet
} //by 1
feet += d2.feet + d3.feet; //add the feet
}
////////////////////////////////////////////////////////////////
int main()
{
Distance dist1, dist3; //define two lengths
Distance dist2(11, 6.25); //define and initialize dist2
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dist1.getdist(); //get dist1 from user
dist3.add_dist(dist1, dist2); //dist3 = dist1 + dist2
//display all lengths
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
cout << “\ndist3 = “; dist3.showdist();
cout << endl;
return 0;
}
This program starts with a distance dist2 set to an initial value and adds to it a distance
dist1, whose value is supplied by the user, to obtain the sum of the distances. It then
displays all three distances:
Enter feet: 17
Enter inches: 5.75
dist1 = 17’-5.75”
dist2 = 11’-6.25”
dist3 = 29’-0”
4.2. Friend function
In general, only other members of a class have access to the private members of the
class. However, it is possible to allow a nonmember function access to the private
members of a class by declaring it as a friend of the class. To make a function a friend of
a class, you include its prototype in the class declaration and precede it with the friend
keyword. The function is declared with friend keyword. But while defining friend
function, it does not use either keyword friend or :: operator. A function can be a friend
of more than one class. Member function of one class can be friend functions of another
class. In such cases they are defined using the scope resolution operator.
A friend, function has following characteristics.
 It is not in the scope of the class to which it has been declared as friend.
 A friend function cannot be called using the object of that class. If can be invoked
like a normal function without help of any object.
 It cannot access the member variables directly & has to use an object name dot
membership operator with member name.
 It can be declared either in the public or the private part of a class without
affecting its meaning.
 Usually, it has the object as arguments.
Program to illustrate use of friend function
#include <iostream>
using namespace std;
class A{
int x, y;
public:
friend void display(A &obj);
void getdata()
{
cin>>x>>y;
}
};
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void display(A &obj){
cout<<obj.x<<obj.y;
}
int main(){
A a;
a.getdata();
display(a);
return 0;
}
4.3. Static Data Members
When you precede a member variable's declaration with static, you are telling the
compiler that only one copy of that variable will exist and that all objects of the class
will share that variable. Unlike regular data members, individual copies of a static
member variable are not made for each object. No matter how many objects of a class
are created, only one copy of a static data member exists. Thus, all objects of that class
use that same variable.
All static variables are initialized to zero before the first object is created. When you
declare a static data member within a class, you are not defining it. (That is, you are not
allocating storage for it.) Instead, you must provide a global definition for it elsewhere,
outside the class. This is done by redeclaring the static variable using the scope
resolution operator to identify the class to which it belongs. This causes storage for the
variable to be allocated.
One use of a static member variable is to provide access control to some shared
resource used by all objects of a class. Another interesting use of a static member
variable is to keep track of thenumber of objects of a particular class type that are in
existence.
4.4. Static Member Functions
Member functions may also be declared as static. They may only directly refer to other
static members of the class. Actually, static member functions have limited applications,
but one good use for them is to "preinitialize" private static data before any object is
actually created. A static member function can be called using the class name instead of
its objects as follows:
class name :: function name
//Program showing working of static class members
#include<iostream>
using namespace std;
class static_type {
static int i; //static data member
public:
static void init(int x) {i = x;} //static member function
void show() {cout << i;}
};
int static_type :: i; // static data member definition
int main()
{
static_type::init(100); //Accessing static function
static_type x;
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x.show();
return 0;

4.5. Inline Functions
An inline function is a function that is expanded inline at the point at which it is invoked,
instead of actually being called. The reason that inline functions are an important
addition to C++ is that they allow you to create very efficient code. Each time a normal
function is called, a significant amount of overhead is generated by the calling and
return mechanism.
Typically, arguments are pushed onto the stack and various registers are saved when a
function is called, and then restored when the function returns. The trouble is that these
instructions take time. However, when a function is expanded inline, none of those
operations occur. Although expanding function calls in line can produce faster run
times, it can also result in larger code size because of duplicated code. For this reason, it
is best to inline only very small functions.
inline is actually just a request, not a command, to the compiler. The compiler can
choose to ignore it. Also, some compilers may not inline all types of functions. If a
function cannot be inlined, it will simply be called as a normal function.
A function can be defined as an inline function by prefixing the keyword inline to the
function header as given below:
inline function header {
function body
}
// A program illustrating inline function
#include<iostream>
using namespace std;
inline int max(int x, int y){
if(x>y)
return x;
else
return y;
}
int main( ) {
int a,b;
cout<<”enter two numbers”;
cin>>a>>b;
cout << "The max is: " <<max(a,,b) << endl;
return 0;
}
4.6. Macros Vs inline functions
Preprocessor macros are just substitution patterns applied to your code. They can be
used almost anywhere in your code because they are replaced with their expansions
before any compilation starts.
Inline functions are actual functions whose body is directly injected into their call site.
They can only be used where a function call is appropriate.
inline functions are similar to macros (because the function code is expanded at the
point of the call at compile time), inline functions are parsed by the compiler, whereas
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macros are expanded by the preprocessor. As a result, there are several important
differences:
 Inline functions follow all the protocols of type safety enforced on normal
functions.
 Inline functions are specified using the same syntax as any other function except
that they include the inline keyword in the function declaration.
 Expressions passed as arguments to inline functions are evaluated once.
 In some cases, expressions passed as arguments to macros can be evaluated
more than once.
 macros are expanded at pre-compile time, you cannot use them for debugging,
but you can use inline functions.
4.7. Reference variable
A reference variable is an alias, that is, another name for an already existing variable.
Once a reference is initialized with a variable, either the variable name or the reference
name may be used to refer to the variable. To declare a reference variable or parameter,
precede the variable's name with the &. The syntax for declaring a reference variable is:
datatype &Ref = variable name;
Example:
#include<iostream>
using namespace std;
int main(){
int var1=10; //declaring simple variable
int & var2=var1; //declaring reference variable
cout<<“\n value of var2 =” << var2;
return 0;
}
var2 is a reference variable to var1.Hence, var2 is an alternate name to var1.This code
prints the value of var2 exactly as that of var1.
4.8. Call by reference
Arguments can be passed to functions in one of two ways: using call-by-value or call-byreference. When using call-by-value, a copy of the argument is passed to the function.
Call-by-reference passes the address of the argument to the function. By default, C++
uses call-by-value.
Provision of the reference variables in c++ permits us to pass parameter to the functions
by reference. When we pass arguments by reference, the formal arguments in the called
function become aliases to the actual arguments in the calling function. This means that
when the function is working with its own arguments, it is actually working on the
original data.
Example
#include<iostream>
using namespace std;
void swap(int &x, int &y); // function declaration
int main (){
int a = 10, b=20;
cout << "Before swapping”<<endl;
cout<< “value of a :" << a <<” value of b :" << b << endl;
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swap(a, b); //calling a function to swap the values.
cout << "After swapping”<<endl;
cout<<” value of a :" << a<< “value of b :" << b << endl;
return 0;
}
void swap(int &x, int &y) { //function definition to swap the values.
int temp;
temp = x;
x = y;
y = temp;
}
Output:
Before swapping value of a:10 value of b:20
After swapping value of a:20 value of b:10
4.9. Function Overloading
Function overloading is the process of using the same name for two or more functions.
Each redefinition of the function must use either different types of parameters or a
different number of parameters. It is only through these differences that the compiler
knows which function to call in any given situation.
Overloaded functions can help reduce the complexity of a program by allowing related
operations to be referred to by the same name. To overload a function, simply declare
and define all required versions. The compiler will automatically select the correct
version based upon the number and/or type of the arguments used to call the function.
Two functions differing only in their return types cannot be overloaded.
Example
#include<iostream>
using namespace std;
int sum(int p,int q,int r);
double sum(int l,double m);
float sum(float p,float q)
int main(){
cout<<”sum=”<< sum(11,22,33); //calls func1
cout<<”sum=”<< sum(10,15.5); //calls func2
cout<<”sum=”<< sum(13.5,12.5); //calls func3
return 0;
}
int sum(int p,int q,int r){ //func1
return(a+b+c);
}
double sum(int l,double m){ //func2
return(l+m);
}
float sum(float p,float q){ //func3
return(p+q);
}
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4.10. Default arguments
C++ allows a function to assign a parameter a default value when no argument
corresponding to that parameter is specified in a call to that function. The default value
is specified in a manner syntactically similar to a variable initialization. All default
parameters must be to the right of any parameters that don't have defaults. We cannot
provide a default value to a particular argument in the middle of an argument list. When
you create a function that has one or more default arguments, those arguments must be
specified only once: either in the function's prototype or in the function's definition
if the definition precedes the function's first use.
Default arguments are useful if you don’t want to go to the trouble of writing arguments
that, for example, almost always have the same value. They are also useful in cases
where, after a program is written, the programmer decides to increase the capability of
a function by adding another argument.
Using default arguments means that the existing function calls can continue to use the
old number of arguments, while new function calls can use more.
Example
#include<iostream>
using namespace std;
int sum(int a, int b=20){
return( a + b);
}
int main (){
int a = 100, b=200, result;
result = sum(a, b); //here a=100 , b=200
cout << "Total value is :" << result << endl;
result = sum(a); //here a=100 , b=20(using default value)
cout << "Total value is :" << result << endl;
return 0;
}
4.11. const arguments
A Distance Example
To avoid raising too many subjects at once we have, up to now, avoided using const
member functions in the example programs. However, there are many places where
const member functions should be used. For example, in the Distance class, shown in
several programs, the showdist() member function could be made const because it
doesn’t (or certainly shouldn’t!) modify any of the data in the object for which it was
called. It should simply display the data.
Also, in ENGLRET, the add_dist() function should not modify any of the data in the
object for which it was called. This object should simply be added to the object passed
as an argument, and the resulting sum should be returned. We’ve modified the
ENGLRET program to show how these two constant functions look. Note that const is
used in both the declaration and the definition
of add_dist(). Here’s the listing for ENGCONST:
// engConst.cpp
// const member functions and const arguments to member functions
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
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class Distance //English Distance class
{
private:
int feet;
float inches;
public: //constructor (no args)
Distance() : feet(0), inches(0.0)
{ } //constructor (two args)
Distance(int ft, float in) : feet(ft), inches(in)
{}
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() const //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
Distance add_dist(const Distance&) const; //add
};
//-------------------------------------------------------------//add this distance to d2, return the sum
Distance Distance::add_dist(const Distance& d2) const
{
Distance temp; //temporary variable
// feet = 0; //ERROR: can’t modify this
// d2.feet = 0; //ERROR: can’t modify d2
temp.inches = inches + d2.inches; //add the inches
if(temp.inches >= 12.0) //if total exceeds 12.0,
{ //then decrease inches
temp.inches -= 12.0; //by 12.0 and
temp.feet = 1; //increase feet
} //by 1
temp.feet += feet + d2.feet; //add the feet
return temp;
}
////////////////////////////////////////////////////////////////
int main()
{
Distance dist1, dist3; //define two lengths
Distance dist2(11, 6.25); //define, initialize dist2
dist1.getdist(); //get dist1 from user
dist3 = dist1.add_dist(dist2); //dist3 = dist1 + dist2
//display all lengths
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
cout << “\ndist3 = “; dist3.showdist();
cout << endl;
return 0;
}
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Here, showdist() and add_dist() are both constant member functions. In add_dist() we
show in the first commented statement, feet = 0, that a compiler error is generated if
you attempt to modify any of the data in the object for which this constant function was
called. const Member Function Arguments.
If an argument is passed to an ordinary function by reference, and you don’t want the
function to modify it, the argument should be made const in the function declaration
(and definition). This is true of member functions as well. In ENGCONST the argument
to add_dist() is passed by reference, and we want to make sure that ENGCONST won’t
modify this variable, which is dist2 in main(). Therefore we make the argument d2 to
add_dist() const in both declaration and definition. The second commented statement
shows that the compiler will flag as an error any attempt by add_dist() to modify any
member data of its argument dist2.
4.12. const Objects
In several example programs, we’ve seen that we can apply const to variables of basic
types such as int to keep them from being modified. In a similar way, we can apply const
to objects of classes. When an object is declared as const, you can’t modify it. It follows
that you can use only const member functions with it, because they’re the only ones that
guarantee not to modify it.
The CONSTOBJ program shows an example.
// constObj.cpp
// constant Distance objects
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public: //2-arg constructor
Distance(int ft, float in) : feet(ft), inches(in)
{}
void getdist() //user input; non-const func
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
}
void showdist() const //display distance; const func
{ cout << feet << “\’-” << inches << ‘\”’; }
};
////////////////////////////////////////////////////////////////
int main()
{
const Distance football(300, 0);
// football.getdist(); //ERROR: getdist() not const
cout << “football = “;
football.showdist(); //OK
cout << endl;
Page 25

CENTRAL UNIVERSITY OF KASHMIR

[OBJECT ORIENTED PROGRAMMING
STRUCTURES (C++)]
Unit II

return 0;
}
A football field (for American-style football) is exactly 300 feet long. If we were to use
the length of a football field in a program, it would make sense to make it const, because
changing it would represent the end of the world for football fans. The CONSTOBJ
program makes football a const variable. Now only const functions, such as showdist(),
can be called for this object.
Non-const functions, such as getdist(), which gives the object a new value obtained from
the user, are illegal. In this way the compiler enforces the const value of football.
When you’re designing classes it’s a good idea to make const any function that does not
modify any of the data in its object. This allows the user of the class to create const
objects. These objects can use any const function, but cannot use any non-const
function. Remember, using const helps the compiler to help you.
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5. Exercises
1. What is the purpose of a class definition?
2. A ________ has the same relation to an ________ that a basic data type has to a
variable of that type.
3. In a class definition, data or functions designated private are accessible
a. to any function in the program.
b. only if you know the password.
c. to member functions of that class.
d. only to public members of the class.
4. Write a class definition that creates a class called leverage with one private data
member, crowbar, of type int and one public function whose declaration is void
pry().
5. True or false: Data items in a class must be private.
6. Write a statement that defines an object called lever1 of the leverage class
described in Question 4.
7. The dot operator (or class member access operator) connects the following two
entities (reading from left to right):
a. A class member and a class object
b. A class object and a class
c. A class and a member of that class
d. A class object and a member of that class
8. Write a statement that executes the pry() function in the lever1 object, as
described in
Questions 4 and 6.
9. Member functions defined inside a class definition are ________ by default.
10. Write a member function called getcrow() for the leverage class described in
Question
4. This function should return the value of the crowbar data. Assume the function is
defined within the class definition.
11. A constructor is executed automatically when an object is ________.
12. A constructor’s name is the same as _________.
13. Write a constructor that initializes to 0 the crowbar data, a member of the
leverage class described in Question 4. Assume that the constructor is defined
within the class definition.
14. True or false: In a class you can have more than one constructor with the same
name.
15. A member function can always access the data
a. in the object of which it is a member.
b. in the class of which it is a member.
c. in any object of the class of which it is a member.
d. in the public part of its class.
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16. Assume that the member function getcrow() described in Question 10 is defined
outside the class definition. Write the declaration that goes inside the class
definition.
17. Write a revised version of the getcrow() member function from Question 10 that
is defined outside the class definition.
18. The only technical difference between structures and classes in C++ is that
_________.
19. If three objects of a class are defined, how many copies of that class’s data items
are stored in memory? How many copies of its member functions?
20. Sending a message to an object is the same as _________.
21. Classes are useful because they
a. are removed from memory when not in use.
b. permit data to be hidden from other classes.
c. bring together all aspects of an entity in one place.
d. can closely model objects in the real world.
22. True or false: There is a simple but precise methodology for dividing a realworld programming problem into classes.
23. For the object for which it was called, a const member function
a. can modify both const and non-const member data.
b. can modify only const member data.
c. can modify only non-const member data.
d. can modify neither const nor non-const member data.
24. True or false: If you declare a const object, it can only be used with const
member functions.
25. Write a declaration (not a definition) for a const void function called aFunc()
that takes one const argument called jerry of type float.
Programs
1. Create a class that imitates part of the functionality of the basic data type int. Call
the class Int (note different capitalization). The only data in this class is an int
variable. Include member functions to initialize an Int to 0, to initialize it to an int
value, to display it (it looks just like an int), and to add two Int values.
Write a program that exercises this class by creating one uninitialized and two
initialized Int values, adding the two initialized values and placing the response in
the uninitialized value, and then displaying this result.
2. Imagine a tollbooth at a bridge. Cars passing by the booth are expected to pay a
50 cent toll. Mostly they do, but sometimes a car goes by without paying. The
tollbooth keeps track of the number of cars that have gone by, and of the total
amount of money collected.
Model this tollbooth with a class called tollBooth. The two data items are a type
unsigned int to hold the total number of cars, and a type double to hold the total
amount of money collected. A constructor initializes both of these to 0. A member
function called payingCar() increments the car total and adds 0.50 to the cash total.
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Another function, called nopayCar(), increments the car total but adds nothing to
the cash total. Finally, a member function called display() displays the two totals.
Make appropriate member functions const.
Include a program to test this class. This program should allow the user to push one
key to count a paying car, and another to count a nonpaying car. Pushing the Esc key
should cause the program to print out the total cars and total cash and then exit.
3. Create a class called time that has separate int member data for hours, minutes,
and seconds. One constructor should initialize this data to 0, and another should
initialize it to fixed values. Another member function should display it, in 11:59:59
format. The final member function should add two objects of type time passed as
arguments.
A main() program should create two initialized time objects (should they be const?)
and one that isn’t initialized. Then it should add the two initialized values together,
leaving the result in the third time variable. Finally it should display the value of this
third variable. Make appropriate member functions const.
4. Create an employee class, basing it on Exercise 4 of Chapter 4. The member data
should comprise an int for storing the employee number and a float for storing the
employee’s compensation. Member functions should allow the user to enter this
data and display it. Write a main() that allows the user to enter data for three
employees and display it.
5. Start with the date structure in Exercise 5 in Chapter 4 and transform it into a
date class. Its member data should consist of three ints: month, day, and year. It
should also have two member functions: getdate(), which allows the user to enter a
date in 12/31/02 format, and showdate(), which displays the date.
6. Extend the employee class of Exercise 4 to include a date class (see Exercise 5)
and an etype enum (see Exercise 6 in Chapter 4). An object of the date class should
be used to hold the date of first employment; that is, the date when the employee
was hired. The etype variable should hold the employee’s type: laborer, secretary,
manager, and so on.
These two items will be private member data in the employee definition, just like
the employee number and salary. You’ll need to extend the getemploy() and
putemploy() functions to obtain this new information from the user and display it.
These functions will probably need switch statements to handle the etype variable.
Write a main() program that allows the user to enter data for three employee
variables and then displays this data.
7. In ocean navigation, locations are measured in degrees and minutes of latitude
and longitude. Thus if you’re lying off the mouth of Papeete Harbor in Tahiti, your
location is 149 degrees 34.8 minutes west longitude, and 17 degrees 31.5 minutes
south latitude. This is written as 149°34.8’ W, 17°31.5’ S. There are 60 minutes in a
degree. (An older system also divided a minute into 60 seconds, but the modern
approach is to use decimal minutes instead.) Longitude is measured from 0 to 180
degrees, east or west from Greenwich, England, to the international dateline in the
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Pacific. Latitude is measured from 0 to 90 degrees, north or south from the equator
to the poles.
Create a class angle that includes three member variables: an int for degrees, a float
for minutes, and a char for the direction letter (N, S, E, or W). This class can hold
either a latitude variable or a longitude variable. Write one member function to
obtain an angle value (in degrees and minutes) and a direction from the user, and a
second to display the angle value in 179°59.9’ E format. Also write a three-argument
constructor.
Write a main() program that displays an angle initialized with the constructor, and
then, within a loop, allows the user to input any angle value, and then displays the
value. You can use the hex character constant ‘\xF8’, which usually prints a degree
(°) symbol.
8. Create a class that includes a data member that holds a “serial number” for each
object created from the class. That is, the first object created will be numbered 1,
the second 2, and so on.
To do this, you’ll need another data member that records a count of how many
objects have been created so far. (This member should apply to the class as a whole;
not to individual objects. What keyword specifies this?) Then, as each object is
created, its constructor can examine this count member variable to determine the
appropriate serial number for the new object.
Add a member function that permits an object to report its own serial number. Then
write a main() program that creates three objects and queries each one about its
serial number. They should respond I am object number 2, and so on.
9. Create a class called ship that incorporates a ship’s number and location. Use the
approach of Exercise 8 to number each ship object as it is created. Use two variables
of the angle class from Exercise 7 to represent the ship’s latitude and longitude. A
member function of the ship class should get a position from the user and store it in
the object; another should report the serial number and position. Write a main()
program that creates three ships, asks the user to input the position of each, and
then displays each ship’s number and position.
10. Modify the four-function fraction calculator of Exercise 12 in Chapter 5 to use a
fraction class rather than a structure. There should be member functions for input
and output, as well as for the four arithmetical operations. While you’re at it, you
might as well install the capability to reduce fractions to lowest terms. Here’s a
member function that will reduce the fraction object of which it is a member to
lowest terms. It finds the greatest common divisor (gcd) of the fraction’s numerator
and denominator, and uses this gcd to divide both numbers.
void fraction::lowterms() // change ourself to lowest terms
{
long tnum, tden, temp, gcd;
tnum = labs(num); // use non-negative copies
tden = labs(den); // (needs cmath)
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if(tden==0 ) // check for n/0
{ cout << “Illegal fraction: division by 0”; exit(1); }
else if( tnum==0 ) // check for 0/n
{ num=0; den = 1; return; }
// this ‘while’ loop finds the gcd of tnum and tden
while(tnum != 0)
{
if(tnum < tden) // ensure numerator larger
{ temp=tnum; tnum=tden; tden=temp; } // swap them
tnum = tnum - tden; // subtract them
}
gcd = tden; // this is greatest common divisor
num = num / gcd; // divide both num and den by gcd
den = den / gcd; // to reduce frac to lowest terms
}
You can call this function at the end of each arithmetic function, or just before you
perform output. You’ll also need the usual member functions: four arithmetic
operations, input, and display. You may find a two-argument constructor useful.
11. Note that one advantage of the OOP approach is that an entire class can be used,
without modification, in a different program. Use the fraction class from Exercise 11
in a program that generates a multiplication table for fractions. Let the user input a
denominator, and then generate all combinations of two such fractions that are
between 0 and 1, and multiply them together. Here’s an example of the output if the
denominator is 6:
1/6 1/3 1/2 2/3 5/6
----------------------------------------1/6 1/36 1/18 1/12 1/9 5/36
1/3 1/18 1/9 1/6 2/9 5/18
1/2 1/12 1/6 1/4 1/3 5/12
2/3 1/9 2/9 1/3 4/9 5/9
5/6 5/36 5/18 5/12 5/9 25/36
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