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4.2 Friend Functions and Classes

Unit 4: Advanced Class Features

Welcome everyone to Lecture 30. Today we are exploring a very specific and powerful feature

in C++ known as ’Friendship’. We will learn how to selectively bypass the strict encapsulation

rules we have been adhering to.



The Wall of Encapsulation

Encapsulation hides data using ’private’ and ’protected’ access specifiers.

Normally, private members are STRICTLY accessible only by member functions of that
exact same class.

This protects data integrity but can sometimes be too restrictive for certain design
patterns.

What if an external utility function needs to read private data without using bulky getter
methods?
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4.2 Friend Functions and Classes

The Wall of Encapsulation

Let’s review encapsulation. It acts as a protective fortress for an object’s internal state. Usually,

this is exactly what we want. However, in complex software designs, rigid rules sometimes require

controlled exceptions. If an external function absolutely needs to process private data efficiently,

making the data public ruins encapsulation. We need a middle ground.



What is a Friend Function?

A ’friend function’ is a non-member function that is granted access to the private and
protected members of a class.

It is NOT a member of the class (it has no ’this’ pointer).

It is explicitly authorized by the class itself.

Declared using the ’friend’ keyword inside the class definition.
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4.2 Friend Functions and Classes

What is a Friend Function?

Enter the friend function. It is the C++ solution to our strict encapsulation problem. Think of it

as a VIP guest. The function doesn’t live in the house (it’s not a member), but the homeowner

(the class) has explicitly given it a key to open all the private rooms. It is crucial to remember

that a friend function is a standard global function or a member of another class, not a member

of the class that grants friendship.



Declaring a Friend Function

Syntax inside the class:

friend return type function name(arguments);

The declaration can be placed anywhere in the class (public, private, or protected
sections).

The access specifier does not affect the friend function.
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4.2 Friend Functions and Classes

Declaring a Friend Function

To declare a friend, you simply write the function prototype inside the class definition, preceded

by the keyword ’friend’. Because the friend function is not a member of the class, it doesn’t

matter if you put this declaration in the public, private, or protected section of the class. The

compiler treats it the exact same way.



Key Characteristics of Friend Functions

1. Not in the scope of the class.

2. Cannot be called using an object (e.g., obj.friendFunc() is INVALID).

3. Invoked like a normal global function.

4. Cannot access members directly by name; must use an object name and dot operator
(e.g., obj.member).

5. Usually takes objects as arguments to access their data.
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4.2 Friend Functions and Classes

Key Characteristics of Friend Functions

Since a friend function is not a member, it doesn’t have a ’this’ pointer. Therefore, you cannot

invoke it using the dot operator on an object. You call it just like a regular C function. Because

it has no implicit object to work with, if it wants to access private data, you usually have to pass

an object of that class to the function as an argument. Then, inside the function, you use the

dot operator on that passed object.



Example 1: Basic Friend Function

class Box {
private:

int width;

public:

Box(int w) : width(w) {}
friend void printWidth(Box box); // Declaration

};

void printWidth(Box box) { // Definition (no Box::)

cout ¡¡ ”Width is: ” ¡¡ box.width ¡¡ endl; // Accessing private data

}
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4.2 Friend Functions and Classes

Example 1: Basic Friend Function

Here is a simple example. We have a Box class with a private integer ’width’. We declare a global

function ’printWidth’ as a friend. Notice the definition of ’printWidth’ outside the class. It does

not use ’Box::’ because it is not a member. Inside the function, it directly accesses ’box.width’.

If it wasn’t a friend, the compiler would throw an error here because ’width’ is private.



Why Use Friend Functions?

1. Operator Overloading: Often necessary when overloading binary operators (like ¡¡ or
+) where the left operand is not an object of the class.

2. Bridging Multiple Classes: When a function needs to access the private members of
two or more distinct, unrelated classes simultaneously.
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4.2 Friend Functions and Classes

Why Use Friend Functions?

You might ask, why not just use a public ’getWidth()’ function? In simple cases, you should!

But friend functions shine in two main areas. First, operator overloading, which we will cover in

a future lecture. Second, when you have a function that acts as a bridge between two completely

different classes and needs private access to both to perform a calculation or comparison.



Bridging Classes: The Forward Declaration

If a function is a friend to two classes, the compiler needs to know about both.

class ClassB; // Forward Declaration

class ClassA {
friend void bridgeFunction(ClassA, ClassB);

};

class ClassB {
friend void bridgeFunction(ClassA, ClassB);

};
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4.2 Friend Functions and Classes

Bridging Classes: The Forward Declaration

If we want a function to be a friend to ClassA and ClassB, we encounter a compiler issue.

When defining ClassA, the compiler hasn’t seen ClassB yet. We solve this using a ’forward

declaration’—telling the compiler ’Hey, ClassB exists and will be defined later.’ This allows us

to use ClassB as a parameter type in the friend declaration inside ClassA.



Example 2: Bridging Two Classes

class Beta; // Forward declaration

class Alpha {
private: int dataAlpha;

public: Alpha(int x) : dataAlpha(x) {}
friend int add(Alpha a, Beta b);

};
class Beta {
private: int dataBeta;

public: Beta(int x) : dataBeta(x) {}
friend int add(Alpha a, Beta b);

};
int add(Alpha a, Beta b) {
return a.dataAlpha + b.dataBeta; // Accessing private data of BOTH

}
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4.2 Friend Functions and Classes

Example 2: Bridging Two Classes

Let’s look at the implementation. The ’add’ function takes an Alpha object and a Beta object.

Because it was declared as a friend inside BOTH classes, it can seamlessly access ’dataAlpha’

and ’dataBeta’ simultaneously. This is a very clean way to perform operations that inherently

require deep knowledge of multiple objects.



Friend Classes

Just as a function can be a friend, an entire CLASS can be a friend of another class.

If Class B is a friend of Class A, then ALL member functions of Class B become friend
functions of Class A.

Syntax: friend class ClassName;
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4.2 Friend Functions and Classes

Friend Classes

Taking this a step further, what if Class B has many functions that need access to Class A’s

private data? Declaring every single function as a friend inside Class A would be tedious. Instead,

Class A can declare the entirety of Class B as a ’friend class’. This grants every member function

in Class B full access to Class A.



Example 3: Friend Class

class BankAccount {
private: double balance;

public: BankAccount(double b) : balance(b) {}
friend class Auditor; // Auditor is a friend

};

class Auditor {
public:

void inspect(BankAccount& account) {
cout ¡¡ ”Auditing balance: ” ¡¡ account.balance; // Allowed!

}
};
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4.2 Friend Functions and Classes

Example 3: Friend Class

In this example, the Auditor class needs to inspect BankAccounts. The BankAccount explicitly

trusts the Auditor class. Thus, Auditor’s ’inspect’ method can directly access the private ’bal-

ance’. Notice that BankAccount grants the friendship. The Auditor didn’t force its way in.



Important Rules of Friendship (Part 1)

1. Friendship is Granted, Not Taken:

A class must explicitly declare who its friends are. You cannot write a function and simply
declare ’I am a friend of Class X’.

2. Friendship is NOT Mutual:

If Class A is a friend of Class B, it does NOT mean Class B is a friend of Class A.
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4.2 Friend Functions and Classes

Important Rules of Friendship (Part 1)

There are strict philosophical rules in C++ regarding friendship. First, it’s opt-in by the data

owner. Security relies on the class explicitly giving away its keys. Second, friendship is one-way.

Just because the Auditor can see the BankAccount’s private data, doesn’t mean the BankAccount

can see the Auditor’s private internal records.



Important Rules of Friendship (Part 2)

3. Friendship is NOT Transitive:

If Class A is a friend of B, and B is a friend of C,

Class A is NOT automatically a friend of C.

(The friend of my friend is not necessarily my friend).

4. Friendship is NOT Inherited:

A derived class does not inherit the friends of its base class.
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4.2 Friend Functions and Classes

Important Rules of Friendship (Part 2)

Continuing the rules: Friendship is strictly non-transitive. If I trust you, and you trust Bob, it

does not mean I trust Bob with my house keys. Also, importantly for inheritance, which we will

cover later, friends are not inherited. If a class has a friend, its child classes do not automatically

accept that friend. Friendship is highly specific and contained.



Pros and Cons of Friends

PROS:

- Allows clean and efficient sharing of data between specific classes.

- Essential for certain operator overloading (e.g., ¡¡ and ¿¿).

- Avoids writing unnecessary public getter/setter methods just for one specific utility.

CONS:

- Breaks the strict principle of Encapsulation/Data Hiding.

- Increases coupling: Changes in one class might break the friend function/class.

- Can make code harder to maintain if overused.
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4.2 Friend Functions and Classes

Pros and Cons of Friends

Let’s weigh the pros and cons. Friends are powerful. They make certain operations, like stream

operator overloading, elegant and possible. They save us from exposing data globally. However,

they are a literal hole in your encapsulation wall. If you change the private data structure of a

class, you now have to go update all of its friend functions too, which leads to tight coupling.



Best Practices

1. Use sparingly: Do not use friends as a shortcut to avoid writing proper class interfaces.

2. Prefer Member Functions: If a function primarily operates on one class’s data, it
should probably be a member function.

3. Use for strict pairing: Excellent for tightly coupled pairs of classes (e.g., a Matrix class
and a Vector class).

4. Keep friend functions small and focused.
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4.2 Friend Functions and Classes

Best Practices

The golden rule of friend functions is: Use them only when absolutely necessary. If you find

yourself making everything a friend, your class design is likely flawed. Always ask: ’Could this

just be a member function?’ or ’Should I provide a public getter?’. Reserve friends for situations

where two classes are inherently intertwined or for specific operator overloads.



Summary

Friend functions and classes bypass encapsulation to access private/protected members.

Declared using the ’friend’ keyword inside the granting class.

Friendship is one-way, non-transitive, and non-inherited.

They are powerful tools for bridging classes but must be used judiciously to avoid creating
spaghetti code.
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4.2 Friend Functions and Classes

Summary

To summarize, the ’friend’ keyword provides a controlled mechanism to bypass data hiding. It

is a unique feature of C++ that gives developers precise control over access, but it requires

responsibility to ensure that the core OOP principles of encapsulation are not entirely discarded.


