
 
 

CS6301- Programming and Data Structures II   Unit III  Page 1 
 

Unit -3 

CS6301- Programming and Data Structures II    

ABSTRACT  CLASSES 
An abstract class is, conceptually, a class that cannot be instantiated and is usually implemented 
as a class that has one or more pure virtual (abstract) functions. 
 
A pure virtual function is one which must be overridden by any concrete (i.e., non-abstract) 
derived class. This is indicated in the declaration with the syntax " = 0" in the member function's 
declaration. 
 
The following is an example of an abstract class: 
class AB { 
public: 
virtualvoid f()=0; 
}; 
 
Function AB::f is a pure virtual function. A function declaration cannot have both a pure 
specifier and a definition. 
 
Abstract class cannot be used as a parameter type, a function return type, or the type of an 
explicit conversion, and not to declare an object of an abstract class. It can be used to declare 
pointers and references to an abstract class. 
 

EXCEPTION HANDLING  
An exception is a problem that arises during the execution of a program. A C++ exception is a 
response to an exceptional circumstance that arises while a program is running, such as an 
attempt to divide by zero. 
 
Exceptions provide a way to transfer control from one part of a program to another. C++ 
exception handling is built upon three keywords: try, catch, and throw. 

x throw: A program throws an exception when a problem shows up. This is done using 
a throwkeyword. 

x catch: A program catches an exception with an exception handler at the place in a 
program where you want to handle the problem. The catch keyword indicates the 
catching of an exception. 

x try: A try block identifies a block of code for which particular exceptions will be 
activated. It's followed by one or more catch blocks. 
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Assuming a block will raise an exception, a method catches an exception using a combination of 
thetry and catch keywords. A try/catch block is placed around the code that might generate an 
exception. Code within a try/catch block is referred to as protected code, and the syntax for using 
try/catch looks like the following: 
try 
{ 
// protected code 
}catch(ExceptionName e1 ) 
{ 
// catch block 
}catch(ExceptionName e2 ) 
{ 
// catch block 
}catch(ExceptionName eN ) 
{ 
// catch block 
} 
 
You can list down multiple catch statements to catch different type of exceptions in case 
your try block raises more than one exception in different situations. 
 
Throwing Exceptions: 
Exceptions can be thrown anywhere within a code block using throw statements. The operand of 
the throw statements determines a type for the exception and can be any expression and the type 
of the result of the expression determines the type of exception thrown. 
 
Following is an example of throwing an exception when dividing by zero condition occurs: 
double division(int a,int b) 
{ 
if( b ==0) 
{ 
throw"Division by zero condition!"; 
} 
return(a/b); 
} 
 
Catching Exceptions: 
The catch block following the try block catches any exception. You can specify what type of 
exception you want to catch and this is determined by the exception declaration that appears in 
parentheses following the keyword catch. 
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try 
{ 
// protected code 
}catch(ExceptionName e ) 
{ 
// code to handle ExceptionName exception 
} 
 
Above code will catch an exception of ExceptionName type. If you want to specify that a catch 
block should handle any type of exception that is thrown in a try block, you must put an ellipsis, 
..., between the parentheses enclosing the exception declaration as follows: 
try 
{ 
// protected code 
}catch(...) 
{ 
// code to handle any exception 
} 
 
The following is an example, which throws a division by zero exception and we catch it in catch 
block. 
#include<iostream> 
usingnamespace std; 
 
double division(int a,int b) 
{ 
if( b ==0) 
{ 
throw"Division by zero condition!"; 
} 
return(a/b); 
} 
 
int main () 
{ 
int x =50; 
int y =0; 
double z =0; 
 
try{ 
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     z = division(x, y); 
     cout << z << endl; 
}catch(constchar* msg){ 
     cerr << msg << endl; 
} 
 
return0; 
} 
 
Because we are raising an exception of type const char*, so while catching this exception, we 
have to use const char* in catch block. If we compile and run above code, this would produce the 
following result: 
Division by zero condition! 
 

C++ STANDARD LIBRARIES 
The C++ Standard Library can be categorized into two parts: 

x The Standard Function Library: This library consists of general-purpose, stand-alone 
functions that are not part of any class. The function library is inherited from C. 

x The Object Oriented Class Library: This is a collection of classes and associated 
functions. 

x Standard C++ Library incorporates all the Standard C libraries also, with small additions 
and changes to support type safety. 

 
The Standard Function Library: 
The standard function library is divided into the following categories: 

x I/O 
x String and character handling 
x Mathematical 
x Time, date, and localization 
x Dynamic allocation 
x Miscellaneous 
x Wide-character functions 

 
The Object Oriented Class Library: 
Standard C++ Object Oriented Library defines an extensive set of classes that provide support 
for a number of common activities, including I/O, strings, and numeric processing. This library 
includes the following: 

x The Standard C++ I/O Classes 
x The String Class 
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x The Numeric Classes 
x The STL Container Classes 
x The STL Algorithms 
x The STL Function Objects 
x The STL Iterators 
x The STL Allocators 
x The Localization library 
x Exception Handling Classes 
x Miscellaneous Support Library 

 

TEMPLATES 

 They are a feature of the C++ programming langucage that allow functions and classes to 
operate with generic types. This allows a function or class to work on many different data tpes 
without being rewritten for each one. 

Function Templates 

To perform identical operations for each type of data compactly and conveniently, use function 
templates. Based on the argument types provided in calls to the function, the compiler 
automatically instantiates separate object code functions to handle each type of call 
appropriately. The STL algorithms are implemented as function templates. 

Implementing Template Functions 

Function templates are implemented like regular functions, except they are prefixed with the 
keyword template. Here is a sample with a function template. 

#include <iostream> 
template <class T> 
T max(T a, T b) 
{ 
 return a > b ? a : b ; 
} 

Using Template Functions 

Using function templates is very easy: just use them like regular functions. When the compiler 
sees an instantiation of the function template, for example: the call max(10, 15) in function main, 
the compiler generates a function max(int, int). Similarly the compiler generates definitions for 
max(char, char) and max(float, float) in this case. 

#include <iostream> 
//max returns the maximum of the two elements 
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template <class T> 
T max(T a, T b) 
{ 
 return a > b ? a : b ; 
} 
void main() 
{ 
    
 cout << "max(10, 15) = " << max(10, 15) << endl ; 
 cout << "max('k', 's') = " << max('k', 's') << endl ; 
 cout << "max(10.1, 15.2) = " << max(10.1, 15.2) << endl ; 
} 

Program Output 

max(10, 15) = 15 
max('k', 's') = s 
max(10.1, 15.2) = 15.2 
 
To swap the numbers using the concept of function template. 

#include<iostream.h> 
#include<conio.h> 
  
template<class t> 
  
void swap(t &x,t &y) 
{ 
   t temp=x; 
   x=y; 
   y=temp; 
} 
  
void fun(int a,int b,float c,float d) 
{ 
   cout<<"\na and b before swaping :"<<a<<"\t"<<b; 
   swap(a,b); 
   cout<<"\na and b after swaping  :"<<a<<"\t"<<b; 
   cout<<"\n\nc and d before swaping :"<<c<<"\t"<<d; 
   swap(c,d); 
   cout<<"\nc and d after swaping  :"<<c<<"\t"<<d; 
} 
 
void main() 
{ 
    int a,b; 
    float c,d; 
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    clrscr(); 
    cout<<"Enter A,B values(integer):"; 
    cin>>a>>b; 
    cout<<"Enter C,D values(float):"; 
    cin>>c>>d; 
    fun(a,b,c,d); 
    getch(); 
} 

Output: 

Enter A, B values (integer): 10  20 
Enter C, D values (float):    2.50  10.80 
  
A and B before swapping: 10 20 
A and B after    swapping:  20 10 
  
C and D before swapping: 2.50  10.80 
C and D after               swapping: 10.80  2.50 
 

Class Templates 
It allows classes to operate with generic types. These allow class to work on many different data 
tpes without being rewritten for each one. 

Template<class T> 

Class classname 

{ 

…. 

}; 

Ex: 

Template<class T> 

Class data 

{ 

 T x; 

 Public: 

  data() 

  { 
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   Cout<<”\n c=<<c; 

  } 

}; 

Void main() 

{ 

 data <int> d1(10); 

 data <char> d2(‘A’); 

 Getch(); 

} 

 

STL 
The C++ STL (Standard Template Library) is a powerful set of C++ template classes to provides 
general-purpose templatized classes and functions that implement many popular and commonly 
used algorithms and data structures like vectors, lists, queues, and stacks. 
 
At the core of the C++ Standard Template Library are following three well-structured 
components: 

Component Description 

Containers 
Containers are used to manage collections of objects of a 
certain kind. There are several different types of containers 
like deque, list, vector, map etc. 

Algorithms 
Algorithms act on containers. They provide the means by 
which you will perform initialization, sorting, searching, 
and transforming of the contents of containers. 

Iterators 
Iterators are used to step through the elements of 
collections of objects. These collections may be containers 
or subsets of containers. 

Let us take the following program demonstrates the vector container (a C++ Standard Template) 
which is similar to an array with an exception that it automatically handles its own storage 
requirements in case it grows: 
#include <iostream> 
#include <vector> 
using namespace std; 

www.studentsfocus.com



Sri Vidya College of Engineering & Technology, Virudhunagar                       Course Material (Lecture Note) 
 

CS6301- Programming and Data Structures II   Unit III  Page 9 
 

 
int main() 
{ 
   // create a vector to store int 
   vector<int> vec;  
   int i; 
 
   // display the original size of vec 
   cout << "vector size = " << vec.size() << endl; 
 
   // push 5 values into the vector 
   for(i = 0; i < 5; i++){ 
      vec.push_back(i); 
   } 
 
   // display extended size of vec 
   cout << "extended vector size = " << vec.size() << endl; 
 
   // access 5 values from the vector 
   for(i = 0; i < 5; i++){ 
      cout << "value of vec [" << i << "] = " << vec[i] << endl; 
   } 
 
   // use iterator to access the values 
   vector<int>::iterator v = vec.begin(); 
   while( v != vec.end()) { 
      cout << "value of v = " << *v << endl; 
      v++; 
   } 
 
   return 0; 
} 
When the above code is compiled and executed, it produces the following result: 
vector size = 0 
extended vector size = 5 
value of vec [0] = 0 
value of vec [1] = 1 
value of vec [2] = 2 
value of vec [3] = 3 
value of vec [4] = 4 
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value of v = 0 
value of v = 1 
value of v = 2 
value of v = 3 
value of v = 4 
 
Here are following points to be noted related to various functions we used in the above example: 

x The push_back( ) member function inserts value at the end of the vector, expanding its 
size as needed. 

x The size( ) function displays the size of the vector. 
x The function begin( ) returns an iterator to the start of the vector. 
x The function end( ) returns an iterator to the end of the vector. 

 

FUNCTION ADAPTERS 
Definition 
A function adaptor is an instance of a class that adapts a namespace-scope or member function so 
that the function can be used as a function object. A function adaptor may also be used to alter 
the behavior of a function or function object, as shown in Section 3.5. Each function adaptor 
defined by the C++ Standard Library provides a constructor that takes a namespace-scope or 
member function. The adaptor also defines a function call operator that forwards its call to that 
associated global or member function. 
 
Adapting Non-member or Static Member Functions 
The pointer_to_unary_function and pointer_to_binary_function templates adapt namespace-
scope or static member functions of one or two arguments. These adaptors can be applied 
directly, or the ptr_fun function template can be used to construct the appropriate adaptor 
automatically without explicitly specifying the template arguments. For instance, a 
simple times3 function can be adapted and applied to a vector of integers as follows: 

int times3(int x)  
{ 
  return 3*x; 
} 
 
int a[] = {1,2,3,4,5}; 
std::vector<int> v(a,a+5), v2; 
 
std::transform(v.begin(),v.end(),v2.begin(),std::ptr_fun(times3)); 

Alternatively, the adaptor could have been applied, and the new, adapted function object passed 
to the vector: 

std::pointer_to_unary_function<int,int> pf(times3); 
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std::transform(v.begin(),v.end(),v2.begin(),pf); 
This example points out the advantage of allowing the compiler to deduce the types needed 
by pointer_to_unary_function through the use of ptr_fun. 
 
Adapting Member Functions 
The mem_fun family of templates adapts member functions. For instance, to sort each list in a 
given set of lists, mem_fun can be used to apply the list sort member function to each element in 
the set: 

std::set<list<int>* > s; 
 
// Initialize the set with lists 
... 
// Sort each list in the set. 
std::for_each(s.begin(), s.end(), 
              std::mem_fun(&std::list<int>::sort)); 
 
// Now each list in the set is sorted 

Using mem_fun is necessary because the generic sort algorithm requires random access iterators 
and thus cannot be used on a list. It is also the simplest way to access any polymorphic 
characteristics of an object held in a standard container. For instance, a virtual draw function 
might be invoked on a collection of objects that are all part of the canonical shape hierarchy 
like this: 

// shape hierarchy 
class shape { 
   virtual void draw() const; 
}; 
 
class circle : public shape { 
   virtual void draw() const; 
}; 
 
class square : public shape { 
   virtual void draw() const; 
}; 
 
//  Assemble a vector of shapes 
const circle c; 
const square s; 
std::vector<shape*> v; 
v.push_back(&s); 
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v.push_back(&c); 
 
// Call draw on each one 
std::for_each(v.begin(), v.end(), std::mem_fun(&shape::draw)); 

Each member function adaptor comes with an associated function template for convenience. The 
class template is the actual adaptor, while the function simplifies the use of the template by 
constructing instances of that class on the fly. For instance, in the previous example, a user could 
construct a const _mem_fun_t, and pass that to the std::for_each() algorithm: 

const_mem_fun_t<shape> mf(&shape::draw); 
std::for_each(v.begin(), v.end(), mf); 

Here again the mem_fun function template simplifies the use of the const_mem_fun_t adaptor by 
allowing the compiler to deduce the type needed by const_mem_fun_t. The fact that a const 
version of the function adaptor is needed (since the shapes are const) is obvious when the 
convenience function template is used. 
The C++ Standard Library provides member function adaptors for functions with zero arguments 
as above and with one argument. Adaptors for member functions that operate on object 
references as opposed to object pointers such as those shown in the examples above are provided 
(mem_fun_ref_t), as are those that operate on pointers and references to const objects, 
respectively (const_mem_fun_t, const_mem_fun_ref_t). All of these adaptors can be easily 
extended to member functions with more arguments. 
 

PARAMETERIZING THE CLASS 
Description 
Enterprise Architect supports template or parameterized Classes, which specify parameters that 
must be defined by any binding Class. 
 
Parameterized Classes are commonly implemented in C++; Enterprise Architect imports and 
generates templated Classes for C++. 
 
A template Class enables its functionality to be reused by any bound Class. If a default value is 
specified for a parameter, and a binding Class doesn't provide a value for that parameter, the 
default is used. 
 
How to create a parameterized Class 
Step Action 
1 Display the Properties dialog for the required Class. 

  
2 Select the Templates page. 
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3 In the Template Parameter(s) panel, click on the Add button. 
The Template Parameter dialog displays. 
  

4 Type in the name and type of the parameter and, if required, click on the 
( ... )  buttons after the Constraints and Default fields to select the required 
constraining and default Classes from the Select <Item> dialog. 
The default Class can be either the constraining classifier or any Class that 
derives from the constraining classifier. 
  

 
Notation Example: 
On a diagram, template Classes are shown with the parameters in a dashed outline box in the 
upper right corner of the Class. 

 
 

FILE HANDLING IN C++ 

File. The information / data stored under a specific name on a storage device, is called a file. 

Stream. It refers to a sequence of bytes. 

Text file. It is a file that stores information in ASCII characters. In text files, each line of text is 
terminated with a special character known as EOL (End of Line) character or delimiter character. 
When this EOL character is read or written, certain internal translations take place. 

Binary file. It is a file that contains information in the same format as it is held in memory. In 
binary files, no delimiters are used for a line and no translations occur here.      

Classes for file stream operation  

ofstream: Stream class to write on files 
ifstream: Stream class to read from files 
fstream: Stream class to both read and write from/to files.  
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Opening a file 

OPENING FILE USING CONSTRUCTOR 
ofstream outFile("sample.txt");    //output only 
ifstream inFile(“sample.txt”);  //input only 

OPENING FILE USING open() 
Stream-object.open(“filename”, mode) 

      ofstream outFile; 
      outFile.open("sample.txt"); 
       
      ifstream inFile; 
      inFile.open("sample.txt"); 

File mode parameter Meaning 

ios::app Append to end of file 

ios::ate go to end of file on opening 

ios::binary file open in binary mode 

ios::in open file for reading only 

ios::out open file for writing only 

ios::nocreate open fails if the file does not exist 

ios::noreplace open fails if the file already exist 

ios::trunc delete the contents of the file if it exist 

All these flags can be combined using the bitwise operator OR (|). For example, if we want to 
open the file example.bin in binary mode to add data we could do it by the following call to 
member function open():  

fstream file;  
file.open ("example.bin", ios::out | ios::app | ios::binary);  

Closing File 

   outFile.close(); 
   inFile.close(); 
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INPUT AND OUTPUT OPERATION 

put() and get() function 
the function put() writes a single character to the associated stream. Similarly, the function get() 
reads a single character form the associated stream. 
example : 
file.get(ch); 
file.put(ch); 

write() and read() function 
write() and read() functions write and read blocks of binary data. 
example: 
file.read((char *)&obj, sizeof(obj)); 
file.write((char *)&obj, sizeof(obj)); 

ERROR HANDLING FUNCTION 
FUNCTION RETURN VALUE AND MEANING 

eof() 
returns true (non zero) if end of file is encountered while 
reading; otherwise return false(zero) 

fail() return true when an input or output operation has failed 

bad() 
returns true if an invalid operation is attempted or any 
unrecoverable error has occurred. 

good() returns true if no error has occurred. 

  

File Pointers And Their Manipulation 

All i/o streams objects have, at least, one internal stream pointer:  
ifstream, like istream, has a pointer known as the get pointer that points to the element to be read 
in the next input operation.  

ofstream, like ostream, has a pointer known as the put pointer that points to the location where 
the next element has to be written.  

Finally, fstream, inherits both, the get and the put pointers, from iostream (which is itself derived 
from both istream and ostream).  
 
These internal stream pointers that point to the reading or writing locations within a stream can 
be manipulated using the following member functions:  
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seekg() moves get pointer(input) to a specified location 

seekp() moves put pointer (output) to a specified location 

tellg() gives the current position of the get pointer 

tellp() gives the current position of the put pointer 

  
The other prototype for these functions is:  

seekg(offset, refposition );  
seekp(offset, refposition );  

The parameter offset represents the number of bytes the file pointer is to be moved from the 
location specified by the parameter refposition. The refposition takes one of the following three 
constants defined in the ios class. 

ios::beg          start of the file 
ios::cur          current position of the pointer 
ios::end          end of the file 

example: 
file.seekg(-10, ios::cur); 
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