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Welcome to Object-Oriented Programming with

C++

@ Unit 1: Principles of OOP and Basics of C+-+
@ Lecture 1.1: Overview of OOP
@ Instructor: Expert C++ Faculty
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Object Oriented Programming

L Welcome to Object-Oriented Programming
with C++

Welcome, everyone, to the first lecture of Object-Oriented Programming
with C++. Today we are going to lay the conceptual foundation for
the entire course. Before we even look at a single line of C++ code,
it is absolutely essential to understand the 'why' behind OOP. Why
was it invented? What problems does it solve? By the end of today's
session, you will understand the fundamental paradigm shift from writing
traditional, step-by-step procedures to modeling software as a collection
of interacting objects.



Object Oriented Programming

The Evolution of Programming Paradigms
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© The Evolution of Programming Paradigms
5
@ Machine Language & Assembly: Directly manipulating hardware, very To appreciate OOP, we have to look at history. Early programming was
complex done in machine language or assembly—uvery close to the hardware. As
. . , , programs grew, we moved to unstructured languages, which quickly be-
@ Unstructured Programming: Spaghetti code, lots of 'goto N ) . ) .
.o came unmaintainable 'spaghetti code’. Then came Procedure-Oriented
statements, hard to maintain. p . . . . . .
rogramming, like the C language, which organized code into functions.
o Procedure-Oriented Programming (POP): e.g., C, Pascal. Focus on However, as software systems became massive in the 1980s, POP started
functions and algorithms. to show limitations, especially in managing and protecting data. This
@ Object-Oriented Programming (OOP): e.g., C++, Java. Focus on necessity birthed Object-Oriented Programming, which revolutionized
data and objects. how we structure code by focusing on 'things’ rather than just 'actions’.

@ Software complexity drives the evolution of paradigms.
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Procedure-Oriented Programming (POP)

Primary focus is on functions (procedures/algorithms) rather than
data.

Large programs are divided into smaller programs known as functions.

Most functions share global data.
Data moves freely around the system from function to function.

Employs a top-down approach in program design.
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- Procedure-Oriented Programming (POP)

If you've pro-
as a
The
But
to let these functions communicate, we often use

Let's talk about Procedure-Oriented Programming.
grammed in C, you've used POP. In POP, you view a problem
sequence of things to be done: reading, calculating, and printing.
focus is on the 'doing’. The code is chopped up into functions.
here's the catch:
global variables. When data is global, it is vulnerable. Any function can
accidentally modify it, leading to bugs that are notoriously difficult to
track down in large systems.



ject-Oriented Programming (OOP)

Primary focus is on data rather than procedures.

Programs are divided into entities known as Objects.

Data structures are designed such that they characterize the objects.

Functions that operate on the data are tied together in the data
structure.

Data is hidden and cannot be accessed by external functions.

Follows a bottom-up approach in program design.

Milav (GP Palanpur) Object Oriented Programming

6/1

2026-07-22

Object Oriented Programming

|—Object—Oriented Programming (OOP)

Enter Object-Oriented Programming. OOP flips the script. Instead of
asking 'What does this program need to do?’, we ask 'What things is
this program manipulating?” We focus on the data first. We divide
the system into 'Objects’. Crucially, an object contains both its data
(attributes) and the functions that operate on that data (methods).
By wrapping them together, we can hide the data from the outside
world, protecting it from accidental modification. This is a bottom-up
approach: you build small, robust objects, and then assemble them to
form a complex system.
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POP vs. OOP: A Direct Comparison

L_POP vs. OOP: A Direct Comparison
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This slide summarizes the paradigm shift. In POP, functions are the

® Focus: POP focuses on functions; OOP focuses on data. kings, and data just serves them, often globally. In OOP, Data is the
@ Program Division: POP uses functions; OOP uses objects. king, and it keeps its own loyal functions to protect and manage it. If
o Data Security: POP data is freely moving/global (less secure); OOP you want to simulate a bank, using OOP, you create a 'Customer’ object
data is hidden (highly secure). and an 'Account’ object. It maps perfectly to how we perceive the real
o Approach: POP is Top-Down; OOP is Bottom-Up. WorId.. In .POP, you'd just have a bunch of.disconnected arrays and
Real ld Modeling: POP i | ld modeling: OOP functions like 'calculatelnterest()’. OOP provides a much more secure
@ Real-wor odeling: is poor at real-world modeling; and scalable architecture.

excels at modeling real-world entities.
Examples: POP (C, Pascal); OOP (C++, Java, Python).
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Object Oriented Programming

Basic Concept 1: jects

L Basic Concept 1: Objects
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Now let’s dive into the core concepts of OOP, starting with Objects. An

@ Objects are the basic runtime entities in an object-oriented system. object is a real-world entity that exists at runtime. Think of your physical
o They may represent a person, a place, a bank account, a table of smartphone. It has data (battery level, screen brightness, contacts) and
data, etc. it has functions or behaviors (make a call, lower volume). In software,
. . . an object is a chunk of memory that holds state and behavior. When
© An object is an instance of a class. your C++ program runs, it is essentially bringing these objects to life in
@ Objects take up space in memory and have an associated address. RAM, and they start talking to each other to get work done.
@ When a program is executed, the objects interact by sending

messages to one another.
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Basic Concept 2: Classes
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© Basic Concept 2: Classes
.
If an object is a specific smartphone, a Class is the engineering blueprint
o A class is a blueprint, template, or prototype from which objects are that defines what that model of smartphone is. A class does not take up
created. memory for its data until an object is created. It is purely a definition,
. . a new user-defined data type. You define a 'Car’ class once, specifyin
o It is a user-defined data type. W ! v o aet . ; el
] ) that it has wheels and an engine, and then you can instantiate thousands
@ Once a class has been defined, we can create any number of objects of "Car’ objects in your program, each with its own specific color and
belonging to that class. speed. Classes organize our code.
@ Analogy: A class is the architectural blueprint of a house; objects are

the actual houses built from that blueprint.
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Basic Concept 3: Data Abstraction

@ Abstraction refers to the act of representing essential features without
including the background details or explanations.

@ Classes use the concept of abstraction and are defined as a list of
abstract attributes.

@ Real-world example: Driving a car. You know how to use the steering
wheel, accelerator, and brakes.

@ You do not need to know the internal mechanism of the engine or the
fuel injection system to drive.
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I—Basic Concept 3: Data Abstraction

Abstraction is about managing complexity by hiding unnecessary details.
When you drive a car, you don't need an engineering degree in combus-
tion engines. You interact with a simple interface: the steering wheel
and pedals. The car 'abstracts’ away the complex engine mechanics. In
C++, we design classes similarly. We provide the user of our class with
simple functions (like 'depositMoney’) and hide the complex database
queries and network calls happening behind the scenes.



Object Oriented Programming

Basic Concept 4: Encapsulation

L Basic Concept 4: Encapsulation
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While abstraction is the concept of hiding complexity, Encapsulation is
the physical mechanism that achieves it. Encapsulation is binding the
data (variables) and the functions (methods) that manipulate them into
a single secure capsule—the class. It creates a protective shield. Because

@ Encapsulation is the wrapping up of data and functions into a single
unit (called a class).

@ It is the most striking feature of a class. ; . i
& the data is locked inside, we prevent external code from accidentally

o The data is r_‘°t accessible to _the outside world, and _only those corrupting it. In C4++, we use access specifiers like 'private’ and 'public’
functions which are wrapped in the class can access it. to enforce encapsulation. This is what fundamentally solves the 'global
@ This insulation of data from direct access by the program is called data’ problem of POP.

'data hiding' or 'information hiding’.
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Basic Concept 5: Inheritance

@ Inheritance is the process by which objects of one class acquire the
properties of objects of another class.

@ |t supports the concept of hierarchical classification.

@ Promotes Reusability: We can add additional features to an existing
class without modifying it.

@ Example: A 'Robin’ is a part of the class 'Flying Bird’, which is a part
of the class 'Bird’.
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I—Basic Concept 5: Inheritance

Inheritance is how OOP achieves extreme code reusability. Imagine you
have a class called 'Vehicle’ with generic attributes like speed and weight.
Now you need a 'Car’ and a 'Truck’. Instead of writing them from
scratch, 'Car’ and 'Truck’ can inherit from 'Vehicle'. They automatically
get all of Vehicle's properties, and you only need to write the new,
specific code for them (like trunk space for a Car, or payload capacity
for a Truck). It creates a logical, parent-child hierarchy in your software.
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Basic Concept 6: Polymorphism
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© Basic Concept 6: Polymorphism
.
) ) - Polymorphism means 'many forms’. It allows us to use a single inter-
@ Polymorphism is a Greek term that means the ability to take more face for different underlying forms (data types). Think of the 'draw()’
than one form. command. If | send the 'draw’ message to a Circle object, it draws a
@ An operation may exhibit different behaviors in different instances. circle. If | send exactly the same 'draw’ message to a Triangle object, it
@ The behavior depends upon the types of data used in the operation. draws a triangle. The command is the same, but the object determines
I . . . how t te it. In C this is impl ted through loadi
@ Types: Compile-time (Function/Operator Overloading) and Run-time ow to execute It. In &+, this Is Implemented through overloading

. . and virtual functions, which we will explore deeply later in the course.
(Virtual Functions). P py

@ Example: The '+’ operator can add integers (5 + 5 = 10) or
concatenate strings ('Hello" + "World' = "HelloWorld").
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Basic Concept

@ Binding refers to the linking of a procedure call to the code to be
executed in response to the call.

@ Dynamic binding (or late binding) means that the code associated
with a given procedure call is not known until the time of the call at
runtime.

@ It is closely associated with polymorphism and inheritance.

@ Allows a pointer of a base class to call the overridden function of a
derived class.
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L Basic Concept 7: Dynamic Binding

Dynamic binding is an advanced concept that makes polymorphism work
at runtime. In traditional compiling, the compiler links a function call to
a specific block of memory immediately. That's static binding. But with
Dynamic Binding, the compiler doesn't know exactly which function will
be called until the program is actually running. The decision is deferred
to runtime based on the actual object being manipulated. This provides
incredible flexibility in designing plug-and-play software architectures.



Basic Concept 8: Message

An OOP program consists of a set of objects that communicate with
each other.

The process of programming involves:

1. Creating classes that define objects and their behaviors.
2. Creating objects from class definitions.

3. Establishing communication among objects.

A message for an object is a request for execution of a procedure.
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L Basic Concept 8: Message Passing

Finally, how do these objects actually do work? Through Message Pass-
ing. In OOP, you don't 'call a function’, you 'send a message to an
object’. A message involves the name of the object, the name of the
function (message), and any information needed (parameters). For ex-
ample, Employee.calculateSalary(month). The Employee is the ob-
ject, calculateSalary is the message, and month is the parameter.
This models how entities interact in the real world.



Putting It All Together:

Object Oriented Programming

: A Real-World Analogy
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© Putting It All Together: A Real-World Analogy
:
o Class: The architectural blueprint of a bank. To summarize, think of a banking system. The blueprint of an account
. e is the Class. Your specific account is the Object. The fact that | cannot
@ Object: Your specific bank account. . . .
) ) directly change your balance from my computer is Encapsulation. The
@ Encapsulation: The bank vault protecting your money. fact that you just press 'Withdraw’ on an ATM without knowing how the
@ Abstraction: The ATM interface (hides the complex banking mainframe works is Abstraction. Both Savings and Checking accounts
software). sharing standard features is Inheritance. And different cards processing
@ Inheritance: 'Savings Account’ and 'Checking Account’ inherit from differently when swiped is Polymorphism.
'Generic Account’.
@ Polymorphism: Swiping a card can mean 'debit’ for one card and

'credit’ for another.
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Object Oriented Programming

Advantages of OOP

L Adva ntages of OOP
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Why go through the trouble of learning this? Because OOP offers mas-

o Through inhe_rit.ance, we can eliminate redundant code and extend sive advantages for real-world software engineering. By reusing code via

the use of existing classes. inheritance, we save thousands of hours. By hiding data, we prevent

@ The principle of data hiding helps build secure programs. disastrous bugs. Because we model code after the real world, large,

o Software complexity can be easily managed. complex systems are much easier for teams of programmers to concep-
. . . tuali d . C++, bei ful OOP | , all

@ Object-oriented systems can be easily upgraded from small to large ualize and manage. &+, being a powerfu SRRl et e

to reap all these benefits while maintaining high performance.
systems.

@ Message passing techniques for communication between objects
makes the interface descriptions with external systems much simpler.

Milav (GP Palanpur) Object Oriented Programming 17/1



Object Oriented Programming

Lecture Summary
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© L Lecture Summary
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o We explored the evolution from Procedure-Oriented to That wraps up our introductory lecture. We have covered a lot of the-
Object-Oriented Programming oretical ground today. You now know the difference between POP and
) . OOP. You know that classes are blueprints and objects are real instances
@ POP focuses on functions; OOP focuses on data and objects. . . . .
in memory. And most importantly, you should now be familiar with the
@ We defined the core components: Objects (instances) and Classes four pillars: Abstraction, Encapsulation, Inheritance, and Polymorphism.

(blueprints). These terms will be your vocabulary for the rest of your software engi-
@ We learned the 4 pillars: Abstraction (hiding complexity), neering career.

Encapsulation (data hiding), Inheritance (reusability), and

Polymorphism (many forms).

@ We touched on Dynamic Binding and Message Passing.
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Questions & Answers
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9 Questions & Answers
o
N
I'll now open the floor to any questions. Are there any analogies that
didn't quite make sense? |Is the distinction between abstraction and
. encapsulation clear? Don’t worry if you don’t fully grasp how to write
@ Any questions about POP vs OOP? P . y Iy y grasp now &
o ) the code for these yet; right now, the conceptual understanding is what
@ Are the definitions of Class and Object clear? e

@ Do you have questions about the 4 main pillars (Abstraction,
Encapsulation, Inheritance, Polymorphism)?
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Next Lecture Preview

|—Next Lecture Preview
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In our next lecture, we will move from theory to practice. We will look at
the history of C++, understand the basic structure of a C++ program,
Lecture 1.2: Introduction to C++ Language and write our very first piece of code. We will learn how to take input
Structure of a C++ Program. from a user and display output to the screen using standard streams.
Make sure to review today's concepts, as we will slowly start mapping

Writing our first "Hello World' in C++.

. . them to actual C++ syntax in the coming weeks.
Understanding 1/O streams: cin and cout.

Basic data types and variables in C++.
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Lecture 2: Structure of a C++ Program

L—Lecture 2: Structure of a C++ Program

2026-07-22

Welcome everyone to Lecture 2. Today, we dive into the actual syntax
and structure of C++. If our last lecture was about the philosophy of
. . . OOP, today is about | ing the alphabet and f the C
@ Unit 1: Principles of OOP and Basics of C++ S S L S L P o
. » language. By the end of this session, you will be able to write and
@ Topic 1.2: Structure of C++ Program, Tokens, Keywords, Identifiers, understand the foundational building blocks of any C++ application.
Variables, Data Types, Reference Variables

@ Course: DI05011021 - Object Oriented Programming with C4++
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Recap & Learning Objectives

&
~
© Recap & Learning Objectives
.

@ Recap: Transitioned from Procedural to Object-Oriented Let's briefly recall our last class where we contrasted Procedural Pro-
Programming (OOP). Discussed OOP pillars: Encapsulation, gramming with OOP. Today, we are putting theory into practice by
Inheritance, Polymorphism. looking at C++ code. Our goals are simple: understand how a C++

o Objective 1: Identify structural components of a standard C++ file is structured, learn what tokens are, figure out how to store data

using variables and data types, and finally, look at a very special C4++
program.

@ Objective 2: Understand and classify C++ tokens (keywords, AR G G SR
identifiers).

@ Objective 3: Declare and utilize variables with appropriate primitive
data types.

@ Objective 4: Explain the concept of reference variables.
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L—Structure of a C++ Program
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o A typical C++ program consists of several sections: Think of a C+-+ program as an essay. It has a specific format. You
start with a header or title (Documentation), you gather your references

(Preprocessor Directives), you define terms you'll use everywhere (Global
Declarations), and then you have your main body paragraphs (the main

@ 1. Documentation Section: Comments describing the program.
@ 2. Preprocessor Directives (Link Section): Inclusion of header files

(e.g., #include jiostream{ ). function). Finally, you might have appendices (Subprograms). Not every
@ 3. Global Declaration Section: Variables and functions used across section is mandatory except for the main() function, which is where the
the entire program. operating system starts executing your code.

@ 4. The main() Function: The mandatory entry point of the execution.

@ 5. Subprograms (Functions): User-defined functions called from
main().
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A Simple C++ Program

|—A Simple C++ Program
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Here is the classic 'Hello, World!" program. Even in these few lines,
we see the structure we just talked about. We have a comment at the
top for documentation. Then we have '#include jiostream;' which tells
using namespace std; the compiler to grab the input/output stream library. 'using namespace
std;’ allows us to use standard library names directly. Then we have our

// A simple C++ program to print Hello World

#include jiostream;

'int main()’ function, which outputs the text to the screen and returns

int main() { -
Y " 0 to indicate the program ended successfully.
cout jj "Hello, World!" jj endl;

return O;

}
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|—Tokens in C++
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When the C+-+ compiler reads your code, it doesn’t read it like a hu-

o Tokens are the smallest individual units in a C4++ program. . )

. . man reads a novel. It breaks the text down into the smallest meaningful
@ The compiler breaks the source code into these tokens. chunks, called tokens. Just like a sentence is made of words, punctua-
@ There are 5 main types of tokens in C++: tion, and numbers, a C++ program is made of tokens. If you write 'int
e 1. Keywords (e.g., int, return) x = 5;", 'int’ is a keyword, 'x' is an identifier, '="is an operator, '5' is a
o 2. Identifiers (e.g., main, myVariable) literal, and the semicolon is a punctuator.
e 3. Literals / Constants (e.g., 10, "Hello")
e 4. Operators (e.g., +, -, =)
@ 5. Punctuators / Separators (e.g., ;, {}, ()
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© Keywords: The Reserved Words
:
@ Keywords are pre-defined, reserved words in C++ that have a special Keywords are vocabulary reserved specifically for the C++ language
meaning to the compiler. itself. Because the compiler uses these words to understand the structure
o They cannot be used as variable names or identifiers. and actions of your program, you are forbidden from using them for your
o All keywords in CL-t are written in lowercase letters own variables. For instance, you cannot name a variable 'int’ or 'return’.
Wi i wri in low . . o , o . .
Y Remember, C4+ is strictly case-sensitive, so 'Return’ with a capital R is
o Examples of Keywords: technically not a keyword, though it's bad practice to use it as a name.
@ - Data types: int, float, char, bool
@ - Flow control: if, else, for, while, switch
@ - OOP related: class, public, private, protected, virtual
@ - Others: return, using, namespace, sizeof
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Identifiers: Naming Your Entities
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© Identifiers: Naming Your Entities
.
o ldentifiers are user-defined names given to variables, functions, arrays, Identifiers are the names YOU give to things in your code. While key-
classes, etc. words belong to C++, identifiers belong to you. However, you must
o Rules for naming Identifiers: follow the rules. You can use letters, numbers, and underscores, but you
. .. can never start with a number. 'studentl’ is fine, 'lstudent’ is a syntax
e 1. Can consist of letters (A-Z, a-z), digits (0-9), and underscores (_). S . . Y
i . - error. Also, avoid using special characters like hyphens or at-symbols.
@ 2. MUST begin with a letter or an underscore, NOT a digit. Because C+-+ is case-sensitive, 'Total’, 'total’, and "TOTAL" would be
@ 3. Cannot be a keyword. considered three completely different identifiers.
@ 4. C4++ is case-sensitive (e.g., 'Age’ and 'age’ are different).
@ Examples of Valid: studentName, _count, sum20
@ Examples of Invalid: 1stNumber, int, my-var
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Variables: Data Containers

I—Varia bles: Data Containers
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Think of a variable as a labeled box in your computer’'s RAM. The 'data

int age; // Declaration
age = 20; // Assignment
float salary = 50000.50; // Initialization

@ A variable is a named location in memory used to store data. . ) . . }

. . . type’ dictates what size the box is and what kind of items can be put
© The value of a variable can be changed during program execution. inside. The 'identifier’ is the label on the box. 'Declaration’ is when you
@ Syntax for Declaration: data_type variable_name; tell the compiler to create the box. 'lnitialization’ is when you put the
@ Syntax for Initialization: data_type variable_name = value; first item into that box. You can change the contents of the box later,

. which is why it's called a 'variable’.
o Examples:
°
°
°
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Data Types Overview

I—Data Types Overview
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C++ is a strongly typed language, which means before you can use
a variable, you must explicitly declare its data type. This helps the

@ Data types specify the size and type of values that can be stored in a .
compiler allocate the correct amount of memory and prevents you from

variable. o ) ] accidentally trying to multiply a word by a number. Today, we are
C++ Data Types are divided into three categories: focusing on the built-in primitive types, which form the foundation of
1. Built-in / Primitive Types: int, char, float, double, bool, void. all other data types in C++.

2. Derived Types: array, pointer, function, reference.
3. User-defined Types: struct, union, enum, class.
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Primitive Data Types: Integers

I—Primitive Data Types: Integers
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When you need to count things, use integers. The standard 'int’ usually

Integer types store whole numbers without decimal points. =

takes 4 bytes of memory, which is enough to store numbers up to about
Type: int (usually 4 bytes, range approx. -2 billion to +2 billion) 2.1 billion. If you are dealing with very small numbers, you might use
Modifiers can alter the size or sign of integers: 'short’ to save memory. If you know a value can never be negative—like
- short int (usually 2 bytes) a person's age or a distance—you can use the 'unsigned’ modifier, which

-~ long int (usually 4 or 8 bytes) shifts the .e.ntlre range tf) the positive side, allowing you to store much
- . . . larger positive numbers in the same amount of memory.
- unsigned int (only positive numbers, doubles the positive range)

- signed int (default, includes negative numbers)

Example: unsigned int distance = 4000000000;
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Primitive Data Types: Floating-Point
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© Primitive Data Types: Floating-Point

=
o Floating-point types store real numbers with decimal points. When your math requires fractions or decimals, you use floating-point
e 1. float: Single precision, typically 4 bytes. types. 'float’ provides standard precision and is good for general use,
o - Precision: ~7 decimal digits. like graphics prc.>g.ramm|n'g where memory.spe'e.d is key. d'ouble p.)rowd.es

o ) double the precision and is standard for scientific calculations or financial

@ 2. double: Double precision, typically 8 bytes. applications where accuracy is critical. Note that in C++, decimal
@ - Precision: "15 decimal digits. literals are treated as 'double’ by default unless you append an 'f’ at the
@ 3. long double: Extended precision, typically 12 or 16 bytes. end.
@ Example:
o float pi = 3.14f; // 'f" suffix indicates float literal
@ double exactPi = 3.141592653589793;
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Primitive Data Types: Character and Boolean
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© Primitive Data Types: Character and Boolean

:
Character (char): Characters in C++ are stored using the 'char’ type. You must use single
- Typically 1 byte. quotes for characters; double quotes are for strings. Under the hood, a
_ Stores a single character enclosed in single quotes ('A’, 'z’, '5', ' 7). char’ is actu'ally ,Ju?t.a small mte’ger fepresentmg an ASCII codej—for

] - example, capital 'A’ is 65. The 'bool’ type, short for Boolean, is the

- Internally stored as an integer based on its ASCII value. simplest data type. It only represents truth: true or false. Booleans are
Boolean (bool): the backbone of decision-making in your code, like 'if’ statements.

- Typically 1 byte.
- Can only hold one of two values: true (1) or false (0).

- Used extensively in conditional logic and loops.

Example: char grade = 'A’; bool passed = true;
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I—Introduction to Reference Variables
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o A reference variable is an alias, or an alternate name, for an existing Now we move to a feature unique to C+-+ (and not found in C): reference
variable. variables. Think of a reference as a nickname for a person. If 'Robert’

@ Unlike standard variables, references DO NOT occupy their own is the original variable, 'Bob’ could be the reference. They are the same
independent memory. person; they occupy the same space in the room. If Bob gets a haircut,

@ They share the exact same memory address as the original variable. Robert has a haircut. In code, this means any change made to the

.. . reference directly modifies the original variable.

@ Syntax: data_type &ref_name = original_variable;

@ Rules:

@ 1. A reference must be initialized at the time of declaration.

@ 2. Once initialized, it cannot be re-assigned to refer to a different

variable.
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@ int score = 100; . ) .

) . . Let's look at this code. We create a variable 'score’ and set it to 100.
o int &refScore = score; // refScore is an alias for score Then we create a reference variable '&refScore’ and assign 'score’ to it.
° When we print both, they are 100. Then, we change 'refScore’ to 150.
@ cout jj "score: " jj score jj endl; // Output: 100 We didn't explicitly touch 'score’, but when we print 'score’ again, it is
o cout jj "refScore: " i refScore ij endl; // Output: 100 also .150. This proves they are two names for the exact same memory

location.

°
@ refScore = 150; // Modifying through the reference
°
@ cout jj "score: " jj score jj endl; // Output: 150
@ cout jj "refScore: " jj refScore jj endl; // Output: 150
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C++ programs have a structured layout, always requiring a main() To wrap up today's lecture, we've laid the groundwork for writing C++

function code. You now know the basic structure of a program, the rules for

naming things via identifiers, the reserved words or keywords you can't

Tokens (keywords, identifiers, literals, operators, punctuators) are the

use for names, and how to allocate memory using data types and vari-
fundamental vocabulary.

ables. We also introduced reference variables, a powerful tool you will
Variables must be declared with a specific data type before use. use extensively when we start writing complex functions and classes.
@ Primitive types include int, float, double, char, and bool, each with

specific memory sizes.

@ Reference variables provide a secure, non-reassignable alias to existing
memory locations.
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© Q&A and Next Lecture Preview
.
We've covered a lot of syntax today. Does anyone have any questions
P about data types, variable initialization, or how reference variables work?
@ Questions? . )
. If there are no questions, please read ahead in the textbook on
@ Up Next: Lecture 1.3 - Operators and Expressions Operators. In the next lecture, we will learn how to manipulate the
@ - Arithmetic, Relational, and Logical Operators variables we learned to create today using mathematical and logical
@ - Bitwise and Assignment Operators expressions. Thank you, and see you next time!
@ - Operator Precedence and Associativity
@ - Type Casting (Implicit and Explicit)
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Welcome everyone to Lecture 3. Today we are diving into a crucial part
of any programming language: Operators. Operators are the building
blocks that allow us to perform computations, make decisions, and ma-
nipulate data. We will cover a wide range of operators available in C++
and understand how the compiler decides which operation to perform
first when multiple operators are combined.

@ Unit 1: Principles of OOP and Basics of C4++
@ Course: Object Oriented Programming with C++
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Think of operators as verbs in the C++ language. They describe the

o Operators are special symbols that perform specific operations on action to be taken. The variables or values they act upon are the nouns,
one, two, or three operands, and then return a result. known as operands. In the expression '5 + 3’, the '+’ is the operator,

@ An operand is the data (variable or value) that the operator works on. while 5 and 3 are the operands. C++ has a rich set of operators,

@ Types based on the number of operands: categorized mostly by how many operands they take. Binary operators

o 1. Unary Operators: Operate on a single operand (e.g., -a, a+-+). aré the .mo.st commop, but unary operators are also frequently used for

. things like incrementing a counter.
@ 2. Binary Operators: Operate on two operands (e.g., a + b, x ==y).
@ 3. Ternary Operator: Operates on three operands (e.g., condition ?

true_val : false_val).
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Arithmetic operators are the most familiar since they map directly to
basic math. However, there are a few C++ specific quirks to be aware

/ (Division): Divides numerator by denominator mainder of a division and only works with integer types. It's often used

to check if a number is even or odd, or to wrap around values within an

@ Used to perform mathematical operations on numerical data types. L ) : .

N of. The division operator '/’ behaves differently depending on whether
o + (Addition): Adds two operands. the operands are integers or floating-point numbers. If both are integers,
@ - (Subtraction): Subtracts second operand from the first. it performs integer division, discarding any fractional part. The modulo
e * (Multiplication): Multiplies two operands. operator ‘%’ is incredibly useful in programming; it gives you the re-
°
°

% (Modulo): Returns the remainder of an integer division. sy ek
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Let's look at some code. Notice the division operation: 10 divided by

inta =10, b = 3; . .

. . 3 is 3.333..., but because both 'a’ and 'b' are initialized as integers,
int sum = a + b; // sum is 13 C++ truncates the decimal part, resulting in exactly 3. If we want the
int diff =a-b; // diffis 7 fractional result, we must cast at least one operand to a float, as shown
int prod = a * b; // prod is 30 in the last line. The modulo operator gives us 1, because 3 goes into 10

int quot = a / b; // quot is 3 (Integer division!) s s el & semaislr e L

int rem = a % b; // rem is 1 (Remainder of 10/3)

float f_quot = (float)a / b; // f_quot is 3.333... (Float division)
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9 Increment and Decrement Operators

&

Increment and decrement operators are convenient shorthands for adding

Unary operators used to increase or decrease a variable's value by 1. or subtracting 1. They are heavily used in loops, such as 'for' and 'while’
++ (Increment): Increases value by 1 loops. The distinction between prefix and postfix is a classic source

of bugs for beginners. Prefix means 'update the value, then use it in

) _ the current statement’. Postfix means 'use the current value in this
Can be used as a Prefix (++a) or Postfix (a++). statement, then update it immediately after’.

Prefix: Changes the value BEFORE evaluating the expression.

— (Decrement): Decreases value by 1.

Postfix: Evaluates the expression, THEN changes the value in the
background.
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9 Pre-increment vs Post-increment

&
// Prefix Example This slide clearly illustrates the timing difference. In the first block,
int x = 5: ++x is evaluated first. 'x’ becomes 6, and then that new value (6) is

assigned to 'y’. Both end up as 6. In the second block, the current value
of 'a’ (which is 5) is assigned to 'b’ first. Only after the assignment is
complete does 'a’ increment to 6. Therefore, 'b’ holds the old value.

inty = ++x; // Prefix increment

// Result: x is now 6, y is 6
Understanding this difference is vital for writing correct loop logic.

// Postfix Example

inta =5;

int b = a++; // Postfix increment

// Result: ais now 6, b is 5
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Relational operators form the foundation of decision-making in C++.

i (Less than)

i= (Greater than or equal to)

@ Used to compare two values. )

Whenever you need your program to choose between different paths
© They always return a boolean value: true (1) or false (0). based on a condition, you will use these. In C++, 'true’ is typically
e == (Equal to): Checks if both operands are strictly equal. represented as 1 and 'false’ as 0 in memory. A very common beginner
o != (Not equal to): Checks if operands are different. mistake is using a single equals sign '=" for comparison instead of the
o ; (Greater than) double ,equalls =='". Remember, a single '=" assigns a value, while

double '==" compares values!
°
°
°

i= (Less than or equal to)
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&
Here we see relational operators assessing conditions and assigning the
resulting boolean values to variables. Notice how we use parentheses
int p =10, q = 20; around the condition. While not strictly required here due to operator
bool r1 = (p == q); // rl is false (0) precedence, they make the code much more readable. These boolean
bool 12 = (p = q); // r2 is true (1) results are what you will eventually place directly inside 'if' statements

and loop controls.

(
bool r3 = (pjq); // r3is true (1)
bool r4 = (p ¢= 10); // r4 is true (1)
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.
Logical operators allow us to build complex, multi-part conditions. For
@ Used to combine multiple relational expressions or boolean values. example, if you want to check if a number is between 1 and 10, you
o && (Logical AND): True ONLY if BOTH operands/conditions are cannot just write ‘1 j x j 10" in C++. You have to split it into two
true distinct relational expressions and combine them with a logical AND: 'x
' ) ) L i 1 && x j10’. The NOT operator is useful for flipping a condition,
° (Logical OR): True if AT LEAST ONE operand/condition is such as checking if a pointer is NOT null, or a string is NOT empty.
true.

o ! (Logical NOT): Unary operator; reverses the boolean state of its
operand (true becomes false, false becomes true).
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:
o C++ o_ptir_ni_zes logical operations using a technique called Short-circuit evaluation is a critical concept for writing safe and efficient
short-circuiting. code. Imagine an expression like '(divisor != 0) && (10 / divisor ; 1)'.
o For 'A && B'": If A is false, B is NEVER evaluated. (The whole Short-circuiting saves you from a fatal divide-by-zero error. If divisor IS
expression must be false). 0, the first part evaluates to false. The compiler knows that 'false &&
e For'A B: If A is true. B is NEVER evaluated. (The whole anything' will always be false, so it entirely skips the '10 / divisor' part,
expression must be true). preventing your program from crashing.
@ Benefits of Short-Circuiting:
@ - Improves performance by skipping unnecessary evaluations.
@ - Prevents runtime errors (e.g., checking if a pointer is null before

trying to read its data).
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Bitwise operators work at the lowest level of data representation: bi-

° Operz.ate'dlrectly on the individual bits (05 an.d 1s) of integer operands. nary digits. While you might not use them every day in high-level web
o & (Bitwise AND): 1 if both corresponding bits are 1. applications, they are essential for systems programming, game engine
o — (Bitwise OR): 1 if at least one corresponding bit is 1. development, cryptography, and embedded systems where memory and
e ~ (Bitwise XOR): 1 if corresponding bits are DIFFERENT. performance are highly constrained. Left shifting a number by 1 is func-
~ (D . tionall ivalent t Itiplying it by 2, and right shifting by 1 is lik
o ” (Bitwise NOT): Inverts all bits (1s to Os, Os to 1s). onaly equiaient fo MITEIPYING 1@ By =, and nehr shiving oy = =& e
. dividing by 2, but bitwise operations execute much faster on the CPU
@ jj (Left Shift): Shifts bits left, filling with zeros (effectively multiplies B,
by 2°n).

ii (Right Shift): Shifts bits right (effectively divides by 2"n).
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I—Bitwise Operators Deep Dive
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This slide visually breaks down what happens during a bitwise operation.
int a =>5; // Binary: 0101 Take the bitwise AND (&). We line up the binary representations of 5
int b = 3; // Binary: 0011 and 3. The AND operator looks down each vertical column. Only in
the far rightmost column do both operands have a 1, so the result has
) . a 1 there. The result is binary 0001, which is decimal 1. Left shifting
int ¢ = a & b; // 0001 (Decimal 1) - AND 5 (0101) by 1 position pushes everything left, resulting in 1010, which
intd =a —b; // 0111 (Decimal 7) - OR evaluates to 10 in decimal.
inte=a " b; // 0110 (Decimal 6) - XOR

int f = a jj 1; // 1010 (Decimal 10) - Shift Left by 1
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® Used to assign values to variables. The basic assignment operator is just the equals sign. Remember, data

o = (Simple Assignment): Assigns the value of the right side to the left flows from right to left across the equals sign. C++ also provides com-
side variable. pound assignment operators, which act as syntactical sugar. Writing 'x

@ Compound Assignment Operators combine arithmetic/bitwise with +=y' does exactly the same thing as 'x = x + y', but it is shorter to
assignment to save typing: type, less prone to typos, and arguably easier to read. These are univer-

o += (Add and assign): x +=y is equivalent to x = x + y sally used when updating counters or accumulating totals in loops.

@ -= (Subtract and assign): x -=y is equivalent tox = x -y

e *= (Multiply and assign)

e /= (Divide and assign)

e %= (Modulo and assign)
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@ Determines the exact order in which operators are evaluated within
an expression.

Similar to BODMAS/PEM DAS in standard mathematics. When an expression contains multiple different operators, how does the

°
. . . iler k hat t te first? It trict t d

@ Operators with higher precedence are evaluated first. comprier know What £o execute 1irs 1Ses SErict operator précedence
} ) rules. Multiplication happens before addition, just like in math class.

@ General Hierarchy (Highest to Lowest): However, C++ has dozens of operators. If you want to force a specific

@ 1. Parentheses () - Always overrides standard precedence order of evaluation, or if you are ever unsure, ALWAYS use parentheses.

e 2. Postfix increment/decrement (a++) They have the highest precedence, they are practically free in terms of

- . fi , and th k de's intent bi ly clear t
o 3. Prefix increment /decrement, Logical NOT (4-+a, 1a) performance, and they make your code’s intent unambiguously clear to
human readers.

@ 4. Multiplication, Division, Modulo (*, /, %)

e 5. Addition, Subtraction (+, -)

@ 6. Relational (j, ¢, j=, i=, ==, =)

@ 7. Logical AND (&&) then Logical OR (——)

e 8. Assignment (=, +=, -=)

Milav (GP Palanpur) Object Oriented Programming 50/1



Object Oriented Programming

Operator Associativity

N
N
B‘
© I—Operator Associativity
:
@ Determines the direction of evaluation when operators of the SAME Precedence resolves ties between different operators, but what if you
precedence level appear together. have two operators with the exact SAME precedence level? That's
o Left-to-Right Associativity: where associativity comes in. Subtraction and addition have the same
. . . . . recedence. Since they are left-to-right associative, 'a - b + ¢’ is evalu-
@ - Most operators follow this (e.g., Arithmetic, Relational, Logical). i e . . 1aHVe el , Vel
. ) ated from left to right. Assignment, however, is right-to-left. In 'a = b
o - The expression 'a - b + c' is evaluated as '(a - b) + c'. = ¢’, the value of 'c’ is first assigned to 'b’, and then the result of that
@ Right-to-Left Associativity: assignment (which is 'b’s new value) is subsequently assigned to 'a’.
@ - Assignment operators (=, +=) and Unary operators (!, ++).
@ - The expression 'a = b = ¢’ is evaluated as 'a = (b = ¢)".
@ Takeaway: Parentheses are your best friend for readable code!
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@ Operators act as the 'verbs' of C++4, performing actions on operands.
Arithmeti (+ * / 0/) ‘ th calculati To wrap up, operators are the fundamental tools in your C++ toolkit.
@ Arithmetic - erform math calculations. , . . . .
T [ )P We've covered a wide array today, from basic math to binary manipu-
° Incr.ement/l_)ecrement (++, —) adjust values; timing depends on lation. The key to mastering them is practical application. Don't worry
prefix/postfix placement. about memorizing the entire precedence table; you'll naturally learn the
@ Relational (==, !=, §, i) compare values, returning booleans. common ones over time. Always prioritize code readability—use paren-
o Logical (&&' — !) evaluate boolean logic, utilizing theses generously to make complex expressions explicit. Next time, we'll

see these operators in heavy use as we learn to control the flow of our

short-circuiting.
programs with conditional statements.

Bitwise (&, —, 7, jj) manipulate raw binary data.

Assignment (=, +=) store computed values back into memory.

Precedence and Associativity are the strict rules dictating execution
order.
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Welcome to Lecture 4. Today, we transition from defining variables and

data types in memory to interacting with the user. We will cover the

Course: Object Oriented Programming with C++ st'andard ways C++ handles input an.d output, which is fundame'ntally

] T ] different and much safer than C's printf and scanf. We'll also discuss

Unit 1: Principles of OOP and Basics of C4-+ how C++ organizes its standard library using namespaces, and how we
Instructor: Expert C++ Instructor can make our output look professional using manipulators.

Topics: Streams, cin, cout, Manipulators, Namespaces
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Unlike some languages, C++ core language doesn’t know how to print

o C++ does not have built-in 1/0O statements. text. It relies on the standard library. The fundamental concept here
@ 1/0 is handled by the Standard Library via the jiostream; header. is a 'stream’. Imagine a stream of water; in C++j it's a stream of
. . bytes. When you type on your keyboard, bytes flow into a stream that
@ Stream: An abstraction representing a flow of data. .
your program can read. When you want to display text, you push bytes
o Input Stream: Flow of bytes from a device (keyboard, file, netWO"k) into an output stream connected to the console. This abstraction is
to main memory. powerful because the same stream operations can be used for files or
@ Output Stream: Flow of bytes from main memory to a device (screen, network sockets later on.
printer, file).
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When you include jiostream;, C++ automatically creates four stream

@ Defined in the jiostream; library. objects for you. The two we will use most are cout and cin. 'c’ stands for

character, so 'character output’ and 'character input’. We also have cerr
and clog for error handling. cerr is unbuffered, meaning errors appear
immediately, which is crucial if the program crashes. clog is buffered,

o cout (Console Output): Standard output stream, usually directed to
the monitor.

@ cin (Console Input): Standard input stream, usually attached to the
keyboard.

better for general logging that doesn’t need immediate display.

o cerr (Console Error): Unbuffered standard error stream.

o clog (Console Log): Buffered standard error stream.
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N
The double less-than sign jj is the stream insertion operator. Think of it
as an arrow pointing the data into cout. You can chain these operators
@ The cout object is used with the stream insertion operator (jj). together to print multiple items in a single statement, which is called
e It 'inserts’ data into the output stream. cascading. It automatically knows how to print strings, integers, floats,
" _— etc., because C operators can be overloaded to handle different data
@ Syntax: cout jj " Text to print”; . T O
. . . . yPEs.
@ Can print literals, variables, and expressions.
@ Example: int age = 20; cout jj "I am " jj age jj " years old.”;
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Conversely, the double greater-than sign j; is the stream extraction
operator. It extracts data from cin and puts it into your variable. It
The cin object is used with the stream extraction operator (;;). skips leading whitespace (spaces, tabs, newlines) automatically. One
It 'extracts’ data from the input stream and stores it in a variable. very important rule: you must declare the variable before you can read

data into it. Notice how the arrows point towards the variable, indicating

Syntax: cin jj variableName;
Y L the flow of data.

Automatically determines data type based on the variable.

Example: int age; cout jj "Enter age: "; cin j; age;
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&
Cascading makes C++ 1/0 very concise. Instead of writing three sep-
arate cout statements, we can chain them. When you write 'cin jj x
Both jj and j; return a reference to their stream object. ii y', the program pauses and waits for the user to enter two values
This allows chaining (cascading) multiple operations. separated by whitespace. The first goes into x, the second into y. This

T " " is because 'cin j; x' returns the 'cin’ object itself, allowing the next ';;
Output Cascade: cout jj "X: " iixii ", Y:"iivy; , 2 ) g e
. y to operate on it.

Input Cascade: cin jj x jiV;

Execution is from left to right.
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© Introduction to Namespaces
:
o ] ) ) As programs grow and you use libraries from different authors, you might
° Probllem: Name collisions (e.g., two libraries both have a "print encounter 'name collisions’. What if two libraries define a class called
function). "Vector'? Namespaces solve this by acting as a declarative region that
@ Solution: Namespaces group entities like classes, objects, and provides a scope to the identifiers inside it. All standard C++ library
functions under a name. components are declared within a namespace called 'std’. That is why,
o Think of it as a folder or directory for your code. strictly speaking, cout is actually std::cout. The "::" is the scope resolu-
. .. . . . . e tion operator.
e Standard Library entities (like cin, cout, string) are in the 'std 1on operator

namespace.

Fully qualified name: std::cout
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To save typing, C+-+ provides the 'using’ directive. When you place
Writi 4 bef dci b di 'using namespace std;" at the top of your file, you tell the compiler to
o Writing std:: before every cout and cin can be tedious. look in the std namespace if it can’t find a name in the global scope.
@ The 'using namespace std;" directive brings all names from 'std" into This is very common in beginner tutorials and small programs because
Current scope. it makes the code cleaner to read.

@ Allows writing 'cout’ instead of 'std::cout’.

@ Syntax: using namespace std; (usually placed after #include
directives).
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Pros: Reduces typing, makes simple code cleaner and easier to read
for beginners.

Cons: Defeats the purpose of namespaces (pollutes the global
namespace).

Risk of name conflicts if you define a variable or function with a
standard library name (e.g., max, min).

Best Practice for larger projects: Use 'using std::cout; using std::cin
or just type std::.
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Pros and Cons of using namespace std
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I—Pros and Cons of using namespace std

While 'using namespace std;’ is convenient, it is generally discouraged
in professional, large-scale software engineering. It pulls thousands of
names into your global scope. If you create a variable named 'count’,
you might accidentally conflict with std::count. A better compromise
is specific using declarations, like 'using std::cout;’, which only imports
cout, or just embracing typing 'std::". For this course’s small examples,
'using namespace std;’ is acceptable, but you should be aware of its
drawbacks.
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Now we know how to print, but how do we make it look good? That's
where stream manipulators come in. They are special objects that,
when placed in the |/O stream, alter the formatting parameters of that
stream. Some affect only the very next item printed, while others change
the stream'’s state permanently until changed back.

@ Functions or objects used with the insertion (jj) or extraction (j;)
operators.

@ They modify the formatting state of the stream.

@ They do not output data themselves; they change HOW subsequent
data is output.

o Categories: No-argument manipulators (jiostream;) and
parameterized manipulators (jiomanip; ).
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The most common manipulator is 'endl’, which stands for 'end line'. It
does two things: it moves the cursor to the next line (like "\n'), and

@ Defined in jiostream; . . .
inedn i ) reame _ it flushes the output buffer. Output operations are often buffered for
o Inserts a newline character ("\n') into the output stream. performance; the system waits until a chunk of text is ready before
@ Crucially, it also 'flushes’ the output buffer. writing to the screen. 'endl’ forces the screen to update immediately. If
@ Flushing forces the system to immediately write buffered data to the el el d_°i”g a lot of output in a loop, printing "\n" is faster than "endl’
screen. because it avoids constant flushing.
@ Example: cout jj "Hello" jj endl;
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.
To use parameterized manipulators like setw, we must #include jioma-
. . . . . . nip;. 'setw’ stands for set width. It allocates a specific number of spaces
@ Defined in j i (Input tput M lation lib . . . . . . .
etined i ||oman|;?(_ ( n;')u /Outpu anipulation library) for the next item to be printed. If the item is shorter than the width, it
° setw(n_): Sets the field width to 'n’ characters for the NEXT output pads it with spaces (by default, on the left, pushing text to the right).
operation only. Important note: setw only applies to the immediately following data.
@ Useful for printing aligned columns or tables. After that, the width resets to 0.
o Default is right-justified.
e Example: cout jj setw(10) jj "Price” jj setw(10) jj 45.5;
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© Formatting Output: setprecision and fixed
.
o o ) ) ) When dealing with money or scientific data, controlling decimal places
@ setprecision(n): Sets the number of digits to display for floating-point is vital. ’setprecision’ does this. By itself, it counts all digits. But
numbers. usually, we want to specify decimal places. To do this, we send the
o By default, it specifies the total number of significant digits. 'fixed” manipulator first. Once a stream is set to 'fixed’ and a specific
o fixed: Forces floating-point numbers to display in fixed-point notation precision, those settings are 'sticky'—they remain in effect for all future
(decimal format). floating-point outputs until you change them.
© When used with 'fixed’, setprecision(n) sets the number of digits
AFTER the decimal point.
e Example: cout jj fixed jj setprecision(2) jj 3.14159; // Outputs 3.14
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I—Formatting Base: hex, oct, dec
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In computer science, we often need to look at numbers in different bases,
particularly hexadecimal for memory addresses or color codes. Sending
Changes the numerical base for integer input/output. 'hex’ to cout changes the internal state so all subsequent integers are
hex: Output integers in hexadecimal (base 16). printed in base 16. You can use 'dec’ to revert back to standard decimal.

oct: Output integers in octal (base 8). These are also sticky manipulators.

dec: Output integers in decimal (base 10) - this is the default.
Example: int x = 255; cout jj hex jj x; // Outputs ff
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There are many other manipulators. If you use setw(10) but want to
fill the empty space with dashes instead of spaces, use setfill(’-'). If

° setflll(c;falzz’:*,s)ets the fill character used by setw (default is space). you want text aligned to the left side of a column instead of the right,
€& seth s o _ . use the 'left’ manipulator. And 'boolalpha’ is very handy for debugging

o left: Left-justifies output within the field width. when you want to see the words true/false instead of numbers.

@ right: Right-justifies output (default).

@ showpoint: Forces the decimal point and trailing zeros to display.

@ boolalpha: Prints boolean values as 'true’ or 'false’ instead of 1 or 0.
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L—Com prehensive Code Example
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cout jj left jj setw(15) jj "Widget” jj right jj setw(10)
ii fixed jj setprecision(2) jj (price * qty) jj endl;
return O;

}

@ #include jiostream;
@ #include jiomanip; Let's look at this block of code. We include both iostream and iomanip.
. . We print a header, left aligning 'ltem’ in a 15-character block, right

@ using namespace std; o . . :

) ) aligning 'Cost' in 10. Then we use a trick: we set fill to '-', ask for a
o int main() { width of 25, and print an empty string to create a divider line, then reset
@ double price = 12.5; int qty = 3; fill to space. Finally, we print the data, forcing 2 decimal places for the
@ cout jj left jj setw(15) jj "Item” jj right jj setw(10) jj " Cost” jj endl; cost. This creates a neatly formatted table.
o cout jj setfill(’-") ji setw(25) jj "" ij setfill(" ') jj endl;
°
°
°
°
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A very common student error is trying to use setw and getting a compiler

° Forg_etting ##include jiomanip; when using parameterized error because they forgot jiomanip;. Another is using setw once and
manipulators. expecting the whole column to align, forgetting it needs to be applied
o Forgetting that setw() is non-sticky and applies only to the next item. before every item in that column. Finally, when you mix standard 'cin
o Input buffer issues: mixing cin j; with getline() can cause the ii’ with functions that read whole strings with spaces, you often get
program to skip inputs due to leftover newline characters. bugs where the program skips a prompt. We'll learn how to clear the

@ Best Practice: Use meaningful prompts before cin to guide the user. input buffer to fix this later.

@ Best Practice: Validate user input (we will cover this in later
chapters).
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To summarize, today we learned the core of C++ user interaction. We
C-++ uses streams for Input/Output (cin, cout). use cout with the insertion operator to print, and cin with the extraction
operator to read data. We explored the std namespace, which holds

ii is the insertion operator; j; is the extraction operator. . .
these objects, and how to access them. Finally, we learned how to format

Namespaces (like std) organize code and prevent naming conflicts. our output beautifully using manipulators like endl, setw, fixed, and

The 'using namespace std;" directive simplifies code but should be setprecision. This forms the basis of all command-line C++ programs.
used cautiously.

@ Manipulators (jiostream;, jiomanip;) allow powerful formatting of
console output.
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Welcome everyone to Lecture 5. Today, we are transitioning from the

structural basics of C++ into the core philosophy of the language:

Object-Oriented Programming. This lecture is fundamental, as it lays

the groundwork for everything we will do in this course. We will contrast
@ Unit 1: Principles of OOP and Basics of C++ OOP with the older procedural style and define the key pillars of OOP.
@ Topic 1.1: Overview of OOP

o Course: Object Oriented Programming with C++ (DI105011021)
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© Procedure-Oriented Programming (POP)
:
Before OOP, the dominant paradigm was Procedure-Oriented Program-
o Focus is on 'doing things’ (algorithms/functions). ming, or PQP. In POP, >'/ou view a [')ro'blem asa sc?quence c'>f t'hlngs to b.e
o ] ) done—reading, calculating, and printing. The primary building block is
@ Large programs are divided into smaller programs known as functions. the function. A major flaw of POP is that data is treated as a secondary
@ Data moves openly around the system from function to function. citizen. Global data is accessible and modifiable by any function, which
o Functions transform data from one form to another. makes large programs difficult to manage and debug. It's like having a
. . shared whiteboard where anyone can erase or change the information at
@ Employs a top-down approach in program design. -
any time.
@ Example Languages: C, Pascal, FORTRAN.
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© Object-Oriented Programming (OOP)

:

To overcome the limitations of POP, Object-Oriented Programming was

Focus is on 'data’ rather than the procedure. invented. OOP treats data as a critical element and does not allow it
Programs are divided into entities called Objects. to flow freely around the system. Instead, OOP ties data closely to the

functions that operate on it, protecting it from accidental modification

Data is hidden and cannot be accessed by external functions. . . . o
from outside functions. We break the problem down into entities called

Objects communicate with each other through functions. objects and build up from there—a bottom-up approach.
New data and functions can be easily added whenever necessary.

Employs a bottom-up approach in program design.

Example Languages: C++, Java, Python, C#.
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9 POP vs. OOP: Key Differences
&
] ) Let's summarize the differences. The most crucial distinction is how
e Approach: POP is Top-down; OOP is Bottom-up. they handle data. In POP, data is passive and exposed. In OOP, data
@ Division: POP divides into functions; OOP divides into objects. is active and protected. If you want to model a banking system, POP
o Data Access: POP has open global data; OOP hides data would have a bunch of functions like 'deposit’ and 'withdraw’ passing
(Encapsulation). around raw account numbers and balances. OOP will have an 'Account’

object that internally manages its balance and exposes safe methods to

@ Maodifications: Hard to modify POP code; OOP makes it easy to ) oy
interact with it.

add new objects and functions.

Real-world Modeling: POP struggles with real-world complexity;
OOP excels at modeling real-world entities.
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© Basic Concepts of OOP
:
The core concepts that define an Object-Oriented Language: Now that we understand why OOP exists, let’s look at its fundamental
Objects building blocks. These eight concepts are the 'buzzwords' of OOP, but

Classes they are also deeply practical tools. We will go through each of these

) one by one. Mastering these concepts is equivalent to mastering the
Data Abstraction

philosophy of C++.
Encapsulation

Inheritance
Polymorphism
Dynamic Binding

©® N o oW

Message Passing
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Think of objects as the nouns of your program. They are the actual

@ The basic run-time entities in an object-oriented system. entities that exist in memory when the program runs. If you are building
o May represent a person, a place, a bank account, a table of data. a st.udent.managemen't.system, an object would be a spfaaﬁc student, say
Th K . dh sted add 'Alice’, with her specific roll number and grades. Objects bundle both
@ [They take up space in memory and have an associated address. the state (her grades) and the behavior (calculating her GPA) together.
o Consist of State (Data/Properties) and Behavior
(Functions/Methods).
@ Example: Object 'Car’ has State (color, model, speed) and Behavior

(accelerate, brake).
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If an object is a specific student like 'Alice’, the Class is the general

@ Aclass is a b|ueprint or temp|ate for creating objects_ concept of 'Student’. A class doesn't take up memory space for data; it
o It defines a user-defined data type. just defines what an object of that type will look like. It specifies what
. ) data variables an object will have and what functions it can perform.
© Objects are variables of type class. You define the class once, and then instantiate multiple objects from it.
@ Once a class is defined, you can create any number of objects
belonging to that class.
@ Analogy: A class is like the architectural blueprint of a house; the

objects are the actual houses built from that blueprint.
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I—3. Data Abstraction
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Abstraction is about managing complexity by hiding unnecessary details.

@ Refers to the act of representing essential features without including When you use the 'cout’ object in C++, you don't know the complex
the background details or explanations. low-level code required to put pixels on the screen; you just know that
@ Focuses on 'What' the object does, not 'How' it does it. providing a string to it will print the text. That is abstraction. It allows

@ Classes use the concept of abstraction to define a list of abstract preatEilne s o Lee corpled aizme exally

attributes and functions.

@ Example: Driving a car. You know how to use the steering wheel and
pedals, but you don’t need to know the internal engine combustion
mechanism.
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Ly Encapsulation
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While abstraction is about hiding complexity (the 'how'), encapsulation

is about hiding and protecting the data itself. By keeping data private

© The wrapping up of data and functions into a single unit (called and only allowing access through specific public functions (often called

Class). getters and setters), we prevent the rest of the program from putting
@ Data is not accessible to the outside world, only those functions the object into an invalid state. This is the primary mechanism OOP
which are wrapped in the class can access it. uses to fix the global data problem of POP.

@ Provides 'Data Hiding’ and secures data from unintended interference.

@ Analogy: A capsule enclosing various medicines.
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9 Abstraction vs. Encapsulation
&
Students often confuse abstraction and encapsulation because they both
involve 'hiding’. Remember this: Abstraction is a design concept. You
@ Abstraction: Hiding the implementation details (Design level). decide what to expose. Encapsulation is the implementation mechanism.
e Encapsulation: Hiding the data (Implementation level). You bundle things in a class and make variables private to achieve that

L . abstraction.
@ They work together: Encapsulation is the technique used to

implement Abstraction.

@ You abstract the interface, and you encapsulate the data.
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Inheritance is arguably the most powerful feature for code reuse. If you
L Th.e process by which objects of one class acquire the properties of have a class that works perfectly, and you need a new class that does
objects of another class. almost the same thing but with a few additions, you don't copy-paste
@ Supports the concept of hierarchical classification. the code. You inherit it. The derived class gets all the non-private
@ Promotes Reusability: You can add additional features to an existing attributes and methods of the base class automatically. This forms an
class without modifying it. 'is-a' relationship. A Sparrow is a Bird.

@ Base Class (Parent) -; Derived Class (Child).

@ Example: 'Bird’ is a base class. 'Sparrow’ and 'Penguin’ are derived
classes that inherit from 'Bird’.
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L6 Polymorphism
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Polymorphism allows you to use the same interface for different under-

@ A Greek term meaning 'ability to take more than one form’. lying forms (data types). Imagine a function named 'draw()". If you call
@ An operation may exhibit different behaviors in different instances. iton a Circle object, it draws a C'fde' If you call iton a Square ObJ?Ct'
. . . it draws a square. The same function name results in different behaviors
@ The behavior depends upon the types of data used in the operation. . . .
depending on the object it is acting upon.
o Types: Compile-time (Function/Operator Overloading) and Run-time
(Virtual Functions).
@ Example: The '+’ operator can add integers (5+4) or concatenate

strings ('hello’ + "world").
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When the compiler translates your code, it normally links a function call
o Binding refers to the linking of a procedure call to the code to be directly to a specific memory address where the function lives (static
executed in response. binding). But with dynamic binding, the exact function to call isn't

s . . . k til th is actuall ing. Th looks at th
@ Dynamic binding (or late binding) means the code associated with a D S < iR IR S s

given procedure call is not known until the time of the call at
run-time.

actual type of the object at runtime and calls the appropriate function.
We will explore this deeply when we cover virtual functions later in the

course.
@ Heavily associated with polymorphism and inheritance.

@ C++ uses 'virtual functions' to achieve dynamic binding.
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Objects don't exist in isolation; they interact. In OOP, we don't say we
‘call a function on an object’. We prefer to say we 'send a message to
an object’. The message is the function name, the data we send are

the parameters, and the object is the recipient. The object receives the
o Message passing involves specifying the name of the ObjeCt, the name message and executes its corresponding method.
of the function (message), and the information to be sent.

@ An object-oriented program consists of a set of objects that
communicate with each other.

@ Format: object.method(parameters);

@ Example: employee.computeSalary (hoursWorked) ;
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To wrap up, why do we use OOP? It's not just to make things more
complicated! OOP makes large-scale software development possible. It
Code Reusability (through inheritance). allows teams to work on different classes independently. It allows us to
Data Security (through encapsulation). reuse existing code, secure our data from bugs, and mentally map the

. . . software directly to the real-world problem we are trying to solve.
Easier Troubleshooting and Maintenance (modular structure). i i S

Flexibility (through polymorphism).

Better modeling of complex, real-world problems.
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9 Questions & Review
o
N
Let's take a moment to review. Who can define abstraction in their own
words? How about the difference between a class and an object? (Pause
@ Can you name the 4 core pillars of OOP? (Abstraction, for student answers). Great. Are there any other questions about the
Encapsulation, Inheritance, Polymorphism) concepts we covered today?

@ What is the main difference between a Class and an Object?
@ How does Encapsulation improve software security?

@ Any questions?
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@ Unit 1: Principles of OOP and Basics of C++
@ Topic 1.2: Structure of C++ Program

o Key elements: Tokens, Keywords, Identifiers, Variables, Data Types,
Reference Variables
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L Lecture 6: Structure of a C++ Program &
Fundamentals

Welcome everyone to Lecture 6. Today we transition from high-level
OOP concepts down to the actual syntactical building blocks of C++.
Just as English has letters, words, and grammar, C++ has tokens, vari-
ables, and syntax rules. By the end of this lecture, you will know exactly
how to structure a basic C++ program and how to store data using
various types.
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L-1. Structure of a C++ Program
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Let's look at the anatomy of a C++ program. When the compiler looks

@ Every C++ program has a specific layout or skeleton. at your code, it expects a certain order. While C++ is flexible, a stan-
@ 1. Documentation Section: Comments describing the program. dard structure includes documentation (comments) at the top, followed
@ 2. Preprocessor Directives: E.g., #include jiostream; to include by preprocessor directives like #include which tell the compiler to fetch

standard libraries. library code. Then comes the most critical part: the main() function.

The execution of every C+-+ program begins at main(). Without it,

@ 3. Global Declarations: Variables or functions accessible throughout X
your program will not run.

the program.

4. main() Function: The entry point of every C++ program.

5. Subprograms: User-defined functions (often defined after main).
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© 2. C++ Tokens: The Smallest Units
.
@ A 'Token' is the smallest individual unit in a C++ program.
@ The compiler breaks down the source code into these tokens before Uit s @ freliems 25 Hie arem@ Rl of & G- pregam, i ye
processing write a line of code like 'int x = 10;’, the compiler reads this as a sequence
C . f Tok i C of tokens: 'int’ is a keyword, 'x’ is an identifier, '=" is an operator, '10’
o (ategories of fokens in C+4-+: is a constant, and ;' is a punctuator. Understanding tokens helps you
o - Keywords: Reserved words (e.g., int, return). understand compiler errors, particularly syntax errors which often state
o - Identifiers: User-defined names (e.g., myVariable). ‘unexpected token'.
o - Constants/Literals: Fixed values (e.g., 42, 'A").
@ - Strings: Sequence of characters (e.g., "Hello").
@ - Operators: Symbols for operations (e.g., +, -, *).
@ - Punctuators/Separators: Symbols like brackets and commas (e.g.,

{1
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L3 Keywords in C++
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Keywords are the vocabulary of the C++ language itself. Because the

@ Keywords are reserved words that have a special, predefined meaning .

. compiler uses them to understand the structure and commands of your

to the C++ compiler. . . .
program, you are forbidden from using them for your own variable names.

@ They cannot be used as names for variables, classes, or functions. For example, you cannot name a variable 'class’ or 'int’. C-+ has
o Always written in lowercase. around 95 reserved keywords, though you will only regularly use a subset
o Common Examples: of them.
o - Data types: int, float, char, bool, void, double.
@ - Control flow: if, else, switch, for, while, do, break, continue.
@ - OOP concepts: class, public, private, protected, virtual, this.
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© 4. Identifiers: Naming Your Entities
:
° :cdent!ﬁers are the r;ames assigned by the programmer to variables, Wkl femieies e e Clt, Heniifiem alns (@ v, 1e Fremei:
unctions, arrays, classes, etc. mer. You use them to name your data and functions. But you must
@ Rules for Naming Identifiers: follow the rules. A common mistake by beginners is starting a variable
e 1. Can contain alphabets (A-Z, a-z), digits (0-9), and underscores (_). name with a number, or putting a space in it. Remember, C++ is
o 2. Must begin with a letter or an underscore, NOT a digit. .strlct.ly. case—ser.1$|t|ve. App!e and 'apple are two complet.ely different
C b C K q identifiers. It is best practice to use meaningful names like 'employ-
@ 3. Cannot be a C++ keyword. eeSalary’ rather than just 'x' or 'y'".
@ 4. C++ is case-sensitive (e.g., 'count’ is different from 'Count’).
o Valid: age, _temp, studentl, calculateTotal
o Invalid: IstStudent (starts with digit), int (keyword), my name

(contains space)
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© 5. Variables: Data Containers
:
@ A variable is a named | ion in memor r h n . . . .
va lat_>'e 52 _a ed location i .e ory used to store data that ca A variable is essentially a labeled box in the computer’'s RAM. When
be modified during program execution. e , . -
. you say 'int age = 20;’, you are telling the computer: 'Find a box, label
e Syntax: jdata_typei jvariable_name;; it age, make sure it only holds integers, and put the number 20 inside
@ Declaration vs. Initialization: it". It's important to differentiate between declaring a variable (creating
o - Declaration: Allocates memory and names it (e.g., int age;) the box) and initializing it (putting the first item in the box). If you
T - N don't initialize a variable, it may contain 'garbage’ data left over in that
@ - Initialization: Assigning an initial value (e.g., age = 20;)
memory space.
@ - Combined: int age = 20;
o L-value and R-value:
@ - L-value refers to the memory location (left side of =).
@ - R-value refers to the data value (right side of =).
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© 6. Introduction to Data Types
.
Data types are crucial because memory is finite. The compiler needs
@ Data types define the type of data a variable can hold and the to know exactly how much RAM to reserve for a variable and how to
amount of memory it requires. interpret the binary 1s and Os stored there. For example, adding two
o They also determine which operations can be performed on the data. integers is structurally different at the processor level than adding two
. . floating-point decimals. Today, we will focus specifically on the Primitive
o Categories of Data Types in C++: S Y P Y
or Built-in data types.
@ 1. Primitive / Built-in Types (int, char, float, double, bool, void)
@ 2. Derived Types (Arrays, Pointers, Functions, References)
@ 3. User-Defined Types (class, struct, union, enum)
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& 7. Primitive Data Types: Integers (int)

:
Used to store whole numbers without fractional parts. The 'int' is your.go-to data type for countlr?g things or representing

] whole numbers, like the number of students in a class. We also have

Type: int modifiers. If you know a number will never be negative—like an age or
Size: Typically 4 bytes (32 bits) on modern systems. a distance—you can use 'unsigned int’. This reclaims the bit used for
Range: -2,147,483,648 to 2,147,483,647 the negative sign and doubles your maximum possible positive value.

Modifiers can change size and range:
- short int (usually 2 bytes)
- long int (usually 4 or 8 bytes)

- unsigned int (only positive numbers, doubles the positive range)
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< double)
When dealing with continuous measurements like weight, temperature,
Used to store numbers with decimal or fractional parts. or currency, integers won't work. You need floating-point types. 'float’
Type: float (Single precision) gives you 4 bytes of precision, but for scientific calculations or high-
- Size: 4 bytes precision financial software, 'double’ is preferred because it allocates
.. - . .. 8 bytes, drastically reducing rounding errors. Notice the 'f' suffix used
- Precision: "7 decimal digits when assigning a literal to a float; without it, C++ treats decimal literals
- Example: float pi = 3.14159f; as doubles by default.

Type: double (Double precision)

- Size: 8 bytes

- Precision: 15 decimal digits

- Example: double exactPi = 3.141592653589793;
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L—9. Primitive Data Types: Characters (char)
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A 'char’ stores a single character and requires only 1 byte of memory. It's

@ Used to store a single character (letter, digit, or symbol). vital to remember that chars use SINGLE quotes, unlike strings which

e Type: char use double quotes. Interestingly, C++ doesn't actually store the letter

o Size: 1 byte (8 bits) 'A’ in memory. It stores the number 65, which corresponds to 'A’ in
' y e the ASCII chart. This means you can actually perform arithmetic on

@ Syntax: Enclosed in single quotes (e.g., char grade = 'A";) characters, like adding 1 to 'A’ to get 'B’.

@ Under the hood: Characters are stored as integers using the ASCII

encoding standard.
@ Example: 'A’ is stored as 65, 'a’ is stored as 97.
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S 10. Primitive Data Types: Boolean (bool) and
S Void )
@ Boolean (bool): The bool type is the foundation of logic in programming. It's used in
@ - Used to represent logical values. conditions and loops to make decisions. While it technically only needs
. 1 bit, it occupies 1 byte in memory due to how RAM is addressed. The
@ - Can hold only two values: true or false. o T o , _, :
) void' type is slightly abstract; it literally means 'nothing’. You will see
o - Size: 1 byte. 'void' constantly when we start writing functions that execute actions
@ - Under the hood: true is typically 1, false is 0. but don’t need to hand a value back to the caller.
e Void (void):
@ - Represents the absence of type.
@ - Cannot be used to declare standard variables.
@ - Commonly used for functions that do not return a value.
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© 11. Reference Variables: Introduction
5
o A _reference_varlable is an 'alias’ or alternative name for an already Now we move to a feature unique to C-+ (not found in standard C):
. eference Variables. Think of a reference as a nickname. If someone’s
existing variable Ref Variables. Think of P ick If ;
o Syntax: jdata_type; &jreference_name; = jexisting_variable;; name is Robert, and his nickname is Bob, they are the same person.
@ Example: If Bob gets a haircut, Robert gets a haircut. Similarly, 'refScore’ is
e int originalScore = 100; j.LlSt afwther .name for the memory location of 'originalScore’. They are
. . inextricably linked.
@ int &refScore = originalScore;
@ Behavior:
@ - Both originalScore and refScore refer to the exact same memory
location.
@ - Changing refScore directly changes originalScore.
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9 12. Rules and Use Cases for Reference
S Variables
@ Rules for References:
e . References are strict. You cannot create a nickname for nothing; it
@ 1. A reference MUST be initialized when it is declared. ) . . . . . £
) must point to an existing variable immediately upon creation. Also,
o (e.g, int &ref; // ERROR) references are loyal; once bound to 'originalScore’, 'refScore’ cannot be
@ 2. Once bound to a variable, a reference cannot be re-bound to reassigned to point to a different variable later. Their primary power lies
another variable. in functions. By passing a reference to a function, you avoid making

3. You cannot have a reference to a null value. copies of large data structures, saving memory and processing time.

Primary Use Cases:

- Pass-by-reference in functions: Allows a function to modify original
arguments without copying data.

@ - Creating aliases for complex, long variable names to improve
readability.
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o #include jiostream; 9 13. Tying It All Together: A Simple C++
. = P
@ using namespace std; o rograrm
°
) ) Let's put everything together in a complete program structure. We
e int maln() { have our preprocessor directive at the top. We enter the main function.
@ // Variable declarations and initializations We declare identifiers like 'age’, 'gpa’, and 'grade’ using keywords 'int’,
@ int age = 21; // Integer token 'float’, and 'char’. We create a reference variable 'refAge’ tied to 'age’.
o float gpa = 3.8f; // Float token N(.)tlc-e how mo<.1|fy|ng refAge’ to 22 will result in the cout.statement
D printing 22. This demonstrates how tokens, data types, variables, and
o char grade = 'A’; // Char token references all interact in a real C++ environment.
o int &refAge = age; // Reference variable
°
o refAge = 22; // Modifies 'age’ as well
°
@ cout jj "Age: " jj age jj endl;
o return O;
°

}
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o 14. Summary & Q&A
S
[a\]
To summarize, you now know how to frame a C++ program, how to
legall iables, how to ch the right data t f
o Today we covered: egally name your variables, how to choose the right data type for your
. ] data to optimize memory, and how to create aliases using references. Are
o - The mandatory structure of a C++ program (main function). there any questions on the sizes of these data types, or how references
@ - Tokens: Keywords and rules for Identifiers. differ from standard variables? In the lab session, we will write programs
@ - Variables and memory allocation. using all of these types.
@ - Primitive Data Types: int, float, double, char, bool, void.
o - Reference Variables: Aliases and their strict rules.
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I—Lecture 7: C++ Operators

2026-07-22

Welcome back everyone. Today we are diving into Lecture 7, which
focuses entirely on C++ Operators. Now that we know how to store data
in variables from our last lecture, we need to know how to manipulate
that data. Operators are the tools we use to perform computations,
comparisons, and logic in our code.

Unit 1: Principles of OOP and Basics of C+-+

Topic 1.3: Operators

Instructor: [Your Name]

Course: DI05011021 - Object Oriented Programming with C++
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2026-07-22

@ An operator is a syn_wbol that_ tells _the compiler to perform specific Let’s define what an operator actually is. It's simply a symbol that
mathematical or logical manipulations. triggers a specific action, like addition or comparison. The variables

@ Operands: The data items that operators act upon. or values it works on are called operands. A key concept here is 'arity’,

o Example: In the expression 'a + b’, '+ is the operator, and 'a’ and which just means how many operands an operator needs. Most operators
'b’ are operands. you use every day, like plus or minus, are binary because they need two

o Arity of Operators: numbers. But some, like the negative sign in front of a single number,

) are unary.

@ - Unary: Operates on a single operand (e.g., -a, ++x).

@ - Binary: Operates on two operands (e.g., a + b, x ==y).

@ - Ternary: Operates on three operands (e.g., condition ? true_val :

false_val).
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c“\l:’: 1. Arithmetic Operators
o
N
o Used to perform common mathematical operations. Arithmetic operators are the most familiar. They map directly to ba-
o Assume A — 10 and B = 20: sic math. Addition, subtraction, and multiplication are straightforward.
. Division in C++ has a quirk: if both operands are integers, it performs
® - Addition (+): Adds two operands. (A + B = 30) integer division, discarding any fractional part. The modulus operator,
@ - Subtraction (-): Subtracts second operand from the first. (A - B = represented by the percent sign, is incredibly useful in programming; it
-10) gives you the remainder after division. For example, 5 modulus 2 is 1.
@ - Multiplication (): Multiplies both operands. (A B = 200) It's often used to check if a number is even or odd.
@ - Division (/): Divides numerator by numerator. (B / A = 2)
@ - Modulus (%): Returns the remainder of an integer division. (B % A

:0)
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o 2. Relational (Comparison) Operators
5
@ Used to compare two values. They return a boolean value (true/1 or When we need to make decisions in code, we compare things. Relational
false/0). operators do exactly this. They always evaluate to a boolean result: ei-
@ Assume A = 10 and B = 20: ther true or false. A very common beginner mistake is using a single
. . equals sign '=" for comparison. Remember, a single equals is for assign-
o - Equal to (==): Checks if values are equal. (A == B is false) B E , i ,I. . e . eRES , E
. i ment; double equals '=="is for checking equality. 'Not equal’ uses the
@ - Not equal to (!=): Checks if values are not equal. (A != B is true) exclamation mark, which often means 'not’ in programming.
o - Greater than (§): (A B is false)
@ - Less than (j): (A j B is true)
@ - Greater than or equal to (;=): (A j= B is false)
@ - Less than or equal to (j=): (A j= B is true)
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=
) ) . ) Logical operators allow us to build complex conditions. The AND opera-
@ Used to combine multiple conditions or reverse logical states. tor, double ampersand, requires everything to be true. The OR operator,
@ Assume A =1 (true) and B = 0 (false): double pipe, only needs one thing to be true. The NOT operator, the
o - Logical AND (&&): True only if BOTH operands are true. (A && exclamation mark, flips true to false and false to true. These are funda-
B is false) mental when we start writing 'if' statements later in the course.
@ - Logical OR (——): True if AT LEAST ONE operand is true. (A
—— B is true)
@ - Logical NOT (!): Reverses the logical state of its operand. (!A is
false)

Milav (GP Palanpur) Object Oriented Programming 106 /1



Object Oriented Programming

Deep Dive: Short-Circuit Evaluation

N
[o\]
~
< L . — .
© Deep Dive: Short-Circuit Evaluation
:
o C++ optimizes logical operations using short-circuiting. This is a very important technical detail called short-circuit evaluation.
o For Logical AND (&&): C++ is smart. If it's evaluating an AND expression and the first part is
o - If the first operand evaluates to false, the entire expression must be false, it already knows the whole thing will be false, so it skips executing
false. the second part entirely. This isn't just for speed; it's a feature we
o - C++ does not evaluate the second operand can use. Look at the example on the slide. We check if x is not zero
. BEFORE we divide by x. Because of short-circuiting, if x IS zero, the
e For Logical OR (—):

division never happens, saving our program from crashing.
@ - If the first operand evaluates to true, the entire expression must be

true.
@ - C4++ does not evaluate the second operand.
e Example: 'if (x =0 && (10 / x) ; 1)’ prevents divide-by-zero errors.
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© Perform operations on data at the bit (binary) level. While arithmetic operators work on numbers as a whole, bitwise oper-
@ Assume A = 60 (0011 1100) and B = 13 (0000 1101): ators work on the individual 1s and Os that make up those numbers in
o - Bitwise AND (&): (A & B = 0000 1100, which is 12) memory. These are often used in lower-level programming, embedded
o - Bitwise OR (—): (A — B = 0011 1101, which is 61) systems, or cryptography where memory and performance are strictly
Bitwise XOR (*): (A ~ B hich | managed. Left shifting a number by 1 is essentially multiplying it by 2,
o - Bitwise ("): ( = 0011 0001, which is 49) and right shifting is dividing by 2, but done much faster at the hardware
@ - Bitwise NOT ("): Flips all bits. ("A = 1100 0011) level.
@ - Left Shift (jj): Shifts bits left, filling with 0. (A jj 2 = 1111 0000,
which is 240)
@ - Right Shift (;;): Shifts bits right. (A ji 2 = 0000 1111, which is
15)
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:
@ Used to assign values to variables. We've used the basic assignment operator '=' already. It evaluates
o - Simple Assignment (=): Assigns right side operand to left side. (C whatever is on the right side and stores it in the variable on the left side.
= A + B) To make code cleaner, C++ offers compound assignment operators.
e Compound (Shorthand) Assignments: Instead of writing ')f =x+5', you .can simp-l)’/ write 'x +=5". It mea-ns
exactly the same thing to the compiler, but it's faster to type and easier
@ - Add and Assign (+=): C += A is equivalent to C = C + A ® [eadl
@ - Subtract and Assign (-=): C-= A is equivalentto C = C- A
@ - Multiply and Assign (=): C = A'is equivalent to C = C * A
@ - Divide and Assign (/=): C /= A'is equivalent to C=C / A
@ - Modulus and Assign (%=): C %= A is equivalent to C = C % A
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© 6. Increment and Decrement Operators

:

. Adding or subtracting one from a variable is so common in loops that
@ Unary operators to add or subtract 1 from a variable. C++ has special unary operators for it. '++' adds one, '-' subtracts
@ - Increment (++): Increases integer value by 1. (A++ or ++A) one. But there’s a catch: you can put the operator before the variable
o - Decrement (-): Decreases integer value by 1. (A- or —A) (prefix) or after it (postfix). While both add 1 to the variable eventually,
o Two forms: Prefix and Postfix. they behave differently when used inside a larger equation.
@ - Prefix (+4A): Increment the value first, then use it in the
expression.

@ - Postfix (A++): Use the current value in the expression first, then

increment it.
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© Prefix vs. Postfix: A Closer Look

:
o Prefix Example: Let's walk through this carefully. In the prefix example, '++x’, we tell
@ intx = 5; the computer: 'increment x first, then give me the new value to assign
o inty = +4x; // x becomes 6, then y is assigned 6. toy'. S?_X becomes 6, and y gets 6. In the'postﬁx example, a—&——i—y,

we say: 'give me the current value of a to assign to b, and after that's

® Result: x =6,y =6 done, increment a in the background'. So b gets the old value of 5, and
° then a becomes 6. This distinction is a very common source of subtle
o Postfix Example: bugs for beginners.
@ inta=>5;
@ int b = a++; // b is assigned 5, then a becomes 6.
@ Result: a=6,b=5
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.
. . . . . . When you have an expression with multiple operators, which one hap-
@ Determines the grouping of terms in an expression, affecting how it's . Lo .
pens first? Just like in math class, C++ has an order of operations,
evaluated. S .

o } ) called operator precedence. Multiplication happens before addition. If
Similar to BODMAS/PEMDAS in mathematics. you want to force addition to happen first, you must use parentheses.
Example: 'intx =7 + 3 * 2; Parentheses have the highest precedence of all. When in doubt, use
- Does x equal 20 ((743)2) or 13 (7+(32))? parentheses to make your code’s intent perfectly clear, even if you don't

C e . .. . trictl d them.
- Multiplication has higher precedence than addition, so it's 13. SRR e A

Use parentheses () to override default precedence.
Example: 'int x = (7 4+ 3) * 2;" makes x equal 20.
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o Precedence Table (Partial)
=
@ High Precedence: . L ;

. . Here is a simplified look at the precedence table. You don't need to
© 1. () [ -¢ - (Function call, array subscript, member access) memorize the entire thing, but you should know the general tiers. Unary
@ 2. ++ — ! " - + (Unary operators) operators usually happen first, then multiplication/division, then addi-
e 3. * / % (Multiplicative) tion/subtraction, then comparisons, then logical operators, and finally
o 4. 1 - (Additive) assignment. Notice that assignment has alr.nost. the I.owest preceden.ce.

That makes sense, because you want the entire right side of the equation
e to finish calculating before you assign it to the variable on the left.
@ Low Precedence:
e n-2. && (Logical AND)
@ n-1. —— (Logical OR)
@ n. = += -= etc. (Assignment)
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Precedence tells us what to do when operators are different. But what if

N

° What.ha.p.pens when. operators: hav.e the SAME F)recedence. ] they are the same, or on the same tier? Like addition and subtraction?

@ Associativity determines the direction of evaluation: Left-to-Right or That's where Associativity comes in. Most operators read left-to-right,
Right-to-Left. just like reading a book. So 'a minus b plus ¢’ is evaluated from the left.

e Example: Left-to-Right (Most arithmetic/logical) However, assighment operators are evaluated right-to-left. This allows

@ -'a-b+ ¢ evaluates as '(a- b) + ¢’ chaining assignments like a = b = ¢ = 5. It figures out the right-most

. . art first, and cascades the values to the left.

e Example: Right-to-Left (Assignment, Unary) P

@ -'a=b=c=05 evaluatesas 'a = (b = (c = 5))

@ - First c becomes 5, then b becomes 5, then a becomes 5.
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@ Let's evaluate: int result =5 + 2 * 3 - +4x;
@ Assume x is initially 2.

@ Step 1: Unary Prefix (++x) -i x becomes 3. Expression: 5 + 2 * 3 -
3

o Step 2: Multiplication (2 * 3) -; 6. Expression: 5 + 6 - 3

@ Step 3: Addition (5 + 6) -; 11. Expression: 11 - 3 (Left-to-Right
associativity)

@ Step 4: Subtraction (11 - 3) -; 8.

@ Step 5: Assignment (=) -; result becomes 8.
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|—Com plex Expression Example

Let's put precedence and associativity together in a complex example.
Look at the expression on the slide. First, we find the operator with
the highest precedence, which is the prefix increment '++x'. x becomes
3. Next highest is multiplication, so 2 times 3 is 6. Now we have
addition and subtraction, which have the same precedence. So we look
at associativity, which is left-to-right. We do 5 plus 6 to get 11. Finally,
11 minus 3 is 8. The very last step is the assignment operator, storing
8 into 'result’.



Object Oriented Programming =

Summary & Q&A

N

[o\]

5

© I—Summary & Q&A

S

N
@ Operators allow us to perform data manipulation. To summarize, operators are the verbs of our programming language,

. . . . . . i . ti th iables). We' d a lot of d:

o Categorized into Arithmetic, Relational, Logical, Bitwise, Assignment, acting on the nouns (our variables) €Ve COVered a ot ot groun

math, comparisons, logic, and binary manipulation. Remember the
and Increment/Decrement. i = J 2

golden rule of complex math in code: when in doubt, use parenthe-

Understanding Prefix vs. Postfix is crucial for avoiding bugs. ses. It prevents bugs and helps other programmers read your code. Are

Precedence dictates order of operations; Associativity dictates there any questions on anything we've covered today?
direction when precedence is tied.

Use parentheses () to make code clear and override default
precedence.

@ Any questions?
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Welcome everyone to Lecture 8. Today we dive into the fundamental

ways a C+-+ program interacts with the user via the console. We will

learn how to read data in, print data out, format that output beautifully,
@ Unit 1: Principles of OOP and Basics of C++ and handle the standard namespace.

e Topic 1.4: Input/Output

@ cin, cout, manipulators, namespaces
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Here is what we aim to achieve by the end of this session. 1/0O is critical

. . because without it, o ograms cannot interact with the outside world.
By the end of this lecture, you will be able to: LS€ WIEhOUT I, oUr programs cannot Interact wi utside wor

1. Understand the stream-based 1/O model in C++
Use 'cout’ and the insertion operator to display data

They would just process data silently. Let's make our programs talk!

Use 'cin’ and the extraction operator to read user input

Format output using manipulators like 'setw’ and 'setprecision’

o W

Explain and use namespaces, specifically the 'std’ namespace
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Think of a stream as a conveyor belt of data. Bytes go in, bytes go

@ C++ uses the concept of 'streams’ to perform input and output i
operations. out. C++ abstracts the hardware details away from us. Whether we are
. o reading from a keyboard, a file, or a network socket, the stream concept
© A stream is a sequence of bytes flowing into or out of a program. remains consistent. For basic console I/O, we always need to include
@ Input Stream: Flow of data from a source (like a keyboard) into the the iostream header.
program.

@ Output Stream: Flow of data from the program to a destination (like
a monitor).

To use standard 1/0 streams, we must include the <iostream>
header file.
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© Standard Output: cout
.
@ The cout object represents the standard output stream (usually the The word 'cout’ stands for 'character output’. The arrows or less-than
screen). signs form the 'insertion’ operator. It visually points to where the data
@ Used with the insertion operator <<. is going: the data goes into cout, and cout puts it on the screen. Notice
how cout can handle strings, integers, and other basic types without us
@ Syntax: cout << data; . .
having to specify the type.
@ Example:
@ cout << "Hello, World!";
@ int age = 20;
@ cout << age;
°

The << operator points in the direction of data flow (towards cout).
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L—Standard Input: cin

2026-07-22

. . . ‘cin’ stands for 'character input’. Here, we use the extraction operator,
The cin object represents the standard input stream (usually the

keyboard).

Used with the extraction operator >>.

which points away from cin and into our variable. It extracts data from
the stream and puts it in memory. Important note: cin stops reading
when it encounters whitespace (space, tab, newline).

Syntax: cin >> variable;

Example:
int age;

cin >> age;

The >> operator points towards the variable where data will be stored.
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I—Cascading I/O Operators
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. . . . Cascading makes our code much cleaner. Instead of writing three sep-
We can chain multiple << or >> operators in a single statement. & , : . ! e , i
arate cout statements for 'l am’, the age variable, and 'years old’, we
string them together. For input, 'cin ji x ji y' will wait for the user to
Output Example: type two numbers separated by a space or a new line.

cout << "I am " << age << " years old.";

This is called 'cascading’.

Input Example:

int x, y;

cin >> x >> y;

Execution happens from left to right.
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As C++ programs grow, you might accidentally use the same name for
two different things, especially when using third-party libraries. Names-

° A narn_espace is a declarative regi.on that .provide_s a- sco.pe to the paces solve this. If John from family Smith and John from family Doe
identifiers (names of types, functions, variables) inside it. are in the same room, you call them John Smith and John Doe to avoid
@ Purpose: To prevent name conflicts in large projects. confusion. Namespaces do exactly this for code.
@ Imagine two libraries both have a function named print ().
Namespaces help the compiler distinguish which print () to use.
@ Think of it like surnames for functions and variables.

Milav (GP Palanpur) Object Oriented Programming



'std’ Namespace

Object Oriented Programming

I—The 'std" Namespace
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The C++ standard library developers put everything into the 'std’

All elements of the C++ Standard Library are declared within a namespace to make sure they don't conflict with your custom code.
namespace called std. You can explicitly say std::cout, which is the safest way. But for begin-
This includes cout, cin, endl, string, vector, etc ners and small academic programs, typing std:: every time gets tedious.
Fully qualified name: std::cout << "Hello";

The :: is the Scope Resolution Operator.

To avoid typing std:: everywhere, we use the using directive: using
namespace std;
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LTo Use or Not to Use: using namespace std;
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Pros: While we will use 'using namespace std;’ in our class examples to keep
the slides clean, you should know that in professional, large-scale soft-
ware engineering, it is often discouraged, especially in header files, be-
cause it defeats the entire purpose of having namespaces by dumping all
standard names into the global scope.

- Saves typing in small programs.

- Makes code slightly easier to read for beginners.
Cons:

- Can cause 'namespace pollution’ in large projects.

- Increases the chance of naming collisions if you define a variable
named count (conflicts with std: : count).

@ Best Practice: Use it in .cpp files for small scripts, avoid it in header
(.h) files!
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L Formatting Output: Why?
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When we build business applications, financial software, or data tables,
Default output can be messy or unaligned, especially with numbers. presentatu.)n matt.ers. [ yom Al .a Jisiz it prlc'es, 17 R i allg.ned
by the decimal point, always showing two decimal places. C+-+ provides

Example: tools called manipulators to modify how the stream formats data.

double pi = 3.14159265;

How do we print only 2 decimal places? (3.14)
How do we align columns in a table?

Solution: C++ 1/0O Manipulators.
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@ Included in <iostream>:

@ endl: Inserts a newline character ("\n') and flushes the output

stream.

@ cout << "Line 1" << endl << "Line 2";
@ flush: Flushes the output stream without adding a newline.

@ ws: Extracts and discards whitespace characters from the input

stream (cin >> ws;).

Milav (GP Palanpur)

Object Oriented Programming

2026-07-22

Basic |/ Manipulators

Object Oriented Programming

L Basic I/O Manipulators

The most common manipulator is 'endl’. It acts like pressing Enter.
Note that endl also flushes the buffer, meaning it forces the program to
immediately write the data to the console, which can be slightly slower
than just using the newline character slash-n, but is safer if the program
crashes.



Parameterized Manipulators (jiomanip;)

Require #include <iomanip>

setw(n): Sets the field width to 'n’ characters for the next output
only.

Example:

cout << setw(10) << "Hello";

Prints:  Hello (5 spaces padding).

Note: setw does NOT truncate if the data is larger than 'n’.
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L Parameterized Manipulators (jiomanip; )

To use parameterized manipulators—those that take an argument in
parentheses—we must include the iomanip header. setw stands for set
width. It's incredibly useful for printing tables. Keep in mind, setw only
affects the very next item outputted. After that, the width resets to 0.
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I—Precision and Fill Manipulators
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setprecision is persistent, meaning once you set it, it applies to all future
floating-point outputs until you change it again. By default, setprecision
controls the total number of digits. setfill changes what character is used
for padding when setw creates empty space.

@ setprecision(n): Sets the number of significant digits (or decimal
places if used with fixed).

cout << setprecision(3) << 3.14159; // Prints 3.14
setfill(c): Sets the fill character used by setw (default is space).
cout << setfill(’*’) << setw(10) << 123;

Prints: *123
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L Stream Formatting Flags
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These flags are also manipulators. When you combine 'fixed' and 'set-

o Flags modify stream state persistently. o ] b
) . ) . L . precision(2)’, you get standard currency formatting—exactly two digits
° flxe‘?‘- Forces ﬂoatln.g—pomt numbers to d'SpI?y .|n fixed-point . after the decimal. Also, numbers are right-justified by default, meaning
notation (nor.mal decimal). Changes setprecision to count digits they stick to the right edge of the setw field. You can change this using
after the decimal. left’
e scientific: Displays in scientific notation (e.g., 3.14e+00).
@ left / right: Justifies output within the width set by setw (default
is right).
@ showpoint: Forces the decimal point to be printed even for whole
numbers.
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I—Summary
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To wrap up: 1/O in C++ is stream-based. We use cin for input, cout

C-|-+ uses <iostream> for standard input (Cin) and output (Cout). for output. We learned how to avoid namespace collisions with std, and
most importantly, we learned how to make our text look professional

Cascading << and >> allows multiple operations per statement. ) . .
and aligned using manipulators.

Namespaces, particularly std, help avoid naming conflicts.

The <iomanip> header provides manipulators like setw and
setprecision.

Manipulators and flags give you precise control over console output
formatting.
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|—Next Lecture Preview
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Next time, we will move away from linear execution and learn how to
make our programs make decisions and repeat tasks using control struc-

Topic 1.5: Control Structures in C+-+ tures.
Decision making: if, if-else, switch-case.

Loops: for, while, do-while.

Controlling execution flow with break and continue.
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@ Focus: POP vs OOP, and the Core Pillars of OOP
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L_unit 1: Principles of OOP and Basics of C++

Welcome everyone to Lecture 9. Today marks a very important mile-
stone in this course. We are transitioning from understanding the basic
syntax of C++ to grasping the very paradigm that makes C++ so pow-
erful: Object-Oriented Programming, or OOP. By the end of this session,
you will understand not just what OOP is, but why it was invented, how
it differs from older programming styles, and the foundational pillars that
support it.
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Learning Objectives

&
5
© I—Learning Objectives
.
) ) ] Here is our roadmap for today. We will start by looking backward at
° C0|.1trast I?rocedure—Orlente_d Programming (POP) with Procedure-Oriented Programming to understand the problems early pro-
Object-Oriented Programming (OOP). grammers faced. Then, we will introduce OOP as the solution to those
@ Define Classes and Objects as the fundamental building blocks of problems, systematically going through each of the eight core concepts
OOP. that define an object-oriented system.
@ Understand Data Abstraction and Encapsulation.
@ Explore relationships and behaviors via Inheritance and Polymorphism.
@ Explain the runtime mechanics of Dynamic Binding and Message

Passing.
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© Procedure-Oriented Programming (POP)
.
) ) ) ) ) Before OOP, the primary paradigm was Procedure-Oriented Program-
@ Focus is primarily on 'what to do’ (algorithms and functions) rather ming. Think of POP as a recipe: a sequence of steps to be carried out.
than data. You have functions that manipulate data to get a final result. However,
@ Large programs are divided into smaller, manageable units known as the data itself is treated as a secondary citizen, existing largely to be
functions. processed by the functions.
@ Data is openly shared and moves freely around the system from
function to function.
@ Employs a top-down approach in program design.

@ Classic examples of POP languages: C, Pascal, FORTRAN.
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The lack of data security is the biggest flaw in POP. When a program

@ Data Security: Global data is vulnerable to accidental modification by grows, managing data state across hundreds of functions becomes in-
any function. credibly difficult. If you change a global data structure, you have to find

@ Maintainability: Changes in data types require modifications in all and update every single function that touches it. This leads to fragile
functions that access them. codebases and necessitates a better approach.

@ Real-world Modeling: Difficult to map real-world physical entities

directly into code.

@ Code Reusability: Limited ability to reuse existing code seamlessly
without duplication.
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|—Object—Oriented Programming (OOP): The
Paradigm Shift
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OOP flips the script. Instead of asking 'what actions need to be per-
formed?’, we ask 'what real-world entities are we trying to model?’. We
bundle the data and the functions that operate on that data into a sin-

@ Focus is primarily on 'data’ rather than 'functions’. ) . . o _ .
T ) o o o ' gle, cohesive unit called an object. By hiding the data inside the object,
@ Programs are divided into distinct entities called 'Objects’. we solve the security and maintainability issues of POP.
@ Functions that operate on the data of an object are tied together in
the same data structure.
@ Data is hidden and cannot be accessed by external functions.
@ Follows a bottom-up approach in program design.
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o Comparison: POP vs. OOP
:
o Approach: POP is Top-Down: OOP is Bottom-Up. Here |.s a summary comparing the two par.adlgms. Notice how OOP is
L . . . . essentially a bottom-up approach: we design our base components, or
° !3|V|5|on.. POP divides programs into functions; OOP divides them objects, first, and then build the system by having these objects interact.
into objects. Adding new features in OOP is generally as simple as adding a new
@ Data Accessibility: POP has freely moving global data; OOP object or class, whereas in POP it might require restructuring the whole
encapsulates and secures data. program.

@ Focus: POP focuses on algorithmic steps; OOP focuses on data
representation and modeling.

Extensibility: Adding new data/functions is difficult in POP, but easy
in OOP.
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Let's dive into the core concepts of OOP, starting with Classes. Think

@ A Class is a user-defined data type. of a Class as an architectural blueprint for a house. The blueprint itself

@ It serves as a blueprint, template, or prototype for creating objects. isn't a house—you can't live in it—but it defines exactly how the house

o Contains data members (attributes/properties) and member functions should be built. In C4++, a class defines what data and behaviors an
(methods/behaviors). object will eventually have.

@ Does not allocate memory when defined; memory is only allocated

when objects are instantiated.

@ Example: A 'Car’ class with attributes (color, model) and methods
(accelerate(), brake()).

Milav (GP Palanpur) Object Oriented Programming 139/1



Object Oriented Programming

Basic Concept

L Basic Concept 2: Objects
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If the Class is the blueprint, the Object is the actual house built from

@ An Object is a specific instance of a Class. that blueprint. In our running program, objects are the entities that
o It is the basic run-time entity in an object-oriented system. actually do the work. When we create an object, the system allocates
] ) ) ) memory for it. In a banking system, your specific bank account is an
@ Objects take up physical space in memory and have an associated object, instantiated from a general "Account’ class.
address.
@ Objects interact with each other to perform system tasks.
@ Example: 'myMustang’ could be a specific object instantiated from

the 'Car’ class.
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Basic Concept 3: Data Abstraction

@ Abstraction refers to representing essential features without including
background details or complex explanations.

@ Classes use abstraction to define a list of abstract attributes and
functions.

@ Helps manage complexity by hiding unnecessary implementation
details from the end user.

@ Example: Driving a car. You know how to use the steering wheel and
pedals, but you don’t need to understand the engine's internal
combustion process.
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I—Basic Concept 3: Data Abstraction

Abstraction is about showing only what is necessary. When you use a
smartphone, you interact with the touchscreen interface. You don't need
to understand the complex circuitry or the operating system'’s kernel to
make a call. In OOP, we expose a simple interface to the user of the
class while keeping the complicated logic behind the scenes.



Basic Concept 4: Encapsulation

@ Encapsulation is the wrapping up of data and functions into a single
logical unit (the class).

@ Data is not accessible to the outside world; only the functions
wrapped inside the class can access it.

@ This insulation of data from direct outside access is called 'Data
Hiding" or 'Information Hiding’.

@ Enforced in C++4 using access specifiers: private, protected, and
public.
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L Basic Concept 4: Encapsulation

While abstraction is the concept of hiding complexity, encapsulation is
the implementation mechanism that provides security. We encapsulate
data by wrapping it inside a class and making it private. The only way to
interact with that data is through public functions (methods) provided
by the class. This protects the internal state from accidental corruption.
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Abstraction vs. Encapsulation
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9 Abstraction vs. Encapsulation
&
Students often confuse Abstraction and Encapsulation. Remember this
@ Abstraction: Focuses on 'what' an object does. distinction: Abstraction is a design-level concept focused on solving com-
o Abstraction: Represents the outside view of an object (Design level). plexity by hiding irrelevant details. Encapsulation is an implementation-
. . level concept focused on solving security by restricting access. Abstrac-
@ Abstraction: Solves the problem of complexity. . . . . . .
) ) ) tion provides the user interface, while Encapsulation protects the internal
@ Encapsulation: Focuses on 'how’ an object does it. State)
@ Encapsulation: Represents the inside view of an object

(Implementation level).

Encapsulation: Solves the problem of data security.
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I—Basic Concept 5: Inheritance

2026-07-22

Inheritance models the 'is-a’ relationship. A Robin 'is a' Bird. Instead

@ Inheritance is the process by which objects of one class acquire the o ) . ]
. . of writing the exact same code for flying, eating, and sleeping for every
properties of objects of another class. : ’ ) 2 .
. . . ) single type of bird, we can write a base class 'Bird" with these features.
® Supports the concept of hierarchical classification (e.g., Kingdom, Specific bird classes then inherit these features and only add the char-

Phylum, Class, Order).

@ Provides massive code reusability: add additional features to an
existing class without modifying the original code.

Terminology: Base Class (Parent) -; Derived Class (Child).

acteristics unique to them.

Example: Class 'Robin’ inherits from Class 'Bird’, which inherits from
Class 'Animal’.
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© Basic Concept 6: Polymorphism
:
@ Polymorphism originates from Greek, meaning 'many forms' (poly = Polymorphism allows us to use a single interface for a general class of
many, morph = forms). actions. The specific action executed is determined by the exact nature
@ It is the ability of a message or function to be displayed or executed of the situation. In C++, we see this through function overloading and
in more than one form. operator overloading at compile time, and virtual functions at run time.
@ An operation may exhibit different behaviors depending upon the li el es & sy Righly edble e inilie
types of data used.
@ Types in C++: Compile-time (Function/Operator Overloading) and

Run-time (Virtual Functions).

e Example: The '+’ operator adds numbers (54+5=10) but
concatenates strings ('A'+'B'="AB").
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© Basic Concept 7: Dynamic Binding
:
In traditional POP programming, the compiler figures out exactly which
@ Binding refers to the linking of a procedure call to the specific code function to call when it compiles the code. This is static binding. Dy-
to be executed. namic binding defers this decision until the program is actually running.
@ Static Binding: The compiler links the function call at compile-time. I yew have & generic .pomter 9 e Pl b at runtime it ponrl1ts t.o
. L . . a Dog, dynamic binding ensures the Dog’s specific 'speak’ function is
@ Dynamic (Late) Binding: The code associated with a procedure call called
is not known until run-time.
@ Heavily associated with polymorphism and inheritance.
@ Implemented in C4++ using "Virtual Functions'.
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Basic Concept 8: Message

@ Objects communicate with one another by sending and receiving
information, similar to how people pass messages.

@ A 'message’ sent to an object is essentially a request for the execution
of a procedure (method).

@ Message passing involves three elements: the name of the object, the
name of the function, and the parameters.

@ Example syntax: employeeObject.calculateSalary(hoursWorked);
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L Basic Concept 8: Message Passing

In OOP, objects are not isolated entities. They interact to build a com-
plete system. When one object wants another object to perform a task,
it invokes a method of that target object. This is termed 'message pass-
ing'. The sender doesn’'t need to know how the receiver executes the
task, only that it will respond to the message correctly.
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fits of Object-Oriented Programming
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o Benefits of Object-Oriented Programming
=
@ Reusability: Classes can be built, tested, and shared across multiple Why do we go through the trouble of learning the OOP paradigm?
projects seamlessly. Because it scales beautifully. As software systems grow into millions
@ Security: Data hiding prevents unauthorized access and accidental of lines of code, OOP keeps the codebase manageable. We can assign
state modification. different classes to different teams of developers, and we can update a
o Maintainability: A modular, object-based structure makes debugging class without breaking the entire system, provided the interface remains
and upgrading much easier. intact.
@ Scalability: Large-scale projects remain manageable by dividing them
into interacting objects.
@ Mapping: Provides a highly intuitive way to map real-world problems

directly into code.
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I—Summary of 1.1 Overview of OOP

2026-07-22

POP focuses on algorithmic functions, which leads to structural

. . i To wrap up, today we covered the philosophical shift from Procedure-
issues in large applications.

Oriented to Object-Oriented Programming. We defined the eight foun-

o OOP shifts the focus to modeling real-world entities using dational pillars: Classes, Objects, Abstraction, Encapsulation, Inheri-

encapsulated data and behaviors. tance, Polymorphism, Dynamic Binding, and Message Passing. Master-

Classes serve as blueprints; Objects serve as runtime instances. ing these concepts is crucial, as they will dictate how you architect C++
Abstraction and Encapsulation provide architectural simplicity and software for the rest of your career.
data security.

Inheritance and Polymorphism enable code reuse and flexible interface
design.

Dynamic Binding and Message Passing allow for complex, runtime
object interactions.
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I—Lecture 10: Specifying a Class in C++
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Welcome everyone to Lecture 10. Today marks a significant shift in our
journey as we officially enter Unit 2: Classes and Objects. Up until now,
we've been writing procedural code. Today, we learn how to specify
a class, which is the foundational building block of Object-Oriented
Programming in C++. We will cover how to design a class, define its
Defining Member Functions behaviors, and protect its data.

Access Modifiers (Private, Public, Protected)

Unit 2: Classes and Objects
Topic: 2.1 Specifying Class
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L_What is a Class in C++7
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Think of a class as an architectural blueprint for a house. The blueprint

@ A class is a user-defined data type. itself isn't a house, but it describes exactly how a house should be

o It acts as a blueprint or template for creating objects. b”'lt_hcfw many rooms it has, where the doors are, etc. In C++, a
A cl binds d bl df . hod her i class defines a new data type that groups related variables and func-

° (?asls |n. s data (variables) and functions (methods) together into tions. These variables are called 'data members’', and the functions
a single unit. are called 'member functions’. By keeping data and the functions that

@ This concept is known as Encapsulation. manipulate that data together, we achieve encapsulation, a core OOP

@ Data members: The variables declared inside a class. principle.

@ Member functions: The functions declared inside a class.
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9 Anatomy of a Class Declaration
&
Here is the basic syntax. We start with the keyword 'class’, followed
e by a name we choose. Inside the curly braces, we define our access
@ Syntax: class ClassName { // Access specifier: // Data members; // yal y ore . .
. specifiers, data members, and member functions. Notice the semicolon
Member functions; }; . : . . .
_ at the end of the closing brace. Forgetting this semicolon is one of the
The keyword ’class’ is used to declare a class. most common syntax errors made by beginners in C4+4-. It tells the
ClassName is a valid C++ identifier (usually capitalized). compiler that the class definition is complete.

The class body is enclosed in curly braces {}.
CRITICAL: A class declaration must end with a semicolon (;).
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© Access Modifiers (Specifiers): An Overview
:
@ Access modifiers determine the visibility and accessibility of class Not all parts of our class should be accessible to the outside world. Just
members. like a car has an engine (hidden under the hood) and a steering wheel
o They enforce data hiding and security. '(acce55|ble to the drlvc'erl), a class has internal mechanisms and a qu)lIC
C ” h difi interface. Access modifiers are keywords that enforce these boundaries.
® (++ provides three access moditiers: Remember, if you don’t write any access modifier, C++ automatically
@ 1. private makes everything private to ensure maximum security by default.
@ 2. public
@ 3. protected
@ By default, all members of a class are private if no specifier is

explicitly stated.
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I—The 'private’ Access Modifier
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The 'private’ keyword is your primary tool for data hiding. In this ex-
ample, the 'Student’ class has 'rolINo’ and 'marks’. By making them

@ Private members can ONLY be accessed by member functions of the aillvere, we e Ay i euiEie w "Suda dess Tem aditi-
SAME class. tally or maliciously altering a student’'s marks directly. To change or

@ They cannot be accessed directly from outside the class (e.g., from read these values, the outside code must use specific public functions
main()). provided by the class. This ensures data integrity.

@ Used for data hiding (protecting internal state).

e Example: class Student { private: int rolINo; float marks; };
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The 'public’ Access Modifier

@ Public members can be accessed from anywhere the object is visible.

@ They form the 'interface’ through which outside code interacts with
the object.

@ Member functions are typically made public to allow data
manipulation.

o Example: class Student { public: void setMarks(float m); float
getMarks(); };
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LThe 'public’ Access Modifier

If 'private’ hides the engine, 'public’ provides the steering wheel and
pedals. Public members are accessible from anywhere in your program,
such as the main() function. Usually, we keep our data variables private
and provide public member functions—often called 'getters’ and 'set-
ters'—to safely read and write that private data.



The 'protected’ Access Modifier

@ Similar to 'private’: cannot be accessed from outside the class.

@ Difference: Protected members CAN be accessed by derived classes
(child classes) during Inheritance.

@ Will be extensively used in Unit 4 (Inheritance).

@ For a standalone class, 'protected’ behaves exactly like "private’.
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LThe 'protected’ Access Modifier

We won't use 'protected’ heavily right now, but you need to know it
exists. It is a middle ground between private and public. Outside code
still can’t touch protected members, but if we create a new class based on
an existing one—a concept called Inheritance, which we'll cover in Unit
4—that new 'child’ class will have access to the 'protected’ members of
its 'parent’. For now, treat it like private.
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Once we've declared what a function does inside our class blueprint,
we actually have to write the code for it—we have to define it. C++

Member functions declare the behavior of the class. . . . . .

. . gives us two ways to do this: right there inside the blueprint, or outside
They can be defined in two places: the blueprint in a separate area of our code file. Both have distinct
1. Inside the class definition (Inline by default). advantages depending on the size and complexity of the function.

2. Outside the class definition (Using scope resolution).

The choice impacts code organization and performance (function
inlining).
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Defining Inside the Class (Inline)

@ The function body is written directly within the class curly braces.

@ Functions defined inside the class are treated as 'inline’ functions by
the compiler.

@ Best for small, simple functions (like getters and setters).

e Example: class Box { private: double length; public: double
getLength() { return length; } };
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I—Deﬁning Inside the Class (Inline)

Here, the getLength() function is defined completely inside the Box class.
When you do this, the C++ compiler automatically tries to treat it as
an 'inline’ function. This means wherever you call getLength() in your
code, the compiler might substitute the actual code of the function to
save the overhead of a function call. This is great for speed, but only
suitable for very short functions.
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I—Deﬁning Outside the Class
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If a function is long or complex, writing it inside the class makes the
class declaration hard to read. Instead, we just declare the function

° Func’flon is declared inside 'fhe class, but defined outside. signature inside, and write the full body outside. But how does the

@ Requires the Scope Resolution Operator (::). compiler know this external function belongs to our class? We use the

@ Syntax: ReturnType ClassName::FunctionName(parameters) { // Scope Resolution Operator, the double colon (::). It literally translates
Function body } to 'The FunctionName that belongs to the scope of ClassName'.

@ The "’ tells the compiler to which class the function belongs.

@ Best for complex, multi-line functions to keep class declaration clean.
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o class Rectangle { private: int width, height; public: void
setDimensions(int w, int h); // Declaration int calculateArea(); //
Declaration };

// Definition outside void Rectangle::setDimensions(int w, int h) {
width = w; height = h; }

int Rectangle::calculateArea() { return width * height; }
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I—Example: Outside the Class Definition

Let's look at this Rectangle class. Inside the class, we only see the
declarations for setDimensions and calculateArea. This gives us a quick,
clean summary of what a Rectangle can do. The actual logic is written
below, using Rectangle:: to tie the function bodies back to the class.
This separation of interface (the class declaration) and implementation

(the function definitions) is a crucial software engineering practice.



Nesting of Member Functions

@ A member function can be called by another member function of the
same class.

@ This is called nesting of member functions.

@ When calling a function from within the same class, the object name
and dot operator (.) are NOT required.

@ Helps in modularizing internal class logic without exposing it to the
user.
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I—Nesting of Member Functions

Sometimes a complex task requires several steps. A public member
function might rely on a private 'helper’ function to get its job done.
When one member function calls another member function belonging
to the same class, it's called nesting. The key syntax difference here is
that you don't need to use the dot operator. The function assumes you
are talking about the current object.
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In this Calculator example, 'checkPositive’ is a private helper function.
The public function 'displaySquare’ calls 'checkPositive' directly, sim-
ply by using its name. We don't write 'this-;jcheckPositive’ or 'ob-
ject.checkPositive’. This keeps the complex logic hidden away in a pri-
vate helper, making the public interface simpler and safer.

o class Calculator { private: int checkPositive(int a) { return (a § 0) ?
a: -a; } public: void displaySquare(int num) { int positiveNum =
checkPositive(num); // Nested call cout jj "Square: " jj
(positiveNum * positiveNum); } };
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© Summary & Best Practices

:

To wrap up today's lecture: Always default to making your data private.

Classes bind data and functions together (Encapsulation). Design a clean public interface. Keep your class declarations readable
Use 'private’ to protect data members. by moving complex function definitions outside the class using the scope

resolution operator. These practices are the foundation of writing robust,

Use 'public’ to expose necessary member functions (Interface). maintainable Object-Oriented code in C-++

Define short functions inline (inside class).

Define long/complex functions outside using the scope resolution
operator (::).

@ Nesting functions helps break down complex tasks internally.
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We have a few minutes left for questions. Next time, we will take the
blueprints we learned to create today and actually build things with
them. We will learn how to create objects, store data in them, and call
the functions we defined today. Please review today's syntax before the
Topics to cover next: next class.

Any Questions?
Next Lecture: 2.2 Creating Objects

1. Instantiating objects from classes.
2. Accessing class members using the dot (.) operator.
3. Arrays of Objects.
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Welcome students to Lecture 11. Today we are expanding our knowledge
of classes in C++. We will explore advanced ways to store data inside
classes using arrays, how to share data between objects using static

members, and how to work with multiple objects and pass them around.
@ Unit 2: Classes and Objects

@ Lecture 11

@ Course: Object Oriented Programming with C++
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Here is our roadmap for the next 50 minutes. We'll start with arrays
inside classes, move on to the static keyword for data and functions,
Arrays within a Class look at how to create arrays of objects, and finally discuss how to pass
Static Data Members objects to functions.

Static Member Functions
Arrays of Objects

© © © © ©
o bk =

Objects as Function Arguments
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Ly Arrays within a Class
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Just like we use primitive data types like int or float inside a class, we
can also use arrays. If every object needs its own list of items, an array

within a class is the perfect solution. Keep in mind that the array's size
@ Useful when a class needs to store a collection of similar data types must be known at compile time when declared normally.
(e.g., a student’s grades, a shopping cart's items).

@ Arrays can be declared as private or public data members of a class.

@ Member functions can perform operations on these array elements.

@ Memory for the array is allocated for every single object created from
the class.
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© Arrays within a Class: Code Example
.
class ShoppingList { ) o )

. In this ShoppingList class, we have two parallel arrays: one for item
private: codes and one for prices. We also have a 'count’ variable to keep track
int itemCode[50]; of how many items are currently in the list. The initialize function sets
float itemPrice[50]; the count to zero. Each ShoppinglList object created will have its own
int count: 50-element arrays.
public:

void initialize() { count = 0; }
void getitem();

void displaySum();

|8
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|—2. Static Data Members
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What if we want all objects of a class to share a single variable? For

@ Normally, each object maintains its own independent copy of data example, keeping track of the total number of objects created. We use
members. static data members. The 'static’ keyword tells the compiler to allocate

@ A ’static’ data member is shared among ALL objects of that specific memory for this variable only once, and all objects will access this exact
class. same memory location.

o It is automatically initialized to zero when the first object is created
(if no other initialization is provided).

@ Only one copy of the static data member exists in memory, regardless

of how many objects are instantiated.
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|—Static Data Members: Rules & Characteristics .
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A crucial rule in C++ is that declaring a static member inside the class
does not allocate memory for it. You must explicitly define it outside

@ Must be declared inside the class body. . . .
the class using the scope resolution operator. If you forget this step, you
@ Must be defined outside the class body to allocate memory. will encounter a linker error during compilation.
@ Syntax for definition: DataType ClassName::staticVarName = Value;
@ Their scope is restricted to the class, but their lifetime spans the
entire program execution.
o Often used as counters or to store shared configuration settings.
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9 Static Data Members: Code Example

&
class Item { Here, 'count’ is a static integer. Whenever the getData function is called
static int count; // Declaration on ANY object, the shared 'count’ is incremented. Notice the definition

. 'int Item::count = 0;" outside the class. If we create three Item objects
int number;

) and call getData on each, calling getCount on any of them will output
public: 3.
void getData(int a) { number = a; count++; }
void getCount() { cout jj count; }
b

// Definition outside class

int Item::count = O;
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I—3. Static Member Functions
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If we have static data, it is a good architectural practice to use static
Just like data members, member functions can also be declared static. functions to manage that data. This is especially useful before any
objects are even created. Because static functions don't belong to any
specific object instance, they don't have a 'this’ pointer, meaning they
physically cannot access standard, non-static instance variables.

A static member function can ONLY access static data members or
invoke other static member functions.

It cannot access non-static data members because it lacks a 'this’
pointer.

It can be called directly using the class name:
ClassName::functionName();
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© Static Member Functions: Code Example

.
class Test {
static int objCount; In this example, showCount is a static function. Notice how we can call
public: Test::showCount() in main() even before we instantiate any Test objects,

' . and it will correctly print 0. Once we create objects, the constructor

Test() { objCount++; } increments objCount, and calling showCount again will reflect the newly
static void showCount() { updated total.
cout jj " Total objects: " jj objCount jj endl;

}

i

int Test::objCount = 0;

// In main():
Test::showCount(); // Outputs 0
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4. Arrays of Objects

@ We can create arrays of variables of a class type, which are arrays of

objects.
@ Syntax: ClassName arrayName[size|;

@ Useful for storing and managing a collection of objects (e.g., 50
students, 100 employees).

@ Accessed and manipulated using standard array index notation.
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4. Arrays of Objects.
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Ly Arrays of Objects

Just as we can have an array of integers or floats, we can declare an array
of objects. When we declare an array of objects, the default constructor
is called automatically for every single element in the array. This is
extremely useful for database-like applications in memory, such as an
employee management system.
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Arrays of Objects: Memory Layout & Iteration
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© Arrays of Objects: Memory Layout & lteration
.
o class Employee {
o char name[30]; Here, 'manager’ is an array of 3 distinct Employee objects. Each element
o float salary; "'manager[i]’ acts as an independent object. We use a standard for-loop
e public: to iterate through the array and call the 'getData’ member function for
o void getData(); each specific object instance. In memory, the data for these three objects
- , is stored sequentially.
@ void displayData();
° };
e // In main():
o Employee manager[3]; // Array of 3 Employee objects
o for(inti=0;ij3;i++){
e manager[i].getData();
°}
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Often, we need to compare, merge, or evaluate data from multiple ob-

© Like any built-in data type, objects can be passed into functions as jects at once. We can achieve this by passing objects into functions. An
arguments. object can be passed to a non-member function, or it can be passed to

@ Objects can be passed to both standalone functions and member a member function of another object of the same or a different class.
functions of a class.

@ Three main ways to pass objects:

@ 1. Pass by Value

@ 2. Pass by Reference

@ 3. Pass by Address (using Pointers)
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I—Pass by Value vs. Pass by Reference
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@ Pass by Value: Passing by value invokes the class copy constructor, duplicating all data

o - Function receives a duplicate copy of the object. members. For large objects, this creates a performance bottleneck.
. . . . Passing by reference is almost always preferred in professional C for

@ - Changes inside the function do NOT affect the original object. = , ve P P . ++.

objects. If you don’t want the receiving function to modify the object,

@ - Can be computationally slow and memory-intensive for large objects. you pass it as a 'const reference’.

@ Pass by Reference (&):

@ - Function receives a reference (alias) to the original object.

@ - Changes inside the function WILL affect the original object (unless

marked const).
@ - Highly efficient (no copying overhead).
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Objects as Arguments: Code Example (Adding Time)

class Time {

int hours, minutes;

public:

void setTime(int h, int m) { hours = h; minutes = m; }
void sum(Time t1, Time t2) { // Passed by value
minutes = tl.minutes + t2.minutes;

hours = minutes / 60;

minutes = minutes % 60;

hours = hours + tl.hours + t2.hours;

}
h
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I—Objects as Arguments: Code Example (Adding
Time) i

In this Time class, the 'sum’ member function takes two entirely separate
Time objects as arguments. It accesses the minutes and hours of t1 and
t2, calculates the total sum, and stores the resulting time in the calling
object’s own variables. For example, calling T3.sum(T1, T2) sets T3's
internal state to the sum of T1 and T2.
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To wrap up: we have greatly expanded how we handle state and data in
Object-Oriented Programming. We can now store arrays inside objects,
share global state across objects using 'static’, create bulk instances

using object arrays, and pass objects into functions to make them col-
Static member functions operate on static data without requiring an laborate. Ensure you practice these syntax rules in the lab.

object instance.

Arrays within a class allow managing grouped data points per object.

Static data members allow sharing a single piece of data across all
class instances.

Arrays of objects enable efficient, loop-driven management of multiple
instances.

Objects can be passed to functions by value or by reference to enable
complex object interaction.
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I—Lecture 12: Constructors in C++
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Welcome everyone to Lecture 12. Today we are diving into a fundamen-
tal concept in Object-Oriented Programming: Constructors. In our last
class, we learned how to create classes and instantiate objects. But what
@ Unit 2: Classes and Objects happens at the exact moment an object is born? How do we ensure it
e Topic 2.3: Constructors starts its life in a valid state? That is exactly what constructors are for.

@ Course: Object Oriented Programming with C++

Milav (GP Palanpur) Object Oriented Programming 180/1



Learning Objectives

Object Oriented Programming

Learning Objectives

I—Learning Objectives

2026-07-22

By the end of this 50-minute session, you should be perfectly comfortable

defining your own constructors. We will look at the three main types
Understand what a constructor is and why it's necessary. of constructors in C4++ and understand how overloading allows a single
class to have multiple constructors, giving developers flexibility when
creating objects.

Learn the key characteristics of constructors in C++.
Explore Default, Parameterized, and Copy constructors.

Learn how to use multiple constructors in a single class (Constructor
Overloading).
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Think of a constructor as a setup routine. When you buy a new smart-
phone, the factory reset or initial setup wizard configures the language,
@ A constructor is a special member function of a class. time zone, and user account before you can use it. Similarly, a construc-
o It is automatically invoked whenever an object of its class is created. tor sets up an object in memory, ensuring its variables don't contain
. . T . garbage values.
@ lts primary purpose is to initialize the data members of new objects.
@ It allocates memory and sets default or provided values before the

object is used.
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These rules are strict in C++. If you add a return type, even void, the

e Name: Must have the exact same name as the class itself. compiler will treat it as a standard member function, not a constructor.
@ Return Type: They do not have a return type, not even 'void’. Always ensure the name matches the class perfectly, including case. We
o Access Specifier: Usually declared in the 'public’ section (though typically place them in the public section because if they were private,

private is possible for specific design patterns like Singleton). external code wouldn’t be able to instantiate the object.

@ Invocation: Cannot be called directly like standard methods; invoked
implicitly.

Inheritance: They cannot be inherited, though a derived class can call
a base class constructor.
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Depending on how we want to create our objects, we will use differ-
ent types of constructors. Sometimes we want a blank slate (Default),
C++ provides three primary types of constructors: sometimes we know exactly what data the object should hold right away
(Parameterized), and sometimes we want to duplicate an existing object

1. Default Constructor: Takes no arguments.
(Copy).

2. Parameterized Constructor: Takes one or more arguments.

3. Copy Constructor: Initializes an object using another object of the
same class.
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I—1. The Default Constructor
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The default constructor is your safety net. If you don’t write any con-
A constructor that takes no parameters. structor at all, C++ quietly generates one for you that allocates memory,
though it leaves primitive types uninitialized (containing garbage). If you

@ If no constructor is defined by the programmer, the C+4 compiler

. . . .. define one, you take control of setting those baseline values.
automatically provides an implicit default constructor. J J

o Used when creating an object without passing any initial values (e.g.,
Student s1;).

Often used to assign baseline default values (like zero or empty
strings) to member variables.
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9 Default Constructor: Code Example

&
class Student {
private: Here we see a class named Student. Inside the public section, we have
int rollNo; a function named Student() with no return type. This is our explicit
public: default constructor. When we declare 'Student sl;’, this constructor
// Default Constructor is triggered immediately, setting rolINo to 0 and printing our debug

message.

o

o

°

o

o

o Student() {

@ rollNo = 0;

@ cout jj "Default Constructor called!” jj endl;
°}

° };

o // Usage:

e Student s1; // Calls Default Constructor
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This is perhaps the most commonly used constructor. When you cre-
@ A constructor that accepts one or more arguments. ate an object representing a bank account, you usually want to set the
account holder name and initial balance immediately, not later. A pa-
rameterized constructor allows this. Also, pay attention to the last point:
if you write a parameterized constructor, you lose the free default one
provided by the compiler.

@ Allows initialization of an object with specific, user-defined values at
the time of creation.

@ Highly useful for passing dynamic data to an object when it's
instantiated.

@ Note: Once you define a parameterized constructor, the compiler will
NO LONGER provide an implicit default constructor.

Milav (GP Palanpur) Object Oriented Programming 187 /1



Object Oriented Programming

Parameterized Constructor: Code Example

}
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// Usage:

Point p1(10, 20); // Implicit call

Point p2 = Point(30, 40); // Explicit call

N
N
~
S L .
© Parameterized Constructor: Code Example
: S
e class Point { &
@ private:
o intx, y; Here the Point class has a constructor taking two integers. We can call
t it in two ways. The first is implicit, 'Point p1(10, 20)’, which is the most
® public: common and concise. The second is explicit assignment syntax. Both
e // Parameterized Constructor achieve the exact same thing: instantiating a Point object and passing
@ Point(int xVal, int yVal) { values to 'x" and 'y".
e x = xVal;
e y = yVal;
°
°
°
°
°
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L . . L . The Copy Constructor is unique. It takes a reference to another object
@ A constructor that initializes an object using an existing object of the

of its own kind. Why a reference? If we passed it by value, passing the
same class.

argument would itself call the copy constructor, resulting in an infinite
Syntax takes a reference to an object of the same class: loop! Hence, it is always a reference, and usually 'const’ to prevent
ClassName (const ClassName &obj) accidental modification of the source object.

Used in scenarios like:
- Returning an object from a function by value.
- Passing an object to a function by value.

- Initializing one object with another.
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© Copy Constructor: Code Example
@ class Box { S
@ int length;
@ public: In this example, box1 is created using the parameterized constructor.
@ Box(int I) { length = I; } // Parameterized When we create box2 and box3, we are using boxl to initialize them.
o // Copy Constructor The compiler se'es we are creating a new Box from an existing Box, so
it routes execution to our Copy Constructor. Both 'Box box2 = box1’
@ Box(const Box &b) { and 'Box box3(box1)' trigger this.
@ length = b.length;
@ cout jj "Copy Constructor called!” jj endl,
°}
° };
e // Usage:
@ Box box1(10);
@ Box box2 = box1; // Calls Copy Constructor
@ Box box3(box1); // Calls Copy Constructor
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o Like the default constructor, if you don't define a copy constructor,
the compiler provides one.

@ The compiler’'s copy constructor performs a 'Shallow Copy'.

@ Shallow Copy copies the exact values of variables, including memory
addresses (pointers).

@ This becomes dangerous if your class allocates dynamic memory
(using 'new’), as both objects will point to the same memory location.
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L Default Copy Constructor & Shallow Copy

For classes holding basic data types like ints and floats, the compiler-
provided copy constructor works perfectly. But the moment your class
contains pointers to dynamically allocated memory, a shallow copy
means two objects share the same memory pointer. If one deletes that
memory, the other object is left with a dangling pointer.



To avoid shallow copy issues, we write our own Custom Copy
Constructor.

This allows us to perform a 'Deep Copy'.

Deep Copy means allocating brand new memory for the new object
and then copying the actual data over, rather than just the pointer.

Rule of Three: If a class needs a custom copy constructor, it likely
needs a custom destructor and a custom assignment operator too.
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I—Deep Copy (Why we need custom Copy
Constructors)

When we write our own copy constructor, we can intercept the copying
process. Instead of blindly copying a pointer, we allocate new memory
using 'new’, and then copy the values from the source’s memory into
the new object's memory. This is called a deep copy and ensures both
objects are completely independent.
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9 Multiple Constructors in a Class
&

@ A class can have more than one constructor. This is known as Because a constructor is just a special function, it can be overloaded.
Constructor Overloading. This gives the users of your class flexibility. They can create an object
It follows the exact same rules as Function Overloading. with no info (default), partial info, or full info (parameterized), simply
C differ in their 'Si , depending on how they instantiate the object. The compiler acts as

onstructors must differ in their "Signature: a traffic cop, routing the call to the correct constructor based on the
- Number of parameters. arguments.

- Type of parameters.

- Sequence of parameters.

The compiler determines which constructor to call based on the
arguments provided at object creation.
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class Rectangle {

int length, width; Here we have a Rectangle class with three constructors. If | pass no

public: arguments, | get a 0x0 rectangle. If | pass one argument, the class
. assumes | want a square and sets both sides to that value. If | pass

Rectangle() { length = 0; width = 0; } // Default two arguments, it sets distinct length and width. This is constructor

Rectangle(int 1) { length = I; width = I; } // Square overloading in action, providing a highly intuitive API for object creation.

Rectangle(int I, int w) { length = I; width = w; } // Rectangle
h

// Usage:

Rectangle r1; // Calls Default: 0x0

Rectangle r2(5); // Calls 1-param: 5x5

Rectangle r3(5, 10); // Calls 2-param: 5x10
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9 Best Practices: Initialization Lists
&
| d of L. | inside th bod Memb Before we wrap up, a critical best practice in C+-+. While assigning
° ln,St,eT_ ° LaISS|gn|ng values inside the constructor body, use Member inside the constructor body works, it's technically a two-step process:
nitializer Lists. default initialization, then assignment. Initializer lists construct the vari-
@ Syntax: ClassName(int a) : memberVar(a) {} able with the right value immediately. For const variables and references,
@ Benefits: initializer lists are mandatory because they cannot be assigned to after
e - More efficient (initializes directly instead of initializing then (S ieh

assigning).
- Required for initializing const members and reference members.

- Required when a base class doesn't have a default constructor.

Milav (GP Palanpur) Object Oriented Programming 195/1



Summary & Reca

Object Oriented Programming

Summary & Recap

N
N
5
c“\l:’: I—Summary & Recap
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@ Constructors are special functions called automatically upon object Lo s, constructors are the b|rth' events of your objects. They
creation ensure your data is safe and valid from millisecond one. We covered de-
Thev h ¢ ¢ d sh the cl fault, parameterized, and copy constructors, and how overloading them
° ) . . . .
€y have no return type and share the class name gives developers flexibility. Understanding these concepts is vital for ro-
@ Default constructors take no arguments; Parameterized take bust C++ programming.
arguments.

@ Copy constructors create an object from an existing one, usually
requiring a Deep Copy for dynamic memory.

Constructor overloading allows multiple initialization strategies within
a single class.
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Q&A and Next Steps

@ Any questions on Default, Parameterized, or Copy constructors?
@ Next Lecture Preview: Topic 2.4 - Destructors.

@ We will learn what happens when an object’s lifecycle ends.

@ We will discuss memory deallocation and cleanup.
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I—Q&A and Next Steps

Does anyone have questions about how the compiler chooses a con-
structor, or how deep copying works? If not, please review the code
examples in your textbook. Next time, we will look at the opposite of
constructors: Destructors. We will learn how to clean up memory when
our objects are no longer needed. Thank you for your attention!
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Welcome back everyone. Today we are continuing our deep dive into
the 'Classes and Objects’ unit by discussing destructors. As you know,
objects take up resources when they are created, and C++ gives us
@ Course: DI05011021 - Object Oriented Programming with C++ a very elegant way to clean up those resources when the object is no
e Topic: Destructors - Definition and Use longer needed. By the end of this session, you'll understand exactly how

. . . t bject’ d-of-life.
@ Estimated Time: 50 minutes © manage an object's end-ot-life
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Just as a constructor breathes life into an object by allocating resources

o A destructor is a special member function of a class. and setting initial states, a destructor takes life away by cleaning up. In
. . . . managed languages like Java or Python, the garbage collector handles
@ It is executed automatically when an object goes out of scope or is = LRSS e S J T R : '
.. memory cleanup. But in C++, you are in the driver's seat. If your
explicitly deleted. . . . ., e
i ) ) ) object opens a file or asks for memory, it is your object’s responsibility
o Its primary purpose 1s to free up resources (like memory, file ha_ndle_s' to close that file or give back that memory. The destructor is where this
or n.etwork connections) that the object may have acquired during its happens.
lifetime.
@ It is the exact opposite of a constructor.
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The syntax is strict but simple. If your class is named 'Student’, the
destructor is named '~“Student()’. The tilde represents a bitwise NOT
A destructor has the exact same name as the class. operation in C++, symbolizing that the destructor is the complement
It is preceded by a tilde symbol (7). to the constructor. Because it takes no parameters, it cannot be over-

It has no return type, not even void. loaded. There is only one way to destroy an object.

It accepts NO parameters.

A class can only have exactly ONE destructor.
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Basic Syntax Example

class MyClass {
public:
MyClass() {

// Constructor

cout jj " Constructor called” jj endl;

}

“MyClass() {
// Destructor

cout jj " Destructor called” jj endl;

}
+
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L Basic Syntax Example

Here we have a simple class definition. Notice the public access specifier.
While destructors can technically be private, in 99% of cases they must
be public because the compiler needs to be able to call them from outside
the class when an object goes out of scope. If it's private, you'll get a
compile-time error when trying to instantiate the class on the stack.
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I—When is a Destructor Called?
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The compiler is very diligent about this. If you create an object inside
an 'if’ statement, the destructor runs the moment the 'if’ block ends. If
you create an object globally, it is destroyed right as the main function
finishes and the program exits. This deterministic behavior is one of the
@ 2. When a dynamically allocated object is explicitly deleted using the strongest features of C4++.

'delete’ keyword.

@ 1. When a local (automatic) object goes out of its defining block or
scope.

3. When a program terminates (for global or static objects).

4. When an enclosing object containing member objects is destroyed.
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I—Example: Local Scope Destruction
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void someFunction() {

MyClass obj; // Constructor called here Let's trace this code. We print 'Before function’, then call 'someFunc-
T T . tion’. Inside, 'obj’ is created, so the constructor prints its message. Then

cout jj "Inside function” jj endl; o S ; i , o

. Inside function’ is printed. Right at the closing brace of 'someFunction’,

} // Destructor called here automatically the lifetime of 'obj’ ends. The compiler inserts a call to the destructor

here. Finally, 'After function’ is printed in main.
int main() {
cout jj " Before function” jj endl;
someFunction();
cout jj " After function” jj endl;

return O;

}
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Much like the default constructor, the compiler helps you out if you
don't write a destructor. If your class just holds a few ints and floats,
the default destructor is perfectly fine. The memory for the object itself
(the raw bytes holding those integers) is reclaimed from the stack auto-
The default destructor is inline and has an empty body. matically.

@ If you do not define a destructor in your class, the C4++ compiler
automatically provides a default destructor.

It does not free dynamically allocated memory.

It is sufficient for classes that only contain basic data types or other
objects that manage their own resources.
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@ To prevent Memory Leaks.

o If a class uses pointers to allocate memory dynamically (using 'new’),
the default destructor will NOT free that memory.

@ Only the pointer variable is destroyed, not the memory it points to.

@ A custom destructor must be written to call 'delete’ on those pointers.
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|—Why write a Custom Destructor?

This is the most critical slide of the lecture. When you declare a pointer
inside an object and allocate memory on the heap using 'new’, the object
owns that memory. But the compiler doesn’t know that! If you rely on
the default destructor, it will just destroy the pointer, leaving the heap
memory orphaned. This is a memory leak.
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9 Example: Dynamic Memory and Destructors
o
. N
class String {
private: Here we have a simple String class. The constructor dynamically allo-
char* buffer; cates an array of characters based on the input text. If we didn't write
public: the destructor shown here, every time a String object goes out of scope,

we would lose that block of memory. By explicitly writing delete[]

String(const char* text) { ,
buffer in the destructor, we ensure a clean, leak-free system.

buffer = new char[strlen(text) + 1J;
strcpy(buffer, text);

}

~“String() {

delete[] buffer; // Crucial for preventing leaks!
}

+
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We've discussed local variables. But what if the object itself is created
on the heap? For example, String* s = new String("Hello");. In
this case, s is just a pointer. When s goes out of scope, only the pointer

is destroyed. To destroy the object and trigger its destructor, you must
@ It remains in memory until explicitly destroyed. explicitly call delete s;.

@ When an object is created on the heap using 'new’, it does not go out
of scope automatically.

o Calling 'delete’ on the object pointer explicitly triggers the object's
destructor.

@ Then, the memory occupied by the object itself is freed.
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- Example: Explicit 'delete’
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int main() {

// Object created on the heap Notice how the destructor call is manually controlled here. If we omitted
the 'delete ptr;’ line, the program would end, the 'ptr’ variable would be
destroyed, but the actual 'MyClass’ instance on the heap would remain,
causing a leak. The destructor would never be printed or executed.

MyClass* ptr = new MyClass();
cout jj "Doing some work...” jj endl,

// Explicitly destroy the object
delete ptr; // Triggers “"MyClass()

return O;

}
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|—Order of Execution: Constructors vs.
Destructors
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This is a fundamental rule in C++. The stack unwinds in reverse. Why?
Because later objects might depend on earlier objects. If Object B takes
a pointer to Object A, we cannot destroy A before B! By destroying them
in reverse order (LIFO), C++ guarantees that an object’s dependencies
remain valid for its entire lifetime.

Objects are destroyed in the reverse order of their creation.
LIFO: Last In, First Out.

If you create Object A, then Object B, then Object C...
...when the scope ends, C is destroyed first, then B, then A.
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© Example: Order of Execution
.
o class Test {
o int id; Can anyone guess the output? The program will output: Constructed 1,
@ public: Constructed 2, Destroyed 2, Destroyed 1. It operates just like a stack.
o Test(int i) { id = i; cout jj " Constructed " jj id jj endl; } This becomes highly relevant when you have multiple objects managing
o “Test() { cout j; "Destroyed " ij id ij endl; } complex resources like database connections or thread locks.
° };
°
@ int main() {
o Test t1(1);
o Test t2(2);
@ return O;
°

}
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I—Best Practices and RAIIl
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This slide touches on advanced but crucial concepts. RAIl is what makes
Resource Acquisition Is Initialization (RAII) C++ robust. If you acquire a lock, do it in a constructor. Release it
in the destructor. Because C++ guarantees destructors are called when
objects go out of scope—even if an error or exception occurs—your
resources are always safely cleaned up.

A core C++ programming idiom.

Bind the lifecycle of a resource (memory, network, file) to the lifecycle
of a local object.

Let the constructor acquire the resource.
Let the destructor release the resource.

Guarantees cleanup even if an exception is thrown.
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Il wiFo)
o
N
) ) . To wrap up, a destructor is your object’s last will and testament. It
@ Destructors are special functions called “ClassName(). cleans up the mess. Remember the Rule of Three (which we will cover
@ They take no arguments and return no values. more later): if your class needs a custom destructor to manage memory,
o They are invoked automatically upon scope exit or explicitly via it almost certainly needs a custom Copy Constructor and Copy Assign-
"delete’. ment Operator as well.

@ Crucial for cleaning up dynamically allocated memory and other
resources.

@ Objects are destroyed in the reverse order of their construction
(LIFO).
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I—Questions & Answers
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Thank you for your attention. Let's open the floor to any questions.
Does everyone understand why the reverse order of destruction is neces-
sary? Are there any questions on how the delete keyword interacts with
@ Any questions regarding Destructors, Memory Management, or heap objects?
Scope?

@ Next time: We will dive into Operator Overloading.
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L_Unit 2: Classes and Objects 2.1 Specifying a
Class
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Welcome to Lecture 14. Today we begin Unit 2, which is the heart
of C++. We will transition from abstract OOP concepts to concrete
C++ syntax. By the end of this lecture, you will know how to create
a blueprint for objects using classes, how to protect data using access
o Lecture 14 specifiers, and how to give your objects behavior through member func-
@ Topics: Class Definition, Access Specifiers, Member Functions, tions.

Nesting

@ Course: Object Oriented Programming with C++
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I—What is a Class?
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Think of a class like an architectural blueprint for a house. The blueprint
itself is not a house; you cannot live in it. But it describes exactly what
the house will look like and what features it has. When you actually
It acts as a blueprint or template for creating objects. build a house from that blueprint, you are creating an 'object’ or an

In C++, a class is an extension of the C structure (struct). 'instance’ of that class. The real power of a class over a C struct is that
it encapsulates both state (data) and behavior (functions).

@ A class is a user-defined data type that binds data and its associated
functions together.

Unlike structures in C, C4++ classes can contain both variables (data
members) and functions (member functions).

The class itself does not allocate memory for data; memory is only
allocated when objects of the class are created.
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© Syntax of Specifying a Class

.
class class_name {
private: Here is the basic syntax for defining a class. We use the keyword 'class’
// Variable declarations; followed by a valid identifier for the class name. Inside the curly braces,

. o the body is divided by access specifiers like private, public, and protected.

// Function declarations; A very common mistake for beginners is forgetting the semicolon at the
public: exact end of the class definition. This semicolon is mandatory.

// Variable declarations;

// Function declarations;

protected:

// Variable declarations;

// Function declarations;

}; // Note the semicolon at the end!
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© Access Specifiers: The Gatekeepers
.
. . L o Access specifiers are how we enforce encapsulation. They are the gate-
@ Access specifiers determine the visibility or accessibility of class keepers of our class's data. By carefully choosing what is private and
members. what is public, we control how the outside world interacts with our ob-
@ They enforce the OOP feature of 'Data Hiding' (Encapsulation). jects. By default, if you don't specify anything, all members of a C++
@ There are three access specifiers in C4+: class are private.
@ 1. private: Accessible only from within the class.
@ 2. public: Accessible from anywhere the object is visible.
@ 3. protected: Similar to private, but accessible in derived (child)

classes.
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LThe 'private’ Specifier
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Why do we make data private? Imagine a BankAccount class. You
o Members declared as private cannot be accessed directly by code don’t want anyone to be able to directly change the 'balance’ variable
outside the class. to 1,000,000. You want them to use a 'deposit’ function, which can

. e . heck for invalid ts, log the t tion, and safel date th
@ Only the member functions of the same class (and 'friend’ functions) SRS s WRELEE) Sttty bei VIS BB R, CH SRy PLEEES TS

. balance. Making 'balance’ private forces everyone to go through your
are allowed to access private data. g P Y g ghy

) ) ) approved public functions.
@ Best Practice: Always declare data members (variables) as private to

prevent accidental corruption by outside functions.

@ This strictly enforces data hiding.
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© The 'public’ and 'protected’ Specifiers
.
e Public:
) .. , Public members are how we talk to the object. If private data is the
@ - Public members form the ’interface’ of the class. . . . .
) ) ) engine of a car, public functions are the steering wheel and pedals. They
® - These are the methods the outside world uses to interact with the are the interface. We will cover the 'protected’ specifier in much more
object. detail when we get to Unit 4 on Inheritance, but for now, just know it's
o - Typically, member functions are made public. a middle ground between private and public.
@ Protected:
@ - The protected specifier is crucial for inheritance.
@ - To the outside world, a protected member acts exactly like a private

member.

@ - However, protected members can be inherited and accessed by child
classes.
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© A Complete Class Specification Example
:
Let's look at a concrete example. Here we have a class named 'ltem’. It
o class ltem { i )

. has two private data members: an integer 'number’ and a float 'cost’.
® private: It also has two public member functions: getData to set the values,
@ int number; // Data member and putData to display them. Notice that inside the class, we have
e float cost; // Data member only declared the functions, not defined them. The semicolon after the
o public: closing brace completes the specification.

e void getData(int a, float b); // Member function declaration
@ void putData(); // Member function declaration
° };
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Specifying a class is just setting up the blueprint. Defining the member

@ Once a class is Specified and functions are declared, they must be functions is Writing the actual code that executes when the function is
defined (implemented). called. C++ gives us two places to write this code: directly inside the
o There are two ways to define a member function: class body, or outside of it. The choice between the two often comes
. L down to the size of the function and performance considerations.
@ 1. Inside the class definition.
@ 2. Outside the class definition.
@ Both methods yield the same results, but they have different

implications for how the compiler handles the code.
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© 1. Defining Member Functions Inside the Class
@ When a function is defined inside the class, it is treated as an 'inline’
function automatically. If you write the function body directly inside the class definition, replac-
Syntax: ing the semicolon with curly braces, you are defining it inside the class.

The compiler treats these functions as inline automatically. This means
the compiler tries to replace the function call with the actual code of
the function, eliminating the overhead of jumping to another memory

class Item {

private: int number;
public: location. This is great for tiny functions like returning a variable’s value.
void setNumber(int a) { // Definition inside

number = a;

}

|5

Suitable for very small functions (like simple getters and setters).
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2. Defining Member Functions Outside

Functions declared inside the class can be defined outside to keep the
class definition clean.

We must use the Scope Resolution Operator (::) to tell the compiler
which class the function belongs to.

Syntax:
return_type class_name :: function_name(parameters) {
// Function body

}
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Lo Defining Member Functions Outside the
Class

For larger functions, putting the code inside the class definition makes
the blueprint very messy and hard to read. It's standard practice to
declare the function inside the class and define it outside. But if it's
outside, how does the compiler know it belongs to the 'ltem’ class and
not another class? We use the double colon, called the scope resolution
operator. It binds the function definition to the specific class.
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N

[o\]

~

) L - .

& Example: Defining Outside the Class

:
class ltem { Here we see 'getData’ declared inside 'ltem’. Outside the class, we
int number; // private by default write 'void Item :: getData(int a)’. This translates to 'l am defining the

public: getData function, which returns void, and it belongs to the scope of the

void getData(int a);

h

Item class’. Note that inside this function, we can directly access the
private 'number’ variable because this function belongs to the class.

void Item :: getData(int a) {

number = a;

}
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Inline Member Functions (Explicit)

What if we want a function defined OUTSIDE the class to be inline?
We can explicitly use the "inline’ keyword.

Syntax:

inline void Item :: getData(int a) {

number = a;

}

Note: Inlining is a request to the compiler, not a command.
Compilers may ignore it if the function is too large or contains loops.
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L—Inline Member Functions (Explicit)

We mentioned earlier that functions defined inside the class are auto-
matically inline. If you define a small function outside the class for
readability but still want the performance benefits of inlining, you can
prefix the definition with the keyword 'inline’. Remember, it's just a
suggestion to the compiler. If your function has a massive for-loop, the
compiler will likely say no and treat it as a normal function call.
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&
Just like standard C functions can call each other, member functions
A ber f ) b lled b h ber f . £ th within the same class can call each other. This is incredibly useful for
° memI er tunction can be called by another member function of the breaking down complex tasks. If function A needs a calculation done
Same class. by function B, it just calls B() directly. Because they live in the same
@ This is known as 'nesting of member functions'. object context, the compiler automatically knows which object’s data to
@ When calling a function from within another function of the same operate on.

class, you do NOT need to use an object name or the dot operator.

@ Just use the function name directly.
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© Example: Nesting of Member Functions

:
class Set
] { In this 'Set’ class example, the 'display’ function's job is to print the
int m, n; largest of the two numbers. Instead of writing the if/else logic inside
public: 'display’, it delegates the work by calling the 'largest’ function. Notice
void input() { cin ;i mj; n; } how 'largest()’ is called directly inside 'display()’, without any object

void display() { cout jj largest(); } // Nesting! prefix. This is nesting of member functions in action.

int largest() {

if (m {= n) return m;
else return n;

}

|8
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I—Memory Allocation for Objects (Briefly)
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It's important to visualize how this works in RAM. If | create 100 'ltem’

@ When a class is defined, NO memory is allocated. objects, do | get 100 copies of the 'getData’ function in memory? No!

@ When an object is created (e.g., ltem x, y;), memory is allocated. That would be a huge waste of space. The compiler puts the function

o Crucial Detail: code in memory once. However, every object gets its own separate

o - Memory is allocated ONLY for the data members. block. of memory f?r its d-ata’members (number and- cost). The sf:art-ac,
. . functions know which object’s data to operate on via the hidden 'this

@ - Member functlops are created and pIaTc'ed in memory only once pointer, which we will cover later.

when they are defined in the class specification.
@ - All objects of that class share the same code for the member

functions.
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Classes bind data (private usually) and functions (public usually) To summarize, today we learned the syntax of creating a class. We saw

together. how private and public access specifiers create a protective wall around

. . . . our data while exposing a safe interface. We explored how to implement
@ Access specifiers (private, public, protected) control visibility and posing P P

" the class behavior both inside and outside the class boundaries, and we
enforce encapsulation.

saw how member functions collaborate through nesting.

Functions can be defined inside (implicitly inline) or outside (using ::
operator).

The 'inline’ keyword optimizes small function calls.

Member functions can freely call each other (nesting) to build
complex behaviors.
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Welcome students to Lecture 15. Today we are diving deeper into the
capabilities of classes in C++. We will transition from simple data types
o Lecture 15 Arrays within a Class & Static Members Fo more complyex sFrthtures within' cla'sses, sych as arrays.' We will also

introduce the 'static’ keyword, which is crucial for managing class-level
@ Unit 2: Classes and Objects state. Finally, we'll see how to handle multiple objects using arrays and
@ Topics: Arrays in Classes, Static Data, Static Methods, Object how to pass objects around in our programs.

Arrays, Objects as Arguments
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Here is our roadmap for the next 50 minutes. We'll start by putting
arrays inside classes, then move to a major OOP concept: static mem-
. Arrays within a Class: Storing multiple values in one object. bers. After that, we'll look at arrays of objects, which are extremely

. Static Data Members: Class variables shared among all objects. common in real-world applications like databases. Lastly, we'll discuss

. Static Member Functions: Methods operating on class level. the nuances of passing whole objects into functions.

. Arrays of Objects: Creating collections of class instances.

® 6 6 o6 o
G W NN =

. Objects as Function Arguments: Passing objects into methods.
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1. Arrays within a Class

@ What is it? An array can be declared as a data member of a class.

@ Purpose: Useful when an object needs to store a collection of related

homogeneous data.
@ Access: Just like regular arrays, accessed using an index.

@ Memory: Memory for the array is allocated for each object
instantiated from the class.
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Ly Arrays within a Class

You already know how to use arrays in structural programming. In OOP,
an array can simply be a property of a class. For example, a 'Student’
class might have an array to store marks for 5 different subjects. Every
time you create a new Student object, a new array of 5 integers is created
in memory specifically for that student.
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I—Arrays within a Class: Example
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Here is a conceptual snippet. The 'marks’ array is private, meaning

class Student { i ) ) :
external code cannot mess with the grades directly. We provide a public

private: member function 'setMarks’ to populate this array, likely using a for-
int marks[5]; // Array as a member loop. We also have 'displayTotal’ which will iterate through the array,
public: sum the values, and print the result. The syntax is exactly the same as

normal arrays.

void setMarks();
void displayTotal();
8

// Inside setMarks(): use a loop to populate marks][i]
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2. Static Data Members: Concept

@ Normal variables: Each object has its own copy (Instance Variables).

@ Static variables: Only ONE copy exists for the entire class (Class
Variables).

@ Shared: This single copy is shared by all objects of that class.
o Keyword: Declared using the 'static’ keyword inside the class.
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Lo Static Data Members: Concept

Now let's talk about ’static’. Normally, if | have 100 'Student’ objects,
| have 100 different 'marks’ arrays. But what if | want to keep track
of the TOTAL number of students created? If | use a normal variable,
each student gets a 'count’ starting at 1. That doesn’t work. We need
a variable that belongs to the class itself, not any specific object. This
is a static data member.



Static Data Members: Characteristics

@ Initialization: Initialized to zero automatically when the first object is
created (if not initialized explicitly).

@ Definition: Must be defined OUTSIDE the class definition to allocate
memory.

o Lifetime: Exists for the entire duration of the program.

o Visibility: Follows public/private/protected access rules.
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|—Static Data Members: Characteristics

There is a strict rule in C++: you declare a static member inside the
class, but you MUST define it outside the class. Why? Because the class
definition is just a blueprint; it doesn't allocate memory. Since static
variables are independent of objects, their memory must be allocated
separately before any objects are even created. If you forget to define it
outside, you will get a linker error.
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9 Static Data Members: Syntax & Example
&
Notice the line 'int Item::count = 0;’. This is where the memory is ac-
class Item { , i i N X
L . tually reserved. The 'ltem::" tells the compiler that this 'count’ belongs
static int count; // Declaration to the 'ltem’ class. Inside the class, you just write 'static int count;’. If
public: three Item objects are created, and one increments count, all three will
void getCount() { cout jj count; } see the updated value.

h

int Item::count = 0; // Definition outside class

// Accessing: All ltem objects share this 'count’
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9 3. Static Member Functions
o
N
If we have static data, it makes sense to have static functions to manage
that data. The beauty of a static member function is that you do not
@ Just like data members, functions can also be declared static. need an object to call it. Because it belongs to the class, you can invoke
o Purpose: To access and manipulate static data members. it directly using the class name and the scope resolution operator.
@ Invocation: Can be called using the class name, without needing an
object.
@ Syntax: ClassName::FunctionName();
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9 Static Member Functions: Strict Rules
&
These rules are critical and often tested in exams. A static func-
Rul A o f . ONLY h . b tion cannot read an instance variable. Think about it: if | call
° du el fStat.'C un((j:tloln Cjn. h accesls other static members "Item::printData()’, and it tries to print an item’s price, which item'’s
(data or functions) declared in the same class. price should it print? There is no object! Therefore, the compiler strictly
@ Rule 2: It CANNOT access non-static data members. forbids static functions from accessing non-static data. They also lack
@ Rule 3: It does not have a 'this’ pointer. the 'this’ pointer for the exact same reason.

@ Why?: Because there is no specific object associated with the call, so
'this’ has no meaning.
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class Demo {

static int staticVal; Here we see the full implementation. ’'showStatic’ is declared static.
In main, we don't even create a 'Demo’ object. We just type
'Demo::showStatic()’. This proves that the method exists independently
of any instances.

public:
static void showStatic() {
cout jj staticVal; // Valid

}

h

int Demo::staticVal = 10;

int main() {

Demo::showStatic(); // Called using Class Name

}
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Moving on to arrays of objects. In real life, you rarely deal with a single
employee or a single book. You deal with hundreds. Instead of writing
"Employee el, €2, e3... €l00;’, we create an array: 'Employee emp[100];'.
This allocates contiguous memory for 100 Employee objects.

@ Concept: Just like arrays of standard types (int, float), we can create
arrays of user-defined class types.

@ Usage: Storing data for multiple entities (e.g., 50 Employees, 100

Books).
@ Memory: Contiguous memory blocks are allocated to hold the objects
sequentially.
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Arrays of Objects: Implementation

class Employee {
int id; char name[30];
public:

void getData(); void putData();

¥

int main() {

Employee emp][3]; // Array of 3 objects

for(int i=0; ij3; i++) {

empli].getData(); // Accessing methods

}
}
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I—Arrays of Objects: Implementation

To access the members of each object in the array, we use the array
index followed by the dot operator. For instance, 'empli].getData()’.
The loop iterates through the array, calling the 'getData()’ method on
each specific object in turn. It behaves exactly like an array of structs
in C.



5. Objects as Function

Objects can be passed as parameters to functions (both member and
non-member functions).

Three ways to pass:

1. Pass by Value

2. Pass by Reference

3. Pass by Pointer (Address)
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The last topic for today is passing objects to functions. Just like we
can pass an 'int' to a function, we can pass a whole 'Student’ object.
A common use case is a function that compares two objects or adds
the values of two objects together. We must choose the right passing
mechanism for performance and desired behavior.
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N
~
S [
© Objects as Arguments: Pass by Value
.
In Pass by Value, the compiler makes a bit-by-bit copy of the object. If
] ) ] the object has huge arrays or complex data, this copying takes time and
® Mechanism: A com.plete copy of the actual object is created and memory. Also, if the function modifies the object, it's only modifying
passed to the function. the local copy. The original object in 'main’ remains untouched. While
@ Impact: Any changes made to the object inside the function DO safe, it's often inefficient for large objects.

NOT affect the original object.

@ Drawback: Can be memory and CPU intensive for large objects
(requires copying all data members).
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I—Objects as Arguments: Pass by
Reference/Pointer
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To avoid the overhead of copying, we use pass by reference or pass by
pointer. We are simply telling the function 'here is where the object

@ Pass by Reference: Passes an alias of the object. (Syntax: void
func(ClassType &obj)) lives in memory'. It's very fast. However, with great power comes great
o Pass by Pointer: Passes the memory address. (Syntax: void responsibility: if the function alters the object, theloriginal object is
func(ClassType *obj)) permanently altered. We can use the ’c?r?st' -keyword if we want to pass
o Advantage: Highly efficient. No copy is made by reference for speed but prevent modification.
@ Impact: Changes made inside the function directly affect the original

object.
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I—Objects as Arguments: Example (Adding
Complex Numbers)
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This is a classic exam question: write a program to add two complex

o class Complex { int real, imag; ... numbers. We have a 'Complex’ class. The 'add’ function takes two
@ void add(Complex c1, Complex c2) { "Complex’ objects as arguments. We call it using a third object 'cC’. So
o real = cl.real + c2.real: 'cC.add(cA, cB)' means cC's 'real’ part becomes the sum of cA's real

. . . and cB'’s real. Here we used pass by value, which is fine since the object
@ imag = cl.imag + c2.imag; .

only holds two integers.

°}
° };
@ // In main:
@ Complex cA, cB, cC;
o cC.add(cA, cB); // cA and cB are passed as objects
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To summarize, we expanded our OOP toolkit today. We saw how ar-

° Arrays in classes group related data for an object. rays and objects interact. The most important conceptual hurdle today
@ Static members belong to the CLASS, not instances. Remember the s e Smelber periel e = Instance membefs' static
initialization rulel members = class members. And when passing objects, be mindful of
. . . . pass-by-value vs pass-by-reference regarding performance.
@ Static functions can only access static data and lack a 'this’ pointer.
@ Arrays of objects allow for managing bulk entities efficiently.
@ Objects passed to functions can be passed by value (copy) or

reference (alias).
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Are there any questions on static members or passing objects? | highly
recommend you go home and code the Complex number example, but

@ Questions? change it to pass-by-reference to see the syntax differences. In our next
@ Readings: Text book Chapter 5, Sections 5.3 to 5.7. class, we will solve the problem of initializing objects automatically using
. , , C . Constructors. Class dismissed.
@ Practice: Try writing the 'Complex number addition' program using
Pass by Reference.
@ Next Lecture: Constructors and Destructors (Unit 2.3).
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Welcome back everyone. Today we are diving into one of the most
critical concepts in C++ object-oriented programming: Constructors.
In our last class, we learned how to create a class and instantiate an
@ Unit 2: Classes and Objects object. Today, we will learn how to properly initialize those objects the

@ Topic 2.3: Constructors moment they are created.

@ Course: Object Oriented Programming with C++
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9 What is a Constructor?
o
N
Think of a constructor as a setup routine. Just as a new building needs
) ) ) ) its foundation poured before it can be used, an object needs its data
@ A special memb.er function of a c-lass that is executed automatically initialized before it is safe to interact with. Because it is uniquely tied
whenever an object of that class is created. to the creation process, C++ enforces that the constructor shares the
@ |t has the exact same name as the class itself. name of the class and omits the return type entirely.

@ It does not have a return type, not even 'void'.

@ lts primary purpose is to initialize the object’'s data members to valid
states.
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Key Characteristics of Constructors

@ Automatic Invocation: You never call a constructor explicitly like a
normal function (e.g., obj.Constructor()); the compiler calls it when
memory is allocated.

@ Placement: Usually declared in the 'public’ section of a class.
(Private constructors have special uses, like in the Singleton pattern).

@ Overloading: A class can have more than one constructor as long as
their parameter lists differ.

@ Inheritance: Constructors cannot be inherited, nor can they be virtual.
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I—Key Characteristics of Constructors

It's important to remember that constructors are invoked implicitly.
When you write 'ClassName obj;’, the compiler handles the memory
allocation and immediately fires the constructor. Generally, you want
them public so external code can create objects. Later in advanced
design patterns, you might see private constructors, but for now, keep
them public.



Why Do We Need Co

@ The Problem with Uninitialized Data: Local variables in C++ are not
initialized by default; they contain garbage values. The same applies
to object data members.

@ The 'init()' Function Anti-Pattern: Relying on a manual 'initialize()’
function is error-prone. Programmers might forget to call it.

@ The Solution: Constructors guarantee that an object is never in an
invalid or 'garbage’ state because initialization is tied directly to
creation.
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|—Why Do We Need Constructors?

Imagine creating an 'Account’ object but forgetting to set the initial
balance to zero. If you rely on a manual init() method, forgetting it could
lead to severe bugs where the balance is a random garbage value from
memory. Constructors solve this by making initialization an unavoidable
part of creation.
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In C++, we primarily categorize constructors into three types based on
their signatures. We will spend the rest of the lecture looking at each

of these in detail, starting with the Default Constructor.
@ 1. Default Constructor: Takes no arguments.

@ 2. Parameterized Constructor: Takes one or more arguments.

@ 3. Copy Constructor: Takes a reference to another object of the same
class.
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I—1. The Default Constructor
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The default constructor is your baseline. If you write 'Point p;’, you
are invoking the default constructor. A critical rule to remember: the

@ A constructor that either has no parameters, or all of its parameters compiler only gives you a free default constructor if you write NO con-

have default arguments. structors at all. If you write a parameterized constructor, you lose the

@ If you do not define ANY constructor for a class, the C++ compiler free default one.
automatically generates a hidden, default constructor.

@ The compiler-generated default constructor allocates memory but
leaves basic data types (int, float, etc.) uninitialized.
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class Point { S Default Constructor: Code Example
private: &
int x, y;
public: Here we explicitly define a default constructor. When 'Point pl;’ is
// Default Construct executed in main, the console will print 'Default Constructor called’,
) etau onstructor and the object pl will safely have its coordinates set to (0, 0) instead of
Point() { garbage memory.
x = 0;
y=20;

cout jj "Default Constructor called” jj endl;

}
b

int main() {
Point pl; // Invokes the default constructor
return O;

}
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This is a very common beginner mistake. You write a constructor that

takes an ID and Name. Then somewhere else, you try to create an

o If you define a Parameterized Constructor, the compiler assumes you array of these objects or just a blank object, and the compiler throws
want strict control over initialization. an error. Why? Because by defining a specific constructor, you revoked

o It will NOT generate a Default Constructor automatically. the compiler's permission to make a default one.

@ Attempting to create an object without parameters will result in a
compilation error unless you explicitly add a Default Constructor.
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2. The Parameterized Constru

A constructor that takes one or more arguments.

Allows you to pass specific, dynamic values to initialize an object's
state at the exact moment of creation.

Provides flexibility to create objects with different initial data.

Milav (GP Palanpur) Object Oriented Programming

256 /1

2026-07-22

2. The Parameterized Constructor

Object Oriented Programming

|—2. The Parameterized Constructor

While default constructors are great for setting a baseline (like a 0 bal-
ance), parameterized constructors let us create objects that are immedi-
ately useful. If | create a Student object, | want to pass their name and
roll number right away, rather than creating a blank student and setting
them later.
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Parameterized Constructor: Code Example

Point p1(10, 20); // Implicit call
Point p2 = Point(30, 40); // Explicit call
return O;

}
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o class Point { 9 Parameterized Constructor: Code Example
. o
@ private: &
@ intx,y;
o public: Notice how we pass the values (10, 20) inside parentheses right after
. the object name. This matches the signature of our parameterized con-
e // Parameterized Constructor R - . .
o ) structor. We can do this implicitly, or explicitly using the assignment
o Point(int x_val, int y_val) { operator as shown on the second line of main.
@ x = x.al;
e y = y.val;
°}
° };
°
@ int main() {
°
°
°
°
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Though assigning values inside the curly braces works, C++ provides
Initialization Lists. They initialize the variables before the constructor

@ An alternative, more efficient syntax for initializing member variables. by @an s, witah B ey mere e, Mee ey 1

e Syntax: ConstructorName(args) : memberl(argl), member2(arg2) { you have a 'const’ class member, you MUST use this syntax, because
.} you cannot assign a value to a const variable after it has been created.

@ Required for initializing 'const’ members and reference (&) members.

@ Often preferred by professional C++ developers over assigning inside

the constructor body.
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The Copy Constructor is invoked when you want to clone an object.
It's crucial to pass the argument by reference (using the ampersand). If
you tried to pass it by value, it would trigger an infinite loop of calling
the copy constructor to make the copy for the parameter! The 'const’
Signature: ClassName(const ClassName &old_obj); ensures we don't accidentally modify the object we are copying from.

It takes a reference to an object of the same class.

@ A constructor used to create a new object as an exact replica of an
existing object.

If not explicitly defined, the compiler provides a default Copy
Constructor that performs a 'shallow copy'.
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class Point { I—Copy Constructor: Code Example
public:

int x, y;
Point(int x_val, int y,val) { x = x.val; y = y_val, } In main, pl is created using the parameterized constructor. When we
create p2 and initialize it with pl, the copy constructor is triggered. The
same happens for p3. Both p2 and p3 are distinct objects in memory,

but their x and y values are identical to pl's.

2026-07-22

// Copy Constructor

Point(const Point &p) {

X = p.x;

y = Pp.y;

cout jj " Copy Constructor executed.\n";
}

b

int main() {
Point p1(10, 20);

Point p2 = p1; // Invokes Copy Constructor
Point p3(pl); // Also invokes Copy Constructor

}
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It's a common misconception that the copy constructor is only called

when we explicitly write 'Object A = B'. Behind the scenes, C+-+ uses

@ 1. When an object is instantiated and initialized with another object it whenever it needs a temporary copy, like when passing arguments by
of the same class. value to functions. This is why passing large objects by reference is

@ 2. When an object is passed by value to a function (e.g., void (el [pielieiied (oF periefiene:.

display(Point p)).

@ 3. When an object is returned by value from a function.
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Shallow Copy vs. Deep Copy (Context)

@ Default Copy Constructor: Performs a 'Shallow Copy’. It copies
member values exactly as they are.
@ The Danger: If the class contains pointers to dynamically allocated

memory, a shallow copy copies the pointer address, not the data.
Both objects will point to the same memory!

@ The Fix: A custom Copy Constructor allows you to perform a 'Deep
Copy’, allocating new memory for the copied object.
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L—Shallow Copy vs. Deep Copy (Context)

While the compiler’s default copy constructor is usually fine, it fails dan-
gerously if your class uses pointers (like 'new int’). If two objects share
the same memory pointer, deleting one object will delete the memory
the other object is still relying on. Writing your own copy constructor is
how you prevent this by allocating fresh memory.



Multiple Constructors (Constructor Overloading)

@ Just like normal functions, constructors can be overloaded.

@ A class can have a default, multiple parameterized, and a copy
constructor all at the same time.

@ The compiler determines which constructor to call based on the
number and data type of the arguments passed during object creation.
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I—Multiple Constructors (Constructor
Overloading)

Constructor overloading gives your class versatility. Think of a 'String’
class. You might want to create an empty string (default constructor),
a string from a char array (parameterized), or a string that's a copy of
another string (copy constructor). Overloading makes all of this possible.



Object Oriented Programming

Constructor Overloading: Code Example

class Box { L Constructor Overloading: Code Example
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private:
int length;

. This slide brings it all together. Here is a single class 'Box’ implementing
public: all three types of constructors we discussed today. In main(), you can
BOX() { length = 0; } // Default see how different instantiation syntax routes to different constructors
Box(int I) { length = I; } // Parameterized seamlessly.

Box(const Box &b) { length = b.length; } // Copy
|8

int main() {

Box bl; // Calls Default

Box b2(10); // Calls Parameterized
Box b3 = b2; // Calls Copy

return 0;

}
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To wrap up: Constructors are your mechanism for safe object creation.

@ Constructors are special functions with the same name as the class, ) )
used for initialization. .Rememdbt:)r the rl.JIe of *Lhumdb rle.gardlhi def'ault construc.:iorsh dlllsappear-
. ) Ing, an e cautious when dealing wit ointers to avoid shallow co
@ They do not have return types and are invoked automatically. buggs g P by
o Types: Default, Parameterized, and Copy Constructors.

@ Best Practice 1: If you define a parameterized constructor, always
define a default constructor explicitly if you need to create blank
objects.

@ Best Practice 2: If your class uses dynamic memory (pointers), you
MUST write your own Copy Constructor.
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Welcome everyone to Lecture 17. Today we are concluding our discus-

sion on the object lifecycle. We've spent a lot of time talking about

how objects are born using constructors. Today, we focus on the end of
@ Unit 2: Classes and Objects an object’s life: Destructors. We'll explore what they are, why they are
e Topic: 2.4 Destructors - Definition and Use essential, and how they help us write safe and efficient C++ code.

@ Course: Object Oriented Programming with C++
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9 What is a Destructor?
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N
Just as a constructor is called automatically when an object is created,
a destructor is called automatically when an object is destroyed. Think
@ A destructor is a special member function of a class. of it as a cleanup crew. When you are done using a workspace, you
o It is executed automatically when an object of that class is destroyed. clean it up before leaving. A destructor does exactly that for an object.

It ensures that any mess the object made—like borrowing memory or

It performs 'cleanup’ operations before the object's memory is

. opening files—is properly cleaned up before the object ceases to exist.
reclaimed by the system. Ot L 5 :

It is the exact counterpart to a constructor.
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© Why Do We Need Destructors?
.
@ Resource Management: Objects often acquire resources during their You might wonder, if C++ automatically reclaims the memory occupied
lifetime. by the object’s standard variables, why do we need to write a destructor?
o Examples of resources: The answer is exterr?al r'eso.urces. If 'your obJec.t simply ho'lds an integer,
D cally all d L, , the default destruction is fine. But if your object dynamically allocates
® - Dynamically allocated memory (using "new’) memory on the heap using the 'new’ keyword, or opens a file on the
o - Open files (ﬁle handles) hard drive, C++ doesn’'t automatically know how to close that file or
@ - Network connections free that heap memory. If the object dies without freeing these, we get
o - Database locks a memory leak or a locked file. Destructors give us a guaranteed place
. to put that cleanup code.
o Failure to release these resources leads to Resource Leaks (e.g.,

Memory Leaks).

Milav (GP Palanpur) Object Oriented Programming 268/1



Syntax of a Destructor

Object Oriented Programming

Syntax of a Destructor

N

[o\]

~

2 L

9 Syntax of a Destructor

o

N
Name: Same name as the class, preceded by a tilde (). The syntax for a destructor _|s very. StI’ICt.. It must have the exa.ct sa.me

. name as the class, but prefixed with a tilde character. The tilde is a

No Return Type: Not even void. bitwise NOT operator in C++, symbolizing the opposite or complement
No Parameters: Destructors cannot take arguments. of the constructor. Crucially, destructors do not return values, not even
Example: void. And unlike constructors, destructors cannot take any parameters.

Because they take no parameters, you cannot overload a destructor. A

class MyClass {
class can only have one destructor.

public:
“MyClass(); // Destructor declaration

¥
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Let's summarize the key rules. You rarely call a destructor explicitly; the
1. Automatic Invocation: Called implicitly by the compiler. compiler does it for you. There is only one destructor per class because
there's only one way an object ceases to exist. They should be public;
if a destructor is private, the compiler cannot destroy the object, which
usually prevents you from creating the object on the stack entirely. Fi-

2. Uniqueness: A class can have only ONE destructor (no
overloading).

3. Access Specifier: Almost always declared under "public’. nally, they cannot be inherited, but in inheritance hierarchies, the derived

4. Inheritance: Cannot be inherited, though derived classes invoke class destructor will automatically call the base class destructor.
base class destructors.

@ 5. Cannot have default arguments.
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Timing is everything. When exactly does the cleanup happen? For

° A destruc.tor is -in.voked automatically when an object goes out of standard local objects created inside a function, the destructor is called
scope or is explicitly deleted. the moment the execution leaves that function's closing brace. If you
@ Scenarios: create an object inside an 'if’ block, it's destroyed when the 'if’ block
@ 1. Local Object: When the function or block containing the object ends; For globall objects, they aie destroyed when “main" finishes. And
ends. for objects created with 'new’, their destructor is only called when you

explicitly write 'delete’ on their pointer. If you forget to call 'delete’, the
destructor is never called, and you have a memory leak.

2. Global Object: When the entire program terminates.

3. Dynamically Allocated Object: When the 'delete’ operator is
applied to its pointer.
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© Example 1: Basic Destructor
@ class Demo { S
@ public:
@ Demo() { cout jj " Constructor called!\n"; } Let's look at a simple trace. We have a class 'Demo’ with a constructor
@ "Demo() { cout jj "Destructor called!\n"; } and a destructor that simply print messages. In 'main’, we have an inner
o block denoted by the curly braces. We create object 'd1’ inside this inner
' block. Let's think about the output before we look at the next slide.
° 'Inside main’ prints first. Then we enter the block, 'd1’ is created, so
@ int main() { the constructor prints. Then the block ends. What happens to 'd1’'?
e cout jj "Inside main()\n";
°{
@ Demo dl;
°}
@ cout jj "Back in main()\n";
@ return O;
°}
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Output:

Inside main() As expected, 'Inside main()’ prints. Then 'Constructor called!” when
'dl’ is instantiated. The moment execution hits that closing brace of

Constructor called! the inner block, 'd1’ is no longer valid. The compiler automatically

Destructor called! inserts a call to the destructor here. So we see 'Destructor called!".

Back in main() Finally, execution resumes in main, printing 'Back in main()’. This

deterministic destruction is a powerful feature of C++, allowing for a

. concept known as Resource Acquisition Is Initialization (RAII).
Explanation:

- 'd1l’ is constructed when declared inside the block.
- When the inner scope '}’ is reached, 'd1’ goes out of scope.

- The destructor is automatically invoked BEFORE the program
continues to the next line.
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Leak Problem

@ If a class contains pointer members dynamically allocated with 'new’,
the default destructor is insufficient.

@ The default destructor will destroy the pointer variable itself, but
NOT the memory it points to.

@ This results in 'orphaned’ memory on the heap that cannot be
reclaimed.

@ Solution: A custom destructor utilizing the 'delete’ keyword.
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I—The Memory Leak Problem

Now let's tackle the main reason we write custom destructors. Suppose
a class has a pointer, and in the constructor, we say pointer = new
int [100] ;. The compiler-provided default destructor just reclaims the
4 or 8 bytes used by the pointer variable itself on the stack. It has no
idea it should free the 100 integers sitting on the heap. That memory
becomes a leak. The operating system cannot reclaim it until the pro-
gram completely shuts down. If your program runs for a long time, this
will eventually consume all RAM and crash. To fix this, we write our
own destructor.



Object Oriented Programming

Example 2: Destructors and Dynamic Memory

N
[o\]
~
< [ .
9 Example 2: Destructors and Dynamic Memory
o
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class DynamicArray {
T -
Int™ arr; Here is the standard pattern for safe resource management. In the
public: constructor of DynamicArray, we allocate an array of integers on the
DynamicArray(int size) { heap. In the destructor, we use the delete[] operator to free that

arr — new int[size]' specific memory block. Notice we use delete[] with brackets because
' we allocated an array. Whenever a DynamicArray object goes out of

cout jj "Array allocated.\n"; scope, we are 100% guaranteed that the heap memory will be cleanly

} freed. We don't have to manually remember to clean it up in main().
“DynamicArray() {
delete[] arr; // Crucial cleanup step!

cout jj "Array deallocated.\n";

}
+
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© Order of Constructor and Destructor Execution
.
When multiple objects exist in the same scope, C+-+ has strict rules
about the order of destruction. Objects are destroyed in the reverse
@ Objects are destroyed in the exact reverse order of their creation. order of their construction. Think of stacking plates. The first plate you
o "First in, Last out” (LIFO) or Stack order. put down is at the bottom, and it's the last one you pick up. If you have
o Why? objects A, B, and C created in that order, they will be destroyed as C,
Y ] ] ] ) then B, then A. This is crucial for safety because object C might have
@ Because newer objects might depend on older objects. Destroying been created using a reference to object A. If A were destroyed first, C
older objects first could leave newer objects with dangling references. would be left holding a dangerous, invalid reference.
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© Example 3: Verifying Execution Order

:
o class Test {
@ intid; Let's prove the LIFO order. In this code, we create 't1' with ID 1,
o public: then 't2" with ID 2. When 'main’ ends, both objects go out of scope

o ) . Y . o simultaneously. The compiler steps in. It will print 'Created 1’, then

o Test(int i) { id = i; cout jj "Created " jj id jj "\n"; } '"Created 2'. When returning, it destroys 't2' first, printing 'Destroyed
o “Test() { cout jj "Destroyed " jj id jj "\n"; } 2', and finally destroys 't1’, printing 'Destroyed 1'. This deterministic
° }; behavior makes reasoning about C++ programs much easier compared
o int main() { to languages relying on non-deterministic garbage collection.
o Test t1(1);
o Test t2(2);
@ return O;
°

}
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It's important to note that you don’t always have to write a destructor. If
o If you do not define a destructor, the C++ compiler automatically your class is just a collection of integers, doubles, or even other objects
provides a Default Destructor. that manage their own resources (like std::string or std::vector), the
@ The default destructor works perfectly for classes containing only compiler-generated default destructor is perfect. It does nothing for
built-in types (int, float, char) or statically sized arrays. primitives, and correctly calls the destructors of member objects. You

should only explicitly define a destructor when you have a raw pointer
and need to call delete, or you have an open file handle and need to
call close().

o It also automatically calls the destructors of any class-type member
variables.

@ Rule of thumb: Only write a destructor if you actually have resources
to manually manage.
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© Preview: The Rule of Three
.
Before we wrap up, | want to plant a seed for a future lecture. There is a
. . . famous principle in C++ called the Rule of Three. It states that if your
@ A foundational C++ design rule regarding resource management. princp . . 4
) i ) class design forces you to write a custom destructor—meaning you are
o If aclass requires a user—_deﬁned d_estructor (e.g., to manage dynamic managing raw memory or resources—then you must also write your own
memory), it almost certainly requires: Copy Constructor and Copy Assignment Operator. If you don't, copying
@ 1. A user-defined Copy Constructor your objects will result in double-free errors or memory corruption. We
o 2. A user-defined Copy Assignment Operator will explore exactly why this happens and how to fix it in our advanced

memory management units.

(We will cover this in detail in upcoming lectures!)
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9 Summary and Best Practices
&
To summarize, destructors are your cleanup crew. They are invoked au-
@ Destructors ("ClassName) are called automatically to clean up tomatically, take no arguments, and are essential for avoiding memory
objects. and resource leaks. They operate in reverse construction order. As a
o They have no return type and take no parameters. modern C++ l?est pract|ce,.we usually try to a.v0|d wntmg.manual ¢.1e—
E ol F . leaks wh ine d i all . structors by using smart pointers or standard library containers, which
@ Essential for preventing memory leaks when using dynamic allocation. manage their own memory automatically. However, understanding de-
@ Execution order is strictly the reverse of construction order. structors is absolutely fundamental to understanding how C++ works
@ Best Practice: Use Smart Pointers (std::unique_ptr) instead of raw under the hood.

pointers to avoid writing manual destructors whenever possible.
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@ Any questions on Destructor syntax or behavior?
@ Try writing a small program testing destructor execution order.

@ Next Lecture: We will introduce Operator Overloading, giving

standard operators (+, -, *) new meaning for our custom classes.
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I—Q&A and Next Steps

That concludes our lecture on destructors. Are there any questions?
| highly recommend you open your IDEs tonight, write a class with
a constructor and destructor containing print statements, and create
objects in different scopes to watch exactly when the prints happen. It's
the best way to internalize this. In our next lecture, we transition to a
very fun topic: Operator Overloading, which allows us to add objects
together using the plus sign. See you then!



Lecture 18: Specifying a Class in C+

Object Oriented Programming

Lecture 18: Specifying a Class in C++

I—Lecture 18: Specifying a Class in C++

2026-07-22

Welcome class to Lecture 18. Today marks a very important step in our
C-++ journey. We are officially diving into how to write classes in C++.
We will take the theoretical OOP concepts like encapsulation and data

hiding that we discussed earlier and see exactly how C++ provides the
@ Course: Object Oriented Programming with C++ (D105011021) syntax to achieve them.

@ Unit 2: Classes and Objects

@ Topics: Class Definition, Access Specifiers, Member Functions,
Nesting
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&
Remember how we used structures in C to group related variables? A
A cl . defined d i C class is like a structure on steroids. Not only does it group data, but it
@ Aclass is a user-defined data type in L+ also groups the functions that operate on that data. Most importantly,
o It acts as a blueprint or template for creating objects. it allows us to hide internal states from the outside world. This is the
@ A class binds data (member variables) and functions (member essence of encapsulation. Think of a class as a blueprint—like a blueprint
functions) together into a single unit. for a house. The blueprint itself isn't a house, but you use it to build

houses, which are the objects.

Unlike C structures, classes provide strict control over who can access
this data (Data Hiding).
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o Specifying a Class: Syntax

=
Keyword: class followed by the class name. , , ,

. Let's look at the syntax. We use the keyword 'class’ followed by whatever

Body: Enclosed in curly braces {}. name we want to give our class. Usually, we start class names with a
Termination: The class definition must end with a semicolon ;. capital letter by convention. Inside the curly braces, we define the class
Syntax Layout: body. Notice the semicolon at the very end of the closing brace—this

class ClassName { is a very common syntax error for beginners! Forgetting it will cause a
compilation error. Inside the class, you see these labels 'private:" and

private: 'public:’. These are access specifiers, which we will discuss next.
// Data members and functions
public:

// Data members and functions

¥
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© Access Specifiers: The Gatekeepers

.
A ” defi h d visibili f el b Access specifiers are the gatekeepers of your class. They dictate which

ccess specifiers define the scope and visibility of class members. parts of your program are allowed to interact with the data and functions

They implement the OOP feature of Data Hiding. inside the class. If you don't explicitly write any access specifier, C+-+
C++ provides three access specifiers: defaults to private. This is a crucial difference between a struct and a
1. Private class in C++ (structs default to public). We use these labels followed

by a colon.

2. Public
3. Protected

By default, all members in a C++ class are Private if no specifier is
mentioned.
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When something is private, it is completely hidden from the outside
world. If you create an object of this class in your main function, you

° I\/Iem.bers declared as private can only be accessed by member cannot directly read or change a private variable. Why do this? To
functions of the SAME class. protect the data from accidental or unauthorized modification. Only the

@ They cannot be accessed directly from outside the class (e.g., from functions that belong to the class itself know how to manipulate these
main()). private variables safely. It is an industry standard to keep almost all data

@ This is how we achieve Data Hiding and secure our internal data. members private.

o Example: Usually, data variables (attributes) are kept private.
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If private members lock things down, public members open them up.
Public members can be accessed by anything, anywhere in the program,

Members declared as public are accessible from anywhere the object
is visible as long as you have an object of that class. We usually make our mem-
ber functions public. These public functions act as an interface—they

® They form the “Interface’ of the class. provide a controlled way for the outside world to interact with the hidden

@ Example: Member functions that the outside world needs to call are private data. Think of it like a bank ATM: the cash inside is private,
usually made public. but the buttons and screen are public interfaces.

o If public members didn't exist, a class would be completely isolated
and useless!

Milav (GP Palanpur) Object Oriented Programming 287/1



Object Oriented Programming

'protected’ Access Specifier

I—The 'protected’ Access Specifier

2026-07-22

We won't use 'protected’ heavily until we reach the topic of Inheritance
in Unit 3, but you need to know it exists. A protected member acts just

@ The protected specifier is similar to private. like a private member to the general outside world. However, if another
o Protected members cannot be accessed from outside the class (like class inherits from this class—a child class—that child is granted access
main()). to the protected members. For now, we will stick primarily to private
. . d public.
o HOWEVER, they CAN be accessed by derived classes (child classes). and pubiic
@ Crucial for Inheritance (Unit 3).
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We've talked about data, now let's talk about the functions that act on
that data. Member functions define what an object can DO. Because
Member functions (or methods) define the behavior of the class. these functions belong to the class, they get special privileges: they can
They have direct access to the private members of the class. directly read and write the private data of their own class. In C+4, we
have the flexibility to write the actual code (the body) of the function

There are two places we can define a member function: . . . . .
P either directly inside the class block, or outside of it. Let's look at both.

1. Inside the class definition.
2. Outside the class definition.
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When you define a function inside the class, you just write it exactly
like a normal function, but nested within the class definition. There
is a hidden side-effect here: the C++ compiler automatically tries to
make these functions 'inline’. Inline functions are expanded directly at

@ The function declaration and body are placed directly inside the class
curly braces.

@ Functions defined inside a class are automatically treated as inline the point of the function call to save overhead, which is great for speed
functions by the compiler. but bad for memory if the function is large. Therefore, you should only
@ Best practice: Only use this for very small, simple functions (e.g., define small, 1-to-3 line functions inside the class.
getters/setters).
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For larger, more complex functions, the best practice is to declare the
function inside the class (just the prototype), and define the actual logic
The function is declared (prototyped) inside the class. outside the class. This makes the class definition itself much easier to
read—it looks like a clean table of contents. But if we put the function
outside, how does the compiler know it belongs to the class? That

The actual function body is written entirely outside the class.

Requires a special operator to link the function back to its class. ) .
introduces our next topic.

Keeps the class definition clean, readable, and acts purely as a
blueprint.
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Scope Resolution Operator (::)

Used to define member functions outside the class.

Syntax: ReturnType ClassName::FunctionName (Arguments) {

The :: operator tells the compiler: "This function belongs to the
scope of this specific Class.’

Example:
void Student::displayDetails() {

cout jj rollNumber;

}
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L The Scope Resolution Operator (::)

Enter the Scope Resolution Operator, which is two colons side-by-side
"::". When defining the function outside, you state the return type, then
the Class name, then "::’, then the function name. This explicitly ties
the function back to the class. Without 'ClassName::’, the compiler will
treat it as just a regular, global C++ function, and it will throw an error

when you try to access the class’s private variables inside it.
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&
Usually, to call a member function from main(), you need an object
(like myObject.doSomething()). However, what if one member function
@ A member function of a class can be called from within another needs to call another member function of the exact same class? This
member function of the SAME class. is called nesting. Because they are in the same class, they know about

each other. You don't need to create an object; you just call the function

@ This is called 'Nesting of member functions'.
directly by its name, just like calling standard functions in C.

@ You do not need an object to call a nested member function.

@ Just use the function name directly.
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© Example: Nesting of Member Functions

=
@ class Calculator { Look at this example. We have a Calculator class. The 'add’ function
@ private: is private—the outside world cannot use it. But the 'processAndPrint’
o int add(int a, int b) { return a + b; } functlon is public. Inside .processAr?dPrlnt, we c'all , add(x, y)'. Th'IS

) is a nested member function call. 'processAndPrint’ acts as a public

@ public: wrapper that utilizes a private helper function. This is a very common
@ void processAndPrint(int x, int y) { design pattern in OOP.
@ int result = add(x, y); // Nested call
@ cout jj "Result: " jj result;
°}
° };
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To wrap up our discussion on specifying classes, let's review the best
practices you should adopt when writing C+-+ code. Always default to

@ 1. Keep data variables private to ensure Data Hiding. . . . . .
private for data. Use public methods to expose safe interactions. Don't
@ 2. Provide public functions (getters/setters) to interact with data clutter your class definition with massive function bodies; move them
safely. outside using the scope resolution operator. Use nested helper methods
@ 3. Define small functions inside the class (inline). to keep your code DRY (Don’t Repeat Yourself).

@ 4. Define complex functions outside the class using : :.
@ 5. Use nested private member functions for internal, repetitive logic.
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Welcome everyone to Lecture 19. Today we are diving deeper into classes
and objects in C++. We will explore some advanced membership con-
cepts that allow us to structure our data and functions more powerfully.

@ Course: Object Oriented Programming with C++
@ Unit 2: Classes and Objects
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I—Ag;enda for Today's Lecture

Here is our roadmap for the next 50 minutes. We'll start by seeing
how arrays can be encapsulated inside classes. Then, we will look at
class-level variables and functions, known as static members. Finally,
we'll discuss how to group objects into arrays and how to pass objects
to functions.
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Just like we use basic types like int and float as data members, we can
also use arrays. If an object needs to represent an entity containing
@ Arrays can be declared as private or public data members of a class. multiple similar data points, like a student with multiple test scores,
o Used when a class needs to store a collection of elements of the same arrays within a class are the perfect solution. The array is encapsulated
data type. and its memory is allocated on a per-object basis.
@ Provide a way to bind a list of items together within a single object.

Memory for the array is allocated when the object is instantiated.
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9 Example: Arrays within a Class

&

In this example, the Student class contains an integer array 'marks’ of

class Student { size 5. Every time we create a Student object, it will have its own
int roll_no: independent copy of the 'marks’ array. We can then define member

int marks[5]; // Array as a data member functions like get_data() and display_total() to manipulate this array.

public:
void get_data();
void display_total();

¥
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Now let’s talk about static data members. Sometimes, we need a vari-
able that is shared by all objects of a class, like a counter to keep track

@ Normally, each object has its own separate copy of data members. of how many objects have been created. This is where static data mem-
o Static data members are shared among all objects of a class. bers come in. They are class variables, not object variables. A single
@ Only a single copy of a static data member is created for the entire copy exists, regardless of how many objects you instantiate.

class.
o Initialized to zero when the first object of its class is created (if not

explicitly initialized).
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It's critical to understand that declaring a static member inside the class
only tells the compiler about its existence. You must also define it

® Declaration: Declared inside the class using the static’ keyword. outside the class to actually allocate memory for it. This is a common
o Definition: Must be defined outside the class definition. pitfall for C++ beginners. The lifetime of a static variable is the duration
@ Scope: Visible only within the class, but its lifetime is the entire of the program, even if no objects currently exist.

program.
@ Accessibility: Can be accessed by any object of the class, or using the

class name and scope resolution operator (::).
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9 Example: Static Data Members

&
class ltem {
static int count: // Declaration Here we see the declaration of 'count’ inside the ltem class and its defi-
int number- nition outside. Notice int Item::count = 0;. This allocates memory.

) ' Every time get_data is called on ANY object, the shared 'count’ vari-

public: able is incremented. If we create three items and call get_data for each,

void get_data(int a) { "count’ will be 3.
number = a; count++;

}
+

// Déefinition outside the class

int ltem::count = O;
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Just as we have static data, we can have static member functions.
These functions operate at the class level. Because they don't belong
A member function that is declared static. to any specific object, they don't have a 'this’ pointer. Consequently,
a static function cannot access non-static data members—it wouldn't

Can be called using the class name instead of an object.

. . know which object’s data to access!
Can ONLY access static data members and other static member .

functions.

They do not have access to the 'this' pointer.
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class Test {
static int count;
public: Look at how showCount is called in main. We use Test: : showCount ().

) ) We didn’t even create an object of type Test! This is incredibly useful
static void showCount() {

for utility functions or for accessing static data before any objects are
cout jj "Count: " jj count jj endl; instantiated.

°
°

°

°

°
o}

° };

@ int Test::count = 5;
°
e int main() {

°
°
°

Test::showCount(); // Called without an object

return O;

}
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Moving on to arrays of objects. Once a class is defined, it becomes a
@ Just like arrays of basic data types (int, float), we can create arrays of new data type. Therefore, you can create an array of this type. If you
user-defined types (classes). need to process data for 50 employees, instead of creating 50 separate

variables, you create an array of Employee objects. Each element of the

@ An array of objects stores multiple objects of the same class in i . . _
y ) P ) array is an individual object with its own data members.

contiguous memory.

o Useful for managing collections of entities, like a list of employees or
students.

@ Accessed using an index, just like standard arrays.
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© Example: Arrays of Objects
class Employee { S
char name[30];
float age; Here we declare an array named 'managers’ that holds 3 Employee ob-
public: jects. Using a loop, we can iterate through the array, calling getData()
void getData(); for managers[0], managers[1], and managers[2]. The syntax is intuitive:

) ' array_name[index].member_function().

void putData();

h

int main() {

Employee managers[3]; // Array of 3 Employee objects
for(inti=10;ij3;i++)

managers]i].getData(); // Accessing object via index

return O;

—
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In object-oriented programming, objects frequently need to interact with
each other. This is often done by passing objects as arguments to
Objects can be passed to functions just like standard variables. functions. You can pass them by value, where a duplicate is made,
Three ways to pass objects: or by reference/pointer, where the original object is accessed directly.

1. Pass-by-Value: A copy of the object is created. We will focus primarily on pass-by-value and pass-by-reference.

2. Pass-by-Reference: The memory address (reference) is passed.

3. Pass-by-Pointer: A pointer to the object is passed.
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.
Pass-by-Value: ] When should you use which? If the object is large, pass-by-value is highly
- Creates a complete copy of the object. inefficient because copying takes time and memory. Pass-by-reference
- Changes made inside the function do NOT affect the original object. is generally preferred for objects to avoid overhead. If you want the

- Can be slow and memory-intensive for large objects. efficiency of passing by reference but want to protect the object from

being modified, use a const reference.
Pass-by-Reference:
- Passes an alias (address) of the original object.
- Changes made inside the function DO affect the original object.

- Efficient, as no copying is required. (Use 'const’ if you want to
prevent modification).
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9 Example: Objects as Arguments i

= (Pass-by-Value) 3
class Time { . . . :
] ) In this example, the sum function takes two Time objects, t1 and t2, as
int hours, minutes; arguments. Because they are passed by value, copies of the arguments
public: provided by the caller are made. The function then calculates the total
void sum(Time t1, Time t2) { // Passed by value time and stores it in the calling object’'s own members. This is a classic

minutes — t1.minutes - t2.minutes: pattern for adding custom data types.

hours = minutes / 60;
minutes = minutes % 60;
hours = hours + tl.hours + t2.hours;

}
¥
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9 Example: Objects as Arguments

= (Pass-by-Reference)
class Account { Here we have a bank account transfer scenario. The 'transfer’ function
int balance; takes another Account object by reference, indicated by the ampersand
public: (&). When we subtract from 'from.balance’, we are directly modifying

' ) the balance of the actual object that was passed in. If we had passed by

// Passed by reference using & value, the deduction would only happen to a temporary copy, resulting
void transfer(Account &from, int amount) { in a logical error in our bank system!

balance += amount;

from.balance -= amount; // Modifies the original object

}
+
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o Arrays can be encapsulated within classes to group data. To wrap up, today we covered several powerful features of C++ classes.
. We learned how to manage multiple data points using arrays within
@ Static data members belong to the class and are shared across all . . .
st classes and arrays of objects. We explored class-level properties with
instances. . . . .
stances static members. Lastly, we saw how objects interact by being passed
@ Static member functions can only access static data and are called as arguments to functions. Mastering these concepts is essential for
using the class name. building robust C++ applications.
@ We can create arrays of objects to manage collections of custom
types.
@ Objects can be passed to functions by value (copy) or by reference

(efficient, allows modification).
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:
Welcome to Lecture 20. Today we begin Unit 3, focusing on Inher-
itance and Polymorphism. These are the features that make C++ a
Unit 3: Inheritance and Polymorphism truly powerful object-oriented language. We will start by defining what
Topic 3.1: Defining Derived Classes derived classes are, look at the different structural forms inheritance can

take, and closely examine visibility modes, which dictate how data and

methods are passed down.

o
°
@ - The Concept of Inheritance
@ - Forms of Inheritance

o

- Visibility Modes in C++
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Imagine you have a class called Vehicle with properties like speed and
@ Inheritance is the process of creating a new class (derived class) from a start engine method. If you want to create a Car class, you don't
an existing class (base class). need to rewrite the speed logic. You can inherit from Vehicle. The Car

automatically gets those features, and then you can add Car-specific

@ The derived class inherits attributes (data members) and behaviors . ) ) : <
features like trunk capacity. This 'IS-A’" relationship is the hallmark of

(member functions) of the base class. R : X
inheritance and leads to highly reusable, organized code.

Primary Goal: Code Reusability. Avoid writing the same code twice.

Establishes an 'IS-A’ relationship.
Example: A 'Car’ IS-A "Vehicle'.
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9 Base Class vs. Derived Class

&

Let's align on terminology. The class we are borrowing from is the Base

Base Class (Superclass / Parent Class): Class, or Parent class. The new class doing the inheriting is the Derived
- The original Class Whose properties and methods are being inherited_ Class, or Child class. It's crucial to understand that a derived class is

a more specialized version of the base class. It has everything the base
class has (that it's allowed to see), plus its own unique additions.

Derived Class (Subclass / Child Class):
- The new class created by inheriting from the base class.
- Inherits accessible members from the base.

- Can define its own additional members.

- Can redefine (override) inherited methods.
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© Syntax for Defining a Derived Class

:
class DerivedClassName : visibility_mode BaseClassName { Here.ls the C++ syntax. We declare the class nor,r.nally,' but before the

. opening brace, we add a colon. The colon means 'inherits from’. Then

// Body of the derived class we specify a visibility mode, followed by the name of the Base class. A
// New data members and member functions very common beginner mistake is forgetting the visibility mode. If you
% forget it on a 'class’, C++ defaults it to 'private’, which usually breaks

your code immediately by hiding everything.

- : indicates inheritance.

- visibility_mode: Can be public, protected, or private.

- If omitted, the default is private for classes.
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Class hierarchies aren't always a simple one-to-one relationship. To ac-
@ C++ allows classes to inherit in several different structural patterns curately model complex systems, C++ supports five distinct forms of
depending on the real-world relationships being modeled: inheritance. We will examine the structure and use cases for each of
1. Single Inheritance these over the next few slides.

Multiple Inheritance
Multilevel Inheritance
Hierarchical Inheritance

© © © o ©
Al

Hybrid Inheritance
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2026-07-22

Single inheritance is the most straightforward. One base class, one
derived class. If you have an Employee class with a salary, and a Manager
class that gets a bonus, Manager inherits from Employee. It's simple,

Definition: A derived class is inherited from only one single base class. o
clean, and the most frequently used form of inheritance.

Structure: A -; B
Relationship: One Parent -; One Child.

Example: Class Manager inherits from Class Employee.
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2026-07-22

class Animal {

public:

void eat() { cout jj "Eating...\n"; } In this snippet, Dog publicly inherits from Animal. Notice how the Dog
% object 'd’ can call "eat()’. The compiler knows that because Dog is an
Animal, it has access to the public 'eat()’ function, even though it isn't

) ) ) ) ) explicitly written inside the Dog class block.
class Dog : public Animal { // Dog inherits Animal

public:
void bark() { cout jj "Barking...\n"; }
b

// Usage:

// Dog d;

// d.eat(); // Inherited method
// d.bark(); // Own method

Milav (GP Palanpur) Object Oriented Programming



2. Multiple

Object Oriented Programming

2. Multiple Inheritance

L—2. Multiple Inheritance
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Multiple inheritance is a powerful feature in C++ that is not present

o ) ) ) ) o in all OOP languages (like Java). It allows a class to combine features
@ Definition: A single derived class inherits from two or more distinct

base classes.

from multiple distinct, unrelated base classes. A SmartPhone is both a
communication device (Phone) and an imaging device (Camera), so it
Structure: A, B -; C can inherit the features of both.

Relationship: Multiple Parents -; One Child.

Example: Class SmartPhone inherits from Class Phone and Class
Camera.
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© Code Example: Multiple Inheritance

:
class Printer {
public: void print() { cout jj " Printing...\n"; } To achieve multiple inheritance, we list the base classes separated by
Y commas. Notice that you MUST specify the visibility mode for each

base class individually. Here, Copier publicly inherits from both Printer

class Scanner { and Scanner, acquiring the public interfaces of both.

public: void scan() { cout jj "Scanning...\n"; }

¥

// Inheriting from multiple classes
class Copier : public Printer, public Scanner {
// Can use both print() and scan()

h

Milav (GP Palanpur) Object Oriented Programming



3. Multilevel Inheritance

Object Oriented Programming

3. Multilevel Inheritance

N
[o\]
~
) L . .
© 3. Multilevel Inheritance
S
N
Multilevel inheritance creates a lineage. A class acts as a derived
class, but simultaneously acts as a base class for the next level down.
Definition: A derived class is created from another derived class. A SportsCar inherits from Car. But since Car inherits from Vehicle,
Structure: A-; B-; C SportsCar indirectly inherits from Vehicle as well, getting all the traits

Relationship: Grandparent -; Parent -; Child. CD 3 CIE:

The child class inherits features from all ancestral classes.

Example: Vehicle -j Car -; SportsCar.
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I—4. Hierarchical Inheritance
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Hierarchical inheritance is characterized by a tree-like structure fanning

. . . . outwards. You start with a general concept—Ilike a Shape. Then you
@ Definition: Multiple derived classes are created from a single common

create many specific versions of that concept—Circle, Square, Trian-
base class.

gle—which all inherit the common properties (like an "area’ or 'color’
Structure: A-; B,A-; C,A-; D attribute) from the single base Shape class.

Relationship: One Parent -; Multiple Children.

Example: Shape is the base class. Circle, Square, and Triangle
all inherit from Shape.
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Hybrid inheritance is just mixing the previous models. However, it intro-
duces a famous complexity called the Diamond Problem. If D inherits

@ Definition: A combination of two or more types of inheritance. from B and C, and both B and C inherit from A... D gets two separate
o Usually a mix of Hierarchical and Multiple Inheritance. copies of A's data. This causes ambiguity. C++ resolves this using
. T~ , a concept called 'Virtual Inheritance’, which we will cover in a future,
o Complexity: Can lead to the 'Diamond Problem’ where a class ends p .
. . . . more advanced session.
up inheriting duplicate copies of a base class.
@ Example: Class A -; B & C. Then B & C -; Class D.
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@ Visibility modes (access specifiers) answer the question: 'How do the
inherited base class members appear within the derived class?’

@ Modes: public, protected, private.

@ Crucial Rule: private members of the Base class are NEVER directly
accessible by the Derived class, regardless of the visibility mode used.

@ Visibility modes define the ceiling of accessibility for inherited
members.
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I—Visibility Modes: The Core Concept

Now we move to the most critical part of the lecture: Visibility Modes.
When you inherit, you decide how open those inherited members will
be in the new class. The golden rule you must memorize: Private
base members are completely off-limits to the derived class. They are
inherited, they exist, but you cannot touch them directly. The visibility
mode only affects public and protected base members.
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© Visibility Mode Transformation Matrix
.
] ] ] ] This table is the master key to inheritance in C++. If you inherit publicly,
o — Base Member Ac.cess — Inherited via public — Inherited via access levels remain exactly as they were. If you inherit protectedly,
protected — Inherited via private — public members are downgraded to protected. If you inherit privately,
*e ——— —— — — — — all accessible members are heavily downgraded to private in the derived
e — public — Becomes public — Becomes protected — Becomes class. And look at the bottom row: private base members always remain
private — inaccessible.

@ — protected — Becomes protected — Becomes protected —
Becomes private —

@ — private — Inaccessible — Inaccessible — Inaccessible —
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Public inheritance is what you will use 95% of the time. It preserves the
Syntax: class Derived : public Base interface of the base class. If a Vehicle has a public start engine method,
and Car publicly inherits Vehicle, a programmer can instantiate a Car

The standard and most widely used form of inheritance. X : X X i e
object and call start engine on it. The interface is maintained.

Accurately models the 'IS-A’ relationship.
Base public members -; Derived public members.

Base protected members -; Derived protected members.

An object of the Derived class can directly access the public members
of the Base class.
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9 2. Protected Inheritance

o

N

Protected inheritance is less common. It essentially says, 'l want to

Syntax: class Derived : protected Base use the base class's features internally, and | want my subclasses to use

them, but | do not want the outside world to know | have them.” The
public methods of the base class become protected, meaning you can't
call them from main() using a derived object.

Base public members -; Derived protected members.
Base protected members -; Derived protected members.

Effect: The public interface of the base class is hidden from the
outside world, but remains available to the derived class and its future
sub-classes.

@ Derived class objects cannot access base public methods directly.
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Private inheritance is the most restrictive. It takes all accessible base
Syntax: class Derived : private Base members and makes them private in the derived class. This means if
Base public members -; Derived private members. you create a third class inheriting from this derived class, it won't see

°
°

o Base protected members -; Derived private members any of the original base class members. It's often used as an alternative
°

. . . to composition when you specifically need to override virtual functions
Effect: All inherited members are locked down as private. They can g A /

be used by the derived class internally, but NOT by further
sub-classes.

but don't want to expose an IS-A relationship.

@ Models an 'Implemented-In-Terms-Of' relationship, terminating the
inheritance chain for those members.
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© Summary of Lecture 20

S

N
@ Inheritance creates derived classes from base classes to achieve code To wrap up, inheritance is a tool for building class hierarchies and reusing

reusability. code. The form you choose depends on the logical relationship of your

@ The five architectural forms are Single, Multiple, Multilevel, objects. The visibility mode you choose depends on how much en-

Hierarchical, and Hybrid capsulation you want to enforce. In our next session, we will see how
, .

. . . constructors fit into this hierarchy.
Private members of a base class are never directly accessible by y

derived classes.

Visibility modes (public, protected, private) determine the
accessibility ceiling for inherited members.

public inheritance is the standard for representing true hierarchical
relationships.
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Welcome class to Lecture 21. Today we are diving deeper into Unit
3, specifically focusing on how functions behave when we start dealing
Unit 3: Inheritance and Polymorphism with derived classes. This lecture is critical because it forms the very
foundation of runtime polymorphism in C++, which is one of the most

Topic: 3.2 Functions in Derived Classes
powerful features of object-oriented programming.

°
o
@ Overriding Base Class Functions
@ Virtual Functions

°

Abstract Classes
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2026-07-22

Before we begin, let’s briefly recall that inheritance is an 'is-a’ relation-

@ Recap: Inheritance allows a derived class to inherit properties and i i ! i
. ship. By the end of this session, you should be perfectly comfortable with
behaviors from a base class. - o i )
o . . rewriting base class behaviors in a derived class, understanding when the
@ Objective 1: Understand how to override base class functions. compiler decides which function to call versus when it's decided at run-
) Objective 2: Grasp the difference between static (early) and dynamic time, and designing abstract interfaces.
(late) binding.
@ Objective 3: Learn to implement polymorphism using virtual
functions.
@ Objective 4: Understand the concept and application of abstract

classes.
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&
When we create a derived class, it gets access to the public and protected
Derived heri . ber f . fthe b members of the base class. Most of the time, the derived class will
° Ierlve classes inherit non-private member functions of the base just use those inherited functions directly. However, what if a generic
class. behavior defined in the base class doesn't quite fit the specialized derived
@ A derived class can use inherited functions as they are. class? This is where function overriding comes into play.

A derived class can also define its own new functions.

Crucially, a derived class can provide a new implementation for an
existing base class function.
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@ Function Overriding occurs when a derived class provides a specific
implementation of a function that is already provided by its base class.

@ The function in the derived class must have the exact same signature
(name, return type, and parameters).

@ When the function is called on an object of the derived class, the
derived class's version is executed.

@ The base class version becomes 'hidden’ for that object.
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I—Overriding Base Class Functions

Function overriding is redefining a base class function in a derived class.
It must have the exact same signature. If you change the parameters,
you aren't overriding; you are hiding the base class function and creating
a new overloaded function in the derived class scope. When you call an
overridden function using a derived object, the derived version executes.
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© Overriding vs. Overloading
.
@ Overloading: It's a common interview question to ask the difference between overrid-
o - Functions have the same name but different parameters ing and overloading. Remember, overloading is about providing multiple
0 thin th | ways to call a function within the same class, differentiated by param-
® - Occurs within the same scope (same class). eters. Overriding is about providing a different implementation for an
@ - Resolved at compile-time (early binding). inherited function across class hierarchies.
@ Overriding:
@ - Functions have the exact same name and same parameters.
@ - Occurs between base and derived classes (different scopes).
@ - Can be resolved at runtime (late binding) if virtual functions are
used.
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© Example: Function Overriding
&
class Animal { . .

. Let's look at a concrete example. We have a base class Animal with a
public: makeSound function. The Dog class inherits from Animal and overrides
void makeSound() { cout jj " Generic animal sound” jj endl; } makeSound. When we create a Dog object and call makeSound, it
k; correctly outputs 'Woof!'. The Animal’s version is ignored for the Dog

class Dog : public Animal { object.

public:

void makeSound() { cout jj "Woof!" jj endl; }
h

Dog myDog;

myDog.makeSound(); // Outputs: Woof!
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2026-07-22

Here's where things get tricky. If we use a base class pointer to point to a

@ What happens when we use pointers or references? derived class object—which is perfectly legal and common in OOP—and
o Animal* ptr = new Dog(); call the overridden function, it calls the BASE class version. Why? Be-
- makeSound(): 0 G . ol 4l (WHY? cause of static binding. The compiler looks at the type of the pointer
® ptr-;makeSound(); // Outputs: Generic animal sound! ( 7) (which is Animal) and sets up the call to Animal’s function during com-
o Early Binding (Static Binding): The compiler matches the function pilation, ignoring the actual object type (Dog) in memory.
call based on the pointer type, not the object type.
@ Since 'ptr’ is of type 'Animal*’, the compiler binds to

Animal::makeSound() at compile time.
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@ To solve the pointer/reference issue, C++ introduces the 'virtual’
keyword.

@ A Virtual Function is a member function in the base class that you
expect to redefine in derived classes.

@ When you use a base class pointer/reference to call a virtual function,
C++ determines which function to invoke at runtime.

@ This is known as Dynamic Binding or Late Binding.
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I—Introduction to Virtual Functions

To achieve true polymorphism, where the function called depends on
the actual object the pointer is pointing to, we use virtual functions. By
prepending the keyword 'virtual’ to the function declaration in the base
class, we tell the compiler not to bind the function call at compile time.
Instead, it defers the decision until runtime.



How Virtual Functions Work (Under the Hood)

@ Virtual Table (vtable): A static array of function pointers created for
classes containing virtual functions.

@ Virtual Pointer (vptr): A hidden pointer added by the compiler to the
class, pointing to the vtable for that class.

@ At runtime, the program follows the object’s vptr to the vtable to find
the correct overridden function to execute.

@ This adds a slight memory and performance overhead but enables
powerful polymorphism.
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L—How Virtual Functions Work (Under the Hood)

You might wonder how C+-+ knows which function to call at runtime.
It uses a mechanism involving a Virtual Table, or vtable, and a virtual
pointer, vptr. Every class with virtual functions gets a vtable. Every
object of that class gets a vptr pointing to it. At runtime, the program
uses the object's vptr to look up the correct function address. This is
the magic behind dynamic binding.
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class Animal { o . : 2 Rrred

. Let's revisit our earlier code, but now we've added the 'virtual’ keyword
public: to Animal’'s makeSound function. Notice that we don't strictly need to
virtual void makeSound() { cout jj " Generic animal sound” jj endl; } repeat 'virtual' in the Dog class, though it's good practice. Now, when
k; we call ptr-;makeSound(), the program checks the actual object type at

- . H ) 1 Il
class Dog : public Animal { runtime, sees it's a Dog, and outputs 'Woof!'.

public:

void makeSound() { cout jj "Woof!" jj endl; }
h

Animal* ptr = new Dog();

ptr-; makeSound(); // Outputs: Woof!
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© The 'override’ Specifier (C++11)
:
Modern C++ introduced the 'override’ specifier. It's a lifesaver. Before
@ Introduced in C++11, 'override’ is placed at the end of a derived C-++11, if you made a slight typo in the function signature in the derived
class function declaration. class, the compiler would quietly treat it as a new overloaded function.
@ It tells the compiler: 'l intend to override a virtual function from a Your polymorphic code would fail silently. By using "override’, you force
base class.’ the compiler to verify that you are actually overriding a base class virtual
o If there is a typo, or the signatures don't match exactly, the compiler R
generates an error.
@ Highly recommended for preventing bugs where you accidentally

overload instead of override.
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class Animal {

public: Here is an example. If Animal’'s makeSound is marked 'const’, the over-

virtual void makeSound() const { ... } riding function in Dog must also be 'const’. If we forget the 'const’ but

use 'override’, the compiler throws an error immediately, saving us hours
b of debugging.
class Dog : public Animal {

public:

// void makeSound() override; // ERROR: missing 'const’
void makeSound() const override {

cout jj "Woof!" jj endl;

}

h
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o
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Moving on to pure virtual functions. Think about a base class called
@ Sometimes, a base class has no meaningful implementation for a Shape’. What is the "area’ of a generic Shape? It doesn’t make sense.
virtual function We know all shapes have an area, but we can't calculate it until we

. . . . . know if it's a Circle or a Rectangle. We declare 'area’ as a pure virtual
@ A Pure Virtual Function is a virtual function declared in a base class

function by assigning it to 0. This enforces a contract: any concrete
that has no body.

derived class must implement it.
@ Syntax: virtual void functionName() = 0;

@ It forces any derived class to provide an implementation for this
function.
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The moment a class contains a pure virtual function, it becomes an
@ An Abstract Class is a class containing at least one pure virtual abstract class. Because it has incomplete functions, the compiler for-
function. bids you from creating an object of that class. Abstract classes serve

as blueprints or interfaces. They define what derived classes must do,
without dictating how they do it.

Key Property: You cannot instantiate (create objects of) an abstract
class.

Animal obj; // ERROR if Animal is abstract.

Abstract classes are designed solely to act as base classes (interfaces).

@ We can still create pointers and references of an abstract class type.
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class Shape { // Abstract class

public: In this final code example, Shape is abstract because of the pure virtual

virtual void draw() = 0; // Pure virtual draw().functi?n. We cannot say.'Shape s'.. But we can create a Circle,
and point to it with a Shape pointer. This allows us to have arrays or

I8 collections of Shape pointers, pointing to various circles, rectangles, and

class Circle : public Shape { triangles, drawing them all polymorphically in a loop.

public:

void draw() override { cout jj "Drawing a Circle”; }
i

// Shape s; // ERROR

Shape* ptr = new Circle();

ptr-;draw(); // Valid, outputs Drawing a Circle
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To summarize, today we've covered the critical transition from static
@ Overriding allows derived classes to customize inherited behaviors. inheritance to dynamic polymorphism. We learned how to override func-
e Static binding happens at compile time based on pointer/reference tions, how virtual functions tell the compiler to wait until runtime to bind
type. the function call, and how abstract classes enforce architectural design
e Virtual functions enable dynamic binding based on object type at patterns. These are essential skills for advanced C++ development.

runtime.
@ Always use the 'override’ keyword in C++11 and later.

@ Pure virtual functions create abstract classes, which cannot be
instantiated and serve as interfaces.
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Welcome everyone to Lecture 22. Today we are tackling one of the most
powerful and crucial pillars of Object-Oriented Programming: Polymor-
phism. We have already covered Encapsulation and Inheritance. Poly-
morphism is the final piece of the core OOP triad that gives C++ its
incredible flexibility.

Unit 3: Inheritance and Polymorphism
Topic 3.3: Polymorphism
Compile-time Polymorphism

Run-time Polymorphism
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© What is Polymorphism?
:
Let's break down the word itself. 'Poly’ means many, and 'morphs’
@ The word 'Polymorphism’ is derived from Greek words: 'poly’ (many) means forms. So, polymorphism literally translates to 'many forms’. In
and 'morphs’ (forms). programming, this means we can use the same name for different things
@ In OOP, it refers to the ability of a single function, object, or operator depending on the context. Imagine a generic command like 'speak’. If
to take on multiple forms. you issue the command 'speak’ to a dog, it barks. If you issue it to a

o It allows you to define one interface and have multiple cat, it meows. The command (interface) is the same, but the behavior

. . (implementation) differs based on the object receiving the command.
implementations.

@ Core Idea: A single name can represent different behaviors based on
the context.
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.
C-++ supports polymorphism at two different stages of a program'’s life-
. . . . . le: duri ilati d duri tion. C ile-ti | -
Polymorphism in C++ is broadly categorized into two types: IR L, SRR Sl CRIN SEEelh SER e Perines
i ) i s o phism, also known as early binding, happens when the compiler deter-
1. Compile-Time Polymorphism (Static Binding / Early Binding) mines which function to call based on the arguments provided. We
- Achieved via: Function Overloading do this using function overloading and operator overloading. Run-time

- Achieved via: Operator Overloading polymorphism, or late binding, happens when the program is running.
. . - . The decisi f which function t Il is delayed until runti d thi
2. Run-Time Polymorphism (Dynamic Binding / Late Binding) . Ny .eCISIOn (.) W. ' .unc on to ?a 'S eay?: until rantime, an 'S

is achieved using inheritance and virtual functions.

- Achieved via: Virtual Functions
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Why do we have both? It's a trade-off between performance and flexibil-

Compile-Time Polymorphism: . o S o ;
ity. Compile-time polymorphism is highly efficient because the compiler
- Function call is resolved by the compiler. figures out exactly what code to execute before the program even runs.
- Fast execution, as resolution is done beforehand. However, you must know all the types at compile time. Run-time poly-
- Less flexible. morphism adds a tiny bit of overhead because the program has to figure

Run-Time Polymorphism: out the object’s type on the fly, but it allows you to write highly generic
. . ) ) . . code that can handle new types of objects you haven't even written yet.
- Function call is resolved at runtime during program execution.

- Slightly slower due to runtime lookup overhead (vtable).

- Highly flexible and enables dynamic behavior.
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© Compile-Time: Function Overloading
5
Let's dive into Compile-Time polymorphism first, starting with Function
F h ltiole f . h h b Overloading. This is something you might have used already. C++
° dﬁcafture where multiple functions can have the same name but allows you to create multiple functions with the exact same name, as
Itferent parameters. long as their parameter lists are different. The compiler acts like a
@ The compiler differentiates them based on the function signature. detective; it looks at the arguments you pass when you call the function
@ A function signature consists of the function name and the number, and matches them to the correct function definition. Remember, the
type, and sequence of its parameters. return type doesn’t count towards the signature for overloading purposes.

You can't have two functions with the same parameters but different

@ Return type alone is NOT sufficient for overloading.
return types.
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MathOps math;

math.add(5, 10); // Calls int add(int, int)
math.add(5.5, 2.3); // Calls double add(double, double)
math.add(1, 2, 3); // Calls int add(int, int, int)

o class MathOps {

@ public: Here is a simple example. Our MathOps class has three functions named

o int add(int a, int b) { return a + b: } ’add’.' One takes two integers, one takes two doubles, aer one takes
three integers. When we call math.add(5, 10), the compiler sees two

@ double add(double a, double b) { return a + b; } integers and immediately knows to wire that call directly to the first

e int add(int a, int b, int c¢) { returna + b + ¢; } 'add’ function. It's clean, intuitive, and happens completely at compile

° }; time.

e // Usage:

°

°

°

°
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Compile-Time: Operator Overloading

@ Provides a way to redefine the way standard C++ operators work
with user-defined types (classes).

@ Allows objects of custom classes to be used with operators like +, -,
==, etc.

@ Syntax involves a special function named 'operator’ followed by the
symbol.

@ Cannot create new operators, only overload existing ones (with a few
exceptions like ::, ., .*, 7: which cannot be overloaded).
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I—Compile—Time: Operator Overloading Basics

The second type of compile-time polymorphism is Operator Overload-
ing. In C++, operators like the plus sign naturally know how to add
two integers or two floats. But what if you create a class called 'Com-
plexNumber'? The compiler doesn't know how to add two complex
numbers together. Operator overloading allows you to teach the com-
piler how to apply operators to your custom objects. This makes your
custom objects feel like built-in types, making your code much more
readable.
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S
class Complex { &
private: int real, imag;
public: Look at this Complex class. We define a special function named 'op-

C L . . erator+'. It takes another Complex object as a parameter. When the

Complex(int r = 0, int i = 0) : real(r), imag(i) {} compiler sees 'cl + c2', it effectively translates this to a function call:
// Overloading the '+’ operator 'cl.operator+(c2)'. It takes the real parts and imaginary parts, adds
Complex operator + (const Complex& obj) { them, and returns a new Complex object. Now you can use the '+’

Complex res; operator naturally with your own types.

res.real = real 4 obj.real;
res.imag = imag + obj.imag;

return res;

—

¥
// Usage: Complex c1(10, 5), c2(2, 4); Complex c3 = cl + ¢2;
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While compile-time polymorphism is great, it has limits. If you have a

° Comp_ile—vtime polymorphism is p_owe_rful, but restricted by the zoo simulation with Animal objects, and Derived classes like Dog and
compiler’s need to know everything in advance. Cat, you might want an array of Animals and tell them all to 'speak’.

@ What if we have an array of different objects and we want to process The compiler cannot know in advance whether array index 3 holds a
them generically? Dog or a Cat. For this dynamic behavior, we must move to Run-Time

@ To achieve dynamic behavior, we need three ingredients: Polymorphism. To make this work in C++, we absolutely require inher-

o 1. Inheritance (Base and Derived Classes) itance, pointers, and a special keyword called 'virtual’.

@ 2. Base class pointers pointing to derived class objects.

@ 3. Virtual Functions.
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.
The cornerstone of run-time polymorphism is a specific rule regarding
@ A pointer of a base class type can point to an object of any of its pointers: A pointer of type Base Class can legally point to an object of
derived classes. a Derived Class. Think of it as 'a Dog IS AN Animal’, so an Animal
o Base* ptr = new Derived(); // This is valid! po!nter can hold a Do.g. However, t-here s .a catch. I1f yo.u use that Base
. i pointer to call a function, the compiler, doing early binding, looks at the
@ However, thrf)l"gh_th's base class pointer, you can ONLY access type of the pointer (Base), not the object it points to. So it calls the
members defined in the Base class. Bees dEed’s Fimaien.
o If a function is overridden in the Derived class, calling it via the Base

pointer normally executes the Base class version (Early Binding).
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:
o class Animal { i ) : )
. . e wo Let's see this problem in code. We have Animal and Dog. Dog overrides
o public: void speak() { cout jj "Animal sound” jj endl; } 'speak’. We create a new Dog, but store it in an Animal pointer. When
° }; we say ptr-jspeak(), we expect 'Woof!'. But we get 'Animal sound’.
e class Dog : public Animal { Why? Because at compile time, the compiler sees 'ptr’ is an Animal
o public: void speak() { cout jj "Woof!" i endl; } pom'.cer, so it hardwnrfas the call to A.nlmal::s;.)eak. This is early binding,
} and it breaks our desired polymorphic behavior.
° g
e // In main:
@ Animal* ptr = new Dog();
o ptr-jspeak(); // Output: " Animal sound”
@ // The compiler looked at ptr's type (Animal*) and bound it early.
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Virtual Functions

@ A virtual function is a member function in the base class that is
declared using the keyword 'virtual'.

o It tells the compiler to perform Late Binding (Dynamic Binding) for
this function.

@ When you call a virtual function through a base pointer, the program
looks at the actual type of the object pointed to at runtime.

@ It then calls the derived class's overridden version of the function.
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I—The Solution: Virtual Functions

To fix this, we introduce the 'virtual’ keyword. When you place 'virtual’
before a function declaration in the Base class, you are giving the com-
piler a special instruction. You are saying: 'Do not bind this function
call at compile time. Wait until runtime, look at the actual object the
pointer is pointing to in memory, and call that object’s version of the
function.” This is Late Binding.
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=
@ class Animal { Now we simply add the 'virtual’ keyword to the Animal’s speak function.
e public: virtual void speak() { cout jj "Animal sound” jj endl; } Notice | also added 'override’ in the Dog class—this is a best practice
. in modern C++ to ensure you actually are overriding a virtual function,
° } . : .
) ) but it's optional. Now, when we run the exact same main code, ptr-
@ class Dog : public Animal { ispeak() outputs 'Woof!". At runtime, the program detects that 'ptr’
@ public: void speak() override { cout jj "Woof!" jj endl; } actually points to a Dog, and dynamically routes the call to Dog::speak.
° }; This is true polymorphism.
e // In main:
@ Animal* ptr = new Dog();
o ptr-ispeak(); // Output: "Woof!" (Late Binding!)
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You might wonder how C++ achieves this runtime magic. It uses a

@ How does late binding work? : ) ;
. ] . . . mechanism called Virtual Tables, or vtables. When a class has virtual
@ If a class contains a virtual function, the compiler creates a Virtual functions, the compiler silently creates a table mapping function names
Table (vtable) for that class. to their actual memory addresses for that specific class. Every object
@ The vtable is an array of function pointers pointing to the virtual instantiated gets a hidden pointer, called the vptr, pointing to its class’s
functions for that class. table. When you call a virtual function, the program follows the vptr,
o Every object of that class gets a hidden pointer (vptr) that points to looks up the function in the table, and jumps to it. This lookup causes
the class's vtable. a very small performance hit, which is why C4+ doesn’t make functions
@ At runtime, the program follows the vptr to the vtable to find the el (5 elipu(,

correct function address.
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&
@ Sometimes a base class represents a generic concept and has no Finally, let's talk about Abstract Classes. Sometimes your base class
meaningful implementation for a function. is just a template. For instance, a 'Shape’ class might have a 'draw()’
. . . L , function. But how do you draw a generic shape? You can't. It onl
@ We can define a Pure Virtual Function using '= 0" - = i : . J
) ) makes sense for a Circle or a Square. We can make 'draw()’ a Pure
e virtual void draw() = 0; Virtual Function by appending '= 0’ to it. This forces any derived class
@ A class with at least one pure virtual function becomes an Abstract to provide its own implementation. Any class containing a pure virtual
Class. function is an Abstract Class, meaning it exists solely to be inherited
o You CANNOT create objects of an Abstract Class. from, and you cannot instantiate it directly.

Derived classes MUST override the pure virtual function, otherwise
they too become abstract.
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N
@ Polymorphism allows objects to take many forms and share interfaces. _TO STIREGES, [Pl [ e Ghves G Ob,JeCt,_or'ented des!gn
. ) ) o . its true power. You must know when to use compile-time overloading
o Compile-Time quymorphlsm (Early Bln.dlng). Resolved by compiler. for simple type variations, and when to design rich inheritance hierar-
Fast. Uses Function/Operator Overloading. chies using virtual functions to achieve run-time flexibility. Remember
@ Run-Time Polymorphism (Late Binding): Resolved at execution. that run-time polymorphism requires you to interact with your objects
Flexible. Uses Inheritance, Base Pointers, and Virtual Functions. through pointers or references. Review the vtable concept, as it's a
@ Virtual functions ensure the derived class implementation is executed common interview question for C++ roles.

even via a base class pointer.

Pure virtual functions create Abstract Classes used as foundational
interfaces.
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Classes

@ Course: Object Oriented Programming with C++
@ Unit 3: Inheritance and Polymorphism

@ Topic 3.4: Constructors and Destructors in Derived Classes

Milav (GP Palanpur) Object Oriented Programming

2026-07-22

Object Oriented Programming

I—Lecture 23: Constructors and Destructors in
Derived Classes

Welcome everyone. Today we are focusing on a critical aspect of C+-+
inheritance: how objects of derived classes are initialized and destroyed.
We will explore the mechanics behind constructors and destructors in an
inheritance hierarchy, which is fundamental to writing robust and leak-
free object-oriented systems.
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I—The Need for Constructors in Derived Classes
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When we instantiate a derived class object, it physically contains a sub-
object of the base class in memory. Because the derived class doesn't
have direct access to private members of the base class, it cannot ini-
tialize them directly. It must trigger the base class constructor to handle

that part of the initialization. This is why understanding the sequence
@ Since a derived class cannot directly initialize private members of its of consTGEr aeaiien is audsl.

base class, it must rely on the base class's constructor.

@ A derived class inherently contains a sub-object of its base class.

@ When a derived class object is created, it needs to initialize both its
own new members and the inherited base class members.

@ This cooperative initialization process requires a strict order of
execution.
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The golden rule of constructors in inheritance is 'Base before Derived'.
Think of it like constructing a building: the foundation must be com-
pleted before the upper floors can be added. If the derived class con-
structor tries to use a base class member, that member must already be
fully formed and initialized. Hence, C++ enforces top-down initializa-

@ Rule: Base class constructor is executed FIRST, followed by the
Derived class constructor.

o Conceptual analogy: You must lay the foundation (Base) before you

can build the walls and roof (Derived). tion

@ Reasoning: The derived class constructor might utilize inherited base
class members in its own operations. Therefore, those base members
must be fully initialized beforehand.
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Execution
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In this simple example, we have a Base class and a Derived class, both
featuring default constructors. When we create an object 'd’ of type

o class Base { public: Base() { cout jj "Base Constructor\n"; } }; Derived in main(), the C++ compiler automatically calls the Base class

e class Derived : public Base { public: Derived() { cout jj " Derived default constructor before it executes the Derived class constructor body.
Constructor\n"; } }; The output clearly proves the Base-then-Derived sequence.

@ int main() { Derived d; return 0; }

@ Output: Base Constructor Derived Constructor
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&
What happens if the base class requires arguments to be initialized? The
o If a base class does not have a default constructor (only compiler doesn't magically know what arguments to pass! In this case,
parameterized), the compiler cannot automatically invoke one. the derived class constructor takes on the responsibility of providing

those arguments to the base class. If it fails to explicitly do so, the
compiler will throw an error. We use the initializer list for this exact

In this scenario, the derived class MUST explicitly call the base class’s

parameterized constructor.
purpose.

This explicit call is achieved using the constructor initialization list
(initializer list).

The derived class passes the necessary arguments up to the base class.
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Let's review the syntax. Notice the colon placed after the derived class
DerivedClass(argl, arg2, ...) : BaseClass(argl) { constructor's parameter list. This marks the start of the initializer list.
// Body of the Derived class constructor Inside it, we specify the base class name and pass the required arguments.

e e . . This explicit directive ensures the base sub-object is correctly constructed
// Initialization of derived members using arg2, etc.

}

The colon (:) begins the constructor initialization list.

before the derived class’'s own constructor body begins execution.

The call to BaseClass(argl) dictates which base constructor runs
before the Derived block.
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Example: Explicitly Calling Base Construc

@ class Base { int x; public: Base(int i) { x = i; cout jj "Base: "

R

o class Derived : public Base { inty;

@ public: Derived(int i, int j) : Base(i) { y = j; cout jj "Derived:

i "\n" ) E
@ int main() { Derived d(10, 20); }
@ Output: Base: 10 Derived: 20
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I—Example: Explicitly Calling Base Constructor

Look closely at this snippet. The Derived constructor takes two ar-
guments: 'i' and 'j’. It routes 'i' up to the Base constructor via the
initializer list : Base(i). It then utilizes 'j’ to initialize its own mem-
ber 'y’ inside the body. When Derived d(10, 20) executes, 10 goes

to Base, and 20 goes to Derived. The output confirms our theory.



Constructors in Multiple Inheritance

In multiple inheritance, a single derived class inherits from two or
more direct base classes.

Rule: Base class constructors are called in the exact order they
appear in the class derivation list.

Example: class Derived : public Basel, public Base2 { ... };
Execution sequence: Basel(), then Base2(), then Derived().
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L Constructors in Multiple Inheritance

C++ supports multiple inheritance, where a class can have multiple
parents. When dealing with multiple base classes, how does the compiler
decide which base constructor runs first? The rule is strict: it follows
the order declared in the class derivation list, reading left to right. It
completely ignores the order in which you might list them in the initializer
list.
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= Order
Notice the declaration class C : public B, public A. Because B is
listed first in the inheritance list, B's constructor is executed before A's.
o class A { public: A() { cout jj "A"; } }; Finally, C's constructor is executed. This output, 'B A C', frequently
e class B { public: B() { cout jj "B"; } }; catches students off guard in exams. Always trust the derivation list
o class C : public B, public A { public: C() { cout {j "C"; } }; order, not alphabetical or logical assumptions.
e int main() { C obj; }
@ Output: BA C
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I—Constructors in Multilevel Inheritance
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For multilevel inheritance, think of a grandparent-parent-child relation-
ship. Construction happens top-down. The grandparent is constructed,
then the parent, then the child. If parameterized constructors are in-
volved, class C must hand parameters to B, and B must hand parameters
to A. C cannot bypass B to directly pass parameters to A's constructor
(unless dealing with virtual base classes, an advanced topic).

@ In multilevel inheritance (e.g., Class A -; Class B -; Class C),
constructors execute in a cascading top-down flow.

@ The highest base class is constructed first, down to the most
specialized derived class.

@ Execution order for an object of Class C: A() -i B() -i C().

@ Delegation: Class C passes arguments to B, and B is responsible for
passing arguments to A.
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|—Order of Execution: Destructors
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Now let’s switch gears to destruction. The rule is elegantly simple: Re-
verse order of construction, or Bottom-Up. When an object is destroyed,
the derived class cleans up its own specialized resources first. Once the
derived part is safely dismantled, the compiler automatically triggers the
base part's destruction. This guarantees the derived class doesn't at-

@ Rule: Destructors are called in the exact REVERSE order of
constructors.

@ When a derived class object is destroyed, the Derived class destructor

executes FIRST, followed by the Base class destructor. tempt to access base members that have already been deallocated.

@ Reasoning: The derived class destructor might need to utilize base
class members to clean up its own resources. If the base was
destroyed first, the derived class would access invalid memory.
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.
In this block, when the main function reaches the end, the object 'd’
goes out of scope, and its destruction is initiated. First, “Derived()
o class Base { public: "Base() { cout jj ""Base() "; } }; executes and prints to the console. Immediately after, the compiler
e class Derived : public Base { public: ~Derived() { cout jj " ~Derived() implicitly invokes “Base(). Note that you never explicitly call a base
" class destructor in your code; the compiler manages this automatically.
@ int main() { Derived d; return 0; }
e Output: "Derived() "Base()
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Best Practice: Virtual Destr

@ When using pointers to base classes to manage derived objects
(polymorphism), you MUST make the base class destructor virtual.

@ Scenario: Base* ptr = new Derived(); delete ptr;

o If "Base() is non-virtual, only "Base() executes! This causes a
memory leak for Derived’s unique resources.

o If virtual “Base(), then “Derived() is correctly called first,
followed by “Base().
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I—Best Practice: Virtual Destructors

While we will cover polymorphism more deeply soon, this rule is vital to
introduce now. If you ever dynamically allocate a derived class object
and point to it with a base class pointer, and then delete it, the base
class MUST have a virtual destructor. Without the virtual keyword,
C++ uses early binding and only executes the base destructor, leaving
derived resources orphaned in memory. Always declare virtual destructors
in base classes meant for polymorphic use.
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To wrap up today's lecture, memorize the top-down construction and

Constructors execute Top_Down (Base then Derived). bottom-up destruction rules. Mastering the constructor initializer list
is essential for managing parameterized constructors across class hierar-

Destructors execute Bottom-Up (Derived then Base). ) ) L i :
chies. Finally, keep the virtual destructor rule in the back of your mind

Derived classes explicitly call parameterized base constructors using

o ] as it will become incredibly important in our upcoming units on Poly-
initialization lists.

morphism. Are there any questions?

Multiple inheritance base constructors run based on the derivation list
order.

@ Virtual destructors are critical for memory safety in polymorphism.
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Welcome everyone to Lecture 24. Today marks the beginning of Unit 3,
where we dive into one of the most powerful features of Object-Oriented

Unit 3: Inheritance and Polymorphism Programming: Inheritance. By the end ?f t.IhIS session, you'll understan'd
] o ) how to create new classes based on existing ones, a concept that will
Topic 3.1: Defining Derived Classes significantly improve your code’s reusability and organization.

Instructor: [Your Name]
Course: Object Oriented Programming with C++ (D105011021)
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Think about how classification works in the real world. We have general

@ Inheritance is a foundational pillar of Object-Oriented Programming categories like 'Vehicle' and more specific ones like 'Car’ or 'Motorcycle'.

(OOP). A Car 'is a' Vehicle. It makes sense that a Car should automatically have
@ It is the process by which one class acquires the properties (data all the general properties of a Vehicle (like weight, capacity) without us
members) and behaviors (member functions) of another class. having to redefine them from scratch. Inheritance allows us to model
@ Analogous to biological inheritance: A child inherits traits from these hierarchical relationships in code, saving time and reducing errors.
parents.
@ Primary Goal: Code Reusability. Write once, reuse multiple times.
o It establishes an 'IS-A’ relationship (e.g., A Car IS-A Vehicle).
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It's important to get the terminology right. The class we are inheriting

@ Base Class (Parent/Super Class): The existing class whose properties ) X ;
and methods are being inherited. EROM |Is the _IE_);se Class.I You might also.hea.r |thcalll:<)ed .thz Pcalrent or
. . ) ) uper class. e new class we are creating is the Derived Class, or
@ Derived Class (Child/Sub Class): The new class that inherits P . & .
. d hods f he b | Child or Sub class. The derived class gets everything from the base
properties and methods from the base class. class (subject to access rules, which we'll cover soon), but it isn't just a
@ A derived class inherits all accessible members of the base class. carbon copy. It can expand upon the base class by adding new features,
@ A derived class can also add its own new data members and member making it a specialized version of the base class.
functions.

@ It can even redefine (override) inherited functions to provide specific
implementations.
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:
Here is the exact syntax you need to write in C++. You start with
@ General Syntax: the 'class’ keyword, then the name of your new derived class. Then
o class derived_class_name : visibility_mode base_class_name { comes a single colon. This colon is the inheritance operator. Next is the
. N Yy . . d finally,
o // members of derived class visibility mode—which can be publllc, p.r?tected, or pr.|vate—an inally,
the name of the base class you are inheriting from. Inside the braces, you
° }; define any additional members specific to the derived class. A common
@ The colon (:) indicates inheritance. beginner mistake is forgetting the visibility mode; remember that if you
e visibility_-mode defines how the base class members are inherited. omit it, C++ assumes you want private inheritance by default.
o If visibility_mode is omitted, it defaults to 'private’ in C4++ classes.
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© Understanding Visibility Modes
:

e Visibility modes dictate the accessibility of inherited base class Now we address the "visibility_-mode’ part of the syntax. This is a critical
members inside the derived class and to outside users. concept. When you inherit from a base class, you don't just blindly pull
Th three t £ visibilit des in Ct in all its members. The visibility mode acts as a filter, determining the

° : . . " .

ere a.re ree. ypes Of visibility modes in new access level of those inherited members within the derived class.

o 1. Public Inheritance Before we look at each mode, | want to emphasize a golden rule: Pri-

@ 2. Protected Inheritance vate members of a base class are truly private. They are never directly

@ 3. Private Inheritance accessible by a derived class. They exist in the derived object, but you
Crucial Note: The "private’ b faB | NEVER must use public or protected base class functions to access them.

@ Crucial Note: e 'private’ members of a Base class are

directly accessible in the Derived class, regardless of the visibility
mode used.
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.
This table is your cheat sheet for inheritance visibility. Let's read it
° Base.Class Member Access — Inherlted. as (P“bl'c_ Mode) — together. Notice the first row: private members of the base class are
Inherited as (Protected Mode) — Inherited as (Private Mode) never inherited in an accessible way. Look at the Public Inheritance
° column: this is the most common form. It keeps public members public
and protected members protected. Now look at Private Inheritance: it
@ Private — Not Inherited (Hidden) — Not Inherited (Hidden) — Not takes all public and protected members from the base class and makes
Inherited (Hidden) them private in the derived class. This means they are completely locked

. away from the outside world and any further derived classes.
Protected — Protected — Protected — Private v g

Public — Public — Protected — Private
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1. Public Inheritance

Models a true 'IS-A’ relationship.

Public members of the base class become public members of the
derived class.

Protected members of the base class become protected members of
the derived class.

Code Example:

class Person { public: string name; };
class Student : public Person {
public: int rolINo;

b

// In main: Student s; s.name = "Alice”; // Valid!

Milav (GP Palanpur)
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L_1. Public Inheritance

Public inheritance is what you'll use 90% of the time. It perfectly models
the IS-A relationship. A Student IS A Person. Because we used public
inheritance, the public 'name’ property of the Person class remains public
in the Student class. Therefore, when we create a Student object s’ in
main, we can directly access 's.name’. The interface of the base class is
preserved and exposed by the derived class.
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© 2. Protected Inheritance
:
Protected inheritance is less common. If you inherit protectedly, the base
o Both pub||c and protected members of the base class become class’s public and protected members become protected in the derived
protected members of the derived class. class. This means the outside world—like your main function—cannot
o They are accessible inside the derived class. see them anyn.'nore. However, if you derive a third class from this der|v.ed
Th bl in cl . further f his | class, that third class WILL be able to see those members. It's like
° ey are accessible in classes derived further from this class. keeping family secrets within the family line, but not showing them to
@ They are NOT accessible from outside the class (e.g., in main()). the general public.
@ Useful when you want to create a deeper hierarchy but hide the base

interface from the public.
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I—3. Private Inheritance
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Private inheritance is a very specific tool. It takes all public and protected

@ Models a 'HAS-A’" or 'IMPLEMENTED-IN-TERMS-OF’ relationship,

base members and locks them down as private in the derived class. This

rather than 'IS-A". cuts off the inheritance chain. If you derive from this class again, the
@ Both public and protected members of the base class become private new subclass gets nothing from the original base class. We often use this
members of the derived class. to implement one class using the machinery of another class, without
o They are accessible ONLY inside the derived class. exposing that machinery. For example, implementing a Stack using a
o They are completely hidden from outside the class and from any pre-existing Array class. A Stack isn't exactly an Array, but it uses one
further derived classes. internally.
o Code Example: class Stack : private Array { ... };
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Forms of Inheritance

C++ allows classes to inherit in several architectural structures.

The five main forms of inheritance are:
Single Inheritance

Multiple Inheritance

Multilevel Inheritance

Hierarchical Inheritance

ok W=

Hybrid Inheritance

We will examine the architecture and syntax of each.
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I—Forms of Inheritance

Now that we know how to inherit, let’s look at the architectural patterns
we can build. Just like you can construct different types of buildings
with bricks, you can construct different class hierarchies using inheri-
tance. C++ is extremely flexible here and supports five distinct forms
of inheritance. We'll walk through each one, defining its structure and
showing a quick example.
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Single inheritance is the most straightforward pattern. You have one
parent class, and one child class that inherits from it. It's a simple,

classA{/../}
class B : publicA{/ ../}

@ The simplest form of inheritance. i ) . . ) C

. . linear relationship. For instance, a class 'Manager' inheriting from a
@ A derived class is created from exactly ONE base class. s (s Wemamer mes all he sepaes of Srplyes A
@ Structure: [Base (A)] —; [Derived (B)] adds things like 'bonus’ or 'teamSize’'.
@ Syntax:
°
°
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< L—2. Multiple Inheritance

&
o A derived class is created from TWO OR MORE base classes Multiple inheritance is where C++ distinguishes itself from languages

. . . . . ' like Java or C#, which do not support it for classes. In C++, a class can

o The derived class inherits properties from all its parents. have multiple direct parents. For example, a 'SmartPhone’ class might
@ Structure: [Base 1 (A)], [Base 2 (B)] —; [Derived (C)] inherit from a 'Phone’ class and a 'Computer’ class simultaneously. You
@ Syntax: define it by separating the base classes with a comma in the definition,
o class A { / /Y and you must specify a visibility mode for each one.
eclassB{/../}
@ class C : public A, public B{ /... / };
@ Notice the comma-separated list of base classes.
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3. Multilevel Inheritance

L_3. Multilevel Inheritance
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Multilevel inheritance forms a grandfather-father-child relationship.

@ A derived class acts as a base class for another derived class. Class A is the base. Class B inherits from A. Then, Class C inherits

o Creates a chain or lineage of inheritance. from Class B. Through this chain, Class C inherits the features of both

o Structure: [Base (A)] —; [Derived 1 (B)] —; [Derived 2 (C)] B and A. A real-world e>famp|e: Animal’ - Mammal- -i 'Dog’. A D.og
gets Mammal features (like fur), and Mammal gets Animal features (like

@ Syntax: breathing).

eclassA{/../}

@ class B: publicA{/ ../}

@ classC:publicB{/ ../}
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.
@ ONE base class serves as the parent for MORE THAN ONE derived Hierarchical inheritance is essentially a tree structure. You start with a
class. single generalized class, and you derive multiple specialized classes from
o Creates a tree-like structure branching down it. Think of a 'Shape’ class. From 'Shape’, you can derive 'Circle’,
S B A . Derived 1 (B B A . Derived 2 'Square’, and 'Triangle’. They all share the common properties of a
® Structure: [Base (A)] —¢ [Derive (B)]. [Base (A)] —¢ [Derive Shape, but branch off in different directions with their own specialized
(C)] formulas for area or perimeter.
@ Syntax:
eclassA{/../}
@ classB:publicA{/ ../}
o classC:publicA{/ ../}

Milav (GP Palanpur) Object Oriented Programming 389/1



Object Oriented Programming

5. Hybrid Inheritance

N
5
& L—5. Hybrid Inheritance

S

[a\]
. . . . Hybrid inheritance is just what it sounds like—a mix-and-match of the
@ A combination of two or more of the previous forms of inheritance. . L .
) . ) ) i other types. The most famous (and notorious) form of hybrid inheri-
@ Usually a mix of Hierarchical and Multiple Inheritance. tance combines hierarchical and multiple inheritance, creating a diamond
@ Example Structure: shape. Class A is inherited by B and C. Then, Class D inherits from both

lass A B and C. This specific structure leads to a well-known issue in C4+-.

° /\
lass B [Class C]

°\/

lass D
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The Diamond Problem in Hybrid Inheritance

I—The Diamond Problem in Hybrid Inheritance
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Let's look at that diamond shape again. If Class A has a variable called
In the Diamond Hybrid pattern (A-;B, A-;C, B4+C-;D): 'data’, Class B gets a copy of 'data’, and Class C gets a copy of 'data’.

°
o Class D inherits from B and C Now, Class D inherits from both B and C. This means Class D essentially
. , has two variables called 'data’. If we write 'D.data = 5;', the compiler
@ Both B and C have their own copy of Class A’'s members. . ] ]
throws an error. It's ambiguous. It asks, 'Do you mean the data you
@ Therefore, Class D receives TWO copies of Class A's members. got from B, or the data you got from C?'. This is called the Diamond
@ This causes Ambiguity: If D tries to access a member from A, the Problem.
compiler doesn’t know which copy to use (the one from B, or the one
from C?).
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Solving the Diamond Problem: Virtual Inheritance

C++ provides 'Virtual Inheritance’ to solve this ambiguity.

When classes B and C inherit virtually from A, only ONE shared copy
of A is passed down to D.

Syntax:

class B : virtual public A { ... };

class C : virtual public A { ... };

class D : public B, public C { ... }; // D now has only one copy of A.
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I—Solving the Diamond Problem: Virtual
Inheritance

To fix the Diamond Problem, we use the 'virtual’ keyword during the
intermediate inheritance steps. When B and C inherit 'virtually’ from A,
they are basically telling the compiler, 'If anyone inherits from both of
us later, make sure they only get one shared instance of Class A." This
eliminates the duplicate copies in Class D, resolving the ambiguity. We
will explore virtual inheritance and virtual functions deeper in upcoming
lectures.
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@ Inheritance promotes Code Reusability and models 'IS-A’
relationships. To wrap up, inheritance is your tool for building logical, hierarchical, and

Syntax requires a colon and a visibility mode (public protected reusable code structures. We've seen how to define derived classes, how

private).

to control access using visibility modes, and the various architectural
shapes our inheritance trees can take. Make sure you practice writing

Visibility modes strictly dictate how inherited members can be

these syntaxes and specifically experiment with how public vs. private
accessed.

inheritance affects what you can access in your main function.
@ Private members of a base class are NEVER directly accessible to a

derived class.

We explored 5 forms: Single, Multiple, Multilevel, Hierarchical, and
Hybrid.

Hybrid inheritance can lead to the Diamond Problem, solvable via
Virtual Inheritance.
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Welcome back to Unit 3. Today, we are going deeper into inheritance.
In our last class, we saw how a derived class inherits members from a
base class. But what if the derived class needs to change the behavior

@ Course: Object Oriented Programming with C++ of an inherited function? Or what if we want to write generic code that
@ Unit 3: Inheritance and Polymorphism can work with any derived class automatically? That's what we'll cover
today.

@ Topics: Function Overriding, Virtual Functions, Abstract Classes
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Think about a base class called 'Animal’ with a function 'makeSound()
If we inherit 'Dog’ and 'Cat’' from 'Animal’, they shouldn't just make

@ Inheritance provides base functionality.
. . . L. . a generic animal sound. The Dog needs to bark, and the Cat needs to
@ Derived classes often need to specialize or modify this inherited . . . o
behavi meow. So, the derived classes need a way to provide their own specific
ehavior. implementation for the 'makeSound’ function. This brings us to the
@ Example: A 'Shape' base class has a 'draw()’ function. A 'Circle’ concept of Function Overriding.

derived class needs its own specific "draw()" logic.

@ C++ allows derived classes to redefine functions inherited from the
base class.
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Overriding Base Class Functions

@ Definition: When a derived class provides a specific implementation
for a member function that is already provided by its base class.

@ The function in the derived class must have the exact same name,
return type, and parameter list as the base class function.

@ This is also known as Function Redefinition (when not using virtual
functions).
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I—Overriding Base Class Functions

Function overriding is straight-forward in syntax. You just declare a
function in the derived class with the exact same signature—same name,
same arguments, same return type—as the one in the base class. When
you call this function on an object of the derived class, the derived
class’s version is executed, effectively 'hiding’ or 'overriding' the base
class’s version.
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© Code Example: Simple Overriding
:
o class Base { . . . o
. Here is a simple example. Base has a display() function. Derived inherits
° public: from Base but defines its own display() function. When we create a
@ void display() { cout jj "Base display” jj endl; } Derived object 'obj' and call obj.display(), it prints 'Derived display’.
° }; The Base class version is hidden. If we wanted to explicitly call the
o class Derived : public Base { ba.se class Yersnon, we would have to use the scope resolution operator:
. obj.Base::display().
@ public:
e void display() { cout jj "Derived display” jj endl; }
° };
@ Derived obj;
@ obj.display(); // Outputs: Derived display

Milav (GP Palanpur) Object Oriented Programming 397/1



Object Oriented Programming

The Problem with Pointers (Early Binding)

LThe Problem with Pointers (Early Binding)

2026-07-22

Now we encounter a critical issue. One of the main powers of inheritance
is being able to treat derived objects as base objects. We do this using

o Consider using a Base class pointer pointing to a Derived class object. base class pointers. However, if we point a Base pointer to a Derived
o Base* ptr = new Derived(); object, and call the overridden function... C++ calls the Base version!
. . o Why? Because the compiler looks at the type of the pointer (Base*) at
o ptr-idisplay(); // Which function is called? compile time, not the actual object it points to (Derived). This is called
@ Result: The Base class function is called, NOT the Derived class early binding or static binding.
function!
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Introduction to Polymorphism

@ Polymorphism means 'many forms'.

@ In C4+, it means a call to a member function will cause a different
function to be executed depending on the type of object that invokes
the function.

o Compile-time (Early Binding): Function overloading, operator
overloading.

@ Run-time (Late Binding/Dynamic Binding): Virtual functions.

Milav (GP Palanpur) Object Oriented Programming 399/1

2026-07-22

Object Oriented Programming

I—Introd uction to Polymorphism

To solve the pointer problem, we need Polymorphism. Specifically, run-
time polymorphism. We want the program to decide which function to
call while it's running, based on the actual object the pointer is pointing
to, not just the pointer’s declared type. This decision process at runtime
is called Late Binding or Dynamic Binding.
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This is where the 'virtual' keyword comes in. By placing the word 'vir-
e A virtual function is a member function in the base class that you tual’ before a function declaration in the base class, we are explicitly
expect to redefine in derived classes. telling the C++ compiler: 'Do not use early binding for this function.
. . . Wait until runtime, look at the actual object bei inted to, and call
@ Declared using the virtual keyword in the base class. ait unti fun me, fook at the ac UE? RIS BRI PEIRIEEE] ey Sl e
) o o ) that object’s version of the function.
o It tells the compiler to perform dynamic binding (late binding) for this

function.

@ Ensures the correct function is called for an object, regardless of the
type of pointer used for the function call.
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© Code Example: Virtual Functions
.
o class Base { .

. Look at the same example, but now we've added 'virtual’ to the Base
® public: class display() function. Notice | also added the 'override’ keyword in
e virtual void display() { cout jj "Base display” jj endl; } the derived class. This is optional but highly recommended in modern
° }; C++ (C++11 onwards) as it makes the compiler check that you are
o class Derived : public Base { .actually overriding a V|rtha| fun.ctlon. Now.v V\./hen p'fr-idlsplay() is (I:allefi,

. it correctly outputs 'Derived display’. This is runtime polymorphism in
@ public: action.

e void display() override { cout jj "Derived display” jj endl; }

° };

@ Base* ptr = new Derived();

o ptr-;display(); // Outputs: Derived display! (Dynamic Binding)
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There are some important rules to remember. You can’t have a virtual
e Virtual functions must be members of some class. static function. You only get polymorphic behavior when using point-
@ They cannot be static members. ers or references. If you just use normal object variables, early binding
@ They are accessed through object pointers or references to achieve h.appens. And very 'mf’orta”tly' if your base class has _a“y."'rt”al .ﬂ”‘c'
polymorphism. tions, you must make its destructor virtual too. We will discuss virtual

. . . . . destructors in detail in a future lecture, but it prevents memory leaks
@ The prototype (signature) must be identical in base and derived P Y

when deleting derived objects through base pointers.
classes.

@ Constructors cannot be virtual, but destructors should be virtual if a
class has virtual functions.
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.
Before C++11, if you made a typo in the derived class function—say,
o C you forgot a 'const’ qualifier—the compiler wouldn’t override the base
© Added in C++11 to prevent subtle bugs. function; it would just create a brand new function, hiding the base one.
@ Placed at the end of a derived class function declaration. This caused terrible bugs. The 'override’ specifier tells the compiler 'I
@ Forces the Comp”er to check if a base class has a matching virtual intend to override a virtual function here. If | didn't get the signature
function. exactly right, give me an error.” Always use it.
o If signatures don’t match exactly (e.g., const mismatch, slight typo),

compilation fails.
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Consider our 'Shape’ class. What does a generic 'Shape’ look like? It
. . oful i . doesn't. You can draw a Circle or a Square, but you can’t just draw a
° ?ometl-mes afbase. class cannot provide a meaningful implementation 'Shape'. Therefore, the 'draw()’ function in the Shape base class has no
or a virtual function. meaningful code. Instead of leaving it empty, we make it a Pure Virtual
@ A pure virtual function is declared by assigning 0 to it. Function by appending '= 0' to the declaration. This acts as a strict
@ Syntax: virtual return type function name(parameters) = contract.
0;

It forces any derived class to provide its own implementation.
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Abstract Classes

@ An Abstract Class is a class that contains at least one pure virtual
function.

@ You CANNOT instantiate objects of an abstract class.
@ It serves solely as a blueprint or interface for derived classes.

@ Derived classes must override all pure virtual functions to become
instantiable (concrete classes).
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I—Abstract Classes

The moment a class contains even one pure virtual function, it becomes
an Abstract Class. Because it has incomplete functions, the compiler
will not allow you to create objects of this class. 'Shape s;" would cause
a compiler error. Abstract classes exist purely to be inherited from,
providing a common interface—a set of rules—that all derived classes
must follow.
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© Code Example: Abstract Classes

=
class Shape { // Abstract Class
public: Here is the code representation. Shape is abstract because of the = 0 on
virtual void draw() = 0; // Pure virtual draw(). We cannot say Shape s;. However, we can create pointers to

abstract classes! We can have a Shape. We then point that Shape

I8 to a Circle object, and when we call ptr->draw(), it magically calls
class Circle : public Shape { the Circle’s draw function. This is the ultimate power of OOP interfaces.

public:

void draw() override { cout jj "Drawing Circle"; }
i

// Shape s; // ERROR: Cannot instantiate
Shape* ptr = new Circle();

ptr-;draw(); // Valid, dynamic binding
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&
To summarize, to achieve true runtime polymorphism in C++, you need
1B | . Derived cl bi three ingredients: inheritance, a base class pointer or reference pointing
o 1. Base class pointer to Derived class object. to a derived object, and virtual functions. If you want to force an in-
@ 2. Base class function is virtual. terface without providing a default implementation, you use pure virtual
@ 3. Result: Call resolves at RUNTIME (Dynamic Binding) to the functions, which turn your class into an abstract class.

actual object type.

4. Abstract classes enforce interfaces using pure virtual functions (=
0).
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Welcome class to Lecture 26. Today we are diving into one of the most
powerful pillars of Object-Oriented Programming: Polymorphism. We
will build upon our knowledge of classes and inheritance to see how

_ o _ ) ) C++ allows us to write flexible, scalable, and reusable code by treating
@ Topics: Compile-time Polymorphism, Run-time Polymorphism, different objects through a unified interface.

Function & Operator Overloading, Virtual Functions
@ Course: Object Oriented Programming with C++ (DI105011021)

@ Unit 3: Inheritance and Polymorphism
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What is Polymorphism?

@ The word 'Polymorphism’ is derived from two Greek words: 'poly’
(meaning many) and 'morphs’ (meaning forms).

@ In OOP, polymorphism refers to the ability of a message or function
to be displayed or executed in more than one form.

@ Real-world analogy: A person behaves differently depending on the
context. A woman might be a mother at home, an employee at work,
and a customer at a store.

@ In C+4+, it allows a single function name, operator, or object
reference to behave differently based on the data types or object
classes they are interacting with.
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|—What is Polymorphism?

Let's start with the definition. Polymorphism literally means 'many
forms’. Think about how you behave. The way you interact with your
friends is different from how you interact with your professors, yet you are
the same person responding to different 'inputs’ or contexts. In C++,
polymorphism allows our code to be context-aware. A single function
call can trigger entirely different underlying behaviors depending on the
exact object it is invoked upon. This reduces cognitive load because we
can use one name for a general action.
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.
C-++ handles polymorphism in two distinct phases: during compilation
o C++ supports two primary categories of polymorphism: and during execution. Compile-time polymorphism is fast because the
e 1. Compile-Time Polymorphism (Early Binding / Static Binding) compiler figures out exactly which memory address to jump to before
@ - The compiler determines which function to call at compile time. dis program €ven runs. _Th!s is also known as early bmdmg'_Run_t'me
) ) ) ) polymorphism, or late binding, happens while the program is actually
@ - Achieved through: Function Overloading and Operator Overloading. running. The compiler doesn't know the exact object type beforehand,
@ 2. Run-Time Polymorphism (Late Binding / Dynamic Binding) so the decision of which function to execute is delayed until the last
@ - The function call is resolved during the execution of the program. possible moment.
@ - Achieved through: Inheritance and Virtual Functions.
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© Compile-Time Polymorphism: Early Binding
=
@ Also known as Static Binding. o . o
. . . Let's look closer at compile-time polymorphism. The term 'early binding’
° The compller' analyz.e.s .the function call and matches it with the means the linkage between the function call and the actual code block is
correct function definition based on the number and types of established early—by the compiler. The compiler looks at the signature
arguments. of the function you are trying to call. The signature includes the name
@ This matching process occurs entirely during compilation, resulting in of the function and the exact types and number of its arguments. If it
zero execution overhead. finds a perfect match, it statically binds them. This means your compiled
@ Primary mechanisms: program is highly optimized.

@ - Function Overloading: Multiple functions with the same name but
different parameter lists.

- Operator Overloading: Giving special meanings to standard C+-+
operators (+, -, *, etc.) for user-defined classes.
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© Function Overloading: The Rules
.
. . . . _ Function overloading is extremely common. For instance, you might
@ You can define multiple functions with the exact same name within > - . .
want an 'add’ function. Sometimes you add two integers, sometimes
the same scope. . . .
. ) . . two floats, sometimes three integers. Instead of naming them addints,
o R_ule 1 The parameter list (S|gnature_) must differ. This means a addFloats, addThreelnts, you just name them all 'add’. The compiler is
different number of parameters OR different data types of parameters. smart enough to look at the arguments you pass in. However, remember
@ Rule 2: The return type alone is NOT sufficient to overload a the golden rule: the parameter list must be unique. The compiler ig-
function. If two functions have the same name and parameters but nores the return type when resolving overloads because you might call a
different return types, the compiler will throw an error. function and ignore its return value, leaving the compiler guessing which
o Compiler uses name mangling (decorating the function name with one you meant.

parameter types) internally to distinguish them.
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class MathOps {

public: Here is a concrete example. We have a class MathOps with three meth-
// Overload 1: Two integers ods, all named 'add’. The first takes two ints, the second takes three
int add(int a, int b) { return a + b; } ints, and the third takes two doubles. When we write m.add(5, 10), the

compiler sees two integer literals, matches them to the first overload,

// Overload 2: Th . and statically binds that specific block of code. If we pass 2.5 and 3.1,
verload 2: ree integers

int add(int a, int b, intc) { returna + b + ¢; }

it binds to the double version. The interface remains clean and intuitive.

// Overload 3: Two doubles

double add(double a, double b) { return a + b; }

b

// Usage: MathOps m; m.add(5, 10); m.add(2.5, 3.1);
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© Operator Overloading: Basics
:
Moving on to Operator Overloading. This is what makes C++ feel so
@ C++ allows you to redefine how standard operators work when natural when working with user-defined types. If you create a Matrix
applied to your own custom classes (objects). class, it makes sense to write Matrix C = A + B instead of Matrix C
@ For example, the '+' operator normally adds two numbers. With = A.add(B). Operator overloading lets you do exactly this. You define
operator overloading, you can make '+' concatenate two custom a special function using the keyword 'operator’ followed by the symbol
'String’ objects or add two 'Complex’ number objects. you want to overload. It's essentially just 'syntactic sugar’ over function
@ Syntax involves the 'operator’ keyword followed by the symbol. e,
@ Restrictions: You cannot change the precedence or associativity of an

operator, nor can you create entirely new operator symbols.
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© Code Example: Operator Overloading
class Complex { S
prlvate plex c1(3, 4) c2(1, 2): Complex c3 = ¢l +
float real, imag; In this example, we model a Complex number with real and imaginary
public: parts. We define the 'operator+' member function. Notice that it takes
Complex(float r=0 floati= 0) : real(r), imag(i) {} fanother Fc.)mplex object as a cohstant referen'ce. Whevn the compiler seeys

. o cl + c2', it actually translates it to the function call 'cl.operator+(c2)'.

// Overloading the "+" operator It adds the respective real and imaginary components and returns a
Complex operator+(const Complex& obj) { new Complex object. This makes mathematical code involving objects
Comp|ex temp; incredibly readable.

temp.real = real + obj.real;

temp.imag = imag + obj.imag;

return temp;

}

b

// Usage: Complex c1(3, 4), c2(1, 2); Complex c3 = cl + c2;
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5
Now we reach the heart of OOP: Run-Time Polymorphism. Unlike
@ Also known as Dynamic Binding. compile-time, here the compiler cannot know which function to call.
@ The specific method to execute is determined at the exact moment Why? Because we might have a pointer of the Base class type, but it
the code is executed, not during compilation might be pointing to a Derived class object in memory. Since memory
p . for R ’ Ti Pol hi 0 C ) allocation can happen dynamically at runtime based on user input, the
@ Prerequisites for Run-Time Polymorphism in C4-4-: decision of which code to execute must be deferred until runtime. This
@ 1. A class hierarchy created through Inheritance. requires inheritance, pointers or references, and the 'virtual' keyword.
@ 2. Base class pointer (or reference) pointing to a derived class object.
@ 3. The use of Virtual Functions in the base class.
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The magic key for dynamic binding is the 'virtual’ keyword. When you
place 'virtual' in front of a base class method, you are telling the C++
compiler to set up a mechanism for dynamic dispatch. If a derived class
provides its own version of this virtual function, we say the derived class
is 'overriding’ the base class function. Note the difference: overloading

is same name, different signature. Overriding is same name, exact same
@ When a derived class redefines a virtual function from its base class, signature, across an inheritance boundary.

it is called 'Overriding’.

@ A virtual function is a member function in the base class that you
declare using the 'virtual’ keyword.

@ It acts as a signal to the compiler: 'Do not use static binding for this
function. Wait until runtime to see what exact type of object the
pointer is looking at.’

@ Function Overriding requires the exact same signature (name,
parameters, and return type) in both base and derived classes.
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:
o How does C++ actually achieve run-time polymorphism? You might wonder how the program knows which function to call at
. . . . runtime. C++ implements this using virtual tables, or vTables. Every
e 1. vTable (Virtual Table): A static array of function pointers created . . .
by th ler f | taini tual functi class with at least one virtual function gets a vTable—an array of func-
y the compiier for-any class containing virtuat fuhctions. tion pointers. Every object instantiated from these classes gets a hidden
@ 2. vPtr (Virtual Pointer): A hidden pointer added by the compiler to pointer, the vPtr, which points to the class’s vTable. When you call a
every object of a class with virtual functions. virtual function through a base pointer, the program follows the object’s
@ At runtime, the vPtr of the specific object being pointed to is used to vPtr to the vTable and executes the correct overridden function. This
look up the correct function address in the vTable. lookup takes a tiny fraction of time, which is the overhead of dynamic

@ This lookup is what causes a slight performance overhead compared binding.

to compile-time binding.
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@ class Animal { S
@ public:
@ virtual void makeSound() { Let's look at the code. We have a base class Animal with a virtual
e cout jj "Some generic animal sound” i end!: function makeSound(). We then have a derived class Dog that publicly
o) inherits from Animal. Dog provides its own implementation of make-
Sound(). The 'override’ keyword in the derived class is a C++11 feature
o} that asks the compiler to double-check that we are actually overriding a
° base class virtual function correctly.
o class Dog : public Animal {
@ public:
@ void makeSound() override { // 'override’ is optional but good

practice

cout jj "Woof! Woof!" jj endl;
}

%
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int main() {
Animal genericAnimal;

Dog myDog;
Animal* ptr;

ptr = &genericAnimal;
ptr-imakeSound(); // Output: Some generic animal sound

ptr = &myDog;
ptr-; makeSound(); // Output: Woof! Woof!

return O;

}
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I—Code Example: Dynamic Dispatch in Action

Here is where the magic happens. We create a generic Animal object
and a Dog object. Crucially, we create an Animal pointer 'ptr’. When ptr
points to genericAnimal, ptr-imakeSound() calls the base class version.
But when we point ptr to myDog (which is allowed because a Dog IS-
A Animal), calling ptr-; makeSound() executes the Dog's version! The
compiler didn't know at compile time what ptr would point to, but at
runtime, the vPtr ensures "Woof! Woof!" is printed.
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&
@ Sometimes a base class shouldn’t have an implementation for a
virtual function. Often, a base class is too generic to implement a function. For example,
@ Pure Virtual Function: A virtual function assigned a value of 0. a 'Shape’ class might have a 'draw()’ method, but how do you draw a
. . T ? 1 e . .
e Syntax: virtual void draw() = 0; generic shape? You can't. You can only draw specific shapes like Circles
Abstract Class: A | taini t least rtual or Squares. We make 'draw()’ a pure virtual function by appending '=
° f > r.ac ass: ANy class containing at feast one pure virtua 0'. This makes 'Shape’ an abstract class. You cannot create a 'Shape’
unction. object directly. It forces all inheriting classes to provide their own specific
@ Properties of Abstract Classes: implementation of 'draw()’, guaranteeing a consistent interface across
@ - You cannot instantiate an abstract class (cannot create objects of all shapes.
it).
@ - It exists solely to act as a base interface for derived classes.
@ - Derived classes MUST override all pure virtual functions, otherwise

they too become abstract.
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Olymorpnis c“\l:’: I—Comparison: Compile-Time vs Run-Time
S Polymorphism
o — Feature — Compile-Time Polymorphism — Run-Time To summarize, compile-time polymorphism is about overloaded names
Polymorphism — resolved during compilation, offering maximum speed. Run-time poly-
o morphism relies on inheritance and virtual functions, resolved during ex-
o ] ] ecution, offering maximum flexibility and making large codebases much
® — Binding — Early / Static — Late / Dynamic — easier to maintain and extend without modifying existing code. Both
@ — Mechanism — Function & Operator Overloading — Virtual are essential tools in the C++ programmer's toolkit.
Functions & Inheritance —
@ — Speed — Faster (no run-time overhead) — Slower (vTable lookup
overhead) —
@ — Flexibility— Less flexible — Highly flexible —
@ — Memory — Resolved at compile time — Requires

pointers/references to base class —

Milav (GP Palanpur) Object Oriented Programming



Object Oriented Programming =

Summary & Q&A

N
N
5
© I—Summary & Q&A
S
N
That wraps up our deep dive into Polymorphism. You now understand
@ Today we explored: how C++ allows identical function calls to behave differently based
e - The core concept of Polymorphism ('many forms'). on context, both statically and dynamically. Please review the vTable
. . concept as it is a frequent topic in technical interviews. | will now
@ - How to overload functions and operators statically. . . . -
] ) ] i o open the floor to any questions regarding function overriding versus
@ - How to use virtual functions to achieve dynamic, late-binding overloading, or how abstract classes enforce design patterns.
behavior.
@ - The mechanics of vTables and abstract classes.
@ Any questions?
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I—Constructors and Destructors in Derived Classes

Welcome back to our journey through Object Oriented Programming
with C++. Today, we are diving deep into the lifecycle of objects in
an inheritance hierarchy. We'll explore exactly what happens when you
create or destroy an object of a derived class.




The Lifecycle of a Derived Object

@ When an object of a derived class is created, it contains within it a
sub-object of its base class.

@ Therefore, the base class portion must be initialized before the
derived class portion.

o Similarly, when the object is destroyed, the derived class portion must
be cleaned up before the base class portion.

@ This is handled automatically by C++ through the strict ordering of
constructors and destructors.
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Think of building a house. You have to lay the foundation (the base
class) before you can build the walls and roof (the derived class). If you
don't initialize the base class first, the derived class might try to use
uninitialized data inherited from the base class. The reverse is true for
demolition: tear down the roof before digging up the foundation.
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&
The rule is simple: top-down construction. The most fundamental class
o Constructors are executed from the top of the inheritance hierarchy in the hierarchy gets built first. This ensures that every derived class has
down to the bottom. a fully constructed base class to rely upon. If your base class doesn’t have

a default constructor, you will get a compiler error unless you explicitly

Order: Base Class Constructor -i Derived Class Constructor.
call another constructor.

If there are multiple levels (Multilevel Inheritance): Grandparent -;
Parent -; Child.

@ The compiler implicitly inserts a call to the base class's default
constructor if no explicit call is made.
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&
Let's look at this simple example. When we create object 'd’ of type
Derived, the compiler first allocates memory for the entire object. Then,
o class Base { public: Base() { cout jj "Base Constructor” jj endl; } }; it calls the Base class constructor. Once that finishes, it executes the
e class Derived : public Base { public: Derived() { cout jj " Derived body of the Derived class constructor. The output clearly shows this
Constructor” jj endl; } }; GESUENCES
@ int main() { Derived d; return 0; }
@ Output: Base Constructor Derived Constructor
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&
Often, a base class is designed to require specific initial state, meaning
. . L it only has parameterized constructors. In this case, the compiler cannot
@ What if the Base class requires arguments for initialization? (No . .
automatically call a default constructor. The derived class constructor
default constructor). T ]
takes on the responsibility of passing the necessary arguments up the
@ The Derived class constructor must explicitly call the Base class chain using the initializer list.

constructor.
@ This is done using the Constructor Initializer List.

@ Syntax: Derived(args) : Base(args_for_base) { ... }
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Example: Parameterized Constru

o class Base { int x; public: Base(int i) : x(i) { cout jj "Base initialized
with " jj x jj endl; } };

o class Derived : public Base { int y; public: // Explicitly call Base
constructor Derived(int i, int j) : Base(i), y(j) { cout jj " Derived
initialized with " jj y jj endl; } };
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I—Example: Parameterized Constructors

Notice the syntax on the Derived constructor. After the parameter list
(int i, int j), we place a colon, followed by the call to the Base
class constructor Base (i). This happens before the body of the Derived
constructor executes. It's the only way to initialize the x member of the
Base class.
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When dealing with multiple inheritance, the C++ standard dictates that

base class constructors are called in the order they appear in the class
In multiple inheritance, a class inherits from more than one base class. declaration list, NOT in the order they appear in the initializer list. It's
best practice to make your initializer list match the declaration order to
avoid confusion.

class Derived : public Basel, public Base2 { ... };

Order of execution: Determined by the order of inheritance in the
class declaration.

Basel constructor -; Base2 constructor -; Derived constructor.
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=
Because the declaration is class D : public B1, public B2, Bl's
constructor is called first, followed by B2's, and finally D's. If we
class B1 { public: B1() { cout jj "B1\n"; } }; changed the declaration to class D : public B2, public Bi, the
class B2 { public: B2() { cout jj "B2\n"; } }; output would be B2, B1, D.

// Bl is listed first, then B2
class D : public B1, public B2 { public: D() { cout jj "D\n"; } };
Output: B1 B2 D
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&
Destruction is tearing down the house. You have to remove the new ad-
ditions (derived class) before you can touch the foundation (base class).
Destructors are executed in the exact reverse order of constructors. The derived class might hold pointers or resources that depend on the
Order: Derived Class Destructor -; Base Class Destructor base class still being intact. Therefore, the derived class must be cleaned
up first.

Bottom-up destruction.

The compiler implicitly inserts a call to the base class destructor at
the end of the derived destructor’s execution.
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As we can see, when the Derived object is destroyed, the “Derived()
destructor runs first. Once its body completes, the compiler automati-

o class Base { public: “Base() { cout jj " Base Destructor” ij endl; } }; cally calls "Base (). You do not explicitly call base class destructors.

@ class Derived : public Base { public: “Derived() { cout jj " Derived
Destructor” jj endl; } };

@ Output when Derived goes out of scope: Derived Destructor Base
Destructor
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A Crucial Polymorphism Problem

o Consider this scenario: Base* ptr = new Derived();
@ What happens when we call: delete ptr; ?
@ Only the Base class destructor is called!

@ The Derived class destructor is skipped, leading to a memory leak or
resource leak if Derived allocated memory.
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La Crucial Polymorphism Problem

This is a classic C++ interview question and a very common source of
bugs. If you delete an object of a derived class through a pointer to a
base class, and the base class destructor is non-virtual, the behavior is
undefined by the C++ standard. In practice, most compilers will only
invoke the Base class destructor.
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Here, Derived allocates memory. But because we delete it through a
Basex, the compiler statically binds the destructor call to “Base(). The
@ class Base { public: NBase() { coutjj” "Base\n"; } }; “Derived() destructor never runs, and the array data is leaked.
@ class Derived : public Base { int* data; public: Derived() { data =
new int[100]; } “Derived() { delete[] data; coutjj” "Derived\n"; } };

@ Base* ptr = new Derived(); delete ptr; // Output: "Base (Memory
Leak!)
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e Solution: Virtual Destruc

To ensure proper destruction, declare the Base class destructor as
virtual.

virtual "Base() { ... }

This tells the compiler to use dynamic binding (late binding) for the
destructor.

When 'delete ptr' is called, it looks at the actual object type at
runtime and calls the correct Derived destructor first.
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By making the base class destructor virtual, you guarantee that the de-
struction process starts at the most-derived class, exactly as it should.
The virtual mechanism ensures the correct destructor is found via the
vtable, and from there, the normal bottom-up destruction sequence pro-
ceeds automatically.
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Adding the virtual keyword fixes the issue completely. Now, delete
ptr correctly identifies that ptr points to a Derived object, calls

o class Base { public: virtual “Base() { coutjj” “Base\n"; } }; “Derived(), which in turn automatically calls “Base(). No memory

@ class Derived : public Base { public: “Derived() { leaks, safe polymorphic cleanup.

coutjj” “Derived\n"; } };

o Base* ptr = new Derived(); delete ptr; // Output: // ~“Derived //
“"Base
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) ] To wrap up: understanding the sequence of construction and destruction

@ Constructors execute Top-Down: Base first, then Derived. is vital for managing resources effectively in C++. Remember the top-
@ Destructors execute Bottom-Up: Derived first, then Base. down / bottom-up rule, master the initializer list for passing arguments,
o Derived classes must use the Initializer List to pass arguments to and never forget your virtual destructors when using polymorphism.

parameterized Base constructors.

@ Multiple Inheritance constructor order is dictated by the class
declaration order.

o ALWAYS use a virtual destructor in a base class if you intend to
manipulate derived objects via base pointers.
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Welcome, everyone, to Lecture 28. Today we are kicking off Unit 3,
which focuses on Inheritance and Polymorphism. These are two of the
most powerful pillars of Object-Oriented Programming. We will start
by looking at how to define derived classes, understand visibility modes,
and explore the different forms of inheritance.
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Let's start with a formal definition. Inheritance is the process by which
objects of one class acquire the properties and behaviors of objects of
. .. another class. Think of it like genetic inheritance, where a child inherits
@ Mechanism of deriving a new class from an old one. i . . i
) , ' traits from their parents. In C4++, the existing class is the Base Class,
@ The old class is referred to as the 'Base Class’ (or Parent Class). and the newly created class is the Derived Class. The primary motivation
@ The new class is referred to as the 'Derived Class’ (or Child Class). for inheritance is code reusability—why write the same code twice when
@ Promotes 'Reusability’ of code, saving time and reducing errors. you can just inherit it?
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To visualize this, imagine a general category called "Vehicle'. All vehicles
have certain common properties, like the number of wheels, an engine,
, L . . and color. They also share behaviors like starting and stopping. Now, if
@ Base Class: 'Vehicle' (Properties: Wheels, Engine, Color; Methods:

Start, Stop) what an engine or a wheel is. We simply inherit from 'Vehicle' and
o Derived Class 1: 'Car’ (Inherits Vehicle, adds 'Trunk Size') add the specific features that make a Car a Car, like trunk size, or a

@ Derived Class 2: '"Motorcycle' (Inherits Vehicle, adds "Has Sidecar") Motorcycle a Motorcycle, like a sidecar.

we want to model a 'Car’ or a 'Motorcycle', we don't need to redefine
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Here is the syntax for defining a derived class in C++. We use the
‘class’ keyword followed by the name of our new derived class. Then,

The colon "' indicates inheritance members specific to the derived class.

@ class derived_class_name : visibility_mode base_class_name : 4 . ; . ;

we use a single colon. This colon is crucial—it tells the compiler that
o { inheritance is happening. After the colon, we specify a visibility mode,
@ // members of derived class which dictates how the members of the base class are inherited, followed
° }; by the name of the base class. Inside the curly braces, you add the new
°
°

Visibility mode can be 'public’, "private’, or 'protected’.
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Understanding Visibility Modes

@ Visibility modes control the access of base class members within the
derived class.

@ Three modes: Public, Private, Protected.
@ Default mode is Private if none is specified.

@ Note: Private members of a base class are NEVER directly accessible
by the derived class, regardless of visibility mode.
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When inheriting a base class, we must specify how its members will be
treated in the derived class. This is done using visibility modes. C+-+
provides three modes: Public, Private, and Protected. If you forget to
write a visibility mode, C++ defaults to Private inheritance for classes.
It's an important rule to remember that the private members of a base
class remain strictly private to it; they are never directly accessible from
the derived class, no matter which visibility mode you choose.
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Let's dive into Public inheritance, the most common type. When a class
is derived publicly, the public members of the base class remain public
in the derived class. They can be accessed by objects of the derived

Syntax: class Derived : public Base : ;
class. The protected members of the base class remain protected in the

Base's public members become public in Derived. derived class. This mode perfectly models an 'IS-A’ relationship. For

Base's protected members become protected in Derived. example, a Car IS-A Vehicle.

Models an 'IS-A’" relationship perfectly.
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Next is Private inheritance. When you inherit privately, all the public
and protected members of the base class become private members of
e Syntax: class Derived : private Base the dfarlved class. T'hIS means they can only be accessed l?y the member
) ] ) ) ) functions of the derived class, and not by any external objects or further
@ Base's public members become private in Derived. derived classes. This is less about an 'IS-A’ relationship and more about
@ Base's protected members become private in Derived. utilizing the base class’s code internally, often called 'implemented-in-
@ Used for 'implemented-in-terms-of " rather than 'IS-A’. terms-of .
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Finally, Protected inheritance. In this mode, both the public and pro-
tected members of the base class become protected members of the

@ Syntax: class Derived : protected Base derived class. They are hidden from the outside world (like private mem-
o Base’s public members become protected in Derived. bers) but.are Stl|-| available to any further classes -de-nved from th|-s new
, . . class. This is a niche mode, used when you are building deep inheritance
@ Base's protected members become protected in Derived. . . .
hierarchies and need tight control over who can access what.
@ Useful when you want to restrict external access but allow further
derivation.
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This table is an excellent study guide. Notice the first row: private mem-
bers of the base class are never inherited, period. Look at the columns

@ Base Member Level — Public Derivation — Private Derivation — to see what happens to protected and public members. Public derivation
Protected Derivation preserves the original access levels. Private derivation forces everything
o Private — Not Inherited — Not Inherited — Not Inherited to private. Protected derivation forces everything to protected. Memo-
. rizing this table will save you a lot of debugging time!
@ Protected — Protected — Private — Protected
@ Public — Public — Private — Protected
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Now that we know how to inherit, let’s look at the architectural patterns
C+++ supports multiple ways to combine classes. of inheritance. Depending on how many base c'Iass<.es or.derivec? clas§es
we have, and how they connect, C++ categorizes inheritance into five
main forms: Single, Multiple, Multilevel, Hierarchical, and Hybrid. Let's

Multiple Inheritance look at each one with diagrams and examples.

Multilevel Inheritance

1. Single Inheritance

Hierarchical Inheritance

o W

Hybrid Inheritance
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Single inheritance is the simplest and most common form. You have
exactly one base class, and you derive exactly one class from it. Visually,
this is just a straight line from Class A down to Class B. For instance,
@ Definition: A derived class with only ONE base class. if you have a base class 'Person’, you can create a single derived class

o Diagram Concept: A -; B (A is base, B is derived). 'Employee’ that inherits the name and age properties from 'Person’.

@ Example: class Employee inherits from class Person.
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& L2 Multilevel Inheritance
.
Multilevel inheritance takes single inheritance and stacks it. Class A is
inherited by Class B, and then Class B is inherited by Class C. Here,
—_ . . . Class B both a derived cl f A) and a b I f
@ Definition: A class is derived from another derived class. ass 1 SEIVes as Both a derved cass.( rom ) and 2 ase class ((?r
. C). A good biological example is tracing lineage: An Animal class is
e Diagram Concept: A -j B -; C. inherited by a Mammal class, which is then inherited by a Dog class.
@ Example: Animal -; Mammal -; Dog. The Dog inherits traits from both Mammal and Animal.
o Class B is an intermediate base class.
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L-3. Multiple Inheritance

2026-07-22

Multiple inheritance is where C+-+ shows its power, allowing a single
derived class to inherit from two or more distinct base classes simulta-

Definition: A derived class has MORE THAN ONE base class. neously. Imagine Class A and Class B both pointing down to Class C.

° ] For instance, a 'SmartPhone’ class could inherit from both a 'Camera’
@ Diagram Concept: A and B -; C. class and a 'Phone’ class. Be warned, though: if both base classes have
@ Syntax: class C : public A, public B { ... }; a function with the same name, it creates an ambiguity known as the
e Note: Can lead to the 'Diamond Problem' (Ambiguity). Diamond Problem, which we will address in later lectures.
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I—4. Hierarchical Inheritance
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Hierarchical inheritance is like a tree structure. You start with one gen-
eral base class at the top, and you derive multiple specific classes from
it. For example, a base class 'Shape’ can be inherited by 'Circle’, 'Rect-
@ Definition: Multiple derived classes inherit from a SINGLE base class. angle’, and 'Triangle'. Each derived class shares the common properties
o Diagram Concept: A-; B, A-; C, A-; D. of 'Shape’ but implements its own specific area calculations and drawing

@ Example: Shape -; (Circle, Rectangle, Triangle). ST
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L—5. Hybrid Inheritance
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Finally, Hybrid inheritance. This is exactly what it sounds like—a mix-
and-match of the other forms. Usually, it's a combination of hierarchical
s . . . and multiple inheritance. While powerful, it can quickly make your code
@ Definition: A combination of two or more forms of inheritance. muftipie nen vhrie powertul, 1t can quickly make your cod
architecture complex and difficult to maintain. It is the primary scenario
where the 'Diamond Problem’ occurs, requiring the use of 'virtual base

@ Requires careful design to avoid complexity and ambiguity. classes’ to ensure only one copy of the base class is inherited.

o Often a mix of Multilevel and Multiple inheritance.

@ Virtual base classes are often used to solve ambiguity here.
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Code Example: Single Public Inheritance

void bark() { cout jj "Barking..."; }
%
// In main: Dog d; d.eat(); d.bark();

N

~

) L . . .

© Code Example: Single Public Inheritance

:
@ class Animal { Let’s look at a quick code snippet to solidify this. We have a base class
@ public: "Animal’ with a public method 'eat’. We then define a derived class
o void eat() { cout j "Eating...”; } Dog' that mherlts,publlcly frorn Anln'wal . The 'Dog’ class deflne's its

own method, 'bark’. In our main function, we can create a Dog object.

°} Because of public inheritance, the Dog object can call 'eat()’ from the
o class Dog : public Animal { Animal class, and 'bark()’ from its own class.
@ public:
°
°
°
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To wrap up today's lecture: We've established that inheritance is the
cornerstone of code reusability in C++. We learned how to define a
@ Inheritance enables code reusability via Base and Derived classes. fjenved EEES us'r_‘g the, Eol SRS Wi IR LT i thre_e V's!bll-

o ) ] ) ity modes—Public, Private, and Protected—alter the access of inherited
@ Visibility modes (Public, Private, Protected) dictate access levels. members. And lastly, we surveyed the five topological forms of inheri-

@ Private members of a base class are NEVER inherited. tance. Make sure you practice defining these structures!
@ Five forms: Single, Multilevel, Multiple, Hierarchical, Hybrid.
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& LWhat's Next?
S
N
In our next lecture, we are going to look closer at Multiple Inheritance.
We will tackle the dreaded Diamond Problem head-on and learn how
o Deep dive into Multiple Inheritance and Ambiguity. VlrFuaI I'Base Clas.ses solve it. We'll also investigate the hidden mechanics
) e , of inheritance: in what order are constructors and destructors called
@ Understanding the 'Diamond Problem'. when you create a derived object? Thank you, and | will see you in the
@ Introduction to Virtual Base Classes. next class.
@ Order of Constructor/Destructor execution in inheritance.
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Overloadmg ;\!l I—Unit 4: Advanced Class Features - Operator
1 Overloading
Welcome class! Today we begin Unit 4 by diving into one of the most
powerful and expressive features of C4++: Operator Overloading. We
will learn how to make our custom objects interact seamlessly with stan-
Lecture 29: 4.1 Operator Overloading dard C++ operators like plus, minus, and equals.

Topics:
- Unary and Binary Operators
- Member and Friend Functions

- Rules and Limitations
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LWhat is Operator Overloading?

2026-07-22

In C++, we know we can overload functions—giving the same name to
multiple functions with different parameters. Similarly, C++ allows us

® A type of compile-time polymorphism in C+-+. to overload operators. This means we can teach our custom classes how

@ Allows developers to redefine the way standard operators work when to behave when a standard operator is applied to them. Importantly,
applied to user-defined data types (objects). this is compile-time polymorphism, and it doesn't break how operators

@ Provides a special, context-specific meaning to an existing operator. work for standard types like integers.

@ Does NOT change the meaning of the operator for built-in

fundamental types (like int, float).
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Why Use Operator Overloading?

Improves code readability and expressiveness.

Allows user-defined classes to behave similarly to primitive built-in

types.

Example without overloading: ¢3 = cl.add(c2);
Example with overloading: ¢3 = cl + c2;

Reduces cognitive load when dealing with mathematical or logical
abstractions like Matrices, Vectors, and Complex Numbers.
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|—Why Use Operator Overloading?

Why do we need this? Think about readability. If you have two com-
plex numbers, cl and c2, writing c1 + c2 is mathematically intuitive.
Writing c1.add(c2) is clunky and harder to read, especially in complex
equations. Operator overloading brings our custom types up to the same
level of convenience as native types.
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L—General Syntax of Operator Overloading

2026-07-22

To overload an operator, we declare a special function. The name of this

Achieved using a special function called an 'operator function'. function always consists of the keyword 'operator’ followed by the symbol
Keyword: operator we want to overload, such as 'operator+'. The return type depends on
Syntax: return_type operator op (argument list) { ... } what the operation should yield, and the argument list depends on the

) number of operands.
- return_type: Data type of the value returned by the operation.

- operator: Keyword indicating an overloaded operator.
- op: The specific symbol being overloaded (e.g., +, -, *).

- argument_list: Operands passed to the operator function.

Milav (GP Palanpur) Object Oriented Programming 460/ 1



Rules for Operator Overloading

Object Oriented Programming

Rules for Operator Overloading

L—Rules for Operator Overloading
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The compiler enforces strict rules. You cannot invent new operator sym-

° 1 Only existing C++ operators can be overloaded. You cannot bols. You cannot overload operators exclusively for primitive types—at

invent new operators (e.g., for power). least one operand must be an object. While C++ lets you do anything
@ 2. At least one operand must be of a user-defined type. inside the function block, it's a terrible practice to change the mathe-
@ 3. You cannot change the fundamental semantics (e.g., you shouldn’t matical meaning of an operator. Finally, precedence and associativity

make + perform subtraction). remain completely unaffected.

4. Precedence, associativity, and the number of operands of the
original operator cannot be changed.

@ 5. Default arguments cannot be used in operator functions.
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Limitations: Operators That CANNOT Be

Overloaded

S 0w N =

Most operators can be overloaded, but a few critical ones cannot:

. Class member access operator: . (dot)
. Scope resolution operator:

. Pointer-to-member operator: .*

. Ternary conditional operator: ?7:

. Size-of operator: sizeof

. typeid operator
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L Limitations: Operators That CANNOT Be
Overloaded

Despite its flexibility, C++ protects certain fundamental operators. The
dot operator, scope resolution operator, pointer-to-member, sizeof, and
the ternary conditional operator cannot be overloaded. These are deeply
integrated into the compiler’'s core mechanics and object memory repre-
sentation, so altering them would break the language structurally.
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Unary vs. Binary Operators
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© Unary vs. Binary Operators
:
U 0 Operators are generally classified by how many operands they take.
@ Unary Operators: Unary operators need only one operand, like changing the sign of a
@ - Operate on a single operand. number with a unary minus. Binary operators require two operands, a
o - Examples: ++ (increment), -- (decrement), - (unary minus, left side and a right side. The function signatures for overloading these
negation), ! (logical NOT). two types differ significantly.
@ Binary Operators:
@ - Operate on two operands (left and right).
@ - Examples: + (addition), - (subtraction), * (multiplication), ==

(equality).
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Overloading Unary Operators (Member Function)

When overloaded as a member function, a unary operator takes NO
arguments.

The object invoking the function is implicitly passed via the hidden
this pointer.

Syntax within class:
return_type operator op();

Example call: -obj; is translated to obj.operator-();
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I—Overloading Unary Operators (Member
Function)

Let's start with unary operators implemented as member functions. Be-
cause a unary operator acts on a single object, and a member function
is called explicitly on an object, the object itself is the operand. There-
fore, the function requires zero arguments; the compiler automatically
provides access to the object via the 'this' pointer.
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Example: Unary Minus Operator (Member Function)

N
é
c“\l:’: I—Example: Unary Minus Operator (Member
class Point { & Function)
int x, y;
public: Here is a concrete example. We have a Point class. Inside, we declare
o . void operator-(). Notice there are no parameters. When we call -p1
Point(int x, int y) : x(x), y(y) {} in main, C4++ translates this to pl.operator-(). The x and y values
void operator-() { // No arguments of pl are negated directly within the function block.
X = -X;
Yy =-Y:

}

b

int main() {

Point p1(5, 10);

-pl; // Negates coordinates

}
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I—Overloading Unary Operators (Friend Function)

2026-07-22

What if we use a friend function? Friend functions are not members, so
When overloaded as a friend function, a unary operator takes they lack a 'this’ pointer. Thus, we must explicitly pass the object we
EXACTLY ONE argument. want to operate on. A unary operator overloaded as a friend function
takes exactly one argument, usually passed by reference so the function

@ Friend functions do not have a this pointer, so the operand must be o )
can alter the original object's state.

passed explicitly.

Syntax within class:

friend return type operator op(ClassType& obj);

Passing by reference allows modification of the original object.
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Example: Unary Minus Operator

}

// main: Point p1(5, 10); -p1; calls operator-(p1);

N
5
c«\':l I—Example: Unary Minus Operator (Friend
= Function) 1 S ——
e class Point {
e intx,vy; Looking at the same Point class, we now use a friend function. We
o public: declare it inside with the 'friend’ keyword and define it outside. The
o . function operator- takes a Point& as its single parameter. When the
e Point(int x, int y) : x(x), y(y) {} compiler evaluates -p1, it effectively calls operator-(p1).
o friend void operator-(Point& p);
° };
@ void operator-(Point& p) {
@ p.X = -p.X;
@ py=-py:
°
°
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9 Overloading Binary Operators (Member
= Function)
@ When overloaded as a member function, a binary operator takes Moving to binary operators which require two operands. When using
EXACTLY ONE argument. a member function, the left-hand operand is the object invoking the

method. The right-hand operand is passed as the single explicit param-

@ The left-hand operand is the calling object (implicitly passed via
P § ob) (imp yp eter. So, an expression like A + B evaluates as A.operator+(B).

this).

@ The right-hand operand is explicitly passed as the function's
argument.

@ Syntax within class:

@ return_type operator op(const ClassType& rhs);

@ Example call: A + B translates to A.operator+(B)
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) 9 I—Example: Binary Plus (+) Operator (Member
< Function)
class Complex {
int | ) In this Complex number example, we overload the + operator. It takes
Int real, Imag; one Complex object as a parameter (rhs). real refers to the left
public: operand’s attribute, and rhs.real refers to the right operand. The
Complex(int r=0, int i=0) : real(r), imag(i) {} function creates a new Complex object temp, computes the sum, and

Complex operator+(const Complex& rhs) { returns it by value.

Complex temp;

temp.real = real 4+ rhs.real;
temp.imag = imag + rhs.imag;
return temp;

¥

b

// main: Complex c3 = cl + ¢2;
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|—Overloading Binary Operators (Friend
Function)

2026-07-22

If we implement a binary operator as a friend function, we must supply
@ When overloaded as a friend function, a binary operator takes both operands as arguments because there is no calling object. There-
EXACTLY TWO arguments. fore, a binary operator as a friend function requires two parameters. A
Because there is no this pointer, both the left and right operands + B is interpreted globally as operator+(A, B).
must be provided.

Syntax within class:

friend return_type operator op(const ClassType& 1lhs,
const ClassType& rhs);

@ Example call: A + B translates to operator+(A, B)
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I—Example: Binary Plus (+) Operator (Friend
Function)

2026-07-22

Here is the friend version for adding Complex numbers. operator+

o class Complex { takes two parameters, 1hs and rhs. It explicitly accesses the real and
@ int real, imag; imaginary parts of both objects. Since it's a friend, it can access private
@ public: members of both passed objects.

o Complex(int r=0, int i=0) : real(r), imag(i) {}

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

° };

o Complex operator+(const Complex& lhs, const Complex& rhs) {

o return Complex(lhs.real + rhs.real, lhs.imag + rhs.imag);

°}

Milav (GP Palanpur) Object Oriented Programming 471 /1



Member Function vs. Friend Function

When to use Member Functions:
- When the left operand is ALWAYS an object of the class.

- Mandatory for assignment =, subscript [], function call (), and
pointer access ->.

When to use Friend Functions:

- When the left operand is a different type (e.g., adding an integer to
an object: 5 + obj).

- Overloading stream operators << and >> (left operand is an
ostream/istream object).
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I—Member Function vs. Friend Function

How do you choose? Generally, if the left side of the operator is your
object, use a member function. Some operators MUST be member
functions by C++ rules. However, if the left operand is a primitive type
like int or a standard library class like ostream (for cout << obj), you
MUST use a friend function because you cannot modify the external
class to add a member function to it.
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I—Best Practices & Common Pitfalls
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) ] A few best practices: Never change the accepted mathematical meaning
@ Do NOT change fundamental semantics (e.g., overloading + to

] of a symbol. Pay attention to returns: arithmetic operators should yield
perform subtraction confuses everyone).

new objects by value, but assignment operators should return a reference

@ Return by value for arithmetic operators (+, -, *). to allow assignment chaining. Always pass objects by const reference

@ Return by reference (ClassType&) for assignment (=) and compound to save memory and processing time. Finally, don't abuse this feature;
assignment (+=) to allow chaining (a = b = ¢). use it only when it adds clarity.

@ Pass arguments by const reference (const ClassType& obj) to

prevent unnecessary copying and accidental modification.
@ Only overload operators if it genuinely makes the code more intuitive.
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N
e Operator overloading gives standard C++ operators custom To summarize, operator overloading bridges the semantic gap between
functionality for objects. built-in primitive types and our custom classes, leading to much cleaner

code. We explored the rules, the differences between member and friend
functions, and best practices. In our next session, we will look into Type
Conversions. Are there any questions?

Implemented using the operator keyword.

@ Member functions rely on the implicit this pointer (reducing
argument count).

Friend functions require all operands to be passed explicitly.

Careful adherence to syntax, rules, and best practices ensures robust
code.

@ Any questions?
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I—Unit 4: Advanced Class Features
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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

@ Lecture 30: 4.2 Friend Functions and Classes to.

@ Object Oriented Programming with C++
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The Wall of Encapsulation
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© The Wall of Encapsulation
S
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Let's review encapsulation. It acts as a protective fortress for an ob-
@ Encapsulation hides data using 'private’ and 'protected’ access ject’s internal state. Usually, this is exactly what we want. However,
specifiers. in complex software designs, rigid rules sometimes require controlled
@ Normally, private members are STRICTLY accessible only by member exceptions. If an external function absolutely needs to process private
functions of that exact same class. data efficiently, making the data public ruins encapsulation. We need a

@ This protects data integrity but can sometimes be too restrictive for middle ground.

certain design patterns.

o What if an external utility function needs to read private data without
using bulky getter methods?
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What is a Friend Functio

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

o 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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|—What is a Friend Function?

Enter the friend function. It is the C++ solution to our strict encapsu-
lation 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 mem-
ber of another class, not a member of the class that grants friendship.
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I—Declaring a Friend Function
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To declare a friend, you simply write the function prototype inside the
class definition, preceded by the keyword 'friend’. Because the friend

@ Syntax inside the class: function is not a member of the class, it doesn’t matter if you put this
e friend return_type function_name(arguments); declaration in the public, private, or protected section of the class. The
. . . . compiler treats it the exact same way.
@ The declaration can be placed anywhere in the class (public, private, & v
or protected sections).
@ The access specifier does not affect the friend function.
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I—Key Characteristics of Friend Functions
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Since a friend function is not a member, it doesn't have a 'this’ pointer.

@ 1. Not in the scope of the class. Therefore, you cannot invoke it using the dot operator on an object. You
e 2. Cannot be called using an object (e.g., obj.friendFunc() is call It_jl:ISt Il'ke.a regular C functlon.' Because it has no implicit object to
INVALID) work with, if it wants to access private data, you usually have to pass
Invoked lik | lobal f . an object of that class to the function as an argument. Then, inside the
© 3. Invoked like a normal global function. function, you use the dot operator on that passed object.
@ 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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© Example 1: Basic Friend Function

=
class Box {
private: Here is a simple example. We have a Box class with a private integer
int width- 'width'. We declare a global function 'printWidth' as a friend. Notice

. ' the definition of 'printWidth' outside the class. It does not use 'Box::’

public: because it is not a member. Inside the function, it directly accesses
Box(int w) : width(w) {} 'box.width’. If it wasn't a friend, the compiler would throw an error here
friend void printWidth(Box box); // Declaration because 'width" is private.

b

void printWidth(Box box) { // Definition (no Box::)
cout jj "Width is: " jj box.width jj endl; // Accessing private data

}
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Why Use Friend Functions?

@ 1. Operator Overloading: Often necessary when overloading binary
operators (like jj 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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|—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 ar-
eas. 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.
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I—Bridging Classes: The Forward Declaration
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@ If a function is a friend to two classes, the compiler needs to know

about both. 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
class ClassA { ClassB as a parameter type in the friend declaration inside ClassA.
friend void bridgeFunction(ClassA, ClassB);

¥

class ClassB; // Forward Declaration

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

¥
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&
g L
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o class Beta; // Forward declaration S
@ class Alpha {
@ private: int dataAlpha; Let's look at the implementation. The 'add’ function takes an Alpha ob-
@ public: Alpha(int x) : dataAlpha(x) {} ject and a Beta object. Because it was declared as a friend inside BOTH
o friend int add(Alpha a, Beta b); classes, it .ca.n seamlessly access 'dataAlpha’ and d.ataBeta sllmultane-
ously. This is a very clean way to perform operations that inherently
°} require deep knowledge of multiple objects.
o class Beta {
@ private: int dataBeta;
@ public: Beta(int x) : dataBeta(x) {}
o friend int add(Alpha a, Beta b);
° };
@ int add(Alpha a, Beta b) {
@ return a.dataAlpha + b.dataBeta; // Accessing private data of BOTH
o}
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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
@ Just as a function can be a friend, an entire CLASS can be a friend of friend inside Class A would be tedious. Instead, Class A can declare
another class. the entirety of Class B as a 'friend class’. This grants every member

@ If Class B is a friend of Class A, then ALL member functions of Class function'in/Class B full access taJClass A
B become friend functions of Class A.

@ Syntax: friend class ClassName;
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o

N
class BankAccount {
private: double balance; In this example, the Auditor class needs to inspect BankAccounts. The
public: BankAccount(double b) : balance(b) {} BankAccount explicitly trusts the Auditor class. Thus, Auditor’s 'in-
friend class Auditor; // Auditor is a friend spect’ method can directly access the private 'balance’. Notice that
Y BankAccount grants the friendship. The Auditor didn't force its way in.

class Auditor {
public:
void inspect(BankAccount& account) {

”

cout jj "Auditing balance:

}
+

ii account.balance; // Allowed!
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© Important Rules of Friendship (Part 1)
.
There are strict philosophical rules in C++ regarding friendship. First,
) o it's opt-in by the data owner. Security relies on the class explicitly giving
@ 1. Friendship is Granted, Not Taken: away its keys. Second, friendship is one-way. Just because the Auditor
@ A class must explicitly declare who its friends are. You cannot write a can see the BankAccount's private data, doesn’t mean the BankAccount
function and simply declare 'l am a friend of Class X'. can see the Auditor’s private internal records.
@ 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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:
Continuing the rules: Friendship is strictly non-transitive. If | trust you,
3. Friendship is NOT Transitive: and yc'>u trust Bob, it'does' not mean. | trust I._%ob with my hotjse keys.
] ) ) ] Also, importantly for inheritance, which we will cover later, friends are
If Class A is a friend of B, and B is a friend of C, not inherited. If a class has a friend, its child classes do not automatically
Class A is NOT automatically a friend of C. accept that friend. Friendship is highly specific and contained.

(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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© Pros and Cons of Friends

.
e PROS: Let's weigh the pros and cons. Friends are powerful. They make certain
@ - Allows clean and efficient sharing of data between specific classes. operations, like stream operator overloading, elegant and possible. They
o - Essential for certain operator overloading (e.g., jj and ;). save us from exposing data globally. However, they are a literal hole in
@ - Avoids writing unnecessary public getter/setter methods just for one your encapsulation wall. If you change t,he pl.*lvate dat? structure of 2

- o class, you now have to go update all of its friend functions too, which
specific utility. . i
leads to tight coupling.

e 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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The golden rule of friend functions is: Use them only when absolutely
necessary. If you find yourself making everything a friend, your class de-
sign is likely flawed. Always ask: 'Could this just be a member function?’
or 'Should | provide a public getter?’. Reserve friends for situations where
two classes are inherently intertwined or for specific operator overloads.

@ 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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To summarize, the 'friend’ keyword provides a controlled mechanism to

. . ) bypass data hiding. It is a unique feature of C++ that gives developers
@ Friend functions and classes bypass encapsulation to access

. / P b precise control over access, but it requires responsibility to ensure that
private/protected members.

the core OOP principles of encapsulation are not entirely discarded.

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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Welcome everyone to Lecture 31. Today we are diving into a crucial topic

in advanced C++ programming: Pointers to Objects. We will explore

how memory management extends to user-defined types, the hidden
@ Unit 4: Advanced Class Features 'this’ pointer, and how pointers interact with inheritance hierarchies.

@ Topic 4.3: Pointers to Objects, this Pointer, Pointers to Derived
Classes
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@ Just like pointers to fundamental data types (int, float), we can have
pointers to objects of a class.

@ An object pointer holds the memory address of an object.
@ Declaration syntax: ClassName *ptr;

o Assignment: ptr = &objectName;

Milav (GP Palanpur) Object Oriented Programming
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I—Introduction to Object Pointers

We already know how pointers work with primitive data types. In C++,
classes are custom data types. Therefore, we can create pointers that
point to instances of these classes, known as objects. This allows for
dynamic memory allocation and efficient manipulation of complex data
structures without copying large amounts of data.
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9 Accessing Members via Pointers
&
When you have an object, you use the dot operator. But when you have a
pointer to an object, you must dereference it first. C++ provides a short-
@ The dot operator (.) is used to access members via an object name. hand for this: the arrow operator. Writing ptr-arrow-member is much
e The arrow operator (-¢) is used to access members via a pointer to cleaner and more readable than parenthesis-asterisk-ptr-parenthesis-dot-
an object. member. This is the standard way to interact with dynamically allocated
. . * objects.
@ ptr-imemberName is exactly equivalent to (*ptr).memberName

This applies to both data members and member functions.

Milav (GP Palanpur) Object Oriented Programming 493 /1



Code Example: Basic Object Pointer

Object Oriented Programming

Code Example: Basic Object Pointer

N

[o\]

~

) L . . .

© Code Example: Basic Object Pointer

:
class Box { Here is a simple example. We have a Box class. We create an object bl
public: and set its dimensions. Then, we declare a pointer 'ptr’ of type 'Box’

and assign it the address of b1l. Notice how we use ptr-jvolume() to call
the method. It executes the volume function on the bl object, resulting
in 125.

int volume() { return length width height; }
int length, width, height;

h

Box bl;

bl.length = 5; bl.width = 5; bl.height = 5;
Box *ptr = &bl;

cout jj ptr-ivolume(); // Outputs 125

Milav (GP Palanpur) Object Oriented Programming 494 /1



Dynamic Memory Allocation for Objects

Object Oriented Programming

I—Dynamic Memory Allocation for Objects

2026-07-22

A major use case for object pointers is dynamic allocation. By using
'new’, we allocate the object on the heap rather than the stack. This
Pointers are heavily used with the 'new’ and 'delete’ operators. is essential when we don't know how many objects we need at compile
ClassName *ptr = new ClassName(); allocates memory dynamically. time, or when objects need to persist after a function returns. Always

remember to use 'delete’ to prevent memory leaks.
delete ptr; frees the memory.

Crucial for creating objects whose lifetimes extend beyond the scope
they were created in.
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Now let’s talk about the 'this’ pointer. It's a special, hidden pointer
available inside every non-static member function. When you call a

@ Every object in C++ has access to its own address through an
important pointer called 'this’. method on an object, the compiler secretly passes the address of that
VL . . . .. . bject to th thod the 'this’ inter. It's th hani that
@ The 'this’ pointer is an implicit parameter to all non-static member SRS e VI TSRS S el e PR > the mechanism tha

. allows a function to know which object’s data to operate on.
function calls.

@ Inside a member function, 'this’ may be used to refer to the invoking
object.

@ It is a constant pointer: ClassName* const this;
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Use Cases of 'this’ Pointer: Name Hiding

@ When local variables (like function parameters) have the same name
as class member variables, the local variable 'hides’ the member.

@ The 'this’ pointer can be used to resolve this ambiguity.

@ this-jvariableName explicitly refers to the class member.
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I—Use Cases of 'this’ Pointer: Name Hiding

One of the most common explicit uses of the 'this’ pointer is resolving
name conflicts. If your constructor or setter method has a parameter
named exactly the same as a class attribute, the compiler will default to
the local parameter. To tell the compiler you mean the class attribute,
you prefix it with "this-;".
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© Code Example: Resolving Shadowing

.
class Employee { In this snippet, the Employee constructor takes a parameter 'id'. The

. class also has a member 'id’. Writing id = id would just assign the

private: parameter to itself, leaving the member uninitialized. By writing this-
int id; iid = id, we clearly state: assign the parameter 'id’ to the object's
public: member 'id’.

Employee(int id) {

this-jid = id; // Resolves ambiguity
¥

b
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Another powerful use of 'this’ is returning the current object from a

method. Since 'this' is a pointer, "this’ is the actual object itself. If a

@ A member function can return a reference to the invoking object method returns a reference to the class (ClassName&), returning 'this’
using '*this’. allows us to call multiple methods on the same object in a single state-

@ Useful for implementing method chaining. ment.

@ Function signature must return a reference: ClassName&
functionName()
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© Code Example: Method Chaining
=
. Here we see method chaining in action. The setWidth and setHeight
@ class Config { ) i ;

i methods both return *this as a reference. This means c.setWidth(100)
® public: modifies the object and then returns it, allowing .setHeight(200) to be
o Config& setWidth(int w) { width = w; return *this; } called immediately on the result. This pattern is very common in modern
o Config& setHeight(int h) { height = h; return *this; } C++ design.

@ int width, height;

° };

e Config c;

o c.setWidth(100).setHeight(200);
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o
N
Moving on to inheritance, we encounter a crucial rule: a pointer of a
base class type can point to an object of a derived class. Because a
@ A base class pointer can point to an object of any of its derived derived class 'is-a’ base class, it contains all the components of the base
classes. class, making this operation safe. The reverse, however, is not true, as
e This is a cornerstone of runtime polymorphism in C++. 2 lbzge elbjaci (e die dlativet ismiues.
@ BaseClass *basePtr = new DerivedClass();

However, a derived class pointer cannot point to a base class object.
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9 Access Restrictions with Base Pointers
&
It's important to understand the limitation here. If you use a base class
pointer to point to a derived object, the compiler still treats it as a base
@ Even if a base pointer points to a derived object, it can only access pointer. It will only allow you to call functions or access variables that
members defined in the base class. are defined in the base class. To access derived-specific members, you

@ It cannot access newly added members specific to the derived class. s wilidle (e iens er EHeiing;

@ The compiler only looks at the type of the pointer, not the type of
the object it points to.
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Look at this example. The pointer bptr is of type Base*, but it holds
the address of a Derived object 'd’. We can successfully call show()
because it exists in Base. But if we try to call showDerived(), the
compiler throws an error, because the bptr type (Base) doesn't know
Derived d; about showDerived().

Base *bptr = &d; // Valid

bptr-ishow(); // Valid: Calls Base::show

// bptr-ishowDerived(); // ERROR: Base has no showDerived

class Base { public: void show() { cout jj "Base"; } };
class Derived : public Base { public: void showDerived() {} };
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@ How do we make the base pointer act smartly and call the derived
version of a function?

@ We use 'virtual’ functions in the base class.

@ When a function is virtual, the compiler looks at the actual object
type at runtime, not the pointer type.

@ This is known as Dynamic Binding or Late Binding.
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LThe Need for Virtual Functions (Preview)

This access restriction leads us directly to the concept of polymorphism.
If a base class function is declared as 'virtual’, calling it via a base pointer
to a derived object will execute the derived class's overridden version.
This is dynamic binding, which we will explore fully in the upcoming
lectures.
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To summarize, today we learned how pointers interact with objects. We
Obi . he add fi q Lk demystified the 'this’ pointer and saw its practical applications. We
° ject pointers store the address of instances and use ;- for access. also introduced the concept of pointing base class pointers to derived
@ The 'this’ pointer is an implicit reference to the calling object, useful objects, setting the stage for runtime polymorphism. Mastering these
for shadowing and chaining. pointer behaviors is critical for advanced C++ development.

@ Base class pointers can point to derived class objects, enabling
polymorphic behavior.

Pointer type determines member accessibility at compile time.
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Welcome back to Object Oriented Programming with C+-+. Today, in
Lecture 32, we are diving into one of the most powerful features of C++:
Templates. This falls under Unit 4, Advanced Class Features. We will
@ Course: Object Oriented Programming with C++ (DI05011021) cover both function and class templates, which form the foundation of

@ Unit 4: Advanced Class Features generic programming in C++.
@ Lecture 32
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Let's start by understanding why we need templates. Imagine you need

o . . ) to write a function to swap two variables. You might write one for inte-
@ Problem: Writing multiple functions that do the exact same thing but

. gers. But then you need to swap doubles, so you overload the function.
for different data types.

Then characters. Suddenly, you have three almost identical functions.

e Example: A 'swap’ function for int, double, char, etc. This violates the DRY (Don’t Repeat Yourself) principle. Generic pro-

@ Solution without templates: Function Overloading. This leads to gramming solves this by allowing us to write code that is independent
code duplication and maintenance headaches. of specific data types.

@ Generic Programming: Writing code that works with any data type.
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9 What are Templates?

o

N
@ A template is a blueprint or formula for creating a generic class or a A template is exactly what it sounds like - a blueprint. Just as a class

function. is a blueprint for an object, a template is a blueprint for a class or a

@ It enables you to define a function or a class with placeholders for function. We use placeholders instead of actual data types like int or

float. When we actually call the function or create an object of the
class, we tell the compiler what type to use, and it generates the correct
code for us right then and there. We'll look at both function and class
templates today.

data types.

The compiler generates the specific code at compile-time based on
the types used.

Two main types:

1. Function Templates

2. Class Templates
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Here is the basic syntax for a function template. We start with the

° i i ' ' .

Defined using the template keyword f,ollovwed by template keyword 'template’, followed by angle brackets. Inside, we declare our

parameters enclosed in angle brackets 'j ;. . , . ,

type parameters using the keyword ’'class’ or 'typename'—they mean
e Syntax: exactly the same thing in this context. 'T’ is the conventional name for
e template jclass T; OR template jtypename T; a generic type, but you can use any valid identifier. Then, we write our
e return_type function_name(parameters) { function definition normally, but we use 'T" wherever we would normally
. use a specific type.

@ // function body P P
°}
@ T is a placeholder type name.
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Let's look at the classic example: swapping two values. Here, 'T" is our
placeholder type. We take two parameters, 'a’ and 'b’, both references

° template jtypename T¢ to type 'T'. Inside the function, we declare a temporary variable of type
o void mySwap(T& a, T& b) { '"T’ to perform the swap. This single template can now swap integers,
o T temp = a; floats, characters, or even user-defined objects, provided the assignment
@ a=~b; operator is valid for them.

@ b = temp;

°

}
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=
How do we use our mySwap template? It's remarkably simple. You
o int x = 10, y = 20; just call it like a normal function. When we pass integers 'x’ and 'y’,
' ' . . the compiler looks at the arguments, deduces that 'T' must be 'int’,
o mySwap(x, y); // Compiler deduces T as int and secretly generates an int-specific version of the function. This is
@ doublec =15,d =25 called template argument deduction. You can also explicitly tell the
e mySwap(c, d); // Compiler deduces T as double compiler the type using angle brackets, like mySwapijinti (x, y), which is
o // Explicit instantiation: sometimes necessary if deduction fails.
e mySwapijint;(x, y);
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Templates aren’t limited to just one generic type. If your function needs
to handle multiple distinct unknown types, you simply list them in the

@ Templates can have more than one type parameter. . ’ .
template parameter list separated by commas. In this example, print-

® Syntax: Multiple takes two parameters, 'a’ of type 'T1" and 'b’ of type 'T2'.

@ template jclass T1, class T2, They can be the same type when you call it, or entirely different types,

@ void printMultiple(T1 a, T2 b) { like an int and a string.

@ cout jjaijj" and” jj b jj endl;

o}
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. . . . Now let's move on to Class Templates. The motivation is the same.
@ Similar to function templates, but applied to entire classes. . .\ . .
. ) Imagine writing a Stack class. Do you write one Stack for ints, another
e l.Jseful for creating generic data structures (e.g., stacks, queues, for doubles, and another for strings? No, you write one generic Stack
linked lists, arrays). template. The syntax is very similar to function templates. You put the
@ Syntax: template declaration right before the class definition.
o template jclass T;
@ class ClassName {
o // Class members using T
° };
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© Class Template Example: A Generic Pair

:
template jtypename T1, typename T2; . . L

. Here is a simple but useful example of a class template: a 'Pair’ class
class Pair { that holds two values, potentially of different types. We use two tem-
private: plate parameters, T1 and T2. The private members 'first’ and 'second’
T1 first; use these types. The constructor and getter methods also use these
T2 second: p.laceholder types. This defines a structure that can hold any combina-
. tion of two types.

public:

Pair(T1 a, T2 b) : first(a), second(b) {}
T1 getFirst() { return first; }
T2 getSecond() { return second; }

¥
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When we want to create an object of a class template, we usually have
to explicitly specify the types in angle brackets. The compiler cannot

° Enltlek:rftr:riz:tz t;?er:]la;izticrl]aszr:egfiiies (usually) require explicit always guess them like it can with function arguments (though C++17
yP & g Ject. introduced Class Template Argument Deduction or CTAD, which helps).

o Syntax: ClassNamejType; objectName; But traditionally, and explicitly, we write Pairjint, double; to tell the

o Example: compiler to generate a Pair class specifically for an int and a double.

e Pairjint, double; p1(10, 3.14);

@ Pairjstring, int; p2("Age", 25);
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Class Templates: Member Functions Defined Outside

@ If you define member functions outside the class declaration, you
must restate the template declaration.

@ Syntax:
o template jclass T;

@ ReturnType ClassName;jT;::functionName() { ... }
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I—Class Templates: Member Functions Defined
Outside

A very common pitfall with class templates is defining member functions
outside the class body. Every time you define a member function outside,
you have to remind the compiler that it's part of a template class. You
must precede the function definition with the 'template jclass T;' line,
and you must include 'jT;' after the class name in the scope resolution
operator. It looks verbose, but it's required.
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N
template jtypename T;
class Box { Here's that syntax in action. We declare the Box class template and
T item: its setltem method. Then, outside the class, we define setltem. Notice

the 'template jtypename T;' on line 7, and the 'BoxjT;::" on line 8. If
you forget either of these, the compiler will generate an error because it
void setltem(T i); won't associate the definition with the generic template class.

¥

public:

template jtypename T;
void BoxjT;::setltem(T i) {
item = i;

}
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&
Besides types, templates can also accept non-type parameters. These are
regular values, like integers, but they must be compile-time constants.
A classic use case is a generic Array class where you pass both the type
@ Templates can also take parameters that are values, not types. ‘e 15 a generl v W you p yP
o of the elements and the size of the array as template parameters. The
® Must be known at compile time (constants). compiler then generates a specific class for an Array of ints of size 10,
@ Example: template jclass T, int sizej and a different class for an Array of ints of size 20.
@ Useful for specifying fixed sizes for arrays within a generic class.
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S

N

template jtypename T, int N; . . .

Here we see the generic Array class. It takes a type 'T' and an integer
class Array { 'N’. Inside the class, we declare a raw C-style array 'T arr[N]'. Because
private: 'N" is a template parameter, its value is known at compile time, which is
T arr[N]; exactly what C++ requires for declaring arrays. We can then instantiate

public: Arrays of specific types and specific, fixed sizes.

int getSize() { return N; }
8

// Usage:

Arrayjint, 10; mylntArray;

Arrayjdouble, 5; myDoubleArray;

Milav (GP Palanpur) Object Oriented Programming



Object Oriented Programming

Template Specialization

I—Template Specialization

2026-07-22

What happens when your generic template logic works for 99% of types,
but fails or is inefficient for one specific type? This is where Template
o Sometimes a generic template doesn’t work for a specific data type. Specialization comes in. You can tell the compiler: 'Use this generic
blueprint for everything, EXCEPT for this one specific type; for that

@ Template specialization allows defining a different implementation for ) o D
type, use this specialized blueprint instead.’

a specific type.
@ Example: A generic max() function, but you want specialized
behavior when comparing char arrays (C-strings).
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&
// Generic template Here is an example. We have a generic myMax function that uses the
template jtypename T; greater-than operator. But if we pass C-strings (const char), the greater-
T myMax(T a, Tb) { return (a; b) 2 a: b; } than operator WI//.Just'compare their mem'or}'/ ad'dresses, not the strings
themselves! To fix this, we create a specialization for const char that
uses strcmp. Notice the syntax 'template j;i' which indicates this is a
// Specialization for char* full specialization.

template i
const char myMaxjconst char(const char a, const char b) {
return (strcmp(a, b) § 0) ? a: b;

}
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To conclude our introduction to templates, it is crucial to men-

° T-emplates are the core foundation of the C4++ Standard Template e e Swender) Tampkie Ly o STL Bwepiis we s
Library. learned—function templates and class templates—is exactly how the
@ STL provides heavily tested, optimized, and generic algorithms and STL is built. When you use std::vectorjint;, you are instantiating a
data structures. class template. When you use std::sort, you are calling a function tem-

Examples: plate. Understanding templates is key to mastering C++ because it

°
o - std::vectoriT; allows you to utilize the full power of the STL.
o - std::listjT;
°

- std::sort(first, last)
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Let's summarize. Templates are a mechanism for generic programming,

) Temp|ates enable generic programmingv promoting code reuse. allowing us to write reusable, type-safe code. We covered function

o Function templates operate on generic types, deducing them from templates which can automatically deduce types, and class templates

arguments. which define generic structures. We touched on non-type parameters

. . . and specialization for fine-tuning behavior. Remember that templates
@ Class templates create generic structures, usually requiring explicit

e are resolved at compile time, meaning there is no runtime performance
type specification.

overhead compared to writing separate overloaded functions manually.
@ Non-type parameters and specialization offer advanced control.

@ Templates are compile-time constructs.
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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 Over-
@ Course: Object Oriented Programming with C++ loading. By the end of this lecture, you'll be able to make your custom
@ Unit 4: Advanced Class Features objects interact using standard mathematical operators, making your

o Topic 4.1: Operator Overloading code cleaner and more intuitive.
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Think about how naturally we write 'int ¢ = a + b;". C++ knows how to

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

@ It provides a way to redefine or add special meaning to standard C++

. i compiler has no idea how to 'add’ two matrices. Operator overloadin
operators when they are applied to user-defined data types (classes or P P &

allows us to teach the compiler exactly what the '+' sign means when

structs). placed between two objects of a specific class. It is a form of compile-
@ For example, the '+’ operator natively adds two integers. With time polymorphism because the compiler decides which version of the
operator overloading, we can program it to add two 'Complex’ operator to call based on the operand types.

number objects or concatenate two custom 'String’ objects.
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© Why Do We Need Operator Overloading?
:
You might ask, why not just write an 'add()’ method? You certainly
@ Enhances Code Readability: Allows complex custom objects to be can. However, as expressions get more complex, function chaining
manipulated using familiar, intuitive mathematical operators. becomes deeply nested and hard to read. Imagine writing 'result =
@ Avoids Clunky Function Calls: Evaluating 'matrix3 = matrix1 + a.add(b.multiply(c)).subtract(d);". With operator overloading, you sim-
matrix2' is vastly easier to read and maintain than 'matrix3 = ply write 'result = a + b * c - d;". This makes your code highly readable
matrix1.add(matrix2)". and aligns with mathematical notation, which is a huge advantage in

@ Principle of Least Astonishment: Custom types can be designed to scientific computing, graphics programming, and game development.

behave exactly like built-in primitive types, making the class APls
predictable for other developers.
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) ) ] To overload an operator, we write a function, but instead of giving it
@ Operators are overloaded by creating a special function called an

) a standard name like 'add’ or 'compute’, we use the keyword 'operator’
operator function.

followed by the symbol we are overloading. For instance, 'operator+' is

@ Syntax: return_type operator op (argument_list); the actual name of the function. The return type depends on what the
o 'return_type' specifies the type of value returned by the operation. operation should yield—adding two objects usually returns a new object
, . . - f th type. Th t list will d di hether th

@ The keyword 'operator’ is required, followed by the specific operator OT the same type. The argument list ill vary depending on Wnether the

. * operator is unary or binary, and whether we implement it as a member

symbol 'op’ (e.g., +, -, *). ) . :
) ) ] function or a friend function.

@ Operator functions can be either Member Functions or Non-Member

(Friend) Functions.
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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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I—Overloading Unary Operators

Let's start with unary operators, like the increment or decrement oper-
ators. 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.
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S Example: Unary Operator (Member Function)
class Counter { &
private:
int count- Here we have a simple Counter class. We've defined 'void opera-

i ' tor++()’. Notice it takes no parameters. Inside, it just increments the

public: member variable 'count’. In our main code, we simply write '++cl’.
Counter(int c) : count(c) {} The C++ compiler sees this, checks if 'Counter’ has an overloaded 'op-
// Overloading prefix +- operator erator++', and executes it. This modifies the 'cl’ object directly.
void operator++() {
++count;

}

b

// Usage:

Counter c1(5);

++cl; // Internally calls cl.operator++()
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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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L 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 actu-
ally pass an integer to it; the compiler provides a default 0 automatically
just to match the signature.



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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I—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);
}

i

// Usage:

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

Complex c3 = cl + ¢2; // Calls cl.operator+(c2)
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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.




Limitation of Member Functions

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

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

@ However, '5.0 4+ 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+(cl) makes no sense).
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I—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 'cl + 5.0', it
might work if we have a conversion constructor, because 'cl’ 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.
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The solution to the asymmetric operand problem is the 'friend’ function.

@ To solve the LHS primitive issue, we use friend (non—member) Since a friend function is a non-member function, it isn't called 'on’

functions. an object. Instead, both the left and right operands are passed in as
@ A friend function is not bound to a calling object; it is defined outside standard arguments. This means the compiler just looks for a global

the class scope but has access to private members. function named 'operator+' that takes a float as the first argument and
e For a binary operator, a friend function takes EXACTLY TWO a Complex as the second. By making this global function a 'friend’

explicit arguments (LHS and RHS). of the Complex class, it gains access to the private real and imaginary
@ Expression: 'A + B’ becomes 'operator+(A, B)’ components.

@ This allows seamless operation when the LHS is a built-in data type.

Milav (GP Palanpur) Object Oriented Programming 534 /1



Object Oriented Programming

Example: Binary Operator (Friend Function)

N
~
) L . . .
9 Example: Binary Operator (Friend Function)
o class Complex { &
e // ... fields and constructors ...
. L Notice how we declare the friend function inside the class definition, giv-
o // Declare friend function inside class . - . S
] ing it the necessary permissions. The implementation is just a standard
o friend Complex operator+(float Ihs, const Complex& rhs); 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
o // Implement outside class matching the signature (float, Complex), and the operation succeeds
beautifully. This i ial for buildi bust math tility cl .
o Complex operator-(float Ihs, const Complex& rhs) { eautifully. This is crucial for building robust math or utility classes
o return Complex(lhs + rhs.real, rhs.imag);
°}
e // Usage:
e Complex c1(3.0, 4.0);
e Complex c2 = 5.0 + cl; // Successfully calls global operator+(5.0,

cl)
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Overloading Stream 1/O Operators (jj and ;)

@ Stream insertion (jj) and extraction (j;) operators MUST be
overloaded as friend/non-member functions.

@ Why? Consider 'cout jj 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& operatorijj(ostream& os, const MyClass&
obj);
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I—Overloading Stream |/O Operators (jj and ;)

This is perhaps the most common and important use case for friend
functions. Everyone wants to be able to just 'cout jj obj’. But the left
operand is 'cout’, an instance of the 'ostream’ class from the standard
library. You cannot go into the C4++ standard library source code and
add a method to 'ostream’. Therefore, you have absolutely no choice
but to overload 'operatorjj’ as a global, non-member function that takes
the stream as its first argument and your object as its second.
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&
@ 1. Precedence cannot be changed: Overloading '*' will always While operator overloading is flexible, C+-+ imposes strict guardrails to
evaluate before an overloaded '+, just as in standard math. 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 en-
tirely 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 re-
@ 4. No new operators: You cannot invent new symbols (e.g., you defining how 1 + 1 works.

cannot create a "' operator for exponentiation).

@ 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.

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

Milav (GP Palanpur) Object Oriented Programming 537/1



Object Oriented Programming

Operators That CANNOT Be Overloaded

I—Operators That CANNOT Be Overloaded

2026-07-22

Not every operator is up for grabs. C++ explicitly forbids overload-

@ For safety and parsing reasons, C++ strictly forbids overloading the . : . . .
. ing certain operators to maintain core language functionality and avoid
following operators: . o .
) compiler ambiguity. For example, if you could overload the dot op-
@ 1. Scope Resolution Operator ( :: ) erator, object member access would become completely unpredictable.
@ 2. Member Access / Dot Operator ( . ) Similarly, the scope resolution operator and sizeof are evaluated at com-
e 3. Pointer-to-Member Operator ( .* ) pile time in ways that dynamic overloading would break. Memorize this
. list, as it is a very common exam and interview topic.
@ 4. Ternary Conditional Operator ( ?: ) Y P
@ 5. The 'sizeof’ operator
@ 6. The 'typeid’ operator
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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 /O operators to support
chaining.
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I—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?
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Welcome back everyone. Today we are diving into lecture 34, which
is a crucial part of Unit 4 on Advanced Class Features. We will be
discussing Friend Functions and Friend Classes in C+4. This topic

addresses specific situations where the strict rules of encapsulation need
@ Course: Object Oriented Programming with C++ (DI105011021) to be carefully bypassed.

@ Lecture 34: 4.2 Friend Functions and Classes

@ Topics: Friend Functions, Friend Classes, Encapsulation
Considerations
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&
Let's start with a quick recap. We know that encapsulation is a fun-
e Encapsulation binds data and functions together into a single unit damental pillar of OOP. It keeps our private data safe. Under normal
(class). circumstances, if a function is not a member of a class, the compiler
@ Private and protected members are hidden from the outside world. will throw an error if it tries to access private variables. But in software
o Only member functions of the class can access its private data. design, rigid rules sometimes create complex workarounds. What if we

. . . genuinely have a scenario where an external function needs direct access
e Non-member functions (global functions) have NO access to private

to private members for efficiency or structural reasons?
members.

Question: What if a global function absolutely needs access to private
data of a class?
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&
This brings us to 'Friend Functions’. In C4++, a class can grant 'friend-
o A 'friend’ function is a special privilege granted by a class to a ship’ to a specific external function. By doing so, the class explicitly
non-member function. allows that function to access its private and protected members. It is

very important to understand that a friend function is NOT a member
function. It doesn't belong to the class; it is just a trusted outsider.

It is NOT a member of the class.

It CAN access private and protected members of the class in which it
is declared as a friend.

@ It bridges the gap between different classes or between a class and a
global function.
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&
) ) ) Let's look at some key characteristics. Because it's not a member
@ Not in the scope of the cI_ass.: Cannot b? c.alled. using an object and function, it doesn't have a 'this’ pointer. You can't call it like 'ob-
the dot operator (e.g., obj.friendFunc() is invalid). ject_name.function_name()’. You call it just like a regular C function.
@ Invoked like a normal global function. Since it doesn't have a 'this’ pointer, if it wants to access a class’s data,
@ Cannot access member variables directly: Must use an object name you must pass an object of that class to the friend function as an ar-

gument. Then, inside the function, you use that object to access the
private data.

and dot operator inside the function (e.g., obj.privateVar).

@ Can be declared in the private or public section of the class with no
difference in meaning.

@ Usually has objects as arguments.
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© Declaring a Friend Function

=

How do we make a function a friend? We do this by declaring the

Use the keyword 'friend’ inside the class definition. function prototype inside the class definition, preceded by the keyword
Syntax: 'friend’. The class itself must explicitly declare who its friends are. A

function cannot force its way into a class and declare itself a friend.
class ClassName {

) Friendship is granted, not taken.
// ... private members ...
public:

friend returnType functionName(arguments);

¥
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. © Example: Basic Friend Function
class Distance { S
private:
int meters; Here is a simple code example. We have a 'Distance’ class with a private
public: variable 'meters’. We declare 'displayDistance’ as a friend. Notice the
Distance() : meters(0) {} implementation of 'displayDistance’ at the bottom. It doesn't use the

) ) class name or the scope resolution operator because it's not a member
// Friend declaration function. Yet, inside the function, it can write 'd.meters’ even though
friend void displayDistance(Distance d); "meters’ is private.

¥

// Implementation (No 'friend’ keyword, no scope resolution)
void displayDistance(Distance d) {
// Accessing private member 'meters’ directly

cout jj "Distance: " jj d.meters jj " meters” jj endl;

}
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&
You might wonder why we need this. The most common use case is
@ Operator Overloading: Especially for operators where the left-hand when overloading the insertion (jj) and extraction (ji) operators for
operand is not an object of the class (e.g., overriding the jj operator I/O streams. Because the left operand is a stream object (like cout)
for cout). and not our class object, a member function won’t work well. Another
@ Bridging Multiple Classes: When a function needs to access private major use case is when a single function needs to act as a bridge between
data of two entirely different classes simultaneously. two different classes, comparing or calculating using private data from

@ Increasing Execution Speed: In specific real-time or high-performance Xt

systems where getter/setter overhead is undesirable (though rarely
the sole reason in modern compilers).

Milav (GP Palanpur) Object Oriented Programming 546 /1



Object Oriented Programming

Bridging Two Classes (Part 1)

ClassA(int v) : valA(v) {}
// Friend function declaration

friend void compareValues(ClassA a, ClassB b);

h
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& Bridging Two Classes (Part 1)
.
e // Forward declaration
@ class ClassB; Let's look at bridging two classes. We have ClassA and ClassB. We
° want a function to compare the private values inside both. Notice the
forward declaration of ClassB at the top. The compiler needs to know
@ class ClassA { that ClassB exists when it parses the friend declaration in ClassA. ClassA
@ private: declares 'compareValues’ as its friend.
@ int valA;
@ public:
°
°
°
°
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class ClassB { &
private:
int valB: Now we define ClassB. ClassB also declares the EXACT SAME function,
bi ' ‘compareValues', as its friend. Because the function is a friend to both
public:

classes, its implementation at the bottom can seamlessly access 'a.valA’
ClassB(int v) : valB(v) {} and 'b.valB’. Both classes trusted this single external function.

// The SAME function declared as friend here too

friend void compareValues(ClassA a, ClassB b);

¥

void compareValues(ClassA a, ClassB b) {
if (a.valA ; b.valB) cout jj "A is greater”;
else cout jj "B is greater (or equal)”;

}
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&
What if we need many functions in another class to access our private
data? Declaring twenty friend functions is messy. In C++, you can
@ Just as functions can be friends, an entire class can be a friend of make an entire class a friend. If Class A declares Class B as a friend,
another class. then every single member function inside Class B is allowed to touch
o If Class B is a friend of Class A, then ALL member functions of Class Clegs b privaie paris. e 5 2 veny pensiil e

B can access private and protected members of Class A.

@ It acts as a blanket permission.
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N
Syntax:
class Node { The syntax is simple. Inside the class granting friendship (like the Node
private: class here), you use the keyword 'friend’ followed by 'class’ and the class
int data: name (LinkedList). A classic example is data structures. A Node class

might hold data privately, but it grants the LinkedList class full access

Node* next;
to manage those nodes.

// Declaring LinkedList as a friend class
friend class LinkedList;

+

class LinkedList {

// All methods here can access Node::data and Node::next

+
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&
It's vital to understand the rules governing friendship. First, it is not
@ 1. Friendship is NOT mutual (Not symmetric): mutual. Just because my neighbor has keys to my house doesn’t mean
o - If Class A is a friend of Class B, Class B is NOT automatically a | have keys to theirs. Class A granting access to B doesn't mean A gets
friend of Class A. access to B. Second, friendship doesn’t pass down through inheritance.
. . . o A child class doesn’t automatically trust its parent’s friends. Finally, it's
© 2. Friendship is NOT inherited: not transitive. The friend of my friend is not automatically my friend.
@ - A derived class does not inherit the friends of its base class.
@ 3. Friendship is NOT transitive:
@ - If Ais a friend of B, and B is a friend of C, A is NOT a friend of C.
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Member Function:

- Declared and defined within class scope. To summarize the structural differences: a member function belongs to
the object. A friend function does not. This fundamental difference
o ) ] dictates how they are called and how they access data. Remember the
- Has implicit "this’ pointer. 'this’ pointer—member functions have it, friend functions do not.

- Naturally has access to private members.

- Called using object (obj.func()).

Friend Function:
- Declared with 'friend’ inside class, defined outside.
- Called like a normal function (func(obj)).

- No 'this" pointer; must pass object explicitly.

- Has special permission to access private members.
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S Encapsulation?
e Argument against: There is a classic debate in OOP. Does the 'friend" keyword break en-
e - . . lation? Purist ti it does b data i I
@ - It allows external entities to bypass data hiding, potentially making CEAPSUIRION T FUTISLS SOMERIMIES IEUE IE €0ES BECAUSE €atd 15 N0 IONEEr
L strictly hidden. However, Bjarne Stroustrup, the creator of C++-, argues
code harder to maintain and debug. ) ; ) .. o
the opposite. Because friendship must be granted explicitly from within
o Argument for: the class, it is a controlled opening. It's better to give one specific func-
o - It is EXPLICIT. A class must explicitly grant access. tion the key than to leave the front door wide open by making the data
o - Without it, programmers might make data public just to allow public.

external access, which is much worse.

@ - It provides a controlled, documented loophole rather than a
complete breakdown of security.
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&
As for best practices, use friends sparingly. Don't use them just to save
1 < olv: Rel bi h bl a few keystrokes writing getters and setters. If only one function needs
® 1. Use sparingly: Rely on public getters/setters when possible. access, don't make the whole class a friend. Use them when classes
@ 2. Keep it targeted: Prefer friend functions over friend classes if only are naturally intertwined conceptually, like Matrix and Vector math, or
one function needs access. linked lists and nodes.

@ 3. Use for tightly coupled classes: E.g., Matrix and Vector math
classes, or structural nodes and container classes.

4. Standard idioms: Use for overloading operatorjj and operator; ;.
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To wrap up, we've learned how friend functions and classes work, the

@ Friend functions and classes can access private/protected members. syntax to declare them, and the strict rules governing their use. We also
o They are declared using the 'friend’ keyword inside the class. discussed how they fit into the broader philosophy of encapsulation in

. . C C++. Are there any questions on how friendship works or when you
@ Friend functions do not have a 'this' pointer. .

should use it?
@ Friendship is one-way, non-transitive, and non-inheritable.
@ They provide controlled flexibility without completely abandoning
encapsulation.

@ Questions?
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Welcome back, class, to Lecture 35. Today we are diving into a crucial
topic in C++: Pointers to Objects. As we move deeper into object-
oriented design, understanding how memory addresses interact with our
@ Unit 4: Advanced Class Features custom classes is absolutely essential. We will cover basic object point-

o Topic 4.3: Pointers to Objects, the "this’ Pointer, and Pointers to ers, the hidden 'this’ pointer, and how pointers interact within inheri-
Derived Classes , v tance hierarchies.
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By the end of this 50-minute session, you should feel comfortable man-

@ Declare and instantiate pointers to objects dynamically using new and aging objects dynamically via pointers. You will know exactly what the
delete. 'this’ pointer is and why it exists. Finally, we will set the stage for poly-
hism by looki t how b d derived cl interact th h
@ Master the arrow operator (-j) for member access. L A
) - ) i ] pointers, which is the cornerstone of advanced OOP in C++.
@ Grasp the concept of the implicit 'this’ pointer and its common use

cases.

@ Understand the mechanics of using base class pointers to refer to
derived class objects.
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We have extensively used pointers with basic data types like integers

o Just like built-in types (int, float), we can create pointers to and characters. The concept is identical for objects. An object pointer

user-defined classes. simply holds the address where a specific instance of a class is stored

in memory. This becomes primarily useful when we want objects to

exist beyond the scope of a single function, requiring us to manage their
memory manually on the heap.

@ Object pointers store the memory address where the object’s data
members reside.

@ Crucial for Dynamic Memory Allocation (allocating objects on the
heap).

@ Syntax: ClassName *ptrName;
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I—Dynamic Memory Allocation

2026-07-22

Notice how we use the 'new’ keyword to dynamically create a Student
object. The 'new’ operator allocates the memory, calls the constructor,
and returns the memory address. 'sPtr' now holds this address. Because
@ We use 'new’ to allocate memory on the heap, and 'delete’ to free it. we allocated it dynamically, it is the programmer’s strict responsibility

o Example: Student *sPtr = new Student(" Alice”, 20); // ... use the to free this memory using 'delete sPtr' when it is no longer needed,
object ... delete sPtr; // Crucial for preventing memory leaks otherwise our program will suffer from memory leaks.
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@ To access members directly via an object instance, we use the dot (.)
operator.

@ To access members via a pointer to an object, we use the arrow (-;)
operator.

@ The expression ptr-; member is syntactic sugar for (*ptr).member
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L—Member Access: The Arrow Operator (-¢)

If you have a standard object instance, you use the dot operator to
access its methods. But if you have a pointer to that instance, you
must dereference it first. You could write (*¥sPtr).display(), making sure
to use parentheses because the dot operator has higher precedence than
the dereference star. However, C++ provides the arrow operator (-;)
which makes the code much cleaner and easier to read: sPtr-;display().
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Instead of an array of contiguous objects, we can have an array of point-
ers. This is highly flexible. For example, if we have an array of Employee

. . . ointers, we can dynamically allocate only the Employee objects we ac-
@ We can create arrays where each element is a pointer to an object, i s v v ey L

. . tually need. This saves memory if the array isn't full, and makes sortin
rather than the object itself. y v . &

} ] ) ) o operations much faster since we are only swapping memory addresses,
o Highly useful for managing large collections of objects efficiently. not the heavy objects themselves.

@ Syntax: ClassName *arr[10];
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@ Every object in C++ has access to its own address through a hidden
pointer called 'this'.

@ The 'this’ pointer is an implicit parameter passed to all non-static
member functions.

@ The compiler automatically passes the address of the calling object to
the function behind the scenes.
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I—The "this’ Pointer: Concept

Now we move to a fundamental underlying concept: the 'this’ pointer.
When you call an object’s method, like obj.updateData(), how does the
method internally know which object’s data to operate on? The compiler
secretly passes a pointer to the calling object as a hidden first argument
to the function. This pointer is formally named 'this’.
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L—Use Case 1: Resolving Shadowing
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The most common practical use of 'this’ that you will write yourself is
resolving name conflicts. In the setCoordinates method, the parameters

@ Used when local variables or parameters have the exact same name as x" and 'y’ shadow the class members 'x" and 'y'. If we just wrote x =

class attributes. x, we'd be assigning the parameter to itself. By explicitly writing 'this-

. . . . . . . i X' licitly tell th il h iable of th
o class Point { int x, y; public: void setCoordinates(int x, int y) { o', we explicitly tell the compiler we want the member variable of the

this-ix = x; // 'this-ix" is the attribute, 'x’ is the local parameter
this-iy =y; } 1

current object.
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© Use Case 2: Returning the Current Object
:
Another very powerful use of 'this’ is returning the object itself from a
method. By returning "*this' by reference, we can chain function calls
@ A function can return a reference to the calling object to allow sequentially on a single line. This is commonly seen in the builder design
method chaining. pattern or heavily used in C++ stream operations, which is why we can
o Point& setX(int x) { this-jx = x; return *this; // dereference 'this’ to WinEs Ee i & i 9%

return the object itself }
o Usage: pl.setX(10).setY(20);
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It's important to know the limitations. You cannot assign a new address
to 'this'—it is bound to the calling object for the duration of the method
call. Also, static functions belong to the class blueprint as a whole, not
a specific instantiated object, so there is no 'this’ pointer available inside

them. The same applies to friend functions, as they are not true class
@ Static member functions do NOT have a 'this’ pointer. members despite having access privileges.

@ The 'this’ pointer is a const pointer. You cannot change what 'this’
points to (e.g., this = &otherObject; is illegal).

@ Friend functions do NOT have a 'this’ pointer.
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We now transition to how pointers work alongside inheritance. A very
powerful rule in C+-+ is that a pointer defined as a base class type
can safely hold the address of a derived class object. This makes sense
@ C++ allows a Base class pointer to point to a Derived class object. logically in OOP: if a 'Car’ inherits from 'Vehicle', a Car 'is-a’ Vehicle.

@ This is called 'Upcasting’. It is safe and happens implicitly. Therefore, a Vehicle pointer is perfectly capable of pointing to a Car
o Syntax: Base* bPtr = new Derived(); object.
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© Member Access via Base Pointers
=
Here is the critical catch to upcasting. If 'Vehicle* vPtr = new Car()’,
and the Car class has a specific method called 'honkHorn()’, vPtr CAN-
@ Even if a Base pointer points to a Derived object, it can ONLY access NOT call "honkHorn()'. The compiler only looks at the declared type
members defined in the Base class. of the pointer (Vehicle), and the Vehicle class doesn’t know anything

@ The compiler determines access based on the pointer's declared type, about "honkHorn()". The pointer acts as a restricted lens, only letting

not the object’s actual runtime type you see the Base parts of the Derived object.

@ This behavior is known as Early Binding (or Static Binding).
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Look at this code carefully. The Derived class redefines the 'show’
method. Even though ’'ptr' genuinely points to a 'Derived’ object in
memory, calling 'ptr-jshow()’ executes the 'Base’ class version. Because

) _ ] ) _ the pointer is statically typed as Base, the compiler binds the function
o class Derived : public Base { public: void show() { cout jj " Derived”; call at compile-time to Base::show(). This compile-time decision is Early

Fh Binding.
@ Base* ptr = new Derived(); ptr-ishow(); // Outputs "Base"!

o class Base { public: void show() { cout jj "Base"; } };
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© Downcasting (Brief Overview)
:
If you absolutely must access Derived-specific methods while holding a
Base pointer, you have to cast the pointer back down. This is called
@ Converting a Base class pointer back down to a Derived class pointer. downcasting. It requires an explicit cast in code, and it's risky. If you try
o Unlike upcasting, downcasting must be done explicitly. to downcast a Vehicle pointer to a Car pointer, but the Vehicle pointer
. . . . was actually pointing to a Motorcycle object, your program will likel
@ Inherently dangerous if the base pointer doesn't actually point to the y P & , ye J, YOUr PTog Y
. . crash. We will learn about 'dynamic_cast’ later, which safely checks
requested derived type in memory. .
these types at runtime.
@ Requires dynamic_cast for safety (to be covered in advanced topics).
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Why Use Base Pointers? Preview of Polymorphism

@ Enables generic programming: an array of Base pointers can hold
heterogeneous objects of various Derived types.

@ Function parameters taking a Base can accept any Derived object as
an argument.

o Combined with 'virtual' functions, this entirely enables Runtime
Polymorphism (Late Binding).
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|—Why Use Base Pointers? Preview of
Polymorphism

You might be asking: why bother pointing to a Derived object with
a Base pointer if we lose access to the Derived methods? The true
power comes when we have an array of Base pointers. This array can
hold cars, trucks, and motorcycles all at once! In the next lecture, we
will introduce 'virtual’ functions. Virtual functions fix the early binding
limitation, allowing our Base pointers to execute the correct Derived
methods dynamically at runtime. This is true Polymorphism.
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o
N
To summarize today’s lesson: pointers are just as powerful with custom
objects as they are with primitives. The 'this’ pointer is an elegant,
o Obiect pointers manage memory dvnamically and use ;' for access hidden mechanism for instance-awareness inside methods. And pointer
inters man memor nami nd use '- r . . . . . .
) p ] & _y y y ¢ o upcasting is the absolute bedrock of C4++ inheritance hierarchies. Please
@ The 'this’ pointer resolves scoping issues and allows method chaining. review these examples closely, as they are mandatory prerequisites for
@ Base pointers safely hold Derived addresses, but restrict access to our next topic on virtual functions. Are there any final questions before
Base members under early binding. we wrap up?
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I—Lecture 36: Function Templates and Class
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Welcome everyone to Lecture 36. Today we are diving into one of the
most powerful features of C++: Templates. Templates allow us to write
generic, reusable code, paving the way for the Standard Template Library
@ Course: Object Oriented Programming with C++ (STL). By the end of this session, you'll know how to write functions

@ Unit 4: Advanced Class Features and classes that can seamlessly operate on any data type.

@ Topic: 4.4 Function Templates and Class Templates
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Let's start with a motivating example. Imagine you want to write a

@ Suppose we need a function to find the maximum of two numbers. simple function that returns the larger of two values. In a strongly typed

o For integers: int max(int a, int b) { return (a j b) ? a: b; } language like C++4-, you must specify the data types. So, you write one
for integers. But then you need it for floats, and then characters. The

@ For floats: float max(float a, float b) { return (a ¢ b) ? a: b; } e s : . :
logic '(a ¢ b) ? a: b’ doesn't change, but you are forced to duplicate

o For chars: char max(char a, char b) { return (a j b) 7 a: b; } the code. Function overloading solves the naming issue, but not the

@ Issue: The logic is identical, but we have to write and maintain three maintenance nightmare of duplicated logic. What if we could write the

separate functions. logic just once?
@ Overloading works, but it scales poorly for many types.
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Introduction to Generic Programming

@ Generic Programming: A paradigm where algorithms are written in

terms of types that are specified later.

@ Focuses on writing code that works with any data type without
modification.

@ In C+4++, generic programming is implemented using 'Templates’.

@ Templates allow variables, functions, and classes to operate with
generic types.
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I—Introduction to Generic Programming

This is where generic programming comes in. Generic programming is a
style of computer programming in which algorithms are written in terms
of to-be-specified-later types that are then instantiated when needed
for specific types provided as parameters. In C+4, we achieve this
using a feature called 'Templates'. Templates are essentially blueprints.
You write a single blueprint, and the compiler generates the specific
implementations for you based on the types you actually use.
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9 What are Function Templates?
&
A function template isn't an actual function; it's a recipe to create
AF ion T | . bl o f . family of loaded functions. When you define a function template, you leave the data
° f ur.1ct|on emplate is a blueprint for creating a family of overioade types as variables. When you call the function later in your code, the
unctions. C++ compiler looks at the arguments you passed, deduces their types,
o It defines a generalized mathematical or algorithmic behavior. and automatically writes a custom version of the function just for those
@ The compiler automatically generates a specific version of the types. This eliminates code duplication and ensures that if you need to
function based on the arguments passed. fix a bug in the logic, you only have to fix it in one place.

Significantly reduces code size and improves maintainability.
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© Function Template Syntax
:
o Keyword 'template’ followed by template parameters inside angle Let's look at the syntax. We start with the keyword 'template’, telling
brackets j ;. the compiler that what follows is a template. Then, in angle brackets,
(5 g
e Syntax: we define the template parameters. 'class T' or 'typename T' tells the
o template iclass T/ compiler that 'T' is a placeholder for an actual data type that will be
P . : ¢ provided later. You can use any name instead of 'T’, but 'T’ is the
o T functionName(T paraml, T param2) { universal standard for 'Type’. Inside the function body, you use 'T’
@ // function body wherever you would normally put a specific data type like int or double.
°}
@ 'class’ or 'typename’ can be used interchangeably here.
@ ‘T’ is a placeholder for the data type.
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© Example: Generic maximum Function

.
template jtypename T Here is our earlier problem solved using a template. Notice how clean
T findMax(T a, T b) { it is. We write 'findMax’ exactly once. When we call findMax(10, 5),
return (a i b) 7 a: b the c?mpller' sees two |r?tegers. It sean?nlessly replaces 'T' with 'int an'd

compiles an integer version of the function. When we pass 3.5 and 7.2, it

} generates a double version. The compiler does the heavy lifting, saving

us from writing overloaded functions manually.
Usage:
int i = findMax(10, 5); // T becomes int
double d = findMax(3.5, 7.2); // T becomes double
char ¢ = findMax('A’, 'Z"); // T becomes char
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.
) It's crucial to understand what happens under the hood. Writing a
@ Templates do not consume memory until they are called. template doesn’t create any executable code immediately. Code is only
@ Instantiation: The process where the compiler generates a specific generated when you call the template function. This is called 'instan-
function from the template. tiation'. Usually, the compiler is smart enough to guess the type based
o Implicit Instantiation: Compiler deduces the type automatically (e.g., on the arguments—this is Implicit Instantiation. Sometimes, you might
findMax(5, 10)). want to be explicit, like findMaxjdouble; (5, 5.5). Note that because the

. . .. op il t function fa i t d i
o Explicit Instantiation: Programmer specifies the type (e.g., compiler generates a new function for every unique type used, excessive

findMaxiint; (5, 10)). use of templates with many different types can increase your compiled

. ) o o ] ) binary size, a phenomenon known as 'code bloat’.
@ Each instantiated version is a separate function in the final binary.
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© Function Templates with Multiple Parameters

:

What if a function needs to handle two different types at the same time?

Templates are not restricted to a single type parameter. You just add more parameters to the template declaration, separated by
You can define templates with multiple generic types. commas. In this example, 'T1" and 'T2’ are independent placeholders.

Syntax: template jclass T1, class T2; When we call display with an integer and a string, T1 is deduced as

void display(T1 a, T2 b) {

cout jjaijj" and " jj b jj endl;

}

Usage: display(10, "Hello”); // T1 is int, T2 is const char*

an int, and T2 as a string. This provides massive flexibility in how we
design utility functions.
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.
Now we move from functions to classes. A Class Template is a blueprint
o Similar to function templates, but applied to classes. for creating classes. Think about a Stack data structure. The logic for
@ A Class Template allows defining a class with generic data members Pushmg and popping '|tems is exactly the same whether it s' 3 stack of
and member functions integers, a stack of strings, or a stack of custom Employee objects. Class
o ' ) ] templates allow us to write that Stack class once and use it for anything.
o |deal for designing data structures (like Stacks, Queues, Lists) that In fact, this is exactly how the C++ Standard Template Library, or STL,
should handle any data type. is built.

@ The standard container classes in the C++ STL (vector, map, set)
are all class templates.
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Declared by prefixing the class definition with "template jclass T, . The syntax for a class template is very similar to a function template.
template jclass T; You prefix the class keyword with 'template jclass T;'. Inside the class,
class ClassName { 'T' becomes a valid type. You can use it to declare variables, return
T memberData: types, and function arguments. One important syntax quirk in C4++: if

you define a member function outside the class declaration, you must
re-declare the template prefix above the function definition, and attach
'iTi' to the class name scope resolution.

public:

ClassName(T arg) : memberData(arg) {}

T getMemberData();

b

Member function definition outside the class requires the template
prefix as well.
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© Example: Generic Pair Class
:
template jclass T1, class T2; , o,

. Let's look at a concrete example. Here is a 'Pair’ class. It holds two
class Pair { values, which might be of different types, so we use template jclass T1,
T1 first; class T2;. We declare 'first’ of type T1, and 'second’ of type T2. The
T2 second: constructor takes these two generic types, and the display method prints
public: them. This single piece of code can replace dozens of customized pair

classes.

Pair(T1 a, T2 b) : first(a), second(b) {}

void display() {

cout jj " (" jj first jj ", " ji second jj ")" ij endl;
}

%
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|—Instantiating a Class Template
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. . . When it comes to using the class template, there is a key difference
@ Unlike function templates, class templates usually require EXPLICIT

. o from function templates. Historically, and in most common use cases,
Instantiation.

the compiler cannot deduce class template types just from constructor

@ You must specify the data type in angle brackets when creating an arguments. You must explicitly tell the compiler what types to use by
object. providing them in angle brackets when you declare the object. 'Pairjint,

@ Usage for the Pair class: double; " tells the compiler to generate a specific Pair class where T1 is

o Pairjint, double; objl(lO 3 14)_ int and T2 is double, and then create an object of that specific class.

@ Pairjstring, int; obj2("Age", 25);

@ objl.display(); // Outputs: (10, 3.14)

Milav (GP Palanpur) Object Oriented Programming 583/1



Object Oriented Programming

Defining Member Functions Outside the Class

N

N

~

S L e . .

© Defining Member Functions Outside the Class

.
When defining class template methods outside the class body: LIS 4 common Sl b,|OCk for.students. b G720 defme_ your

L . methods inside the class body, it looks like a normal class. But if you

1. Prefix with the template declaration. separate your declaration and definition—which is best practice—the
2. Add the template argument list jT; to the class scope. outside definition looks quite complex. You have to remind the compiler,
Example: 'Hey, this function belongs to a template class’. So you write template

template jclass T iclass T, then the return type, then MyClassjT;:: to indicate the scope,

T MyClassjT;::myMethod() {
// implementation

}

and finally the function name.
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&
I Templates aren’t limited to just substituting types. You can also pass
e Templates can also take standard data types (like int) as parameters, .
. actual values, known as non-type template parameters. A classic exam-
not just types. . . vy R 8
o ple is a static Array class. Here, 'int size’ is a non-type parameter. When
These act as compile-time constants. you create an object 'Arrayijint, 50; ', the compiler essentially hardcodes
Syntax: template jclass T, int size; the number 50 into that specific class generation. This is evaluated en-
class Array { tirely at compile time, making it incredibly fast and useful for fixed-size

. o . — memory allocation.
T arr[size|; // size is a constant defined at compile time 4

h

Usage: Arrayijint, 50; myArr; // creates an array of 50 ints
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Just like standard functions can have default arguments, templates can

@ You can provide default types or values for template parameters, . . . .

.. . have default arguments. In this example, if a user just types Arrayj;, the

similar to default function arguments. . . . :

o ’ compiler will assume they want an array of integers of size 10. If they

o template jclass T = int, int size = 10; type Arrayjdouble;, it assumes double and 10. This is highly utilized
o class Array { ... }; in the C++ Standard Library to provide sensible defaults while allowing
o Usage: power users to customize memory allocators and comparators.
@ Arrayj; arrl; // Uses jint, 10;
o Arrayjdouble; arr2; // Uses jdouble, 10,
@ Useful for defining standard behaviors while retaining flexibility.
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&
@ Templates enable Generic Programming, reducing code duplication. To summarize, templates are a cornerstone of modern C++-. They allow
Function T It t as bl ints f i loaded you to write 'Don’t Repeat Yourself’ (DRY) code. Function templates
@ Function Tem rin r generating over . .
fu (i[ on fempiates act as blueprints for generating overioade handle algorithms, and class templates handle data structures. One vital
nctions. . . .
unctions practical note before we finish: unlike standard classes where you put
o Class Templates act as blueprints for generating classes (crucial for declarations in .h and definitions in .cpp, template code usually must be
data structures). entirely contained within the header file. Because the compiler needs
@ Instantiation happens at compile-time; improper use can lead to 'code the template blueprint at the exact moment of instantiation in another
bloat’. file, separating them causes linker errors.
@ Template definitions typically must reside entirely in header files (.h),

not in source files (.cpp).
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Welcome to Lecture 37. Today we begin Unit 5, which focuses on
interacting with files and handling errors. Up until now, all the data in
our programs was stored in RAM, meaning it was lost as soon as the
program terminated. Today, we learn how to persist data to the hard
drive using file streams.

Unit 5: File Handling and Exception Handling
Topic 5.1: File Streams
Classes: fstream, ifstream, ofstream

Opening, Closing, Reading & Writing Files
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Ask the students: 'What happens to your game progress if you close
o Data persistence: Data stored in memory (variables, arrays) is volatile a game without saving?' It's lost. That's because the data was only
and lost upon program exit. in memory. File handling allows us to save that state. In enterprise
o Files allow us to store data permanently on secondary storage devices applications, we read configurations, process logs, and save user data,
(hard drives, SSDs). all requiring file 1/O operations.
@ Enables processing of large datasets that cannot fit entirely in
memory.

o Allows data sharing between different programs or different runs of
the same program.
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In C++, we don’t directly talk to the hard drive or the keyboard. We

@ A stream is an abstraction that represents a flow of data. talk to a 'stream’. Think of a stream as a water pipe. You pour data

@ It acts as an interface between the program and |/O devices. into one end, and it comes out the other. You are already familiar with

o Input Stream: Data flows from a source (keyboard, file) into the iostream; today we apply the exact same concepts to files using fstream.
program.

@ Output Stream: Data flows from the program to a destination

(screen, file).

@ You already know streams: cin (standard input stream) and cout
(standard output stream).
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C++ File Stream Classes

To perform file processing in C++-, we use classes from the

<fstream> library.

ofstream: Output File Stream. Used to write data to files.
ifstream: Input File Stream. Used to read data from files.
fstream: File Stream. Can be used for both reading and writing.

These classes inherit from ostream, istream, and iostream

respectively.
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l—C—i——l— File Stream Classes

To use these classes, you must #include <fstream> at the top of your
program. Notice the naming convention: 'o’ for output, 'i' for input.
If you need to do both, just use fstream. Because they inherit from
standard stream classes, you will use the same << and >> operators you
use with cout and cin.
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Emphasize step 3. Forgetting to close a file can lead to data loss or file

o Every file operation in C++ follows three fundamental steps: corruption because the data might still be sitting in a memory buffer
. . . . iting to be written to the disk. Al I hat .
@ 1. Open the file: Establish a connection between the stream object PRI, o7 1S IR e 2 S Hele (lens e SRl Epn
and the physical file on the disk.
@ 2. Process the file: Read data from the file into variables, or write

data from variables to the file.

@ 3. Close the file: Disconnect the stream from the file, ensuring all
data is saved and system resources are released.
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Using the constructor is generally preferred as it initializes the object
Files can be opened in two ways: and f)['Jer\s t'he file .|n f)ne step, adhering to RAIl .(Resourc? Acquisition
Is Initialization) principles. The open() method is useful if you create
the stream object first and need to open a file later, perhaps based on

std::ofstream outFile(” data.txt”); user input.

1. Using the constructor during object creation:

2. Using the open() member function:

std::ofstream outFile;

outFile.open("data.txt");
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. o . . You can combine modes using the bitwise OR operator |. For exam-
@ Modes determine how the file is accessed. They are defined in the

) ple, ios::out | ios::app opens a file for writing but appends to the
ios class.

end instead of overwriting. Note that ofstream defaults to ios::out |
ios::in: Open for input (reading). Default for ifstream. ios::trunc, meaning if you don't specify app, the old data is deleted!
ios::out: Open for output (writing). Default for ofstream.

Overwrites existing file.

@ ios::app: Append. All output is appended to the end of the file.

ios::trunc: Truncate. Discard file contents if it exists.

@ ios::binary: Open file in binary mode (instead of text mode).

Milav (GP Palanpur) Object Oriented Programming 594 /1



Object Oriented Programming

rifying the File Opened Successfully

I—Verifying the File Opened Successfully
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This is a common source of bugs for beginners. You write a program,

® Always check if a file was successfully opened before trying to read or it silently fails to open the file, and does nothing. Always validate! The

write. . - - .
ImyFile syntax relies on an overloaded boolean conversion operator in

o Files might fail to open if they don't exist (for reading), lack the stream class that returns false if any error flags are set.
permissions, or the disk is full.

@ Using is_open() method:

o if (myFile.is_open()) { / proceed / }

@ Using the stream object itself as a boolean:

o if (!myFile) { cout jj "Error opening file"; }
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© Step 2: Writing to a File (ofstream)

:

Notice how familiar this looks. If you know how to print to the screen

Use the stream insertion operator <<, just like with cout. with cout, you know how to write to a file. The ofstream object simply
Example: directs the flow of characters to the disk instead of the console.

std::ofstream out(" test.txt”);

if (out) {

out jj "Hello, File!" jj std::endl;
out jj 123 §j " " jj 45.6;

}

Milav (GP Palanpur) Object Oriented Programming 596 /1



Object Oriented Programming

Step 2: Reading from a File (ifstre

I—Step 2: Reading from a File (ifstream)
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The >> operator skips leading whitespace (spaces, tabs, newlines) and
reads until it hits the next whitespace. This is great for structured data
like lists of numbers, but not great if you want to read a whole sentence
Example: that contains spaces.

std::ifstream in(" data.txt");

Use the stream extraction operator >>, just like with cin.

Reads data word-by-word (whitespace delimited).

std::string word;
int number;
in ii word ji number;

// Reads the first string and first integer from the file.

Milav (GP Palanpur) Object Oriented Programming 597 /1



Object Oriented Programming

Reading Files Line-by-Line

N
[o\]
~
) [ :
© Reading Files Line-by-Line
:
@ To read an entire line including spaces, use the std: :getline() This is the most robust way to read text files. The getline() function
function. returns the stream itself, which evaluates to true as long as a line was
e Syntax: getline(inputStream, stringVariable); successfully read. The while loop automatically terminates when it hits
the end of the file (EOF).
o Example:
o std::ifstream in(" poem.txt”);
@ std::string line;
o while (std::getline(in, line)) {
@ std::cout jj line jj std::endl;
°}
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L—End of File (EOF) and Error States
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While you can check .eof () explicitly in a loop, the preferred idiom in
Stream objects maintain state flags to indicate their status: C++ is to check the state of the stream itself, e.g., while (file >>

data). This checks for both EOF and read failures simultaneously.
eof (): Returns true if the End-Of-File has been reached.

fail(): Returns true if a logical error occurred (e.g., tried to read an
int, but found a letter).

°
@ good(): Returns true if no error flags are set.
(]
(]

@ bad(): Returns true if a critical 1/O error occurred (e.g., disk
disconnected).
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I—Step 3: Closing a File
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Even though destructors handle closing automatically when a function

Use the close() member function: myFile.close(); ends, it's considered best practice to explicitly close files as soon as you
are done with them. If your program crashes before the destructor is

Why close manually?
called, some data in the buffer might not be written.

- Flushes output buffers to the disk (ensures data is written).
- Releases operating system file locks.

- Frees memory resources.

Note: C++ file stream destructors automatically call close() when
the object goes out of scope.
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cout jj "Saved.\n";

return O;

}

@ #include jiostream;

o gfinclude jfstream; Wialk the students through this code line by line. Highlight the inclusion
@ using namespace std; of <fstream>, the creation of the ofstream object, the validation check,
e int main() { the writing process using <<, and the explicit close(). Mention cerr
o ofstream file(” records.txt” ); is the standard error stream.

o if (!file) { cerr jj "Error'\n"; return 1; }

o file jj "Alice 95\n";

o file jj "Bob 82\n";

o file.close();

°

°

°
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@ #include jiostream; I—Complete Code Example: Reading
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#include jfstream;

#include jstring; : . o
In this read example, pay attention to the while loop condition. file

>> name >> score attempts to read two pieces of data. If successful, it
int main() { returns a stream in a 'good’ state, meaning true. Once EOF is reached,

ifstream file(" records.txt"); it returns false, gracefully exiting the loop.
if (!file) { cerr jj "Error!\n"; return 1; }

string name;

using namespace std;

int score;
while (file i name i score) {
cout jj name jj ": " jj score jj "\n";

file.close();

return O;

°}
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© Summary & Best Practices
.
o Always #include <fstream> for file operations. Recap the main points. The point about passing streams by reference
o Always verify that a file opened successfully using !stream or is |'mportant: st.ream obJects. cannot be copied because they represent a
. unique connection to a physical resource on the OS.
stream.is_open().
@ Use std::getline() for text files when whitespace matters.
@ Use while (file >> var) instead of while (!file.eof()) for
safer loops.
@ Explicitly close () files to prevent resource leaks and flush buffers.
@ Prefer passing file streams to functions by reference

(std::ifstream&).
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Welcome back to Object Oriented Programming with C++. Today, we
are diving into Lecture 38, focusing on Binary File Operations. We'll
explore how binary files differ from text files, how to read, write, and
importantly, how to update records in place. We will also cover how to
handle errors robustly during these file operations.

Binary vs. Text Files
Reading and Writing Binary Data
Random Access and Updating Records

File Error Handling and Stream States
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Let's clarify the difference. When you write the integer 12345 to a text
@ Text Files: Store data as human-readable ASCIl/Unicode characters. file, it's saved as 5 distinct characters: '1', '2', '3', '4’, '5". But in a
binary file, if it's a 4-byte integer, it's saved exactly as the 4 bytes in
RAM. Binary files don't care about human readability; they care about
memory layout.

o Text Files: Character translations occur (e.g., "\n' to CRLF on
Windows).

@ Binary Files: Store data in the exact format it is represented in
computer memory.

@ Binary Files: No character translations occur. Raw bytes are written
and read.
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Why do we bother with binary? Speed and convenience. Imagine writing
o Efficiency: Faster read/write speeds since no formatting or translation an array of 1,000 objects. With text files, you have to format each field.
is needed. With binary, you just dump the block of memory directly to the disk.
@ Storage Capacity: Often takes up less disk space for numerical or It's incredibly fast.

complex data.

@ Security/Obscurity: Not easily readable in standard text editors
without knowing the exact structure.

@ Direct Mapping: Can directly write or read entire C++ structures or
objects in a single operation.
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To tell C++ to skip character translations, we MUST include the
ios::binary flag when opening the stream. Notice that we often com-

o Use the ios::binary flag when opening a file. bine flags using the bitwise OR operator. The file extension .dat or .bin
@ Syntax: fstream file(" data.dat”, ios::in — ios::out — ios::binary); is just a convention; C++ only cares about the ios::binary flag.
@ Must be combined with standard directional flags (ios::in for read,

ios::out for write).

@ The .dat extension is commonly used, but the extension does not
dictate the file type—the open mode does.
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I—Writing Data: The write() Function
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We cannot use cout-style formatting operators (jj) for binary files be-
cause they format data into text. Instead, we use the write() function.
Standard stream insertion (jj) is for text files. It takes two arguments: where in memory to start copying from, and

Binary files use the write() method of ostream. how many bytes to copy.
Syntax: ostream& write(const char* s, streamsize n);

s: A pointer to the character array (memory address).

n: The number of bytes to write.

Milav (GP Palanpur) Object Oriented Programming 608 /1



Example: Writing a Record

Object Oriented Programming

Example: Writing a Record

I—Example: Writing a Record
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Look at this code. We have a Student struct. To write it, we take
the address of s1 (&s1), and we MUST cast it to a char pointer (char*)

o struct Student { int id; char name[50]; float gpa; }; because write() expects a byte stream. We use sizeof(Student) to ensure
@ Student s1 = {101, " Alice”, 3.8}; we write exactly the right number of bytes.

o ofstream outFile(" students.dat”, ios::binary);

o outFile.write((char*)&s1, sizeof(Student));

@ outFile.close();
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|—Reading Data: The read() Function
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Reading is the exact inverse of writing. We use the read() function. We
give it the address in memory where the data should be loaded, and the
Standard stream extraction () is for text files. number of bytes to pull from the file.

Binary files use the read() method of istream.
Syntax: istream& read(char* s, streamsize n);
s: Address in memory to store the incoming data.

n: The number of bytes to extract from the file.
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2026-07-22

Here we read the data back. We declare an empty Student object s2.
We call read(), passing the casted address of s2 and the size. The raw

@ Student s2; bytes from the file are pushed directly into s2, instantly populating all
o ifstream inFile(" students.dat”, ios::binary); its fields.

o inFile.read((char*)&s2, sizeof(Student));

e inFile.close();

o // Now s2 contains {101, "Alice”, 3.8}
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Up until now, we've read from the start to the end. But what if we have
a file with 10,000 students and only want to update student #5,000?
We don't want to read the first 4,999. This is where Random Access
comes in, managed by internal pointers.

Sequential Access: Reading data from the beginning to the end, in
order.

Random Access: Jumping directly to any specific location in a file.
C++ maintains two internal file pointers:
1. get pointer: Points to the next byte to be read.

2. put pointer: Points to the next byte to be written.
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I—Navigating Pointers: seekg() and seekp()
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To move these pointers, we use seekg for 'get’ and seekp for 'put’. Think
seekg(offset, direction): Moves the get (read) pointer. of 'g’ for get/read, and 'p’ for put/write. We specify an offset in bytes,
seekp(offset, direction): Moves the put (write) pointer. and a starting anchor—either the beginning, current position, or end of
offset: Number of bytes to move. a3 il
direction: Where to start the move from.
- ios::beg (beginning of file)

- jos::cur (current position)

- jos::end (end of file)
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I—Locating Pointers: tellg() and tellp()
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If you are lost in a file, tellg() and tellp() tell you exactly where you are,
returning the byte index. A classic trick to find a file's size is to seek

o tellg(): Returns the current byte position of the get pointer. to the end (offset O from ios::end) and then call tellg() to get the byte
o tellp(): Returns the current byte position of the put pointer. count.

@ Example trick to find file size:

o file.seekg(0, ios::end);

@ long size = file.tellg();
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.
Updating is a multi-step process. Crucially, you must open the file for
@ To update a record in place, you must open the file in both input and both reading and writing simultaneously. When you find the record, your
output mode: ios::in — ios::out. file pointer has already moved PAST it. So, to overwrite it, you must
@ 1. Open file and read records sequentially to find the target. move the pointer backwards by the size of the record.
@ 2. Once found, modify the record data in memory.
@ 3. Calculate the starting byte position of the record in the file.
@ 4. Move the put pointer backwards to that position using seekp().
@ 5. write() the modified record back to the file.
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// Assuming file is opened with ios::in — ios::out — ios::binary Let's look at the math. After read() finishes, .the get pointer is at
i i the next record. We take tellg(), subtract the size of one Student to
file.read((char*)&s, sizeof(Student)); find where our target record started, use seekp() to go there, and then
if(s.id == targetld) { write(). The record is updated seamlessly in place.

s.gpa = 4.0; // Modify in memory

long pos = file.tellg() - sizeof(Student); // Calculate rewind
file.seekp(pos, ios::beg); // Rewind pointer
file.write((char*)&s, sizeof(Student)); // Overwrite

}
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Moving on to error handling. Unlike variables in RAM, files are on the
disk. They can be deleted by another program, permissions can change,

o File operations are prone to external failures. disks can fill up. Robust software must account for this.

e Common issues: File not found, lack of read/write permissions, disk
full, corrupted media.

@ C++ stream objects maintain internal state flags to monitor stream
health.

@ We should never assume a file operation succeeded without checking.
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Behind the scenes, every file stream has a set of flags. The goodbit

o C++ provides four bit-flags to represent stream status: means all is well. The eofbit is very common; it triggers when you hit
o 1. goodbit: Everything is perfectly fine (value 0) the end. The failbit means you made a mistake like data type mismatch.
. . . The badbit is the worst—usually means the disk failed or the stream is
@ 2. eofbit: The End-Of-File has been reached during a read. dead
o 3. failbit: A logical error occurred (e.g., trying to read a string into
an int variable).
@ 4. badbit: A severe physical error occurred (e.g., hardware failure,

corrupted stream).
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© I—Checking Stream States

:

Instead of checking the bits directly, C++ provides boolean functions.

@ We use helper functions to check these flags: You should frequently use .fail() or just check the stream in an if state-
o - good(): Returns true if everything is okay. ment (e.g., if (file)) which implicitly checks for failure. .is_open() is
o - eof(): Returns true if EOF is reached. also crucial when initially opening a file.
o - fail(): Returns true if failbit OR badbit is set.
@ - bad(): Returns true if badbit is set.
o Example:
o if (!file.is.open() — file.fail()) { cout jj "Error opening file!"; }
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o Clearing Error States: clear()
.
Here is a massive pitfall for beginners. If you read until the end of a
@ Once a stream enters an error state (failbit, eofbit, badbit), it "locks file, the eofbit is set. If you then try to seek back to the beginning and
up". read again, it will fail silently! The stream is locked. You MUST call
Further read /write operations will be completely ignored. file.clear() to clear the error flags before you can use the stream again.

Use the clear() function to reset all state flags back to goodbit.
Example:

file.clear(); // Resets the stream state

file.seekg(0, ios::beg); // Safe to move pointers again
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To summarize, binary files are powerful tools for storing structured data
efficiently. By mastering pointers and stream states, you can create

@ Binary files map data directly between memory and disk.
complex, robust file databases in C++. Are there any questions?

o Use write() and read() for binary 1/0, utilizing typecasting and
sizeof().

o seekp/seekg and tellp/tellg allow random access and in-place record
updates.

@ Robust programs utilize stream state functions to handle errors
defensively.
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Welcome to Lecture 39. Today, we are transitioning from file handling
into another critical aspect of robust programming: Exception Han-
dling. When dealing with files, you likely noticed that things can go
@ Unit 5: File Handling and Exception Handling wrong—files might not exist, or permissions might be denied. How do
@ Topic 5.3: Exception Handling Mechanism we handle such unexpected events gracefully without crashing the pro-

o Keywords: try, throw, catch, Multiple Catches gram? That's what C++ exception handling is all about.

Milav (GP Palanpur) Object Oriented Programming



What is an Exception?

@ An exception is a problem that arises during the execution of a
program (a runtime anomaly).

@ It is a response to an exceptional circumstance, such as an attempt to
divide by zero, out-of-bounds array access, or failing memory
allocation.

@ Exceptions provide a way to transfer control from one part of a
program to another handler.

@ They can be primitive types (int, char) or specialized objects
containing detailed error information.
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|—What is an Exception?

Let's define what we mean by an ’'exception’. In everyday language,
an exception is something out of the ordinary. In C++, an exception
is an anomalous situation or a runtime error. It interrupts the normal,
sequential flow of the program. For example, if your program tries to
allocate memory but the system is out of RAM, an exception is triggered.
Unlike syntax errors which are caught at compile-time by the compiler,

exceptions are runtime phenomena that must be handled dynamically.
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© Why Exception Handling?

=
o Traditional error handling uses return codes (e.g., returning -1) or

global flags (like errno). Before the advent of structured exception handling, programmers relied

o Disadvantages of traditional methods: on returning error codes. But this approach is flawed. Your code be-
o - Error checking logic heavily clutters the main business logic comes a nested mess of 'if’ statements checking return values. Worse, a

lazy programmer might ignore the return value, leading to silent, catas-

® - Return codes can be silently ignored by the programmer, leading to trophic failures later on. Exceptions solve this beautifully. If an exception

downstream failures. is thrown and you don't handle it, the program crashes immediately, forc-

o - Difficult to return both valid data and error codes from the same ing you to address the bug. It also keeps your 'happy path’ logic clean
function signature. and readable.

@ Advantages of C++ Exceptions:

@ - Strictly separates error-handling code from the main execution path.

@ - Unhandled exceptions forcefully terminate the program, preventing

silent, hard-to-debug failures.
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The core of C++ exception handling revolves around three keywords:

@ C++ exception handling is built entirely upon three reserved try, throw, and catch. Think of it conceptually like a baseball game.
keywords: You 'try’ to hit the ball. If the pitcher makes a mistake (an error), he
@ 1. try: Identifies a block of code for which particular exceptions will "throws’ a wild pitch. The catcher then has to 'catch’ it to stabilize the
be activated and monitored. play. In our code, the 'try’ block monitors for runtime errors. If a fatal
e 2. throw: A program throws an exception when a problem is error occurs, we 'throw' an exception object. Finally, a matching 'catch’

detected. This transfers control to the handler block receives that object and executes recovery logic.

@ 3. catch: Defines a block of code (an exception handler) that receives
the thrown exception and dictates how to recover.
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@ Syntax: Let's examine the ’'try’ block. You wrap your risky code—code that
o try { interacts with hardware, allocates memory, or does complex math like

. . division—inside a try block. If everything executes smoothly, the pro-

® // Protected code that might generate an exception gram simply skips the subsequent catch blocks and continues. However,
e // Functions called from here are also monitored if something goes wrong inside this block, and a 'throw’ occurs, the
°} execution instantly jumps out of the try block, abandoning the rest of
°

Purpose: To enclose and monitor statements that may cause
exceptions.

@ Crucial Rule: A try block cannot stand alone. It must be immediately
followed by at least one catch block.
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Syntax: throw exception_value;

The exception_value can be of any valid C++ data type (int, string
literal, or a user-defined object).

When 'throw’ is executed, the current function's control flow stops
immediately.

Example 1: throw 404; // Throwing an integer code

Example 2: throw "Database connection failed!”; // Throwing a
string
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I—The "throw’ Statement

When an error condition is verified within a try block, or deeply nested
within a function called by a try block, you use the 'throw' keyword.
You can throw essentially anything: an integer error code, a descriptive
string, or ideally, a specialized exception object.
'throw’ executes, the current function halts.

The exact moment
Control is immediately
surrendered to the C++ runtime environment, which begins the search
for an appropriate 'catch’ mechanism.
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e Syntax: The 'catch’ block acts as your safety net. It looks somewhat similar
@ catch (datatype parameter_name) { to a standard function definition. It explicitly specifies what type of
e // Code to handle and recover from the exception exception it is designed to handle. If you threw a double, you need a
o) catch block that accepts a double. Inside the catch block, you write the

. recovery logic—this could be logging the error to a file, prompting the

@ The datatype specified must exactly match the type of the value that user for new input, or assigning safe default values to variables.

was thrown.

@ The parameter_name is optional if you only care about the type, but
necessary if you want to inspect the thrown value (e.g., read the error
message).

o Catch blocks must be placed immediately after the try block.
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. © Example: Basic Division by Zero
@ double divide(double a, double b) { S
o if(b==0){
@ throw "Division by zero error!”; Here is a classic, practical example. We have a divide function. Before
°} attempting division, we proactively check if the denominator is zero. If
o return a / b; !t Is, we throw a string literal. In main(), we wrap the call to d|V|c.le()
inside a try block. Because we pass 0, the function throws the string.
°} Execution leaps out of the try block, skipping the cout statement, and
@ int main() { lands in the catch block that expects a 'const char*'. The error message
o try { is printed gracefully, and the program exits normally.
@ cout jj divide(10, 0); // Triggers the exception
@ } catch (const char* msg) {
o cerr jj "Caught exception: " jj msg jj endl;
°}
@ return 0;
°

}
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© Control Flow in Exception Handling
:
® 1. Execution enters the try block. Understanding the exact control flow is paramount. Throwing an excep-
@ 2. If no exception occurs, the try block finishes normally, and all tion behaves like a non-local goto statement. If an exception triggers on
associated catch blocks are skipped entirely. line 2 of a 10-line try block, lines 3 through 10 are completely skipped.
@ 3. If an exception IS thrown: The system immediately jumps to evaluate the catch blocks. If it finds
o - The remaining code within the try block is bypassed. a match, it runs the handler .and then continues execution below the
Th . ol hes th h blocks f h whole try-catch construct. If it searches all the way up through every
°- e runtime sequentially searches the catc ocks for a type match. calling function and finds no handler, the C++ runtime forcefully aborts
@ - The matching catch block executes. the application.
@ - Normal execution resumes directly after the LAST catch block.
@ 4. Critical: If no matching catch block is found anywhere in the call

stack, the program invokes std::terminate().

Milav (GP Palanpur) Object Oriented Programming 630/ 1



Object Oriented Programming

Multiple 'catch’ Blocks

N
B‘
© I—Multiple 'catch’ Blocks
.
@ A single try block can be protected by multiple catch blocks
sequentially. In real-world applications, a complex block of code might fail for several
@ This allows you to handle various different failure scenarios in highly reasons. A function might throw an integer to indicate a file missing
specific ways. error, and a string to indicate a network timeout. You can chain multiple
e Syntax: catch blocks together after a single try block. When an exception occurs,
. the C+-+ runtime evaluates these catch blocks from top to bottom.
o try { / risky code / } : . .
) ) The first one that precisely matches the type of the thrown exception
e catch (int e) { / handle int errors / } executes. Once that single block finishes, the rest are bypassed.
o catch (char e) { / handle char errors | }
@ catch (double e) { / handle double errors | }
@ The compiler checks the catch blocks strictly in the top-to-bottom
order they appear.
@ Only the FIRST matching catch block is executed.
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© Example: Multiple Catches in Action

:
® try { Look at this illustrative example. Depending on the value of the 'er-
@ int errorCode = 2; rorCode’ variable, we throw entirely different data types. Because er-
o if (errorCode == 1) throw 404; // throws int rorCode is set to 2, the program executes“throw ’E’;. The runtime

) o evaluates the catch blocks. It bypasses the 'int' catch block because the

o if (errorCode == 2) throw 'E’; // throws char types don't match, and hits the 'char’ catch block. It prints 'Caught
o if (errorCode == 3) throw 3.14; // throws double character: E'. The 'double’ catch block is ignored.
°}
@ catch (int i) { cout jj "Caught integer: " jj i; }
@ catch (char ¢) { cout jj "Caught character: " jj c; }
o catch (double d) { cout jj " Caught double: " jj d; }
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© Catching All Exceptions: catch(...)
:
@ Sometimes, you need a default fallback handler that catches
absolutely ANY exception, regardless of its type. What if you are utilizing a third-party library that throws exceptions,
. . . . . but you aren’t certain what types it might throw? Or what if you want
@ Achieved using the ellipsis (.. .) in the catch parameter list. . . .
a final, absolute safety net in your main loop to prevent a hard crash?
e Syntax: C++ provides the catch-all handler using three dots. This intercepts
e catch (...) { any exception type. However, because it's a wildcard match, it must
@ cout jj "An unknown exception occurred!”; reside at the very bottom of your catch block list. If you place it at the
o } top, the compiler will likely issue a warning, as specific handlers below
] it become unreachable code.
@ Crucial Rule: The catch(...) block must ALWAYS be placed as the
LAST catch block in a sequence.
o If placed earlier, it acts as a black hole, intercepting exceptions meant

for specific handlers below it.
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The Magic of Stack Unwinding

@ When an exception is thrown, the runtime system searches up the call
stack for a valid handler.

@ As it abruptly exits blocks and functions looking for a catch block, it
destroys all local, automatic objects created in those scopes.

@ This automated cleanup process is called 'Stack Unwinding’.
@ Destructors of local objects are guaranteed to be called automatically.

@ This is the foundation of RAIl (Resource Acquisition Is Initialization),
preventing memory leaks when errors occur.
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LThe Magic of Stack Unwinding

This is arguably the most powerful feature of C++ exceptions, known
as Stack Unwinding. When an exception is thrown deep inside a chain
of nested function calls, C++ doesn't just blindly jump to the catch
block. It meticulously walks backward up the call stack. As it violently
exits each function, it automatically invokes the destructors for any local
objects that were created on the stack. This is vital. It means if you
opened a file, acquired a mutex, or allocated smart pointers, throwing
an exception won't cause a resource leak. The destructors clean things
up on the way out automatically.
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I—Rethrowing an Exception
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@ A particular catch block might not have enough context to
completely resolve an exception. Sometimes a function catches an exception, logs it to a debugging file,

but realizes it lacks the authority or context to actually fix the program

@ It can perform partial handling (such as logging the error) and then
P p g ( geing ) state. In this scenario, it can 'rethrow’ the exception to a higher-level
pass the exception further up the call stack. . . . . , .
) o module. To accomplish this, you simply write the keyword 'throw;
o Use the throw; keyword (with no operand) inside a catch block to followed by a semicolon, inside a catch block. This takes the exact
rethrow. exception object you just caught and throws it again, allowing an outer
@ Syntax: try-catch block to handle the final recovery or user notification.
@ catch (inte) {
@ logErrorToFile(e); // Partial handling
@ throw; // Rethrow the exact same exception to the caller
°}
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I—Sta ndard Exception Classes
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@ While throwing primitives (ints, chars) works, professional C++ relies
on the standard exception hierarchy in <stdexcept>. While throwing integers or strings is fine for small scripts, professional
o All standard exceptions derive from a common base class: C++ codebases utilize structured exception classes. The standard library
std::exception. provides a rich hierarchy of exception classes in the header jstdexcept; .
@ Common standard exceptions: The root of this entire hierarchy is std::exception. It features a virtual
e - std::bad_alloc: Thrown by the new operator when RAM is function called what() that returns a C-style string describing the error.
exhausted. You should strongly prefer throwing these standard exceptions, as it

. . standardizes error handling across different libraries.
@ - std::out_of_range: Thrown by container methods like

vector::at().

@ - std::runtime_error: Generic class for errors detectable only at
runtime.

@ Using catch(const std::exception& e) can polymorphic-ally
catch any standard exception.
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© Creating Custom Exception Classes
.
@ For complex applications, you can define proprietary exception classes
by inheriting from std: :exception. For large, domain-specific applications, the standard exceptions might
@ Override the virtual what () method to provide a customized error not be descriptive enough. You can define your own exception classes by
message. inheriting from std::exception. The primary requirement is to override
o class Network TimeoutException : public std::exception { the what() method to return a helpful message. The real power of
. custom exceptions is that they are full-fledged objects. You can add
@ public: . .
N ) custom data members to them. For example, a FileReadException class
@ const char* what() const noexcept override { could encapsulate the name of the file that failed and the specific OS-
@ return " Network request timed out after 30s.”; level error code.
°}
° };
@ Benefits: Custom exceptions can store additional state data, like error

codes, timestamps, or failed IP addresses.
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@ Exceptions provide a clean, structural, and robust methodology to

handle runtime anomalies. . : . .
To summarize today's lecture, exception handling completely separates

o try blocks enclose code that is vulnerable to generating errors. the 'what the program should do’ from the 'what to do if things fail
@ throw statements trigger exceptions, abruptly halting normal miserably’. It forces developers to acknowledge errors, practically elimi-

sequential execution. nating silent failures. Remember the try, throw, catch triad. Be keenly
o catch blocks act as specialized handlers, selected based on the aware of how multiple catch blocks are evaluated sequentially from top-

exception’s data type. to-bottom, and always remember that C++ will dutifully clean up your

. . . . local objects via stack unwinding when an exception flies past.
@ Multiple catch blocks can follow a single try, acting as a switch : 2 P P

statement for types.

Stack unwinding ensures safe resource cleanup during exception
propagation.

Always order catch blocks from most specific to least specific
(catch(...)).
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54 STL Bas
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Welcome everyone to Lecture 40. Today we are introducing one of
the most powerful features of modern C++: The Standard Template
Library, or STL. Up until now, we've built our data structures mostly
@ Course: Object Oriented Programming with C++ (DI05011021) from scratch or relied on raw arrays. Today, we'll see how C++ provides
@ Unit 5: File Handling and Exception Handling us with heavily optimized, built-in templates to handle collections of data

@ Topic 5.4: STL Basics - Vectors and Algorithms and algorithms effortlessly.

Milav (GP Palanpur) Object Oriented Programming 639/1



What is the Standard Template Library (STL)?

A software library for C++ that provides a collection of templates
representing standard data structures and algorithms.

Promotes code reuse, avoiding reinventing the wheel.
Heavily optimized for performance and memory efficiency.

Generic Programming: Works with any data type, including built-in

types and custom classes.
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L-What is the Standard Template Library (STL)? <

The STL was designed with the philosophy of generic programming.
This means algorithms are written independently of the data types they
operate on, heavily relying on C++ templates. Instead of writing a
custom linked list or sorting algorithm every time you start a project,
you simply include the STL and use thoroughly tested, highly performant
code. It saves time and prevents bugs.
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LThe Three Pillars of STL
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To understand STL, you must understand its triad architecture. Con-
tainers hold the data. Algorithms process the data. But how do generic

o Containers: Objects that store collections of data (e.g., vector, list, algorithms know how to navigate specific containers? That's where
map). Iterators come in. lterators bridge the gap between containers and al-

@ Algorithms: Functions that perform operations on containers (e.g., gorithms, providing a uniform way to step through elements regardless
sort, find, reverse). of the underlying data structure.

o lterators: Objects that act like pointers, allowing algorithms to
traverse containers uniformly.
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9 Introduction to std::vector
o
N
Let's dive into our first and most commonly used container: std::vector.
Think of a vector as a smarter, safer raw array. While standard C-style
@ A dynamic array: Can grow and shrink in size automatically at arrays have a fixed size defined at compile-time, vectors manage their
runtime. own memory. As you add elements, the vector will automatically allocate
o Requires #include <vector> more space if needed. Because memory is contiguous, it is incredibly fast

to iterate over and access elements.

Elements are stored in contiguous memory locations.

Provides constant time, O(1), random access (like standard arrays).
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I—Creating and Initializing Vectors
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Creating a vector is straightforward thanks to templates. We specify
the type of data we want to store inside the angle brackets. Notice the
flexibility here. We can create an empty vector, use an initializer list

o std:vectorjint; v1; // Empty vector of integers to populate it immediately, or specify a size and a default value. This

@ std::vectorjint; v2 = {1, 2, 3, 4, 5}; // Uniform initialization flexibility makes vector setup very clean.
o std::vectorjstd::string; v3(10, "Hello"); // 10 elements, all initialized
to 'Hello’
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Adding and Removing Ele

@ push_back(value): Adds an element to the end of the vector. The
vector grows automatically.

@ pop-back(): Removes the last element from the vector.
o clear(): Removes all elements from the vector.

e insert() and erase(): Can add/remove from specific positions (slower,

o(N)).
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I—Adding and Removing Elements

The most common way to populate a vector dynamically is using
push_back(). It appends the element to the rear of the vector. If the
vector runs out of allocated space, it handles the reallocation transpar-
ently. pop_back() removes the trailing element. Note that operations at
the very end of a vector are fast (O(1)), but inserting or deleting from
the middle requires shifting elements, making it an O(N) operation.
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To read or modify data in a vector, we have several options. Using the
square brackets acts exactly like a traditional array, which means if you

° ofperatoll;[lndex]: fAccesses element at index without bounds checking o i & banndls, v e wndteling lakevier, Far el ande, csmecily
(faster but unsafe). when dealing with user input, use the at() function. It performs bounds

@ at(index): Accesses element with bounds checking; throws checking and throws an exception, fitting perfectly into our Unit 5 theme
std::out_of_range if invalid. of exception handling!

o front(): Returns a reference to the first element.

@ back(): Returns a reference to the last element.
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A common point of confusion is the difference between size and capacity.
Size is the logical number of items you've put into the vector. Capacity
is the physical memory reserved. When size exceeds capacity, the vector
usually doubles its capacity by allocating a new block of memory, copying
the old elements over, and deleting the old block. This is why capacity

o size(): Returns the number of elements currently stored in the vector.

@ capacity(): Returns the total amount of memory currently allocated

(how many elements it can hold before reallocating). is usually greater than or equal to size.

@ empty(): Returns true if size is 0.
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c“\l:’: Iterating Over Vectors
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// Range-based for loop (C++11 and later) Since C++11, the most elegant way to traverse a vector is the range-
for (int val : myVector) { based for loop. It automatically deduces the start and end of the con-
cout jj val jj " "; tainer. If you need to modify the elements during traversal, you would

use a reference, like 'int& val’. The traditional index-based for loop is

} still perfectly valid and is useful if you specifically need the index number

during iteration.
// Traditional indexed loop
for (size_t i = 0; i | myVector.size(); i++) {
cout jj myVector[i] ji " ";

}
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Now we move to the second pillar: Algorithms. The brilliant design
of STL is that algorithms don't belong to the vector class. They are

® Requires #include <algorithm> free-standing functions in the jalgorithm; header. By accepting iter-

@ Algorithms operate on iterators, not the containers themselves. ators (specifically container.begin() and container.end()), these algo-

@ This abstraction allows one algorithm (e.g., sort) to work on vectors, rithms can manipulate almost any container in the STL. It's the ultimate
lists, arrays, or deques. expression of generic programming.

@ Typically accept starting and ending iterators:

algo(container.begin(), container.end())
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Sorting is arguably the most common algorithmic task. Instead of writing
bubble sort or quicksort, just call std::sort. Under the hood, std::sort
uses an introsort (a hybrid of quicksort, heapsort, and insertion sort),
guaranteeing an excellent O(N log N) time complexity. Notice how we
// - pass v.begin() and v.end() to specify the range we want sorted.
std::vectorjint; v=1{5,2,9, 1,5, 6};

std::sort(v.begin(), v.end());

// Vector is now: 1, 2,5,5,6,9

#include jalgorithm;

#include jvector;

Milav (GP Palanpur) Object Oriented Programming 649 /1



Object Oriented Programming

std::sort with Custom Comparators

N

[o\]

~

< L .

© std::sort with Custom Comparators

:
o // Sort in descending order By default, std::'sort uses the Iess-'Fhan operator to sort |r.1 ascending

. ) order. But what if we want descending order, or we are sorting a vector

o std::sort(v.begin(), v.end(), std::greateriint;()); of custom objects, like Students? We can provide a third argument to
° std::sort: a comparator. This can be a standard functor like std::greater,
@ // Using a custom lambda function for objects a custom function, or a modern C++ lambda expression as shown here.
o std::sort(students.begin(), students.end(), This allows absolute control over the sorting logic.

(const Student& a, const Student& b) {
return a.grade ; b.grade;

H;
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std::vectoriint; v = {10, 20, 30, 40}; T.h.e std::find algorithm p.erforms a I.ine.ar search (O(N) time) for a spe-
cific value. It returns an iterator pointing to the first occurrence of the
element. How do we know if it failed? If the element isn't found, find()
returns the 'end’ iterator (v.end()). We can also use std::distance to
if (it != v.end()) { calculate the numerical index from the iterator. It is simple, elegant,
and bug-free.

auto it = std::find(v.begin(), v.end(), 30);

cout jj "Found at index: " jj std::distance(v.begin(), it);

} else {

cout jj "Not found”;

}
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Why Use STL Over Raw Arrays/Pointer

Memory Management: No need for new and delete. Prevents
memory leaks.

Safety: Methods like .at () prevent buffer overflows, a massive
security risk in C.

Performance: Algorithms are rigorously tested and optimized by
compiler engineers.

Readability: std: :sort makes intent clearer than a 20-line custom
sorting function.
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I—Why Use STL Over Raw Arrays/Pointers?

As we conclude our look at vectors and basic algorithms, let's reflect
on why we use them. In modern C++, raw arrays and manual pointer
memory management are heavily discouraged unless strictly necessary
(like in embedded systems or core driver development). The STL pro-
vides safety, drastically reduces development time, prevents memory
leaks through RAII, and usually performs just as fast, if not faster, than
handwritten code.
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To summarize, you now have a foundational understanding of the Stan-
dard Template Library. We explored vectors as dynamic arrays, learned
how to manipulate their contents, and applied standard algorithms like
sort and find using iterators. Mastering the STL is a significant milestone
in transitioning from a C++ beginner to a proficient C++ developer.

STL comprises Containers, Algorithms, and lterators.
std: :vector is your default choice for a dynamic, resizable array.

Use <algorithm> for operations like sorting and searching.

Iterators provide the glue between containers and algorithms.
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Welcome to Lecture 41. Today we are beginning Unit 5, which focuses

on File Handling and Exception Handling. We will start by exploring how

C++ interacts with files using file streams, allowing us to permanently
@ Unit 5: File Handling and Exception Handling store data beyond the execution of our program.

@ Topic 5.1: File Streams
@ Object Oriented Programming with C++
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© Why Do We Need File Handling?

:
e Volatile vs. Non-Volatile Memory: Up until now, every time we run our programs, we enter data, process

. . . . it, output it, and when th ds, thi ishes. Th

@ - Standard variables and objects are stored in RAM (volatile memory) BRGNP G, SHApG SRS ¢

. variables were in RAM. File handling gives our programs 'memory’ across
and are lost when the program terminates. ) X i )
different runs. We can save configurations, user data, or processing
results. This is crucial for almost any real-world application, from games
- File handling allows data to be stored on a hard drive (non-volatile saving your progress to databases storing user records.

memory) for future retrieval and manipulation.
Data Sharing:

@ - Files allow programs to output data that can be read by other
programs or users.

Persistence:
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.
o What is a Stream? C++ treats all /O operations through the concept of 'streams’. Imagine
@ - A stream is an abstraction that represents a device on which input 2 Str_eam, of water flowing; similarly, a data,Stream 1 a sequence _Of byt_es
. flowing into or out of your program. You're already familiar with this!
and output operations are performed. . . .
cin is an input stream from the keyboard, and cout is an output stream
@ - It can be thought of as a flow of characters (or bytes). to the console. File streams work exactly the same way, just connected
@ Source and Destination: to a file on your disk instead of the console.
@ - Input stream: Flow of data INTO the program (e.g., from keyboard
or file).
@ - Output stream: Flow of data OUT OF the program (e.g., to screen

or file).
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© I—The jfstream; Library
S
N
To use file streams, you must include the <fstream> header file at the
o Header File: top of your prog,ra’m. This header gives yOL’I"aCCGS'S to three main classes.
) . ) Remember the 'o’ stands for output, the 'i’ for input. If you only need
© - Must #include <fstream> to work with file streams. to read, use ifstream to protect against accidental writes. If you only
o Key Classes provided: need to write, use ofstream. If you need to do both simultaneously,
o 1. ofstream: Stream class to write on files (Output File Stream). fstream is your tool.
@ 2. ifstream: Stream class to read from files (Input File Stream).
o 3. fstream: Stream class to both read and write from/to files.
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I—The Lifecycle of File Handling
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Think of this like making a phone call. First, you need a phone (declare
object). Then you dial the number (open the file). You check if they
answered (check for success). You talk (read/write). Finally, you hang
up (close the file). If you skip hanging up, you might lock the line for
Open the file (connecting the object to the physical file). others. We will look at each of these steps in detail.

Every file operation in C++ follows these general steps:

1. Declare a file stream object (ifstream, ofstream, or fstream).

Check if the file opened successfully.
Process the file (Read from it or Write to it).

Close the file (disconnect and release resources).

© ©6 ©6 © © ©
ok~ Db
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Method 1: Using the Constructor

You can open a file immediately when you create the stream object
- ofstream outFile("data.txt");

using its constructor, or you can create an empty stream and open it
Method 2: Using the open() function later using the .open() method. The second argument to open is the
- ofstream outFile; 'mode’. By default, an ofstream will truncate (erase) an existing file
- outFile.open("data.txt"); Whep.lt opens it. If you want to add to an existing file, you must
. . explicitly use ios: :app.
File Modes (Optional 2nd argument):

- ios::out (Write - default for ofstream)

- ios::in (Read - default for ifstream)

- ios: :app (Append - write at the end)

- ios: :trunc (Truncate - clear contents before writing)
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I—Checking if a File Opened Successfully
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Always check if a file opened successfully! If you try to read from a file

Why check?

. that doesn't exist, your program will fail silently or crash if you don't
- The file might not exist (when reading).

handle it. The is_open() function is the most explicit and recommended
- You might lack permissions. way to verify the file is ready for processing.

- The disk might be full.
How to check:

- is_open() method: Returns true if open, false otherwise.

- Using the stream object as a boolean: if (outFile) { ... }or
if (loutFile) { ... }
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#include jfstream;

using namespace std;
Notice how similar writing to a file is to writing to the console. We just

. . replace cout with our ofstream object outFile. The stream insertion
int main() {

ofstream outFile(" student.txt”); // Create and open
if (outFile.is_open()) {

outFile jj "John Doe\n"; // Write to file

outFile jj 20 jj "\n"; // Write an integer
outFile.close(); // Always close!

operator << knows how to format standard data types like strings and
integers into text suitable for the file.

cout jj "Data saved.\n";

} else {

cout jj "Error opening file.\n";

}

return O;

}
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When you write to a file, the OS often stores that data in a temporary

® The close() Method: memory buffer to improve performance. It only actually writes to the
@ - stream object.close(); hard drive when the buffer is full or when you close the file. If your
@ Why is it necessary? program crashes before closing, you might lose data. Therefore, close ()
@ - Flushes the buffer: Ensures all data temporarily held in memory is e il fiey caie niegias

actually written to the disk.
@ - Releases OS locks: Allows other programs to access the file.

@ - Free resources: The operating system limits how many files a
program can have open at once.

Milav (GP Palanpur) Object Oriented Programming



Object Oriented Programming

Example: Reading from a File (ifstream) - Word by

Word
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o ifstream inFile("student.txt");

@ string name; To read, we use ifstream and the stream extraction operator >>. Just

o int age: like cin, the >> operator stops reading when it hits whitespace (spaces,
tabs, newlines). If our file contained 'John Doe’, inFile >> name would

° only read 'John’. This is important to remember when dealing with text

o if (inFile.is_open()) { containing spaces.

@ // Read strings (stops at whitespace)

e inFile ji name;

o // Read integer

@ inFile j; age;

°

@ cout jj "Name: " jj name jj ", Age: " jj age ij endl;

o inFile.close();

°

}
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© Example: Reading from a File - Line by Line
. . ]
#include jstring;
// .. inside main ... To solve the whitespace issue, we use the getline() function.
ifstream inFile("” student.txt" ); getline(stream, string var) reads an entire line up to the newline
string line; character and stores it in the string variable. Putting this in a while

loop is the standard idiomatic way in C4++ to process a text file line by

o line until the end of the file (EOF) is reached.
if (inFile.is_open()) {

// Read until the end of the file
while (getline(inFile, line)) {
cout jj line jj "\n";

}

inFile.close();

}
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© |—Appending to a File
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N
Problem: Default ofstream overwrites the existing file. If you are creating a log file or adding new student records, you don't
Solution: Use ios: :app mode. want to delete the old ones! By passing ios::app (append) as the

second parameter to the constructor or the open method, the internal
file pointer is moved to the end of the file before any writing occurs.

Code:

ofstream outFile("log.txt", ios::app);
if (outFile.is_open()) {

outFile << "New log entry\n";

outFile.close();

}

Milav (GP Palanpur) Object Oriented Programming 665/ 1



Detecting the End of File (EOF)

Object Oriented Programming

Detecting the End of File (EOF)

N

~

S L . .

© Detecting the End of File (EOF)

=
o The EOF State: While C++ provides an eof () method, it is a common beginner mistake
o - When a stream attempts to read past the last character of a file to write while(!inFile.eof()). This often results in processing the

last line twice because the EOF flag isn't set until AFTER a read fails.
The preferred, robust method is to make the read operation itself the
condition of the while loop, as seen in the getline example.

the EOF flag is set.
Using .eof () method:
- Returns true if the EOF flag is set.

Preferred approach:

- Evaluate the stream operation directly in a loop condition (e.g.,
while(inFile >> data)). This checks for EOF and other errors
simultaneously.
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9 Summary of Today's Lecture
&
To summarize, file handling allows our data to survive past the lifetime
File handling uses streams: <fstream>, ifstream, ofstrean. of the pr?gram. We'treat files just like the console, using .streams and
the insertion/extraction operators. Always remember defensive program-
Standard process: Declare, Open, Check, Process, Close. ming: check if the file actually opened, and be polite to the operating
<< is used for writing to ofstream. system by closing the file when you are done.

>> is used for reading tokens from ifstream.
getline() is used for reading lines from ifstream.

Always check is_open() and remember to close() files.
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Welcome to Lecture 42. Today we are diving deeper into binary file
operations. While we've previously learned how to write new data to a
binary file and read it back, today's focus is on real-world application:
@ Unit 5: File Handling and Exception Handling updating existing records in place and managing errors gracefully. This
e Topic: 5.2 Binary File Operations is critical for building robust applications like databases or inventory

@ Subtopics: Updating Records, Error Handling in Files systems.
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Imagine an employee database with 10,000 records. If an employee gets

o Efficiency: Modifying a single record without rewriting the entire file. a promotion, rewriting the entire file just to update one salary field is
. . . . t ly inefficient. B bi files all to st tructs i
o Fixed-Length Structures: Binary files allow storing structs/classes of SAIrmE e SRS IR 1SS ellens BE e 581 SIEs 1IN
fixed size fixed-size memory blocks, we can calculate the exact byte location of
' - ) ) . ] the employee's record, jump straight to it, and overwrite it. This is
@ Random Access: Ability to jump directly to a specific record using e iy v——

byte offsets.

@ Real-World Analogy: Like changing a single entry in a physical ledger
book instead of copying the whole book.
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To update a file, you first have to read the record, modify it in memory,
and write it back. This means your file stream must support both input

o File Mode: Must open the file for BOTH reading and writing. and output operations. We achieve this by instantiating an fstream
e Syntax: fstream file(" data.dat”, ios::in — ios::out — ios::binary); object and combining the ios::in, ios::out, and ios::binary flags using the
. . . bitwise OR operator. Also, remember that your data structure should
o fstream Object: We use fstream instead of ifstream or ofstream to . . . . .
- . . not contain pointers, like std::string, but rather fixed-size arrays for text.
have bidirectional capabilities.
e Data Structure: A well-defined struct or class with a fixed sizeof().
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© Navigating Files: File Pointers
.
Behind the scenes, the C++ stream keeps track of where it currently
C . . . . is in the file. Think of it like a cursor in a word processor. We have
o C++ file streams maintain two internal pointers: the 'get’ pointer for reading and the 'put’ pointer for writing. When
@ 1. get pointer: Indicates the next byte to be read (used with input). we read a 50-byte struct, the get pointer automatically advances by 50
@ 2. put pointer: Indicates the next byte to be written (used with bytes. Understanding these pointers is the foundation of random access.

output).
@ In an fstream object, moving one pointer generally moves the other,
as they often track the same position.
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Random Access Methods: seekg() and seekp()

seekg(offset, direction): Moves the get pointer.
seekp(offset, direction): Moves the put pointer.

offset: Number of bytes to move (can be positive or negative).

direction (Seekdir constants):

- ios::beg : Beginning of the file

- ios::cur : Current position of the pointer
- ios::end : End of the file
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L—Random Access Methods: seekg() and seekp()

To jump to a specific location, C++ provides seekg (seek get) and
seekp (seek put). They take two arguments: the offset in bytes, and the
starting reference point. For example, seekg(100, ios::beg) moves the
reading cursor exactly 100 bytes from the start of the file. seekp(-20,
ios::end) moves the writing cursor 20 bytes backward from the end.
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&
If seek is for moving the cursor, tell is for asking 'where am 17", tellg()
returns an integer representing the byte offset of the get pointer from
o tellg(): Returns the current position of the get pointer. the beginning of the file. A common trick to find the total size of a file
o tellp(): Returns the current position of the put pointer. is to seek to the end (ios::end), and then call tellg().

@ Return Type: std::streampos (an integer type representing bytes).

@ Use Case: Finding out the total size of a file, or remembering a
location to return to later.
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I—Calculating the Record Offset
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Because binary files pack data structures back-to-back, calculating the
location of a specific record is simple math. If each record is 100 bytes,
Formula to find the byte offset of the Nth record: the first record starts at byte 0, the second at byte 100, the third at
Offset = (N - 1) * sizeof(Record Type) byte 200, and so on. We subtract 1 from N because file offsets are

Example: Finding the 5th record of type 'Employee’ I, [ 13 eneraiin (S

int position = (5 - 1) * sizeof(Employee);

file.seekg(position, ios::beg);
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I—Step-by—Step: Updating a Record (Part 1)
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Let's look at the code for updating the 3rd employee's record. First,

e struct Employee { int id; double salary; }; we define a simple struct. We open the file using fstream with all three
@ // 1. Open the file for read and write necessary flags. We calculate the byte offset by taking (3 - 1) multiplied
o woe . L ) by the size of our struct. Then, we use seekg to move our read cursor
o fstream file("emp.dat”, ios::in — ios::out — ios::binary);
B to that exact byte.
@ // 2. Calculate position of the 3rd record
@ int pos = (3 - 1) * sizeof(Employee);
e // 3. Move the get pointer
o file.seekg(pos, ios::beg);
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& Step-by-Step: Updating a Record (Part 2)

:

mployee emp; nce the pointer Is In place, we read the record Into a local object

Empl ¢} he pointer is in pl d th d i local obj
// 4. Read the existing record 'emp’. Crucially, reading the data advances the pointer past the record.

file.read(reinterpret_castichar*; (&emp), sizeof(Employee)); So, after V\'/e update the saIar\f/ 'm memo.ry, we r.n.ust 'use ’seekp to move
the put pointer back to the original starting position 'pos’ before we call

write(). Otherwise, we would overwrite the 4th record instead of the
emp.salary += 5000.0; 3rd!

// 6. Move the put pointer back to the start of the record
file.seekp(pos, ios::beg);
// 7. Write the updated record

file.write(reinterpret_castjchar*; (&emp), sizeof(Employee));

// 5. Modify the record in memory
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Transitioning to our second subtopic: Error Handling. When dealing
with files, you are interacting with the operating system and the hard-
ware. This means many things can go wrong that are out of your pro-
gram's control. A robust C4++ program never assumes a file operation
- Disk is full. succeeded. It always checks.

File operations are prone to external failures:

- File doesn't exist or is locked by another process.

- Permission denied.
- Attempting to read past the End Of File (EOF).
C++ provides built-in mechanisms to detect these failures.
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C++ stream objects have a set of boolean flags that indicate their
health. If the goodbit is true, the last operation worked perfectly. If
Every stream object maintains internal state flags: eofbit is true, you hit the end of the file. failbit means a recoverable
1. goodbit: Everything is fine (value is 0). logic error happened—Tlike trying to open a file that doesn't exist. badbit

2. eofbit: Reached End-Of-File on an input operation means something catastrophic happened to the stream itself.

3. failbit: Logical error on 1/0 (e.g., type mismatch, file not found).

4. badbit: Fatal error (e.g., physical disk failure, stream corruption).
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© Checking Stream States
8
Instead of reading bits directly, C+-+ provides handy member functions.
Functions to check flags: CaII|rI1g flle.fall()' is th.e most common way to check if an.opera'tlon I|I.(e
) . opening or reading failed. You can also use the stream object directly in
- file.good() : Returns true if no error flags are set. a boolean context, like if (!file), which implicitly checks if the failbit
- file.eof() : Returns true if eofbit is set. or badbit is set. This is a very clean and idiomatic C4+ approach.

- file.fail() : Returns true if failbit OR badbit is set.
- file.bad() : Returns true if badbit is set.
Implicit Check: if (file) or if (file) evaluates the stream’s state.
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© Example: Safe File Opening
.
fstream file(" data.dat”, ios:in — ios::out — ios::binary); This is the golden rule of fl.le handllng.: always check if the file opened
successfully before attempting to use it. Here, if (!file) evaluates to
true if the file failed to open (for example, if "data.dat” doesn't exist
if (!file) { and we didn't specify ios::trunc). We print to cerr (the standard error
cerr ” " Error: Could not open the ﬁle!” || endl; stream) and exit gracefully rather than crashing.

return 1; // Exit program with error code

}

// Proceed with file operations safely...

file.close();

Milav (GP Palanpur) Object Oriented Programming 680/ 1



Object Oriented Programming

Clearing Error Flags: clear()

I—Clearing Error Flags: clear()
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A very important concept: if a stream enters a fail state, it goes into
'lockdown’. Any further read or write commands will be ignored. If you
want to reuse that stream—for instance, if you hit EOF while searching,
but now want to jump back to the top of the file—you MUST «call

@ Once an error flag (like failbit or eofbit) is set, the stream refuses
further operations.

@ To recover and continue using the stream, you must clear the flags. file.clear() first to reset the flags back to goodbit, before you call seekg.
e Method: file.clear();
e Common use case: Reaching EOF, calling clear(), and then using

seekg() to go back to the beginning.

Milav (GP Palanpur) Object Oriented Programming 681 /1



Robust Update Operation with Error Checking

Object Oriented Programming

Robust Update Operation with Error Checking

} else {

// Perform update and write...

}

N

~

S L . . .

© Robust Update Operation with Error Checking

§ o
o file.read(reinterpret_castjchar*; (&emp), sizeof(Employee)); Let's put it all together. Here we attempt to read a record. Immedi-
o if (file.eof()) { ately after, we check the stream state. We specifically handle the EOF
o cout ji "Record not found (End of File).” ii end!; case:—maybe the user. asked.for record number 190, but only .50 ex!st.

. Notice we call clear() if we hit EOF so the stream is usable again. If it's

o file.clear(); // Important to clear EOF flag a different failure, we log it. Only if the read succeeds completely do we
o } else if (file.fail()) { proceed to the update logic.
@ cerr jj "Error reading file.” jj endl;
°
°
°

Milav (GP Palanpur) Object Oriented Programming



Object Oriented Programming

I—Summary

2026-07-22

To wrap up, today we learned the complete lifecycle of updating a bi-
nary file in place, saving processing time and disk 1/0. We also learned
how to use the C++ standard library's stream state bits to defend our
application against hardware and logical 1/O errors.

Updating binary files involves: opening in read/write mode,
calculating offsets, reading, modifying, seeking back, and rewriting.

seekg() and seekp() are essential for random access.

o Never assume file /O success. Check stream states (good, fail, eof,
bad).

Use clear() to reset stream flags after an EOF or recoverable error.
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Welcome everyone to Lecture 43. Today we are transitioning from File
Handling to the second major topic of Unit 5, which is Exception Han-
dling. This is a crucial concept in modern C++ that allows us to build ro-
@ Course: Object Oriented Programming with C++ bust, fault-tolerant applications. Instead of programs crashing abruptly

@ Unit 5: File Handling and Exception Handling when something goes wrong, exception handling gives us a structured

@ Topic 5.3: try, throw, catch; Multiple Throws and Catches 7 U I CTES P T el R P R R 7
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What is an Exception?

@ An exception is an abnormal condition or problem that arises during
the runtime execution of a program.

@ It is a synchronous event that disrupts the normal, expected flow of
instructions.

@ Common examples: Division by zero, out of memory, file not found,
array index out of bounds.

@ Exceptions provide a mechanism to transfer control from the point of
error to an error-handler.
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|—What is an Exception?

Let's start by defining what an exception actually is. In simple terms,
an exception is a runtime error. Unlike compile-time errors, which are
usually syntax mistakes caught by the compiler, exceptions occur while
the program is actually executing. For instance, if your program asks
a user for a denominator and they enter 0, the CPU cannot perform
division by zero. This mathematical impossibility causes an exception.
If not handled, an exception will typically cause the operating system
to forcefully terminate your program. Exception handling gives us a
structured way to intercept these issues.
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© Traditional Error Handling vs. Exceptions
§
@ Traditional Approaches:
e - Returning error codes (e.g., -1, NULL, or false). I?Tefore C++ |ntro.duced exc§pt|ons, developers relléd heavily (.)n tradi-
. ‘ o C tional error handling. Functions would return special values like -1 or
® - Setting global flags (e.g., ermo in C). NULL to indicate failure. The problem with this is two-fold. First, your
@ Drawbacks of Traditional Approaches: main logic gets cluttered with endless 'if error code == -1’ statements.
@ - Error checking logic is tightly mixed with core business logic, Second, a lazy developer might just ignore the return value, leading to
making code hard to read. unpredictable behavior later on—a silent failure. Exceptions solve this
@ - Programmers can easily ignore or forget to check return codes. 5 @y Separat”fg the. 2 [pEid fr.om t_he ST [pa Fu.r'
. . thermore, you cannot simply ignore an exception; if you don't handle it,
o The Exception Handling Advantage: the program will terminate. This forces developers to address potential
@ - Strictly separates error-handling code from regular code. errors.
@ - Enforces error handling: Unhandled exceptions automatically

terminate the program, preventing silent failures.
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I—The C++ Exception Handling Mechanism

2026-07-22

The entire exception handling architecture in C++ revolves around three
C++ exception handling is built upon three primary keywords: simple keywords: try, throw, and catch. Think of it like a baseball game.

°
o 1. try: Identifies a block of code in which exceptions might occur. It The tr.y block is the pItCher_S mou’nd whe're the action happens.. I
, . , something goes wrong, the pitcher 'throws’ the ball (the exception).
monitors' the code. \ , . . .
) ] o The 'catch’ block is the catcher standing behind home plate, ready to
@ 2. throw: Signals that an exception has occurred within a try block. catch the specific type of ball thrown and decide what to do next.

It 'raises’ the error.

@ 3. catch: Defines a block of code that handles the exception. It
'intercepts’ the error.
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N
@ Syntax:
o try { Let's look at the 'try’ block in detail. You wrap the risky parts of your
- // Code that m|ght generate an exception code inside a try block. This tells the compiler, 'Hey, monitor this
o // Normal program logic section. If anythmg'th.rows an error, be ready to catch it. The moment
an error is thrown inside a try block, the rest of the code inside that
°} block is skipped. It's an immediate exit. Also, structurally, a try block
o Characteristics: cannot stand alone. It is a syntax error to have a try block without a
@ - A try block contains the logic of your program that you want to subsequent catch block to handle the potential fallout.
monitor for errors.
@ - If an exception occurs within it, normal execution is instantly halted.
@ - Control is immediately transferred to the nearest enclosing catch
block.
@ - A try block MUST be followed by at least one catch block.

Milav (GP Palanpur) Object Oriented Programming 688 /1



Object Oriented Programming

The 'throw’ Statement

N
[o\]
~
< [ g :
S The 'throw' Statement
o
N
e Syntax: When your code detects that an impossible situation has arisen—like
. receiving a zero for a denominator, or failing to allocate memory—you
@ throw exception_value; . ) ..
o use the 'throw’ statement. You can throw almost anything in C++: an
o Characteristics: integer, a string, or a custom error object. Modern C++ heavily favors
@ - Used to explicitly raise an exception when an error condition is throwing objects, particularly those derived from the standard library’s
detected. exception class, but syntactically, you can throw a simple integer like
o - The "exception_value’ can be of any data type: fundamental types "throw 404;'. Once 'throw’ is executed, no further code in that try block
(int, double, char) or user-defined objects/classes. (OIRS:
@ - Executing a throw statement acts like a specialized 'return’ or

'goto’—it exits the current scope and searches for a handler.

Milav (GP Palanpur) Object Oriented Programming 689 /1



Object Oriented Programming

'catch’ Block

N
N
B‘
& LThe 'catch’ Block
S
N
@ Syntax:
. . The catch block is where you fix the problem, log the error, or alert the
@ catch (type exception_variable) { . ) o
i user. It immediately follows the try block. The parameter inside the
o // Code to handle the exception catch block’s parentheses dictates what kind of exception it is willing to
° } catch. If the try block throws an 'int’, a catch block expecting a 'double’
o Characteristics: or a 'string’ will ignore it. The types must match. The exception_variable
o - Acts as the exception handler. It catches the exception thrown by allows you to access the value that was thrown, so you can read the error
the try block ’ message or error code.
@ - The 'type’ specified in the catch block must match the data type of
the value thrown.
@ - If a type match is found, the code inside the catch block executes to

resolve the error or log it.

Milav (GP Palanpur) Object Oriented Programming 690/ 1



Object Oriented Programming

Example: Division by Zero

N
[o\]
~
S L L
© Example: Division by Zero
:
@ inta =10, b =0, result;
o try { Here is a classic example. We are trying to divide a by b. Inside the
o if (b==0) { try block, we first check if b is zero. If it is, we use the throw keyword
o throw " Division by zero error!”; // Throwing a string literal (const to throw a string literal. Because we threw an exception, the actual
char*) division 'result = a / b;’ never executes. The program jumps straight to
o) the catch block that accepts a 'const char*'. It prints our error message,
and the program continues running safely after the catch block, rather
o result =a / b; than crashing.
@ cout jj "Result: " jj result jj endl;
°}
@ catch (const char* msg) {
@ cout jj "Exception Caught: " jj msg jj endl,
°}
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© Tracing the Control Flow

:
o Step-by-step Execution during an Exception: Understanding the control flow is critical. The most common miscon-
@ 1. Program enters the try block and executes sequentially. ception beginners have is that after the catch block finishes executing,
@ 2. An error condition is met, and the throw statement executes. the program goes back into the try block to try again. This is false.
@ 3. Control immediately leaves the try block. Subsequent lines in the Once you are thrown out of a try block, you cannot go back in. The

program resumes execution at the first line of code that appears be-
low the very last catch block. The try block is considered permanently
aborted for that specific execution pass.

try block are ignored.

@ 4. The runtime system searches for a catch block matching the
thrown type.

5. The matching catch block executes.

6. Program execution resumes immediately AFTER the catch block
(it does not return to the try block).
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:
. . . , You don’'t h t t th tat ts directly inside the t
@ Exceptions do not have to be thrown directly inside the try block’s o WRLTE WG U [P SR esT REIIENS Sy MRk e )
block. In professional software, you usually call utility functions from
local scope. o . . .
o ) ] o within a try block. If one of those utility functions throws an exception,
@ They can be thrown from within a function that is called from inside the compiler looks for a try/catch inside that function. If it doesn't
a try block. find one, it travels back up the call stack to the function that called
o If a function throws an exception but doesn't catch it locally, the it, looking for a try/catch there. This allows you to write one main
exception propagates up the 'call stack’. try/catch block that handles errors originating from deep within your

@ This allows centralized error handling: low-level functions application’s architecture.

detect/throw errors, and high-level functions (like main) catch/handle
them.
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© Introduction to Multiple Catches
:
@ A single try block can execute code that might throw several different Real-world try blocks are usually doing more than just one thing. A try
types of exceptions. block might attempt to open a file, parse an integer from it, and allocate
@ To handle these different scenarios appropriately, a try block can be memer; QEsiing @ il mii e 8 Sitlis eespien, e it
followed by multiple catch blocks throw an int exception, and memory allocation might throw a standard
S _ library exception. To handle all these varied possibilities, C++ allows
o oyntax: you to chain multiple catch blocks after a single try block. The compiler
otry{..} will check them one by one until it finds a type match.
@ catch (inte) { ... }
o catch (doublee) { ... }
e catch (MyCustomException €) { ... }
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© Example: Multiple Throws and Catches

:
o try { In this example, our logic simulates different error conditions based on a
@ int choice = 2; 'choice’ variable. If choice is 1, we throw an integer. The runtime skips
o if (choice == 1) throw 10; // Throws an int the rest of the try bI’ock, skips over ’the int and double c.atches, and

) ) directly executes the 'catch(double x)’ block because 3.14 is a double.

o else if (choice == 2) throw 3.14; // Throws a double Only one catch block will ever execute for a single thrown exception.
o else throw 'E’; // Throws a char Once that catch block finishes, the rest of the catch blocks are skipped.
°}
@ catch (int x) { cout jj "Caught int: " jj x; }
o catch (double x) { cout jj " Caught double: " jj x; }
o catch (char x) { cout jj " Caught char: " jj x; }
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Rule: Order of 'catch’ Blocks Matters

@ When an exception is thrown, the catch blocks are evaluated
sequentially from top to bottom.

@ The FIRST catch block with a matching type is executed.

@ Critical Inheritance Rule: If you are catching both base class and
derived class exception objects, the derived class catch block MUST
appear BEFORE the base class catch block.

@ Why? Because a base class reference can catch a derived class object,
leading to intercepted errors.
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I—Rule: Order of 'catch’ Blocks Matters

Ordering is highly important when you start using Object-Oriented prin-
ciples with exceptions. Let's say you have an exception class '"MathError’,
and a derived class 'DivideByZeroError'. If your first catch block catches
"MathError’, and your second catches 'DivideByZeroError', the second
block will never run! When a DivideByZeroError is thrown, the compiler
sees the 'MathError’ block first, realizes that a DivideByZeroError is a
MathError due to inheritance, and executes the first block. Always order
your catches from most specific to most generic.
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© The Catch-All Handler: catch(...)
:
@ Sometimes you want to guarantee that your program catches an The catch-all handler, represented by three dots inside the parentheses,
exception' even if you didn't anticipate its exact data type is your ultimate safety net. It catches Iiterally any exception that wasn't
o C++ provides a universal catch-all handler: caught by the specific handlers above it. It's excellent for ensunjmg
h your program absolutely doesn’'t crash from an unhandled exception.
o catch (...) { However, because you don't know the type, you don’t get a variable to
@ cout jj "An unknown exception occurred.”; inspect, meaning you won’t know exactly what went wrong. For this
°} reason, it should always be placed at the very bottom of your catch
@ The three dots (ellipsis) signify that this block matches absolutely drehn.
ANY exception type.
@ It MUST be placed as the LAST catch block in a sequence.
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Exceptions and Stack Unwinding

@ What happens to local variables when an exception is thrown and the
scope is abruptly exited?

@ Stack Unwinding: When an exception is thrown, the C++ runtime
safely destroys all local objects created within the try block before the
throw occurred.

@ The destructors for these objects are automatically called in reverse
order of their creation.

@ This crucial feature prevents resource leaks (like open files or locked
mutexes) during error conditions.
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I—Exceptions and Stack Unwinding

Before we wrap up, | want to mention a sophisticated C++ feature
called Stack Unwinding. If you instantiate objects inside a try block,
and an exception causes the program to abruptly leave that block, what
happens to those objects? In some languages, they might leak memory.
In C4++, the runtime automatically calls the destructors for all fully
constructed local objects before transferring control to the catch block.
This guarantees that files are closed and memory is freed, maintaining
system stability.
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© Summary and Best Practices
.
) ) ) To summarize, exception handling using try, throw, and catch is the
@ Exceptions provide a clean, enforced way to handle runtime errors. standard way to handle runtime anomalies in C--+. It separates error
@ Always match try blocks with at least one catch block. handling from business logic. As a best practice, when throwing objects,
@ Use multiple catches to handle different error conditions specifically. you should catch them by constant reference. This prevents the compiler
. . fi ki f th tion object, which is fast d t
@ Best Practice: Throw objects by value, but catch them by constant R A i A
. . an issue called object slicing. We will look closer at custom exception
reference (e.g., catch(const MyException& €)) to avoid unnecessary o
. objects in our next class.
copying.
@ Use catch(...) sparingly, primarily as a final safety net at the highest

level of your program.
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Welcome, everyone! Today we are stepping into one of the most pow-

erful and widely used aspects of modern C++: The Standard Template
o What is the STL? lerar?/, or STL. Whl!e our unit |s' tltled' File Handlling and Exception
Handling, understanding the STL is crucial because it forms the back-
bone of efficient data manipulation in C4++, which is often read from
@ Deep Dive: std::vector or written to files. By the end of today, you'll see how much time and
@ Essential Algorithms: std::sort and std::find effort the STL can save you.

@ Core Components: Containers, Algorithms, lterators
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What is the Standard Template Library (STL)?

@ A software library for the C+4 programming language.

@ Provides four components: Algorithms, Containers, Functions, and
Iterators.

@ Built entirely using C++ Templates, making it type-safe and generic.

@ Part of the C++ Standard Library, meaning no extra installations are
needed.
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L-What is the Standard Template Library (STL)?

The STL is a collection of pre-written, highly optimized template classes
and functions. Instead of writing your own linked list, dynamic array,
or sorting algorithm from scratch, the STL provides these out of the
box. Because it's template-based, an STL container can hold any data
type—integers, strings, or even your custom user-defined objects, while
maintaining strict type safety.




Why Use the STL?

Reusability: No need to reinvent the wheel for common data
structures.

Performance: STL components are heavily optimized by compiler
writers.

Reliability: Thoroughly tested and standardized code.

Readability: Standardized vocabulary makes code easier for other
C++ developers to read.
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L-Why Use the STL?

Why not just write our own arrays and sorts? First, performance. The
STL algorithms are usually much faster than hand-rolled ones unless
you are an expert in algorithm optimization. Second, reliability. The
STL has been tested by millions of developers for decades. Finally, it
provides a common language. When you see std::sort, you immediately
know what is happening without having to read a custom function's
implementation.
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The brilliance of the STL lies in its separation of concerns. Containers

just store data. Algorithms just process data. How do they commu-

nicate? Through lterators. An algorithm like std::sort doesn't need to

know if it's sorting a vector, a deque, or an array; it only needs iterators

@ 2. Algorithms: Functions that perform operations on containers (e.g., that point to the start and end of the data. This modularity is why the
sort, search, copy). STL is so powerful.

@ 3. Iterators: Objects that act like pointers to traverse containers.

@ 1. Containers: Objects that store data (e.g., vector, list, map).
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I—Introduction to Containers: std::vector
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Let's look at our first container: the vector. Think of a vector as a smart
array. Traditional C-style arrays have a fixed size. If you make an array of

@ A sequence container representing an array that can change in size. size 10, you can't put 11 items in it. A vector handles dynamic resizing
o Header: #include jvector; for you automatically. Because it uses contiguous memory, reading from
. . . ) a vector is incredibly fast, but inserting an item in the middle requires
@ Memory is allocated contiguously, just like standard arrays. S v s, widh @m ke dom
@ Fast random access (using indices), but slow insertions/deletions in
the middle.
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. . © Declaring and Initializing a Vector
#include jiostream; §
#include jvector;
Here we see different ways to create a vector. We must include the
int main() { jvector; header. The syntax std::vectorjint; indicates we are using the

vector template specifically for integers. vl is empty. v2 allocates space
for 5 integers and default-initializes them to 0. v3 uses modern C++
uniform initialization to fill the vector with specific values right away.

// Empty vector of integers

std::vectorjint; v1;

// Vector initialized with 5 elements, all 0
std::vectorjint; v2(5);

// Vector initialized with an initializer list
std::vectorjint; v3 = {10, 20, 30, 40, 50};
return O;

}
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9 Adding and Accessing Elements
std::vectorjint; scores; &
// Adding elements to the end The push._back() method is how y.ou add items to a vecto.r. It places

the new item at the end, expanding the vector's underlying memory

scores.push_back(85); if necessary. For accessing, you can use the square brackets just like a
scores.push_back(92); normal array. However, using the .at() method is safer because it throws
scores.push_back(78); an out_of_range exception if you try to access an index that doesn’t exist,

whereas the bracket operator results in undefined behavior.
// Accessing elements

std::cout jj scores[0] jj "\n"; // Outputs 85
std::cout jj scores.at(1) jj "\n"; // Outputs 92 (bounds-checked)

// Modifying an element
scores[2] = 80;
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Vector Siz Capacity

@ size(): Returns the number of elements currently in the vector.

@ capacity(): Returns the maximum number of elements the vector can
hold before it needs to reallocate memory.

e empty(): Returns true if size is 0.

o clear(): Removes all elements (size becomes 0, capacity usually
remains the same).

Milav (GP Palanpur) Object Oriented Programming 707 /1

2026-07-22

Vector Size vs. Capacity

Object Oriented Programming

I—Vector Size vs. Capacity

It's important to understand the difference between size and capacity.
When a vector runs out of space, it doesn't just grow by one element;
it usually doubles its capacity. This prevents the costly operation of
memory reallocation happening on every single push_back. So, a vector
might have a size of 3 (containing 3 items) but a capacity of 4 or 8.
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std::vectorjstd::string; names = {"Alice”, "Bob", " Charlie" };

How do we loop through a vector? The old way is using a standard

// 1. Traditional Index-based Loop for Ioog? with an index variable from 0 to size() - 1. However, modern
. . . . . C++ gives us the range-based for loop. It's much cleaner, less prone to

for (size_t i = 0; i j names.size(); ++i) { off-by-one errors, and highly readable. Notice | used 'const std::string&’

std::cout jj names[i] jj " "; to avoid copying the strings while reading them.

}

// 2. Range-based For Loop (C++11 and later) - Preferred!
for (const std::string& name : names) {

std::cout jj name jj " ";

}
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Now let's move to algorithms. To use them, we must include the jal-
gorithm; header. The genius of the STL is that algorithms don't know
what a vector is. They only know about iterators. An iterator is essen-
tially an advanced pointer. All STL algorithms take an iterator pointing
to the start of the data, and an iterator pointing to one spot PAST the
They do not work directly on containers, but rather on Iterators. last element of the data.

A collection of functions designed to be used on ranges of elements.

Header: #include jalgorithm;

Iterators point to the beginning and 'past-the-end’ of a sequence.
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Understanding begin() and end()

@ v.begin(): Returns an iterator pointing to the first element.

e v.end(): Returns an iterator pointing to the theoretical element one
past the last element.

@ The range is always represented as [begin, end) - inclusive of begin,
exclusive of end.
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I—Understanding begin() and end()

This slide visualizes the concept of begin and end. Why does end point
past the last element? It acts as a sentinel value. When an algorithm is
looping through elements using iterators, it knows it is finished when the
current iterator is equal to the end() iterator. This [inclusive, exclusive)
pattern is universal in C++.



Object Oriented Programming

Algorithm: std::sort

N

[o\]

B‘

c“\l:’: I—Algorithm: std::sort
@ Finclude jvector; &

#include jalgorithm;

Yinclude jiostream; Sorting ar? a.rray is on.e of the most common task% in progran}mlng. With
the STL, it is a one-liner. std::sort takes the begin and end iterators. By
default, it uses the less-than operator (j) to sort elements in ascending

int main() { order. Under the hood, this usually implements a highly optimized ver-

std::vectorjint; nums = {50, 10, 40, 20, 30}; sion of Introsort (a hybrid of Quicksort, Heapsort, and Insertion Sort)

with O(N log N) complexity.

// Sort in ascending order (default)
std::sort(nums.begin(), nums.end());

// nums is now: 10, 20, 30, 40, 50

return O;

}
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Algorithm: std::sort (Custom Ordering)

// Sorting in descending order using greaterjint; ()
std::sort(nums.begin(), nums.end(), std::greaterjint;());

// Or using a custom C++11 Lambda function
std::sort(nums.begin(), nums.end(), [](int a, int b) {
return a j b;

1}
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I—Algorithm: std::sort (Custom Ordering)

What if you want to sort descending, or sort custom objects based on
a specific property? std::sort can take a third argument: a comparator.
We can use built-in functors like std::greater, or we can write our own
lambda function. A lambda is just an anonymous inline function. In the
example, it returns true if 'a’ should come before 'b’.



Object Oriented Programming S

Algorithm: std::find

N
[o\]
5
© I—Algorithm: std::find
S
N
Next is std::find. This performs a linear search, checking each element
one by one. lIt's incredibly useful, but the trick is understanding what
i - . it returns. It doesn't return a boolean, and it doesn't return an integer
@ Searches for a specific value within a given range. . : ) o i
. ) ) . index. It returns an iterator. If the item isn't in the collection, how does
@ Syntax: std..flnd(start,lterator, end.iterator, value,to,flnd), it tell you? By returning the end() iterator, indicating it searched the
@ Returns an iterator pointing to the FIRST occurrence of the value. whole range and hit the boundary.
@ Crucial: If the value is NOT found, it returns the end() iterator.
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c“\l:’: Using std::find in Practice
e std::vectorjint; ids = {101, 105, 109, 115}, &
int target = 109;
Here is the standard pattern for using std::find. We capture the returned
] o ) ) iterator using the 'auto’ keyword (which infers the type automatically).
auto it = std::find(ids.begin(), ids.end(), target); We then immediately check: is 'it’ not equal to 'ids.end()'? If true,
we found it. We can then use another STL function, std::distance, to
if (it !=ids.end()) { calculate the integer index if we actually need it.

std::cout jj "Found target! ";

// We can calculate the index using distance
int index = std::distance(ids.begin(), it);
std::cout jj "At index: " jj index jj "\n";
}else {

std::cout jj " Target not found.\n";

}
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To wrap up, the STL is a massive paradigm shift in C++. Stop writing

The STL provides standard, tested, and optimized data structures

] raw arrays and custom sorting loops. Rely on std::vector, std::sort, and
and algorithms.

std::find. They are safer, faster, and express your intent much more
@ std::vector is a dynamic, contiguous array and should be your default clearly to anyone reading your code.
container choice.

@ Algorithms operate on lterators (begin to end), keeping them
container-agnostic.

o std::sort efficiently orders elements.

o std::find searches for elements, returning the end() iterator on failure.
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© Lecture 45: File Streams in C+-+
.
Welcome to Lecture 45. Today marks the beginning of Unit 5. Up to
this point in the course, our programs have operated entirely in RAM,
o Unit 5: File Handling and Exception Handling mee?mng any data entered by the user or computed by Olfl’ application
] ) vanishes the moment the program ends. Today, we bridge the gap
@ Topic: 5.1 File Streams between volatile memory and permanent storage by introducing File
o Classes: fstream, ifstream, ofstream Streams.
@ Operations: Opening, Closing, Reading & Writing
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Need for File Handling

@ Volatile Memory vs. Persistent Storage: Standard variables live in
RAM and die with the process.

@ Data Persistence: Saving state across multiple runs of an application.
@ Data Volume: Handling datasets too large to type in manually via cin.

o Data Sharing: Outputting data in a format that other programs (like
Excel, databases) can read.
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LThe Need for File Handling

Why do we need files? Imagine writing a game. If you can't save your
progress, the game is unplayable. Imagine a banking application; you
wouldn't want your account balance to reset to zero every time the
server restarts. File handling allows our programs to interact with the
non-volatile storage (like a Hard Drive or SSD) to read external data
and save output permanently. It is a fundamental concept in software
development.



C++ Stream Concept (Review & Extension)

A 'stream’ is an abstraction representing a flow of data.
Standard streams: cin (input stream), cout (output stream).

File streams operate identically, but the source/destination is a file
instead of the console.

Requires including the jfstream; standard library header.

Milav (GP Palanpur) Object Oriented Programming

2026-07-22

Object Oriented Programming

L-C++ Stream Concept (Review & Extension)

You are already familiar with streams. You've been using 'cin’ and 'cout’
since day one. ’'cout’ is a stream that flows from your program to the
screen. 'cin’ flows from the keyboard to your program. A file stream
is exactly the same abstraction. The only difference is the endpoint.
Instead of the screen, an output file stream flows to a file on your disk.
Because the interface is the same, you already know how to write to files:
using the insertion and extraction operators (jj and ;). Just remember
to #include jfstream;.
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N
C-++ provides three main classes for file operations, mirroring the stan-
o Defined in the jfstream; header. dard streams. |f.stream is like 'cin’ for files—it only reads. 'ofstream
) . ) . is like 'cout’ for files—it only writes. 'fstream’ is a bidirectional stream,
o ifstream (Input File Stream): Used exclusively for reading data from a N . . .
il inheriting from both, allowing read and write operations. For most ba-
ile. . e . . .
sic sequential file processing, you will use ifstream and ofstream to keep
o ofstream (Output File Stream): Used exclusively for writing data to a your intentions clear and code secure.
file.

o fstream (File Stream): Used for both reading and writing to a single
file.
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© The 4-Step File Processing Workflow
.
Working with files in C++ always follows this consistent pattern. Think
. of it like making a phone call. First, you get your phone (create object).
@ 1. Include Header: #include jfstream; e A S ( ! .)
) ) ) Then, you dial the number (open the file). You have your conversation
@ 2. Create a Stream Object: Instantiate ifstream, ofstream, or fstream. (read /write data). Finally, you hang up (close the file). Skipping the
@ 3. Open the File: Link the stream object to a physical file on the disk. last step—=closing the file—can lead to data corruption or memory leaks,
@ 4. Process Data: Read or write using standard operators (jj, ii) or much like leaving the phone off the hook.

functions.

@ 5. Close the File: Sever the link and release system resources.
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I—Opening a File (Output)

2026-07-22

To open a file, we create an instance of our stream class. Here, we want
to write, so we use ofstream. We can instantiate the object and then call
Using default constructor and .open() method: the .open() method, passing the file path as a string. However, C++
std::ofstream outFile: provides a more concise way: the parameterized constructor allows us

outFile.open(” data.txt”); to pass the filename directly when creating the object, opening the file
Using parameterized constructor (preferred shorthand):

std::ofstream outFile(" data.txt");

immediately. This is the idiomatic C++ approach.
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LFile Open Modes
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When opening a file, C++ applies a 'mode’. By default, ofstream uses

@ Modes define HOW a file is opened. Accessed via std::ios namespace. ios::out — ios::trunc. This means if 'data.txt’ already exists, its contents

@ ios::in : Open for reading (default for ifstream). are completely wiped out when you open it! If you want to add to

@ ios::out : Open for writing (default for ofstream). OVERWRITES a log file instead of erasing it, you must explicitly use ios::app. You

existing data. can combine modes using the bitwise OR operator (—). For instance,
fstream myFile(” data.txt”, ios::in — ios::out);

@ jos::app : Append. Writing starts at the end of the existing file.
@ ios::trunc : Truncate. Discards existing file content (default with
ios::out).

@ ios::binary : Open file in binary mode instead of text mode.
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© Validating the File Open Operation
.
Never assume a file opened successfully. The file might not exist, the disk
. . . . L . might be full, or the operating system might deny permission. Trying to
o File operations can fail (e.g., file not found, permission denied). . . . .
read from a closed or failed stream will cause subtle logical errors in your
@ Always check if a file opened successfully before attempting to loops. You must always check the state immediately after attempting to
process It. open. Using if(!myFile) is a common, succinct C++ idiom that checks
@ Method 1: The .is_open() function returns true if the file is ready. if the stream’s error flags have been set.
@ Method 2: Stream objects can be evaluated as booleans (e.g.,
if(!myFile))
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include jiostream;
| L
#include jfstream; Let's look at a complete example of writing. We include fstream. We

. . create an ofstream object named outFile. We immediately check if it
using namespace std;

int main() { for cout. The integer 95 is automatically converted to text characters
ofstream outFile(" scores.txt” ); by the stream. Finally, we explicitly close the file.

if (loutFile) { cerr jj "Error!"; return 1; }

outFile jj "Alice " jj 95 jj endl;

outFile jj "Bob " jj 88 jj endl,

outFile.close();

opened. If so, we use the exact same insertion operator (jj) that we use

return O;

}
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© Reading from a Text File

S

N
ifstream inFile(” scores.txt” ); Read_lng is slightly more cornplex because we USL{aIIy want to read until
A i » the file ends. Here, we use ifstream. The extraction operator (j) reads
if ('mFlle) { cerr jj "File not found!”; return 1; } data delimited by whitespace (spaces, tabs, newlines). The expression
string name; (inFile ;i name ji score) returns the stream object itself. In a boolean
int score; context (like the while loop condition), the stream evaluates to 'false’ if

it fails to read (like hitting the end of the file). This is the safest and

while (inFile j; name jj score
( ee e ) most robust way to read a file sequentially.

cout jj "Read: " jj name jj " got " jj score jj endl,

}

inFile.close();
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© Closing Files: Why does it matter?
:
Why do we call .close()? Disk I/0O is slow. C++ mitigates this by buffer-
@ The .close() method. ing—storing up a chunk of text in fast RAM and writing it to the disk
@ 1. Flushes the buffer: Data is often held in RAM temporarily for all at once. If your program crashes before the buffer is flushed, you lose
performance. Closing forces it to write to disk. data. Closing the file flushes this buffer. While C++ stream destructors
@ 2. Releases OS resources: Operating systems limit the number of automatically close files when the function ends, explicit closing makes
open files. your intentions clear and frees up system resources immediately, which
. . i ial in | lications.
@ 3. Unlocks the file: Allows other programs to access it. 15 TR RIS Eppestens
o Note: Destructors will close files automatically when the object goes

out of scope, but explicit closing is a best practice.
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|—Reading Strings with Spaces: getline()
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A common pitfall: if a name in our previous example was 'John Doe’,

The j; operator stops at whitespace. S .

L ) . ) (inFile i; name) would only read 'John'. 'Doe’ would be mistakenly
To read an entire line, use std..getllne(stream, strlng,varlable). parsed as the integer score, causing a silent failure. When your data
Example: contains spaces, or when you want to process a file line-by-line regardless
string line; of spaces, use the global std::getline() function provided by the jstring;

ifstream myFiIe(”story.txt”); header. It reads until it hits a newline character.

while (getline(myFile, line)) {
cout jj line jj endl;

}
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Understanding End-of-File (EOF)

@ Files have an invisible 'EOF" marker at the end.

@ The stream’s .eof () method returns true ONLY AFTER an attempt
is made to read past this marker.

o Anti-pattern: while(linFile.eof()) { ... } often results in processing
the last line twice.

@ Best Practice: Use the read operation itself as the loop condition.
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Object Oriented Programming

L—Understanding End-of-File (EOF)

A very common mistake for beginners is using while(!inFile.eof()). The
problem is that the EOF flag is not set when you read the last byte
of data; it is only set when you try to read AGAIN and there is noth-
ing left. This usually causes the loop body to execute one extra time
with stale data. Always use the read operation as the condition, e.g.,
while(getline(inFile, str)), which attempts the read and immediately
evaluates if it succeeded.
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Lecture Summary

N
[o\]
5
c“\l:’: L Lecture Summary
o
N
To summarize, file streams in C++ are a powerful but straightforward
Include jfstream; for file handling. extension of the console streams you already know. Remember the
Use ofstream to write, ifstream to read. lifecycle: include, instantiate, open, validate, process, and close. Pay

special attention to how you construct your reading loops to avoid EOF

Constructor parameters or .open() link the stream to a file. ) : )
bugs, and always ensure your files are closed to preserve data integrity.

Modes (ios::app, ios::out) dictate file interaction rules.
Always check if a file opened properly.
Read loops evaluate the stream state.

Always explicitly .close() your files.
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