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4.1 Operator Overloading

Lecture 33: Operator Overloading

Good morning everyone! Welcome to Lecture 33. Today we are kicking off Unit 4, which delves

into Advanced Class Features. We will start with an incredibly powerful feature of C++ known

as Operator Overloading. By the end of this lecture, you’ll be able to make your custom objects

interact using standard mathematical operators, making your code cleaner and more intuitive.



What is Operator Overloading?

Operator overloading is a specific type of compile-time polymorphism.

It provides a way to redefine or add special meaning to standard C++ operators when
they are applied to user-defined data types (classes or structs).

For example, the ’+’ operator natively adds two integers. With operator overloading, we
can program it to add two ’Complex’ number objects or concatenate two custom ’String’
objects.
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4.1 Operator Overloading

What is Operator Overloading?

Think about how naturally we write ’int c = a + b;’. C++ knows how to add integers because

it’s built into the language. But what if ’a’ and ’b’ are objects representing Complex numbers or

Matrices? By default, the compiler has no idea how to ’add’ two matrices. Operator overloading

allows us to teach the compiler exactly what the ’+’ sign means when placed between two objects

of a specific class. It is a form of compile-time polymorphism because the compiler decides which

version of the operator to call based on the operand types.



Why Do We Need Operator Overloading?

Enhances Code Readability: Allows complex custom objects to be manipulated using
familiar, intuitive mathematical operators.

Avoids Clunky Function Calls: Evaluating ’matrix3 = matrix1 + matrix2’ is vastly easier
to read and maintain than ’matrix3 = matrix1.add(matrix2)’.

Principle of Least Astonishment: Custom types can be designed to behave exactly like
built-in primitive types, making the class APIs predictable for other developers.
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4.1 Operator Overloading

Why Do We Need Operator Overloading?

You might ask, why not just write an ’add()’ method? You certainly can. However, as expres-

sions get more complex, function chaining becomes deeply nested and hard to read. Imagine

writing ’result = a.add(b.multiply(c)).subtract(d);’. With operator overloading, you simply write

’result = a + b * c - d;’. This makes your code highly readable and aligns with mathematical

notation, which is a huge advantage in scientific computing, graphics programming, and game

development.



General Syntax for Overloading

Operators are overloaded by creating a special function called an operator function.

Syntax: return type operator op (argument list);

’return type’ specifies the type of value returned by the operation.

The keyword ’operator’ is required, followed by the specific operator symbol ’op’ (e.g., +,
-, *).

Operator functions can be either Member Functions or Non-Member (Friend) Functions.
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4.1 Operator Overloading

General Syntax for Overloading

To overload an operator, we write a function, but instead of giving it a standard name like ’add’

or ’compute’, we use the keyword ’operator’ followed by the symbol we are overloading. For

instance, ’operator+’ is the actual name of the function. The return type depends on what the

operation should yield—adding two objects usually returns a new object of the same type. The

argument list will vary depending on whether the operator is unary or binary, and whether we

implement it as a member function or a friend function.



Overloading Unary Operators

Unary operators operate on a single operand (e.g., ++, –, unary -, !).

Member Function Approach: A unary operator overloaded as a member function takes
NO arguments.

Why no arguments? Because the single operand is the object that invokes the function,
implicitly passed via the ’this’ pointer.

Friend Function Approach: If overloaded as a friend function, it must take EXACTLY
ONE explicit argument (the object being operated on).
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4.1 Operator Overloading

Overloading Unary Operators

Let’s start with unary operators, like the increment or decrement operators. Since a unary

operator only requires one operand, overloading it as a member function is very straightforward.

The object itself is the operand. When you write ’++obj’, the compiler essentially translates

this to ’obj.operator++()’. Because the object is calling its own method, the method doesn’t

need any parameters—it already has access to its own data via the hidden ’this’ pointer.



Example: Unary Operator (Member Function)

class Counter {
private:

int count;

public:

Counter(int c) : count(c) {}
// Overloading prefix ++ operator

void operator++() {
++count;

}
};
// Usage:

Counter c1(5);

++c1; // Internally calls c1.operator++()
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4.1 Operator Overloading

Example: Unary Operator (Member Function)

Here we have a simple Counter class. We’ve defined ’void operator++()’. Notice it takes no

parameters. Inside, it just increments the member variable ’count’. In our main code, we simply

write ’++c1’. The C++ compiler sees this, checks if ’Counter’ has an overloaded ’operator++’,

and executes it. This modifies the ’c1’ object directly.



Prefix vs. Postfix Overloading

C++ allows both prefix (++obj) and postfix (obj++) operations.

To allow the compiler to distinguish between the two when overloading, a dummy ’int’
parameter is used for the postfix version.

Prefix signature: return type operator++ ()

Postfix signature: return type operator++ (int)

The ’int’ argument is not used in the function body; it is merely a compiler signal.
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4.1 Operator Overloading

Prefix vs. Postfix Overloading

A common interview question is: How does the compiler know if you are overloading prefix ’++x’

or postfix ’x++’ since both use the same operator symbol? C++ solved this elegantly, though

a bit strangely, by introducing a dummy integer parameter. If you declare ’operator++()’, it’s

prefix. If you declare ’operator++(int)’, it’s postfix. You don’t actually pass an integer to it;

the compiler provides a default 0 automatically just to match the signature.



Overloading Binary Operators

Binary operators operate on two operands (e.g., +, -, *, ==).

Member Function Approach: Overloading a binary operator as a member function
requires EXACTLY ONE explicit parameter.

Left Operand (LHS): The object invoking the operator (passed implicitly via ’this’).

Right Operand (RHS): Passed explicitly as the function argument.

Expression: ’A + B’ becomes ’A.operator+(B)’
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4.1 Operator Overloading

Overloading Binary Operators

Moving on to binary operators, which deal with two operands, like ’A + B’. If we implement

this as a member function of class A, the function only takes one parameter. This often trips up

beginners. Where did the other parameter go? The left-hand side, object A, is the one calling

the function. So ’A’ is passed via the ’this’ pointer. Object B, the right-hand side, is passed as

the single explicit argument. It is conceptually translated to ’A dot operator-plus passing B’.



Example: Binary Operator (Member Function)

class Complex {
float real, imag;

public:

Complex(float r, float i) : real(r), imag(i) {}
Complex operator+(const Complex& obj) {
return Complex(real + obj.real, imag + obj.imag);

}
};
// Usage:

Complex c1(3.0, 4.0), c2(1.0, 2.0);

Complex c3 = c1 + c2; // Calls c1.operator+(c2)
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4.1 Operator Overloading

Example: Binary Operator (Member Function)

Let’s look at adding Complex numbers. The ’operator+’ function returns a new Complex object.

It takes a constant reference to another Complex object to avoid unnecessary copying. Inside

the function, ’real’ refers to the left operand (c1), and ’obj.real’ refers to the right operand (c2).

It adds them together, constructs a new Complex object with the results, and returns it. Clean,

efficient, and intuitive.



The Limitation of Member Functions

Member functions strictly require the Left-Hand Side (LHS) operand to be an object of
the class.

If we have a class ’Complex’, ’c1 + 5.0’ works IF we have a constructor that converts
float to Complex. (Evaluated as c1.operator+(5.0))

However, ’5.0 + c1’ WILL FAIL.

Why? The primitive type ’float’ (5.0) does not have a member function ’operator+’ that
accepts a ’Complex’ object. (5.0.operator+(c1) makes no sense).
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4.1 Operator Overloading

The Limitation of Member Functions

Here we hit a major limitation of member functions. What if we want to add a scalar to our

Complex number? If we write ’c1 + 5.0’, it might work if we have a conversion constructor,

because ’c1’ is on the left and can invoke its member function. But addition is commutative!

We should be able to write ’5.0 + c1’. If we do that using member functions, the compiler

tries to find an ’operator+’ inside the built-in ’float’ type that takes a Complex object, which

obviously doesn’t exist, resulting in a compile error.



Overloading with Friend Functions

To solve the LHS primitive issue, we use friend (non-member) functions.

A friend function is not bound to a calling object; it is defined outside the class scope but
has access to private members.

For a binary operator, a friend function takes EXACTLY TWO explicit arguments (LHS
and RHS).

Expression: ’A + B’ becomes ’operator+(A, B)’

This allows seamless operation when the LHS is a built-in data type.
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4.1 Operator Overloading

Overloading with Friend Functions

The solution to the asymmetric operand problem is the ’friend’ function. Since a friend function

is a non-member function, it isn’t called ’on’ an object. Instead, both the left and right operands

are passed in as standard arguments. This means the compiler just looks for a global function

named ’operator+’ that takes a float as the first argument and a Complex as the second. By

making this global function a ’friend’ of the Complex class, it gains access to the private real

and imaginary components.



Example: Binary Operator (Friend Function)

class Complex {
// ... fields and constructors ...

// Declare friend function inside class

friend Complex operator+(float lhs, const Complex& rhs);

};
// Implement outside class

Complex operator+(float lhs, const Complex& rhs) {
return Complex(lhs + rhs.real, rhs.imag);

}
// Usage:

Complex c1(3.0, 4.0);

Complex c2 = 5.0 + c1; // Successfully calls global operator+(5.0, c1)
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4.1 Operator Overloading

Example: Binary Operator (Friend Function)

Notice how we declare the friend function inside the class definition, giving it the necessary

permissions. The implementation is just a standard global function. Now, when the compiler

sees ’5.0 + c1’, it doesn’t try to call a method on 5.0. Instead, it finds our global ’operator+’

function matching the signature (float, Complex), and the operation succeeds beautifully. This

is crucial for building robust math or utility classes.



Overloading Stream I/O Operators (¡¡ and ¿¿)

Stream insertion (¡¡) and extraction (¿¿) operators MUST be overloaded as
friend/non-member functions.

Why? Consider ’cout ¡¡ c1’. The LHS operand is ’cout’, which is an object of the
standard library class ’ostream’.

We cannot modify the ’ostream’ class to add a member function that understands our
custom ’Complex’ class.

Signature: friend ostream& operator¡¡(ostream& os, const MyClass& obj);
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4.1 Operator Overloading

Overloading Stream I/O Operators (¡¡ and ¿¿)

This is perhaps the most common and important use case for friend functions. Everyone wants

to be able to just ’cout ¡¡ obj’. But the left operand is ’cout’, an instance of the ’ostream’ class

from the standard library. You cannot go into the C++ standard library source code and add a

method to ’ostream’. Therefore, you have absolutely no choice but to overload ’operator¡¡’ as a

global, non-member function that takes the stream as its first argument and your object as its

second.



Strict Rules of Operator Overloading

1. Precedence cannot be changed: Overloading ’*’ will always evaluate before an
overloaded ’+’, just as in standard math.

2. Associativity cannot be changed: Operators that evaluate left-to-right natively will
continue to do so.

3. Arity cannot be changed: A unary operator cannot be redefined to take two operands,
and vice versa.

4. No new operators: You cannot invent new symbols (e.g., you cannot create a ’’
operator for exponentiation).

5. Built-in types cannot be altered: You cannot overload the ’+’ operator to redefine how
two primitive integers are added.
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4.1 Operator Overloading

Strict Rules of Operator Overloading

While operator overloading is flexible, C++ imposes strict guardrails to prevent chaos. You

cannot change operator precedence—multiplication always happens before addition, no matter

how you overload them. You cannot change an operator from binary to unary. You can’t invent

entirely new operator symbols out of thin air, like a dollar sign or double-asterisk. And finally,

at least one of the operands in your overload must be a user-defined type; you aren’t allowed to

break basic math by redefining how 1 + 1 works.



Operators That CANNOT Be Overloaded

For safety and parsing reasons, C++ strictly forbids overloading the following operators:

1. Scope Resolution Operator ( :: )

2. Member Access / Dot Operator ( . )

3. Pointer-to-Member Operator ( .* )

4. Ternary Conditional Operator ( ?: )

5. The ’sizeof’ operator

6. The ’typeid’ operator
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4.1 Operator Overloading

Operators That CANNOT Be Overloaded

Not every operator is up for grabs. C++ explicitly forbids overloading certain operators to

maintain core language functionality and avoid compiler ambiguity. For example, if you could

overload the dot operator, object member access would become completely unpredictable. Simi-

larly, the scope resolution operator and sizeof are evaluated at compile time in ways that dynamic

overloading would break. Memorize this list, as it is a very common exam and interview topic.



Best Practices and Summary

Do not abuse operator overloading. Do not change the intuitive meaning of an operator
(e.g., overloading ’-’ to perform addition is a terrible idea).

Prefer member functions for assignment (=), subscript ([]), function call (()), and
member access (-¿).

Prefer non-member friend functions for commutative binary operators (+, -, *, ==) to
allow implicit conversions on both operands.

Always return a reference to the stream in I/O operators to support chaining.
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4.1 Operator Overloading

Best Practices and Summary

To wrap up today’s lecture: with great power comes great responsibility. Just because you

can overload an operator doesn’t mean you should. If the meaning isn’t immediately obvious

to another programmer, use a named function instead. Remember the division of labor: use

member functions for things that modify the object itself, like assignments or incrementing, but

rely on friend functions for math operations where you want flexibility on both the left and right

sides. Any questions?


