Exceptions
Exceptions, the second major topic in this chapter, provide a systematic, object-oriented
approach to handling errors generated by C++ classes. Exceptions are errors that occur at
runtime. They are caused by a wide variety of exceptional circumstance, such as running out of
memory, not being able to open a file, trying to initialize an object to an impossible value, or
using an out-of-bounds index to a vector.
Why Do We Need Exceptions?
Why do we need a new mechanism to handle errors? Let’s look at how the process was
handled in the past. C-language programs often signal an error by returning a particular
value from the function in which it occurred. For example, disk-file functions often return
NULL or 0 to signal an error. Each time you call one of these functions you check the return
value:
if( somefunc() == ERROR_RETURN_VALUE )
//handle the error or call error-handler function
else
//proceed normally
if( anotherfunc() == NULL )
//handle the error or call error-handler function
else
//proceed normally
if( thirdfunc() == 0 )
//handle the error or call error-handler function
else
//proceed normally
One problem with this approach is that every single call to such a function must be examined
by the program. Surrounding each function call with an if...else statement, and adding
statements to handle the error (or call an error-handler routine), requires a lot of code and
makes the listing convoluted and hard to read.
The problem becomes more complex when classes are used, since errors may take place without
a function being explicitly called. For example, suppose an application defines objects of a
class:
SomeClass obj1, obj2, obj3;
How will the application find out if an error occurred in the class constructor? The constructor
is called implicitly, so there’s no return value to be checked.
Things are complicated even further when an application uses class libraries. A class library
and the application that makes use of it are often created by separate people: the class library
by a vendor and the application by a programmer who buys the class library. This makes it
even harder to arrange for error values to be communicated from a class member function to
the program that’s calling the function. The problem of communicating errors from deep
within class libraries is probably the most important problem solved by exceptions. We’ll
return to this topic at the end of this section.
Old-time C programmers may remember another approach to catching errors: the setjmp()
and longjmp() combination of functions. However, this approach is not appropriate for an
object-oriented environment because it does not properly handle the destruction of objects.
Exception Syntax
Imagine an application that creates and interacts with objects of a certain class. Ordinarily the
application’s calls to the class member functions cause no problems. Sometimes, however, the
application makes a mistake, causing an error to be detected in a member function. This member
function then informs the application that an error has occurred. When exceptions are used,
this is called throwing an exception. In the application we install a separate section of code to
handle the error. This code is called an exception handler or catch block; it catches the exceptions
thrown by the member function. Any code in the application that uses objects of the class
is enclosed in a try block. Errors generated in the try block will be caught in the catch block.
Code that doesn’t interact with the class need not be in a try block. Figure 14.4 shows the
arrangement.
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need to create a new kind of entity called an exception class. XSYNTAX is not a working program,
but a skeleton program to show the syntax.
// xsyntax.cpp
// not a working program
////////////////////////////////////////////////////////////////
class AClass //a class
{
public:
class AnError //exception class
{
};
void Func() //a member function
{
if( /* error condition */ )
throw AnError(); //throw exception
}
};
////////////////////////////////////////////////////////////////
int main() //application
{
try //try block
{
AClass obj1; //interact with AClass objects
obj1.Func(); //may cause error
}
catch(AClass::AnError) //exception handler
{ //(catch block)
//tell user about error, etc.
}
return 0;
}
We start with a class called AClass, which represents any class in which errors might occur. An
exception class, AnError, is specified in the public part of AClass. In AClass’s member functions
we check for errors. If we find one, we throw an exception, using the keyword throw followed
by the constructor for the error class:
throw AnError(); //’throw’ followed by constructor for AnError class
In the main() part of the program we enclose any statements that interact with AClass in a try
block. If any of these statements causes an error to be detected in an AClass member function,
an exception will be thrown and control will go to the catch block that immediately follows the
try block.
A Simple Exception Example
Let’s look at a working program example that uses exceptions. This example is derived from
the STAKARAY program in Chapter 7, which created a stack data structure in which integer data
values could be stored. Unfortunately, this earlier example could not detect two common
errors. The application program might attempt to push too many objects onto the stack, thus
exceeding the capacity of the array, or it might try to pop too many objects off the stack, thus
obtaining invalid data. In the XSTAK program we use an exception to handle these two errors.
// xstak.cpp
// demonstrates exceptions
#include <iostream>
using namespace std;
const int MAX = 3; //stack holds 3 integers
////////////////////////////////////////////////////////////////
class Stack
{
private:
int st[MAX]; //array of integers
int top; //index of top of stack
public:
class Range //exception class for Stack
{ //note: empty class body
};
Stack() //constructor
{ top = -1; }
void push(int var)
{
if(top >= MAX-1) //if stack full,
throw Range(); //throw exception
st[++top] = var; //put number on stack
}
int pop()
{
if(top < 0) //if stack empty,
throw Range(); //throw exception
return st[top--]; //take number off stack
}
};
////////////////////////////////////////////////////////////////
int main()
{
Stack s1;
try
{
s1.push(11);
s1.push(22);
s1.push(33);
// s1.push(44); //oops: stack full
cout << “1: “ << s1.pop() << endl;
cout << “2: “ << s1.pop() << endl;
cout << “3: “ << s1.pop() << endl;
cout << “4: “ << s1.pop() << endl; //oops: stack empty
}
catch(Stack::Range) //exception handler
{
cout << “Exception: Stack Full or Empty” << endl;
}
cout << “Arrive here after catch (or normal exit)” << endl;
return 0;
}
Note that we’ve made the stack small so that it’s easier to trigger an exception by pushing too
many items.
Let’s examine the features of this program that deal with exceptions. There are four of them. In
the class specification there is an exception class. There are also statements that throw exceptions.
In the main() part of the program there is a block of code that may cause exceptions (the
try block), and a block of code that handles the exception (the catch block).
Specifying the Exception Class
The program first specifies an exception class within the Stack class:
class Range
{ //note: empty class body
};
Here the body of the class is empty, so objects of this class have no data and no member functions.
All we really need in this simple example is the class name, Range. This name is used to
connect a throw statement with a catch block. (The class body need not always be empty, as
we’ll see later.)
Throwing an Exception
In the Stack class an exception occurs if the application tries to pop a value when the stack is
empty or tries to push a value when the stack is full. To let the application know that it has
made such a mistake when manipulating a Stack object, the member functions of the Stack
class check for these conditions using if statements, and throw an exception if they occur. In
XSTAK the exception is thrown in two places, both using the statement
throw Range();
The Range() part of this statement invokes the implicit constructor for the Range class, which
creates an object of this class. The throw part of the statement transfers program control to the
exception handler (which we’ll examine in a moment).
The try Block
All the statements in main() that might cause this exception—that is, statements that manipulate
Stack objects—are enclosed in braces and preceded by the try keyword:
try
{
//code that operates on objects that might cause an exception
}
This is simply part of the application’s normal code; it’s what you would need to write even if
you weren’t using exceptions. Not all the code in the program needs to be in a try block; just
the code that interacts with the Stack class. Also, there can be many try blocks in your program,
so you can access Stack objects from different places.
The Exception Handler (Catch Block)
The code that handles the exception is enclosed in braces, preceded by the catch keyword,
with the exception class name in parentheses. The exception class name must include the class
in which it is located. Here it’s Stack::Range.
catch(Stack::Range)
{
//code that handles the exception
}
This construction is called the exception handler. It must immediately follow the try block. In
XSTAK the exception handler simply prints an error message to let the user know why the program
failed.
Control “falls through” the bottom of the exception handler, so you can continue processing at
that point. Or the exception handler may transfer control elsewhere, or (often) terminate the
program.
Sequence of Events
Let’s summarize the sequence of events when an exception occurs:
1. Code is executing normally outside a try block.
2. Control enters the try block.
3. A statement in the try block causes an error in a member function.
4. The member function throws an exception.
5. Control transfers to the exception handler (catch block) following the try block.
That’s all there is to it. Notice how clean the resulting code is. Any of the statements in the try
block could cause an exception, but we don’t need to worry about checking a return value for
each one, because the try-throw-catch arrangement handles them all automatically. In this particular
example we’ve deliberately created two statements that cause exceptions. The first
s1.push(44); //pushes too many items
causes an exception if you remove the comment symbol preceding it, and the second
cout << “4: “ << s1.pop() << endl; //pops item from empty stack
causes an exception if the first statement is commented out. Try it each way. In both cases the
same error message will be displayed:
Stack Full or Empty
Multiple Exceptions
You can design a class to throw as many exceptions as you want. To show how this works,
we’ll modify the XSTAK program to throw separate exceptions for attempting to push data on a
full stack and attempting to pop data from an empty stack. Here’s the listing for XSTAK2:
// xstak2.cpp
// demonstrates two exception handlers
#include <iostream>
using namespace std;
const int MAX = 3; //stack holds 3 integers
////////////////////////////////////////////////////////////////
class Stack
{
private:
int st[MAX]; //stack: array of integers
int top; //index of top of stack
public:
class Full { }; //exception class
class Empty { }; //exception class
//--------------------------------------------------------------
Stack() //constructor
{ top = -1; }
//--------------------------------------------------------------
void push(int var) //put number on stack
{
if(top >= MAX-1) //if stack full,
throw Full(); //throw Full exception
st[++top] = var;
}
//--------------------------------------------------------------
int pop() //take number off stack
{
if(top < 0) //if stack empty,
throw Empty(); //throw Empty exception
return st[top--];
}
};
////////////////////////////////////////////////////////////////
int main()
{
Stack s1;
try
{
s1.push(11);
s1.push(22);
s1.push(33);
// s1.push(44); //oops: stack full
cout << “1: “ << s1.pop() << endl;
cout << “2: “ << s1.pop() << endl;
cout << “3: “ << s1.pop() << endl;
cout << “4: “ << s1.pop() << endl; //oops: stack empty
}
catch(Stack::Full)
{
cout << “Exception: Stack Full” << endl;
}
catch(Stack::Empty)
{
cout << “Exception: Stack Empty” << endl;
}
return 0;
}
In XSTAK2 we specify two exception classes:
class Full { };
class Empty { };
The statement
throw Full();
is executed if the application calls push() when the stack is already full, and
throw Empty();
is executed if pop() is called when the stack is empty.
A separate catch block is used for each exception:
try
{
//code that operates on Stack objects
}
catch(Stack::Full)
{
//code to handle Full exception
}
catch(Stack::Empty)
{
//code to handle Empty exception
}
All the catch blocks used with a particular try block must immediately follow the try block. In
this case each catch block simply prints a message: “Stack Full” or “Stack Empty”. Only one
catch block is activated for a given exception. A group of catch blocks, or a catch ladder, operates
a little like a switch statement, with only the appropriate section of code being executed.
When an exception has been handled, control passes to the statement following all the catch
blocks. (Unlike a switch statement, you don’t need to end each catch block with a break. In
this way catch blocks act more like functions.)
Exceptions with the Distance Class
Let’s look at another example of exceptions, this one applied to the infamous Distance class
from previous chapters. A Distance object has an integer value for feet and a floating-point
value for inches. The inches value should always be less than 12.0. A problem with this class
in previous examples has been that it couldn’t protect itself if the user initialized an object with
an inches value of 12.0 or greater. This could lead to trouble when the class tried to perform
arithmetic, since the arithmetic routines (such as operator +()) assumed inches would be less
than 12.0. Such impossible values could also be displayed, thus confounding the user with
dimensions like 7’–15”.
Let’s rewrite the Distance class to use an exception to handle this error, as shown in XDIST:
// xdist.cpp
// exceptions with Distance class
#include <iostream>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public:
class InchesEx { }; //exception class
//--------------------------------------------------------------
Distance() //constructor (no args)
{ feet = 0; inches = 0.0; }
//--------------------------------------------------------------
Distance(int ft, float in) //constructor (two args)
{
if(in >= 12.0) //if inches too big,
throw InchesEx(); //throw exception
feet = ft;
inches = in;
}
//--------------------------------------------------------------
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
if(inches >= 12.0) //if inches too big,
throw InchesEx(); //throw exception
}
//--------------------------------------------------------------
void showdist() //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
};
////////////////////////////////////////////////////////////////
int main()
{
try
{
Distance dist1(17, 3.5); //2-arg constructor
Distance dist2; //no-arg constructor
dist2.getdist(); //get distance from user
//display distances
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
}
catch(Distance::InchesEx) //catch exceptions
{
cout << “\nInitialization error: “
“inches value is too large.”;
}
cout << endl;
return 0;
}
We install an exception class called InchesEx in the Distance class. Then, whenever the user
attempts to initialize the inches data to a value greater than or equal to 12.0, we throw the
exception. This happens in two places: in the two-argument constructor, where the programmer
may make an error supplying initial values, and in the getdist() function, where the user may
enter an incorrect value at the Enter inches prompt. We could also check for negative values
and other input mistakes.
In main() all interaction with Distance objects is enclosed in a try block, and the catch block
displays an error message.
In a more sophisticated program, of course, you might want to handle a user error (as opposed
to a programmer error) differently. It would be more user-friendly to go back to the beginning
of the try block and give the user a chance to enter a another distance value.
Exceptions with Arguments
What happens if the application needs more information about what caused an exception? For
instance, in the XDIST example, it might help the programmer to know what the bad inches
value actually was. Also, if the same exception is thrown by different member functions, as it
is in XDIST, it would be nice to know which of the functions was the culprit. Is there a way to
pass such information from the member function, where the exception is thrown, to the application
that catches it?
You can answer this question if you remember that throwing an exception involves not only
transferring control to the handler, but also creating an object of the exception class by calling
its constructor. In XDIST, for example, we create an object of type InchesEx when we throw the
exception with the statement
throw InchesEx();
If we add data members to the exception class, we can initialize them when we create the
object. The exception handler can then retrieve the data from the object when it catches the
exception. It’s like writing a message on a baseball and throwing it over the fence to your
neighbor. We’ll modify the XDIST program to do this. Here’s the listing for XDIST2:
// xdist2.cpp
// exceptions with arguments
#include <iostream>
#include <string>
using namespace std;
////////////////////////////////////////////////////////////////
class Distance //English Distance class
{
private:
int feet;
float inches;
public:
//--------------------------------------------------------------
class InchesEx //exception class
{
public:
string origin; //for name of routine
float iValue; //for faulty inches value
InchesEx(string or, float in) //2-arg constructor
{
origin = or; //store string
iValue = in; //store inches
}
}; //end of exception class
//--------------------------------------------------------------
Distance() //constructor (no args)
{ feet = 0; inches = 0.0; }
//--------------------------------------------------------------
Distance(int ft, float in) //constructor (two args)
{
if(in >= 12.0)
throw InchesEx(“2-arg constructor”, in);
feet = ft;
inches = in;
}
//--------------------------------------------------------------
void getdist() //get length from user
{
cout << “\nEnter feet: “; cin >> feet;
cout << “Enter inches: “; cin >> inches;
if(inches >= 12.0)
throw InchesEx(“getdist() function”, inches);
}
//--------------------------------------------------------------
void showdist() //display distance
{ cout << feet << “\’-” << inches << ‘\”’; }
};
////////////////////////////////////////////////////////////////
int main()
{
try
{
Distance dist1(17, 3.5); //2-arg constructor
Distance dist2; //no-arg constructor
dist2.getdist(); //get value
//display distances
cout << “\ndist1 = “; dist1.showdist();
cout << “\ndist2 = “; dist2.showdist();
}
catch(Distance::InchesEx ix) //exception handler
{
cout << “\nInitialization error in “ << ix.origin
<< “.\n Inches value of “ << ix.iValue
<< “ is too large.”;
}
cout << endl;
return 0;
}
There are three parts to the operation of passing data when throwing an exception: specifying
the data members and a constructor for the exception class, initializing this constructor when
we throw an exception, and accessing the object’s data when we catch the exception. Let’s look
at these in turn.
Specifying Data in an Exception Class
It’s convenient to make the data in an exception class public so it can be accessed directly by
the exception handler. Here’s the specification for the new InchesEx exception class in XDIST2:
class InchesEx //exception class
{
public:
string origin; //for name of routine
float iValue; //for faulty inches value
InchesEx(string or, float in) //2-arg constructor
{
origin = or; //put string in object
iValue = in; //put inches value in object
}
};
There are public variables for a string object, which will hold the name of the member function
being called, and a type float, for the faulty inches value.
Initializing an Exception Object
How do we initialize the data when we throw an exception? In the two-argument constructor
for the Stack class we say
throw InchesEx(“2-arg constructor”, in);
and in the getdist() member function for Stack it’s
throw InchesEx(“getdist() function”, inches);
When the exception is thrown, the handler will display the string and inches values. The string
will tell us which member function is throwing the exception, and the value of inches will
report the faulty inches value detected by the member function. This additional data will make
it easier for the programmer or user to figure out what caused the error.
Extracting Data from the Exception Object
How do we extract this data when we catch the exception? The simplest way is to make the
data a public part of the exception class, as we’ve done here. Then in the catch block we can
declare ix as the name of the exception object we’re catching. Using this name we can refer to
its data in the usual way, using the dot operator:
catch(Distance::InchesEx ix)
{
//access ‘ix.origin’ and ‘ix.iValue’ directly
}
We can then display the value of ix.origin and ix.iValue. Here’s some interaction with
XDIST2, when the user enters too large a value for inches:
Enter feet: 7
Enter inches: 13.5
Initialization error in getdist() function.
Inches value of 13.5 is too large.
Similarly, if the programmer changes the definition of dist1 in main() to
Distance dist1(17, 22.25);
the resulting exception will cause this error message:
Initialization error in 2-arg constructor.
Inches value of 22.25 is too large.
Of course we can make whatever use of the exception arguments we want, but they generally
carry information that helps us diagnose the error that triggered the exception.
Constructors, Destructors and Exception Handling
· What happens when an error is detected in a constructor?
· How should an object's constructor respond when new fails to allocate memory 
· Constructor return no value so alternative mechanism is use to indicate an error
· Mechanisms are
· Global variable
· A construct must throw an exception
· Exceptions thrown by a constructor cause destructors to be called 
· If an object has member objects, 
· an exception is thrown before the outer object is fully constructed
· then destructors will be executed for the member objects that have been constructed prior to the occurrence of the exception
· In case of array of objects, only destructors for the constructed objects in the array will be called
The bad_alloc Class
Standard C++ contains several built-in exception classes. The most commonly used is probably
bad_alloc, which is thrown if an error occurs when attempting to allocate memory with new.
(This exception was called xalloc in earlier versions of C++. At the time of this book’s publication,
this older approach is still used in Microsoft Visual C++.) If you set up the appropriate
try and catch blocks, you can make use of bad_alloc with very little effort. Here’s a short
example, BADALLOC, that shows how it’s used:
// badalloc.cpp
// demonstrates bad_alloc exception
#include <iostream>
using namespace std;
int main()
{
const unsigned long SIZE = 10000; //memory size
char* ptr; //pointer to memory
try
{
ptr = new char[SIZE]; //allocate SIZE bytes
}
catch(bad_alloc) //exception handler
{
cout << “\nbad_alloc exception: can’t allocate memory.\n”;
return(1);
}
delete[] ptr; //deallocate memory
cout << “\nMemory use is successful.\n”;
return 0;
}
Put all the statements that use new in a try block. The catch block that follows handles the
exception, often by displaying an error message and terminating the program.
set_new_handler function
· It is an additional feature for handling new failures 
· It takes as argument a pointer to a function with
· with no arguments 
· returns void
set_new_handles( functionName );
· This function will be called if new fails
· This provides a method to handling all new failure with a uniform approach
· If new allocates memory successfully, it returns a pointer to that memory
· If new fails to allocate memory, then 
· If set_new_handler did not register a new-handler function, new throws a bad_alloc exception
· If a new-handler function has been registered, the new-handler function is called
Handler function
· This function will be called if new fails
· This provides a method to handling all new failure with a uniform approach
· set_new_handler function is used to register a handler function
· If new fails to allocate memory, then
· If handler function is registered then it will be called
· If handler function is not registered  then
· If new allocates memory successfully, it returns a pointer to that memory
· If new fails to allocate memory, then 
· If set_new_handler did not register a new-handler function, new throws a bad_alloc exception
· If a new-handler function has been registered, the new-handler function is called
Task performed by handler-function
1. Make more memory available by deleting other dynamically allocated memory and return to operator new to attempt to allocate memory again.
2. Throw an exception of type bad_alloc.
3. Call function abort or exit to terminate the program
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void customNewHandler ()

{
cout << "customNewHandler was called!
abort () ;

}

main ()

{

double *ptr[ 50 ;

set_new_handler ( customNewHandler ) ;
for (int i =0; i< 50; i++)

{

ptrl i 1 = new double[ 50000000 1;
}
system("pause") ;




