UTA 018: OOPs
Exception Handling




What is Exception Handling?

Exception handling is a mechanism in C++ to handle runtime errors or
"exceptions" that may occur during the execution of a program. These
exceptions could include invalid user input, divide-by-zero errors,
memory allocation failures, file I/O errors, etc.



Exception Handling Motivation

The motivation behind exception handling is to:

Separate error-handling code from the main logic of the program.
* Increase robustness: Handle errors gracefully without crashing the program.
* Provide a way to recover from unforeseen runtime conditions.

* Without proper error handling, programs can terminate abruptly, leading to poor user experiences and

system instability.
* Exception is a run-time error, such as divide by zero, array out of bounds, file not found etc.
* It helps to continue the normal flow of the application even in the case of runtime errors

* It makes the code simpler, cleaner, and less likely to miss errors



Exception Handling Mechanism

Exception
Object




Basic Syntax of Exception Handling

C++ provides a structured way to handle exceptions using three main keywords:
° tl'y Block of code that may throw an exception.

e throw: used to throw an exception when an error occurs.
o catch: Block of code that handles the exception.

try {
// Code that may cause an exception

if (/* some error condition */) {
throw exception; // Throw an exception

}
}
catch (type_of exception) {

// Code to handle the exception
}



try{
funl();

fun2();
fun3();

} catch(error){

// ... do something if error happens in any of the functions
}

// if any of the fun() is a constructor then you have to use if-else in the

constructor to handle the error since it cannot return anything, which
IS not neat practice.



Exception thrown and caught

* Exception is thrown at runtime.

* If an exception is not handled (caught), it prints exception
message and terminates the program.

* Programmer’s job is to handle possible exceptions using try,
throw and catch to avoid abnormal program termination



Catching Multiple Exceptions

#tinclude <iostream> catch (int e) {
using namespace std; cout << "Caught an integer: " << e << end|;
}
int main() { catch (float e) {
try { cout << "Caught a float: " << e << end];
int choice; 1
cout << "Enter choice (1 for int, 2 for float): "; catch (const char* e) {
cin >> choice; cout << "Caught a string: " << e << end|;
if (choice ==1) }
throw 100;
else if (choice == 2) return O;
throw 2.5f; }
else

throw "Invalid choice!";



Exception Handling with Class Objects

C++ allows you to throw and catch objects of user-defined types (classes). This is useful for passing detailed error
information.

int main() {

. . int numerator = 10, denominator = 0;
#include <iostream>

using namespace std; try {

if (denominator == 0) {

class DivisionByZero { DivisionByZero ex;

public: throw ex; // Throw an object of the class
void errorMessage() { }
cout << "Error: Division by zerol" << end|; cout << "Result: " << numerator / denominator << endl;
i }
I catch (DivisionByZero ex) {
ex.errorMessage();
}
return O;



Catching All Exceptions (catch(...))

C++ provides a special syntax to catch any type of exception. The catch(...) block acts as a catch-all handler and
can be used when the type of exception is unknown.

_ _ int main() {
#include <iostream>
using namespace std; try {
throw 10;
int main() {
try { }
throw 10; catch (char *e) { cout << "Caught " << e;}
} catch (...) { cout << "Default Exception\n"; }
catch (...) { // Catch any type of exception
cout << "Caught an unknown exception!" << end|; return 0;
} }

return O;



// What will be the output?

int main() {

try {
throw "10";

)

catch (const char *e) { cout << "Caught " << e; }
catch (...) { cout << "Default Exception\n"; }

Output
Caught 10



Throwing Exceptions from Functions

#include <iostream>
using namespace std;

int divide(int a, int b) {
if (b ==0)
throw "Division by zero!";
return a / b;

}
int main() {
intx=10,y =0;
try {
cout << "Result: " << divide(x, y) << endl;
}

catch (const char* e) {
cout << "Error: " << e << end|l;

}

return O;



Multiple catch is possible

try {
//some code

throw exception;

}

catch(specific type exception) {//some code }

catch(generic type exception) { //some code }

Catch blocks must be ordered so that most specific exceptions get caught before generic exceptions.



Exception Specification

e C++ provides a mechanism to ensure that a given function is limited to throw only
a specified list of exceptions.

void translate() throw(unknown_word,bad _grammar) {
[*.0%/
}

* |t will not throw any exception other than unknown word or bad _grammar



class unknown_word{};

class bad grammar{};

void translate(int a) throw(unknown word,bad grammar) {
if (@==0) throw unknown_word();

else if(a==1) throw bad grammar();

else throw 10;

}

int main(){

try{ translate(22);}

catch(unknown word u){cout<<" unknown word";}
catch(bad grammar g){cout<<" bad grammar";}
catch(...) {cout<<"Default catch";}

}




Output

terminate called after throwing an instance of 'int'

Aborted (core dumped)



Standard Library Exceptions in C++

In C++, exceptions can be thrown and handled using the
Standard Library Exceptions. These exceptions are part of the
<exception> and <stdexcept> headers and represent a collection of
predefined exception classes for common error conditions like runtime
errors, out-of-range errors, bad memory allocation, etc.

C++ provides these standard exception classes to help handle
specific types of errors more effectively and systematically. These
classes follow a hierarchy, with std::exception being the base class
from which all standard exceptions are derived.



Standard Exception Class Hierarchy

At the top of the hierarchy is the std::exception class, from which all other standard exception types are
derived. Below are the commonly used standard exception classes:

std::exception

std::logic_error

+-- std::invalid_argument
+-- std::domain_error
+-- std::length_error

+-- std::out_of_range

std::runtime_error

+-- std::range_error
+-- std::overflow_error
+-- std::underflow_error




std::exception

Base Class for All Exceptions:-

std::exception is the base class for all standard exceptions. It
provides the virtual member function what() that returns an error
MmessSage.

You can catch any exception derived from std::exception by catching
a reference to std::exception.



Example

H#Hinclude <iostream>

#include <exception> Output:

using namespace std; Caught exception: std::exception

int main() {

try {
throw std::exception();

}

catch (const std::exception& e) { _
std::exception::what() returns a

cout << "Caught exception: " << e.what() << endl|; generic message "std::exception”

}

return O;



std::logic_error

 Std::logic_error is a derived class of std::exception used for errors in
the logic of the program (e.g., domain errors, invalid arguments).

* These errors represent conditions that could be prevented with
proper input validation.

Derived Classes:

std::invalid_argument: Thrown when an argument is invalid.

o std::domain_error: Thrown when a mathematical domain error occurs.
 std::length_error: Thrown when an object exceeds its maximum size.
 std::out_of_range: Thrown when an attempt is made to access an element

outside the valid range.



Example

#include <iostream>

#include <stdexcept> // For standard exceptions
#include <cmath> // For sgrt()

#include <vector>

#include <string>

using namespace std;

// Function to demonstrate std::invalid_argument

void checkAge(int age) {
if (age < 9) {
| throw invalid_argument("Age cannot be negative.");
} else {

| cout << "Valid age:

| << age << endl;
}
}
// Function to demonstrate std::domain_error
double calculateSquareRoot(double num) {
if (num < 9) {
| throw domain_error("Cannot compute the square root of a negative number.");
}

return sqrt(num);



// Function to demonstrate std::length_error
void createlargeString(size_t size) {
string s;
if (size > s.max_size()) {
throw length_error("String size exceeds maximum allowable size.");

}

s.resize(size); // Try to resize the string
cout << "String of size " << size <« created successfully.’

<< endl;

}

// Function to demonstrate std::out_of range
void accessVectorElement(const vector<int>& v, size t index) {
if (index >= v.size()) {
throw out_of _range("Index is out of range.");

}

cout << "Element at index " << index << ": " << v[index] << endl;

}

int main() {
// Demonstrate std::invalid_argument
tl‘y { ’ CA\Thapar Data\OOPs Regular X + v
checkAge(-5); // Invalid age
} Invalid Argument Error: Age cannot be negative.
catch (const invalid_argument& e) {
cout << "Invalid Argument Error: " << e.what() << endl;

}



// Demonstrate std::domain error
Example (.7 -

double result = calculateSquareRoot(-9.0); // Invalid square root operation
cout << "Square root: " << result << endl;

}

catch (const domain_error& e) {
cout << "Domain Error: " << e.what() << endl;

Domain Error: Cannot compute the square root of a negative number.

}
// Demonstrate std::length_error
try {
createlLargeString(100000000000); // Exceeds maximum size of string
}

catch (const length_error& e) {
cout << "Length Error: " << e.what() << endl;
}
// Demonstrate std::out_of _range
vector<int> vec = {1, 2, 3, 4, 5)};
try {
accessVectorElement(vec, 10); // Index is out of range
}

catch (const out_of_range& e) {
cout << "Out of Range Error:

<< e.what() << endl;

}

return 9;



std::runtime_error

 Std::runtime_error is another derived class of std::exception and is
used for errors that occur during the runtime of the program.

* These errors cannot usually be predicted or checked at compile time.
Derived Classes:

 std::range_error: Thrown when a result of a computation is out of range.
« std::overflow_error: Thrown when an arithmetic overflow occurs.

o std::underflow_error: Thrown when an arithmetic underflow occurs.



Exa M p | @ #include <iostream>

#include <stdexcept> // For standard exceptions
#include <limits> // For numeric Limits
#include <cmath> // For pow() function

using namespace std;

// Function to demonstrate std::range_error
double computelLog(double x) {
if (x <= 0) {
| throw range_error("Logarithm domain error: x must be positive.");
}

return log(x); // Compute natural Logarithm

}

// Function to demonstrate std::overflow_error

int multiplylLargeNumbers(int a, int b) {
if (a > 0 & b > 0 & a > (numeric_limits<int>::max() / b)) {
| throw overflow_error("Multiplication overflow!");
}

return a * b;



// Function to demonstrate std::underflow_error
double divideSmallNumbers(double a, double b) {
if (b == 90) {
throw underflow_error("Division underflow: Division by zero.");
}

return a / b;

int main() {
// Demonstrate std::range_error

try {
cout << "Logarithm of -1:
}

catch (const range_error& e) {
cout << "Range Error: " << e.what() << endl;

<< computelog(-1) << endl; // Invalid input for Log

}

// Demonstrate std::overflow_error

try {
int a = numeric_limits<int>::max() / 2;
int b = 3;

cout << "Multiplication of large numbers: " << multiplyLargeNumbers(a, b) << endl;

}

catch (const overflow_error& e) {
cout << "Overflow Error: " << e.what() << endl;

}



Example

// Demonstrate std::underflow _error

try {
double verySmallNumber = numeric_limits<double>::min();

double divisor = ©@; // Division by zero

cout << "Division result: " << divideSmallNumbers(verySmallNumber, divisor) << endl;
}
catch (const underflow_error& e) {
cout << "Underflow Error: " << e.what() << endl;
}
return 9;
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Range Error: Logarithm domain error: x must be positive.

Overflow Error: Multiplication overflow!
Underflow Error: Division underflow: Division by zero.




Thank You



