UNIT III

TEMPLATES

1. What are templates? 


                                 (N/D​​​−09) (N/D−10) [2Marks]

Template is one of the features added to c++ recently.it is a new concept which enables us defined generic class and functions and thus provides support for generic programming.a template can be used to create a family of classes or functions.a template can be considered as a kind of macro.when an object of specific type is defined for actual use,the template definition for that class is substituted with the required data type.
2. What is function template? 

                                (A/M−11), (N/D−11) [2Marks]

Function templates are special functions that can operate with generic types. This allows us to create a function template whose functionality can be adapted to more than one type or class without repeating the entire code for each type.


A template parameter is a special kind of parameter that can be used to pass a type as argument: just like regular function parameters can be used to pass values to a function, template parameters allow to pass also types to a function. These function templates can use these parameters as if they were any other regular type.

The format for declaring function templates with type parameters 

template <class identifier> function_declaration; 

template <typename identifier> function_declaration;
3. What is the need for partial specialization?

We need partial specialization because when we sort the array using some techniques like bubble sort, we need to compare strings and then even assign one string to another. 


Consider the following case as a definition of a generic safe array.


template<typename  Type>


class SafeGenericArray

suppose if following two are elements of the array.


template<typename  Type>


class SafeGenericArray  <Type * >

Though first CType String  content is same as second CType String, first CType String is not similar to second CType String because the addresses are not the same. we need to define another algorithm for manipulation in this case. Essentially, this is needed for any array containing pointers. We can use partial specialization here.
4. Differentiate explicit specialization from partial specialization?
	Explicit specialization
	Partial Specilization

	1. A function or a class is defined explicitly for a specific type then that special definition is known as explicit specialization.

2. Explicit specialization overrides the normal specialization.
	1. When we define a template class, we can overload that class with specific set of types which is a subset of original set of types. This overloading of template class is known as partial specialization.

2. The partial specialization should always follow the primary specialization. That is, a template definition without < > pair after the class name.


5. Explain two models of template compilation and compare them.


The two models of template compilation are 

1. Inline Vs non-inline function calls in  multiple files.

2. Template instantiations in multiple files.

PART B
1.  Explain the overloading of template function with suitable example.                            

                                                                                                                       (N/D−10) [16 Marks]

It can be overloaded by normal function or template function. While invoking these functions an error occurs if no accurate match is met. The compiler follows the following rules for choosing appropriate function when a program contains overloaded function. 


Searches for accurate match of functions; if found invoke that function. 


Searches for a template function through which a function that can be invoked with an accurate match. 


Attempts normal overloading declaration for the function. 


In case no matches are found, an error will be reported. 
Program to overload a Template Function: 
Template <class A> 

void show (A c) 

{ 

cout <<”Template Variable C =” << c; 

} 

void show (int f) 

{ 

cout <<”Integer Variable F =” << f; 

} 

int main ( ) 

{ 

show (‘C’);

show (50); 

show (50.25); 

return 0; 

} 

Output: 
Template Variable C = C 
Integer Variable F = 50 
Template Variable C = 50.25

2.  Describe  a function template for finding the minimum value contained in an array.     

                                                                                                             (N/D−10) [16 Marks]
#include <iostream.h>
#include <conio.h>
template <class T>
T findMin(T arr[],int n)
{
    int i;
    T min;
    min=arr[0];
    for(i=0;i<n;i++)
    {
         if(min > arr[i])
        min=arr[i];
    }
    return(min);
}
void main()
{
    clrscr();
    int iarr[]={5,4,3,2,1};
    char carr[]={'z','y','c','b','a'};
    double darr[]={3.3,5.5,2.2,1.1,4.4};
    //calling Generic function...to find minimum value.
    cout<<"Generic Function to find Minimum from Array\n\n";
    cout<<"Integer Minimum is : "<<findMin(iarr,5)<<"\n";
    cout<<"Character Minimum is : "<<findMin(carr,5)<<"\n";
    cout<<"Double Minimum is : "<<findMin(darr,5)<<"\n";
    getch();
}
3.  Write a C++ program to demonstrate function template to print array of different types.                                                                                                             (N/D−11] [16 Marks]
#include <iostream>

using std::cout;

using std::endl;

template< typename T >

void printArray( const T *array, int count )

{

   for ( int i = 0; i < count; i++ )

      cout << array[ i ] << " ";

      cout << endl;

}

int main()

{

   const int aCount = 5; 

   const int bCount = 7; 

   const int cCount = 6; 

   int a[ aCount ] = { 1, 2, 3, 4, 5 };

   double b[ bCount ] = { 1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7 };

   char c[ cCount ] = "HELLO";

   printArray( a, aCount );  

   printArray( b, bCount );  

   printArray( c, cCount );  

   return 0;

}

/* 1 2 3 4 5

1.1 2.2 3.3 4.4 5.5 6.6 7.7

H E L L O */
4.  What is function template? Write the syntax for function template. Write an example program for function template.                                                                                   [16 Marks]

Function templates are special functions that can operate with generic types. This allows us to create a function template whose functionality can be adapted to more than one type or class without repeating the entire code for each type. 


In C++ this can be achieved using template parameters. A template parameter is a special kind of parameter that can be used to pass a type as argument:


 just like regular function parameters can be used to pass values to a function, template parameters allow to pass also types to a function. These function templates can use these parameters as if they were any other regular type. 


The format for declaring function templates with type parameters



 template <class identifier> 




function_declaration; 



template <typename identifier>




 function_declaration; 

The only difference between both prototypes is the use of either the keyword class or the keyword typename. Its use is indistinct, since both expressions have exactly the same meaning and behave exactly the same way. 


For example, to create a template function that returns the greater one of two objects we could use:


 template <class myType> 


myType GetMax (myType a, myType b)

 

{ 




return (a>b?a:b);



 } 

Here we have created a template function with myType as its template parameter. This template parameter represents a type that has not yet been specified, but that can be used in the template function as if it were a regular type.


 As you can see, the function template GetMax returns the greater of two parameters of this still-undefined type. To use this function template we use the following format for the function call:


 function_name <type> (parameters);

 For example, to call GetMax to compare two integer values of type int we can write:


 int x,y;


 GetMax <int> (x,y); 


template <class T> 


T GetMax (T a, T b)


 {



 T result;



 result = (a>b)? a : b;



 return (result);

 
}


 int main ()

 
{


 int i=5, j=6, k;


 long l=10, m=5, n;


 k=GetMax<int>(i,j);


 n=GetMax<long>(l,m);


 cout << k << endl;

 
cout << n << endl;


 return 0;


 } 

Output

 6 

10 

In this case, we have used T as the template parameter name instead of myType because it is shorter and in fact is a very common template parameter name. But you can use any identifier you like. In the example above we used the function template GetMax() twice. The first time with arguments of type int and the second one with arguments of type long. 


The compiler has instantiated and then called each time the appropriate version of the function. As you can see, the type T is used within the GetMax() template function even to declare new objects of that type: 


int i; long l; k = GetMax (i,l); 

In this case, our function template GetMin() accepts two parameters of different types and returns an object of the same type as the first parameter (T) that is passed. For example, after that declaration we could call GetMin() with: 


int i,j; long l; i = GetMin<int,long> (j,l); 
5.  What is class template? Write the syntax for class template. Write an example program for class template.

If the templates associated with classes it is called as class templates. For eg, if the user creates a class templates for a class Array it would enable the user to create arrays of various types like int and float.

The general format for a class template is 

[image: image1.emf]

The statement template class <T> tells the compiler that the following class declaration can use the template data type. ‘T’ is the template variable. Both ‘template’ and ‘class’ are keywords. ‘< >’ is used to declare the template variable that can be used inside the class to define the template variable. 



If the user declares more than one variable then it can be separated by comma. 



Template can’t be declared inside a class or function. They must be global not 



a local. 

T k; 

Where k is the object for the template variable T 

In Non – Template function the source code can be increased in size because of 

redefining the function separately for each data type. 



    To avoid the declaration and defining of constructor for different data types the templates can be used. 



     In Templates, different values are passed using constructor but for all data types same template function is used. 

[image: image2.emf]
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EXCEPTION HANDLING

1.  Illustrate the exception handling mechanism. 


    (N/D−09) [2Marks]




Invoke function having throw block
exception




   exception


The exception-handling mechanism uses three blocks ,

1. try block 

2. throw statement

3. catch block 

Try block: It contains the block of statements which may generate exceptions.

Throw block: when an exception is detected it is thrown using a throw statement in the try block.

Catch block: catches the exception thrown by the throw statement in the try block and handles it appropriately. 


The major problem with exception-handling mechanism is uncaught exceptions.

2. What happens when a raised exception is not caught by catch block? (A/M−10) [2Marks]


When a raised exception not caught by catch block , if the match is not found, the catch block calls a built in  function terminate(), which terminate the program execution by calling a built in function abort().
3. How does an exception handled in C++?


                (N/D−10) [2Marks]


The exception handling in c++ contains the following steps,

1. Detect the problem causing exception(Hit the exception)

2.    Inform that an error has occurred(Throw the exception)

3. Receive the error information(Catch the exception)

4.  Take corrective actions(Handle the exceptions)

4. What is an exception? 


           

                           (A/M−11) [2Marks]

Exceptions are the one which occur during the program execution, due to some fault in the input data.


Exceptions are classifieds into 



a)Synchronous exception



b) Asynchronous exception

5. List the five common examples of exceptions. 


                (N/D−11) [2Marks]

The five common examples of exceptions are 

1. divide by zero,
2. access to an array outside of its bounds, 
3. running out of memory, 
4. running out of disk space,
5. abnormal program termination.
6. Differentiate realloc() from free().

                                       (A/M−10) [2Marks]

	Realloc()
	Free()

	1. Realloc() is used to reallocate the memory for variable
2.  It is used to resize the memory held by the pointer to the number of bytes specificed. If the new size is larger than current size, new memory is allocated. If it is less, the remaining (additional) bytes are released to general OS/application consumption.
3.  realloc(ptest,sizeof(test)*2);
	1. Free() is used to free the allocated memory of a variable.
2. It releases the memory of the pointer passed as parameter, to the OS/application consumption. Using the pointer after free() will result in undefinded results
3. free(p);


7. What are the different mechanisms of traditional error handling? What is the problem with them?


Traditional error handling is done in 3 different ways 

1. Returning error number: when we write a function we accept arguments and start processing. If something in the argument is wrong or something goes wrong while processing, The function returns an error code.

2. Global flag manipulation: there is an error variable which is globally available to all c library functions. They can set the value of errno to indicate error. After calling the library function ,we can check the value of errno to find out actual error.

3. Abnormal termination of program: Whenever something goes out of bound we call exit() or abort().
8. What are the roles of terminate() function in exception handling? Why doesn’t the exception handling mechanism not call abort() directly?


The roles of terminate() function in exception handling are:

1. Calls abort() to exit the program in the event of run time error related to exceptions.

2. It is indirection through terminate( ) function is provided and the reason is that the user can provide his/her own terminate function instead of built –in terminate which just calls abort and does nothing else.

3. We can define a function and specify our own terminate to be used in the place of the built-in terminate. This  way we may be able to close all open files and deallocate resources before quitting the  program.

      We cannot call abort( )  function directly, because it may quit the program without proper    

      termination.

9. What are exception specifications? In which case are they needed?


A list contained in the ( ) braces after the function header and throw keyword. The content of the list are the only valid type  of exceptions that can be thrown from that function.

10. What is rethrow() and its use?


If a catch block cannot handle the particular exception it has caught, you can rethrow the exception. The rethrow expression (throw withoutassignment_expression) causes the originally thrown object to be rethrown.


Because the exception has already been caught at the scope in which the rethrow expression occurs, it is rethrown out to the next dynamically enclosing try block. Therefore, it cannot be handled by catch blocks at the scope in which the rethrow expression occurred. Any catch blocks for the dynamically enclosing try block have an opportunity to catch the exception.
11. What is unexpected() function? Give an example to explain the need of it.


When a function with an exception specification throws an exception that is not listed in its exception specification, the C++ run time does the following:

1. The unexpected() function is called.

2. The unexpected() function calls the function pointed to by unexpected_handler. By default, unexpected_handler points to the functionterminate().

You can replace the default value of unexpected_handler with the function set_unexpected().

Although unexpected() cannot return, it may throw (or rethrow) an exception. Suppose the exception specification of a function f() has been violated. Ifunexpected() throws an exception allowed by the exception specification of f(), then the C++ run time will search for another handler at the call of f(). The following example demonstrates this:

#include <iostream>

using namespace std;

struct E {

  const char* message;

  E(const char* arg) : message(arg) { }

};

void my_unexpected() {

  cout << "Call to my_unexpected" << endl;

  throw E("Exception thrown from my_unexpected");

}

void f() throw(E) {

  cout << "In function f(), throw const char* object" << endl;

  throw("Exception, type const char*, thrown from f()");

}

int main() {

  set_unexpected(my_unexpected);

  try {

    f();

  }

  catch (E& e) {

    cout << "Exception in main(): " << e.message << endl;

  }

}

PART B

1. List the advantages of exception handling.                                 (Nov/Dec 2010) [8 Marks]

The following are some of the advantages of exception handling mechanisms

1. Diving by zero error handling : the library designer and library user

2. Unconditional termination and program preferred termination.

3. Separating error reporting and error handling.

4. The object destroy problem. 
By using exception handling we can avoid unwanted unwanted results on our page. On places where we know our code may execute in an unwanted fashion, we can surround it with exception handling block to ensure that our code doesnt disrupt the application flow. 
For example: 
           In a text field where you enter amounts and use it in our code we parse it as a number. But if the user enters any invalid numbers, while parsing an exception would be thrown and our program would terminate. We can avoid this by using the try catch block. 
public int parseStringToNum(String value) 
{ 
int val; 
try { 

val = Integer.parseInt(value); 

} catch (Exception e){ 

val = 0; 

} 
return val; 

} 
Here even if the value entered is invalid only a 0 will be returned and no exception would be thrown.

Exception handling provides the following advantages over ``traditional'' error management techniques:

separating Error Handling Code from ``regular'' one
provides a way to separate the details of what to do when something out-of-the-ordinary happens from the normal logical flow of the program code;

propagating Errors Up the Call Stack
lets the corrective action to be taken at a higher level. This allows the corrective action to be taken in the method that calling that one where an error occurs;

grouping Error Types and Error Differentiation
allows to create similar hierarchical structure for exception handling so groups they in logical way.
2. Write a C++ program to compute square root of a number. The input value must be tested for validity. If it is negative, the user defined function mysqrt() should raise an exception.                                                                                                     (A/M−10) [16 Marks]
#include<iostream.h>

Void Mysqrt()

{

cout << “ inside the function mysqrt”

try

{

if(x < 0)

throw x;

else

Cout << “ square root of x = << sqrt(x);

}

void main()

{

int x;

cin >> x;

Mysqrt();

catch( int z)

{

cout << “ caught an exception , the input value is negative”

}}
3. Define a divide by zero definition and use it to throw exceptions on attempts to divide by zero.                                                                                                    (Nov /Dec 2011) [16 Marks]

[image: image4.emf][image: image5.emf]
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4. Explain the need for exception with try, catch and throw keywords.



Exceptions provide a way to react to exceptional circumstances (like runtime errors) in our program by transferring control to special functions called handlers. To catch exceptions we must place a portion of code under exception inspection. This is done by enclosing that portion of code in a try block. When an exceptional circumstance arises within that block, an exception is thrown that transfers the control to the exception handler. If no exception is thrown, the code continues normally and all handlers are ignored.



Developing an error free program is the main objective and intention of the programmer. 



For that the programmer can manually check the errors. The errors are either a logical or syntax error. 



Logical Error is due to the poor understandings of the program and the Syntax Error is due to the lack of understanding of programming language. 



To resolve this C++ have the special feature called Exception Handling which reduces the errors made by the developer. 



An Exception is abnormal termination of the program which is executed at runtime or it may be called at runtime. 



The Exception contains warning messages like invalid argument, insufficient memory, division by zero and so on. 

Principles: 


The goal is to create a Routine that detects and sends an exceptional condition in order to execute suitable action. 



The Routine having responsibilities like, 



Find the Problem (Hit the Exception), 



Inform that an error has occurred (Throw), 



Receive the error information (Catch), 



Take corrective Actions (Handling the Exception). 



An Exception is an object. It is sent from the part of the program where an error occurs to that part the program which is going to control the error. 

There are two types of exceptions, 



Synchronous Exceptions, 



Asynchronous Exceptions. 

Synchronous Exception: 


An error such as out of range or overflow belongs to it. 

Asynchronous Exception: 


Errors that are occurred by the events beyond the control of program such as keyboard interrupts are belong to this exception. 


The Error Handling code consists of two segments, one to detect errors and to throw the exceptions and other to catch the exceptions and to take appropriate actions. 
Mechanism: 


C++ provides three mechanisms, 
1) The Keyword Try is used at the starting of the exception, 
2) The Keyword Throw block is present inside the Try block, Immediately after Try, Catch block is present. 
3) If an exception found then the Throw statement inside the Try block throws an exception for a Catch block that an error has occurred. 
[image: image7.emf]

An exception is thrown by using the throw keyword from inside the try block. Exception handlers are declared with the keyword catch, which must be placed immediately after the try block: 

// exceptions 

#include <iostream.h> 
int main ()

 { 

Try

 {

 throw 20; 

}

 catch (int e)

 { 

cout << ―An exception occurred. Exception Nr. ― << e << endl; 

}

 return 0;

 } 
5. Explain the following 

          a)         i)  What are specifications? In which case are they needed? 

                      ii) What are the disadvantages of the exception handling mechanism?

Specifications:
[image: image8.emf]

When declaring a function we can limit the exception type it might directly or indirectly throw by appending a throw suffix to the function declaration: float myfunction (char param) throw (int); 

This declares a function called myfunction which takes one agument of type char and returns an element of type float. The only exception that this function might throw is an exception of type int. If it throws an exception with a different type, either directly or indirectly, it cannot be caught by a regular int-type handler.


If this throw specifier is left empty with no type, this means the function is not allowed to throw exceptions. Functions with no throw specifier (regular functions) are allowed to throw exceptions with any type:


int myfunction (int param) throw(); // no exceptions allowed int myfunction (int param); // all exceptions allowed 
Program to restrict a function to throw only specified type of exceptions: 
void check (int k) throw (int, double) 

{ 

if (k == 1) throw ‘k’; 

else if (k ==2) throw k; 

else if (k ==-2) throw 1.0; 

cout<< “End of Function Check()”; 

} 

void main () 

{ 

try 

{ 

cout<< “k == 1”; 

check(1); 

cout<< “k ==2”; 

check(2); 

cout<< “k == -2”; 

check(-2); 

}

catch ( char g) 

{ 

cout<< “Caught a Char Exception”; 

} 

catch ( int j) 

{ 

cout<< “Caught a Integer Exception”; 

} 

catch ( double s) 

{

 cout<< “Caught a Double Exception”;

} 

cout<< “End of main”;

}
Disadvantage of  Exception handling

Exception handling has some disadvantage that is it adds runtime and demands different style of  programming than conventional programming. It is not the tool to replace normal error handling.
Refer from your text book
Try block


Perform operation which may throw or invoke external function if needed








Throw block


If(failure)


	Throw object;





Catch block


Catches all exceptions thrown from within try block or by function invoked within a try block








