Encapsulation and Data Abstraction in C++

Encapsulation and data abstraction are two important concepts in object-oriented
programming (OOP), including C++. These concepts make programs easier to write,
understand, and maintain by focusing on organizing and hiding details effectively.

What is Encapsulation?

Encapsulation is the process of wrapping data (variables) and methods (functions) into a
single unit, called a class. It allows you to control how the data inside a class is accessed or
modified. In C++, this is done using access specifiers: private, public, and protected.

o Private: Members declared as private can only be accessed within the class.
e Public: Members declared as public can be accessed from outside the class.

o Protected: Members declared as protected can be accessed within the class and its
derived (child) classes.

Encapsulation ensures that the internal workings of a class are hidden from outside
interference. This is also known as "data hiding." It helps protect the data from being
accidentally or intentionally modified in ways that could break the program.

Example:
#include <iostream>

using namespace std,;

class BankAccount {
private:

double balance; // Private variable to store the account balance

public:
/I Constructor to initialize balance
BankAccount(double initialBalance) {
if (initialBalance >= 0)
balance = initialBalance;
else

balance = 0;



// Method to deposit money
void deposit(double amount) {
if (amount > 0) {
balance += amount;
cout << "Deposit successful! New balance: $" << balance << endl;
} else {

cout << "Invalid amount!" << endl;

// Method to view the balance
double getBalance() const {

return balance;

int main() {
BankAccount account(500.0); // Create a BankAccount object
account.deposit(200.0); // Add money
cout << "Current balance: $" << account.getBalance() << end],
return 0;

}

Here, the balance variable is private, meaning it cannot be accessed directly. Instead, we use
public methods like deposit and getBalance to interact with it. This prevents invalid changes
to the balance, ensuring the data is safe.

Why is Encapsulation Important?
1. Protects Data: Keeps sensitive data safe by restricting access.
2. Easier to Update: Changes inside the class do not affect the code that uses the class.

3. Organized Code: Groups related data and methods together, making the program
easier to understand.



What is Data Abstraction?

Data abstraction is about hiding the complex details of how something works and showing
only the essential features. In simple terms, it focuses on what an object does, not how it does
it.

In C++, abstraction is achieved through:

1. Classes: By using public methods to interact with private data, you can hide the
internal details of a class.

2. Abstract Classes: These are classes with at least one pure virtual function. A pure
virtual function is a function that has no implementation in the base class and must be
implemented in derived classes.

Example:
#include <iostream>

using namespace std,;

/I Abstract class
class Shape {
public:
virtual void draw() = 0; // Pure virtual function

virtual ~Shape() {} // Virtual destructor
¥

class Circle : public Shape {
public:
void draw() override {

cout << "Drawing a Circle" << endl;

class Rectangle : public Shape {
public:

void draw() override {



cout << "Drawing a Rectangle" << endl;

int main() {
Shape* shapel = new Circle(); // Pointer to Circle object

Shape* shape2 = new Rectangle(); // Pointer to Rectangle object

shapel->draw(); // Calls Circle's draw method
shape2->draw(); // Calls Rectangle's draw method

delete shapel;
delete shape2;
return 0;

}

In this example, the Shape class defines a pure virtual function draw(). The derived classes
(Circle and Rectangle) provide specific implementations for the draw() function. The user
doesn’t need to know how the shapes are drawn, only that they can call draw().

Why is Abstraction Important?
1. Simplifies Usage: Users don’t need to understand how something works internally.

2. Flexible: Makes it easier to update or change the internal implementation without
affecting users.

3. Code Reuse: Common functionality can be shared using abstract classes.

Encapsulation vs. Abstraction

o Encapsulation: Hides the internal state of an object and controls access to it using
access specifiers.

e Abstraction: Hides the implementation details and focuses on showing only the
necessary functionality.

Both concepts work together to make C++ programs more secure, flexible, and easier to
maintain. Encapsulation ensures that data is safe, while abstraction ensures that users only
deal with what they need to know.



