Course 3 : : Problem Solving using C
Unit-1

Introduction to Computers and Programming

1. What is a Computer?

A computer is an electronic device that can process data and perform tasks based on instructions
(programs). It consists of both hardware (physical components) and software (programs and
data).

o Hardware: Includes the physical parts like the CPU (Central Processing Unit), RAM
(Random Access Memory), storage devices, and input/output devices (keyboard, mouse,
screen).

o Software: Refers to the programs or applications that tell the hardware what to do, such
as operating systems, web browsers, and games.

2. What is Programming?

Programming is the process of writing instructions that a computer can execute. These
instructions are written in programming languages, which allow humans to communicate with
computers.

e Programming Languages: These are formal languages used to write programs. Some
common languages include:

C/C++: Known for system-level programming.

Java: Used in web development, software, and mobile applications.

Python: Popular for data science, artificial intelligence, and web development.

JavaScript: Mainly used for web development.

Ruby, Swift, Go, and many more.
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3. Basic Concepts in Programming

e Algorithms: Step-by-step instructions for solving a problem or performing a task.

e Variables: Containers used to store data values (e.g., numbers, text).

o Data Types: Types of data stored in variables (e.g., integer, string, float).

o Control Structures: Instructions like loops (for, while) and conditionals (i f, else) to
control the flow of the program.

« Functions/Methods: Blocks of reusable code that perform a specific task.

e Error Handling: Managing and fixing issues that arise during the execution of the
program.



4. How to Get Started with Programming

To begin programming, one typically needs:

1.

2.
3.

Text Editor or IDE (Integrated Development Environment): Software that helps you
write code (e.g., Visual Studio Code, IntelliJ IDEA, PyCharm).

Compiler/Interpreter: Converts the written code into machine-readable instructions.
Practice: Write simple programs to understand concepts, debug errors, and improve
coding skills.

5. Common Steps in Programming
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Write: The programmer writes code using a specific programming language.
Compile/Interpret: The code is converted into machine code by a compiler (for
compiled languages like C++) or an interpreter (for interpreted languages like Python).
Run: The program is executed by the computer.

Debug: Fix any errors or bugs that occur during execution.

Maintain: Update and optimize the program over time.

6. Applications of Programming

Software Development: Creating applications for various platforms.

Web Development: Building websites and web applications.

Data Science: Analyzing and interpreting large datasets to gain insights.

Artificial Intelligence: Designing systems that can mimic human intelligence, such as
chatbots and recommendation engines.

Games and Multimedia: Creating video games and interactive media.

Conclusion

Understanding the basics of computers and programming opens up a world of possibilities. It
allows you to create applications, solve problems, and innovate in a variety of fields. Whether
you're building websites, analyzing data, or developing software, programming is a fundamental
skill in today's digital world.



Basic Block Diagram of a Computer and Functions of Its Components

A computer consists of several components that work together to perform tasks. Below is the
basic block diagram of a computer and an overview of the functions of each component:
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Functions of Various Components

1. Input Devices:
o Function: These devices allow the user to input data or commands into the computer.
o Examples: Keyboard, Mouse, Scanner, Microphone, Touchpad.
o Role: The input devices send signals and data to the computer, which can then be
processed by the CPU.
2. Output Devices:
o Function: These devices present the results of the computer’s processing to the user.
o Examples: Monitor, Printer, Speakers, Projectors.
o Role: Output devices display or produce data generated by the computer after
processing.



3. Central Processing Unit (CPU):

Function: The CPU is the heart of the computer, responsible for executing instructions
and managing the operations of the entire system.

Components:

o

o

Control Unit (CU): Directs the flow of data within the computer, telling the
other components what to do. It manages the execution of instructions.
Arithmetic and Logic Unit (ALU): Performs all mathematical calculations
(addition, subtraction, multiplication, division) and logical operations (AND, OR,
NOT).

Registers: Small, high-speed storage areas within the CPU that temporarily hold
data and instructions.

4. Memory/Storage:
Function: Memory components are responsible for storing data and instructions that
are being processed.

o

o

Types:

Primary Memory (RAM): Temporarily stores data that is currently being used or
processed by the CPU. It is volatile, meaning it loses its content when the
computer is turned off.

Cache Memory: A small, faster type of memory used to store frequently
accessed data and instructions for quick retrieval.

Secondary Storage: Long-term storage used to save data and files even when
the computer is turned off. Examples include hard drives (HDD), solid-state
drives (SSD), CDs, and DVDs.

5. Secondary Storage:

Function: Provides persistent, long-term data storage for the computer.

Examples: Hard Disk Drive (HDD), Solid-State Drive (SSD), Optical Discs (CD/DVD), USB
Flash Drive.

Role: Secondary storage is used to store operating systems, software, files, and other
data that do not need to be accessed as frequently as data in RAM.

6. Communication and Data Bus:

Function: A communication system that transfers data between different components
of the computer, including the CPU, memory, and I/O devices.
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Types:

Data Bus: Carries the data to be processed.

Address Bus: Carries the memory addresses to/from which data is being read or
written.

Control Bus: Carries control signals to synchronize the activities of all
components.



Concepts of Hardware and Software

1. Hardware:

Hardware refers to the physical components of a computer system—the tangible parts that you
can touch and see. These components work together to perform various tasks required for the
functioning of a computer.

Types of Hardware:

Input Devices: Devices that allow the user to interact with the computer and input data.

o Examples: Keyboard, Mouse, Microphone, Scanner, Touchpad.

Output Devices: Devices that display or present data processed by the computer.

o Examples: Monitor, Printer, Speakers, Projector.

Central Processing Unit (CPU): The "brain" of the computer, responsible for executing
instructions and performing calculations.

o Includes the Control Unit (CU) and Arithmetic and Logic Unit (ALU).

Memory (Primary Storage): Temporary storage that holds data and instructions that are
currently in use.

o RAM (Random Access Memory): Volatile memory used to store data that is actively

being processed.

o Cache: Small, high-speed memory located inside the CPU to store frequently accessed

data for faster processing.
Secondary Storage: Permanent storage used to store data and programs.

o Examples: Hard Disk Drives (HDD), Solid-State Drives (SSD), Optical Drives (CD/DVD).
Motherboard: The main circuit board that connects all the hardware components
together.

Power Supply Unit (PSU): Provides electrical power to the computer’s components.
Expansion Cards: Additional hardware components that add functionality to the
computer (e.g., graphics card, sound card).

Function of Hardware:

Hardware provides the physical infrastructure that allows a computer to process and manage
data.

It executes commands, stores information, and interacts with the user through input and output
devices.

2. Software:

Software refers to the programs and applications that tell the hardware what to do. It is the non-
tangible part of the computer system, providing the instructions necessary to perform specific

tasks.



Types of Software:

o System Software: Provides a platform for running application software and managing
hardware resources.
o Operating System (OS): The software that manages computer hardware and software
resources. Examples include Windows, macQOS, Linux, and Android.
o Device Drivers: Programs that enable the operating system to communicate with
hardware components like printers, graphics cards, and network adapters.
o Utility Software: Programs that perform maintenance tasks, such as antivirus software,
disk cleanup tools, and file management utilities.
o Application Software: Software designed to perform specific tasks for the user.
o Productivity Software: Programs like Microsoft Word, Excel, and PowerPoint, used for
word processing, data analysis, and presentations.
o Web Browsers: Software used to access and browse the internet (e.g., Google Chrome,
Mozilla Firefox).
o Games, Media Players, and other specialized programs: Used for entertainment, media
consumption, and creative work (e.g., Photoshop, VLC Media Player).
o Development Software: Tools used to create, test, and maintain other software.
o Programming Languages: Tools like Java, C++, Python, and JavaScript used to write
software code.
o Integrated Development Environments (IDEs): Software like Visual Studio, PyCharm, or
Eclipse, which provides a complete environment for writing and debugging code.

Function of Software:

e Software provides instructions that tell the hardware how to process data and interact with
users.

e System software manages hardware resources, while application software enables users to
perform specific tasks, such as browsing the web or creating documents.

o Development software allows developers to create and maintain software systems.

Differences Between Hardware and Software:

Aspect Hardware Software
. Physical components of the computer Programs and instructions that run on
Definition
system hardware
Tangible Yes No

Examples ||CPU, RAM, Hard Drive, Monitor, Keyboard ||Operating System, Word Processor, Games

Function Performs the tasks directed by software Provides instructions for the hardware to




Aspect Hardware Software
execute
Hardware cannot function without
Dependency Software needs hardware to run
software
Upgrades ||Can be physically replaced or upgraded Can be updated or patched via downloads
Cost Generally more expensive to replace Often cheaper or free to update

Types of Software

Software can be classified into several categories based on its functionality and purpose. The two
main types of software are System Software and Application Software. Additionally, there are
specialized categories like Development Software and Utility Software. Here's a breakdown of
the different types:

1. System Software

System software acts as an intermediary between the user and the computer hardware. It
manages the computer's hardware resources and provides a platform for running application

software.

Operating Systems (OS):

o Function: Manages hardware resources, provides a user interface, and allows

application software to run.

o Examples: Windows, macOS, Linux, Android, iOS.

Device Drivers:

o Function: Enable communication between the operating system and hardware
devices such as printers, monitors, and network adapters.
o Examples: Printer drivers, graphics card drivers, USB drivers.

Firmware;:

o Function: Low-level software stored in hardware that provides control and

interaction with the system.

o Examples: BIOS (Basic Input/Output System), embedded systems in devices like

printers and cameras.

Utilities:




o Function: Perform maintenance tasks on the computer to keep it running
smoothly.

o Examples: Antivirus software, file management tools, disk cleanup tools, backup
software.

2. Application Software

Application software is designed to perform specific tasks for the user. It is the software that
people typically use to accomplish particular activities.

Productivity Software:
o Function: Helps users perform tasks such as document creation, data
management, and presentations.
o Examples:
= Word Processors: Microsoft Word, Google Docs.
= Spreadsheets: Microsoft Excel, Google Sheets.
= Presentation Software: Microsoft PowerPoint, Google Slides.
= Email Clients: Microsoft Outlook, Mozilla Thunderbird.
Web Browsers:
o Function: Allow users to browse and interact with websites on the internet.
o Examples: Google Chrome, Mozilla Firefox, Safari, Microsoft Edge.
Media Players:
o Function: Play audio and video files.
o Examples: VLC Media Player, Windows Media Player, iTunes.
Graphics and Design Software:
o Function: Used for creating and editing visual content.
o Examples: Adobe Photoshop, lllustrator, CoreIDRAW, Canva.
Games:
o Function: Software designed for entertainment, providing interactive
experiences.
o Examples: Fortnite, Minecraft, Call of Duty.
Accounting and Finance Software:
o Function: Used for financial management and bookkeeping.
o Examples: QuickBooks, Tally, Microsoft Dynamics.
Communication Software:
o Function: Enables users to communicate over the internet, typically via
messaging, video calls, or emails.
o Examples: Skype, Zoom, Slack, WhatsApp.

3. Development Software



Development software is used by developers to create, test, and maintain software applications.
It provides tools and environments to make programming and debugging more efficient.

e Programming Languages:
o Function: Used to write software code.
o Examples: Python, Java, C++, JavaScript, Ruby.
e Integrated Development Environments (IDEs):
o Function: Provide a comprehensive environment to write, compile, and debug
code.
o Examples: Visual Studio, PyCharm, Eclipse, IntelliJ IDEA.
o Compilers and Interpreters:
o Function: Convert source code into machine-readable code.
o Examples: GCC (GNU Compiler Collection), Python interpreter.
« Version Control Software:
o Function: Tracks and manages changes to code over time, allowing multiple
developers to work on the same project.
o Examples: Git, GitHub, Bitbucket.

4. Utility Software

Utility software is designed to help manage, maintain, and optimize the computer system. These
programs typically run in the background and enhance the overall performance and usability of
the computer.

Antivirus Software:
o Function: Protects the computer from malicious software, such as viruses,
spyware, and malware.
o Examples: Norton Antivirus, McAfee, Avast.
o Backup Software:
o Function: Creates copies of data to prevent data loss in case of hardware failure
or accidental deletion.
o Examples: Acronis True Image, Macrium Reflect, Google Drive Backup.
o Disk Management Software:
o Function: Helps in managing disk partitions, formatting drives, and optimizing
storage usage.
o Examples: Partition Magic, Disk Cleanup, CCleaner.
e File Compression Software:
o Function: Reduces the size of files for storage or transmission.
o Examples: WIinRAR, 7-Zip, WinZip.
« System Monitoring Software:
o Function: Monitors system performance, such as CPU usage, memory, and
network activity.
o Examples: Task Manager (Windows), Activity Monitor (macOS), HWMonitor.



5. Enterprise Software

Enterprise software is used by large organizations to manage business processes and support
their operations on a larger scale.

o Enterprise Resource Planning (ERP):
o Function: Integrates core business processes, including finance, HR, and
inventory management.
o Examples: SAP, Oracle ERP, Microsoft Dynamics.
e Customer Relationship Management (CRM):
o Function: Helps businesses manage interactions with customers and potential
customers.
o Examples: Salesforce, HubSpot, Zoho CRM.
o Business Intelligence (BI) Software:
o Function: Analyzes business data and generates reports and insights for decision-
making.
o Examples: Tableau, Power BI, QlikView.

Compiler and Interpreter

A compiler and an interpreter are both tools used to translate high-level programming
languages (such as C, Java, or Python) into machine-readable code (binary code that a
computer's CPU can execute). However, they differ significantly in how they perform the
translation and their functionality in programming.

1. Compiler:

A compiler is a program that translates the entire source code of a program into machine code
(or an intermediate code) in one go. The output is typically a standalone executable file.

How a Compiler Works:

1. Source Code Input: The programmer writes the code in a high-level programming language.

2. Translation to Machine Code: The compiler translates the entire program into machine
language or an intermediate code (like bytecode).

3. Output: A machine-readable file (e.g., . exe for Windows programs).

4. Execution: The generated machine code is executed by the computer.



Key Characteristics of a Compiler:

e Complete Translation: The compiler translates the entire program before execution starts.

e Faster Execution: After compilation, the program runs directly as machine code, so it generally
executes faster.

e Errors Detection: The compiler detects all syntax errors in the entire code during the
compilation process, and no execution occurs until all errors are fixed.

e Machine Code Generation: The final product is a machine-readable program.

e Single Step Execution: Once compiled, the program can run without needing the compiler again.

Examples of Compiled Languages:

e C
° C++
e Java (compiles to bytecode, which is then interpreted by the JVM)

Advantages of a Compiler:

e Faster Execution: The compiled code runs faster than interpreted code because it is already in
machine language.

e Optimization: Compilers can optimize the code during translation for better performance.

e Error Reporting: It reports all errors at once, so the developer can fix them before running the
program.

Disadvantages of a Compiler:

¢ Time-Consuming: Compilation can take time, especially for large programs.
e Debugging Complexity: Debugging compiled programs can be harder, as the source code is not
needed once it is compiled.

2. Interpreter:

An interpreter is a program that translates high-level code into machine code line by line,
executing the program as it translates.

How an Interpreter Works:

1. Source Code Input: The programmer writes the code in a high-level programming language.

2. Line-by-Line Translation: The interpreter reads each line of the program, translates it into
machine code, and executes it immediately.

3. Execution: Execution is immediate, and the code is not saved as an executable file.

4. Errors: Errors are encountered and reported one at a time as the program is executed.



Key Characteristics of an Interpreter:

e Line-by-Line Translation: The interpreter translates and executes one line of code at a time.

e Slower Execution: Since each line is translated during execution, interpreted programs generally
run slower than compiled ones.

e No Separate Output File: The program does not produce a standalone executable file.

e Real-Time Error Reporting: Errors are reported as soon as they are encountered during
execution.

Examples of Interpreted Languages:

e Python
e Ruby

e JavaScript

e PHP

Advantages of an Interpreter:

e Easy Debugging: Since the code is executed line by line, errors are easier to identify and fix
during execution.
e Portability: Since no separate compiled file is generated, the program can be executed on any
system with the appropriate interpreter.
e Quick Testing: Changes in the code can be immediately tested without needing to recompile.

Disadvantages of an Interpreter:

e Slower Execution: Interpreted code runs slower than compiled code because it is translated and
executed line by line.
¢ No Optimization: The interpreter does not optimize the code, so the execution may be less

efficient.

Key Differences Between Compiler and Interpreter

Aspect Compiler Interpreter
Translation Translates the entire code at once into ) .
. Translates and executes code line by line
Process machine code
. Produces an executable file that can be run ||[Executes the program directly without
Execution

independently

producing an executable

Error Detection

Reports all errors after the entire program is

Reports errors one by one as the code is




Aspect

Compiler

Interpreter

compiled

executed

Speed

Faster execution once compiled

Slower execution since translation
happens during execution

Memory Usage

Generally requires more memory (since the
whole program is translated)

Generally requires less memory (since it
processes one line at a time)

Does not produce an output file, runs

Output Produces a machine code file (e.g., .exe) .
the code directly
Examples of ] )
C, C++, Java (compiled to bytecode) Python, Ruby, JavaScript, PHP
Languages
Hybrid Approaches:

Some languages use a combination of both compilation and interpretation. For example:

e Java: Java source code is first compiled into bytecode by the compiler, and then this bytecode is
interpreted by the Java Virtual Machine (JVM).
e Python: Python source code is first compiled into bytecode, which is then interpreted by the
Python interpreter.




Flowcharts and Algorithms

Both flowcharts and algorithms are essential tools for solving problems in computer
programming and computer science. They serve as planning tools to structure and simplify the
process of writing code and understanding problem-solving steps.

1. Flowcharts:

A flowchart is a graphical representation of a process or algorithm. It uses various symbols to
represent different types of actions or steps, helping to visualize the flow of control and logic in a
program.

Basic Flowchart Symbols:

1. Oval (Terminator): Represents the start or end of a process.
o Example: Start or End of a program.

2. Parallelogram (Input/Output): Used for input or output operations.
o Example: Get user input, display results on the screen.

3. Rectangle (Process): Represents a process or action in the algorithm.
o Example: Assign a value to a variable, perform a calculation.

4. Diamond (Decision): Represents a decision point (a yes/no or true/false condition).
o Example: Check if a number is even or odd.

5. Arrow (Flow Line): Shows the direction or flow of control from one step to another.
o Example: Directs from one operation to the next.
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Flowchart Advantages:

Easy to Understand: Flowcharts provide a visual representation of a program's flow, making it
easier to understand and communicate.

Simplifies Problem Solving: Helps break down complex problems into smaller, manageable
steps.

Error Detection: Useful for identifying logical errors or inefficiencies in an algorithm.

2. Algorithms:

An algorithm is a step-by-step set of instructions designed to perform a specific task or solve a
problem. It is a high-level, abstract plan that details how to achieve a goal in a logical and
structured manner.

Basic Properties of Algorithms:

Definiteness: Each step in the algorithm must be clearly defined and unambiguous.
Finiteness: The algorithm must terminate after a finite number of steps.

Effectiveness: The steps should be simple enough to be carried out, in theory, with basic
computing power.

Input: An algorithm may take some input to process.

Output: An algorithm should produce a result or output after execution.

Algorithm Example:

Here’s a simple algorithm to check if a number is even or odd:

1.
2.
3.

4.
5.

Start.
Input a number, n.
If n mod 2 == 0,then

o Print "Even".
Else, print "Odd".
End.

Algorithm Representation:

An algorithm can be written in plain language (like the example above) or in pseudocode (a
structured form of writing an algorithm). Here's how the algorithm would look in pseudocode:

Algorithm: Check Even or 0Odd

Input: A number n
Output: "Even" if n is even, "Odd" if n is odd



1. Start

N

. Read number n
3. If n mod 2

0 then

Print "Even"

Else
Print "odd"

4. End
Algorithm Advantages:

e Clear Instructions: An algorithm provides a precise, step-by-step approach to solve a problem.
e Efficiency: Algorithms can be optimized for faster execution, reducing the time and resources

needed.

e Scalability: Well-designed algorithms can handle larger and more complex datasets as the
problem grows.

Differences Between Flowchart and Algorithm:

Aspect

Flowchart

Algorithm

Definition

A diagrammatic representation of the logic
and flow of a program.

A step-by-step written procedure for
solving a problem.

Representation

Uses symbols like ovals, rectangles,
diamonds to represent steps.

Written in natural language or
pseudocode.

Ease of
Understanding

Easy to understand visually and intuitively.

Requires reading and interpreting the
steps.

Useful for showing logic flow and system

Useful for explaining the sequence of

Usage .
processes. operations.
. . . . Modifications are easier as the steps
Modification Changes require a visual redesign. .
can be edited.
. Can show the program's control flow in Describes the logic without a visual
Detail Level

detail.

aid.




Fundamentals of C Programming

The C programming language is one of the most widely used and influential programming
languages. It was developed in the 1970s by Dennis Ritchie at Bell Labs. C is a general-
purpose, procedural, and imperative programming language. It is the foundation for many
other modern programming languages like C++, Java, and Python.

1. Basic Structure of a C Program

A simple C program consists of the following components:

e Preprocessor Directives: Lines beginning with # that provide instructions to the compiler.
Common ones include #include for including libraries.

e Functions: A program is structured into functions, and the main () function is mandatory as the
starting point.

e Variables: Used to store data and can be of different types.

e Statements: Instructions that the program executes.

Example C Program:

#include <stdio.h> // Preprocessor directive to include standard input-
output library

// main function - execution starts here
int main () {

// Declare a variable

int number = 5;

// Print a message
printf ("Hello, World!\n");

// Print the value of the variable
printf ("The number is: %d\n", number);

return 0; // Return statement to end the program

2. C Data Types
C supports several data types to define variables. The two primary categories of data types are:

e Primitive Data Types:

o int: Used forintegers (whole numbers).

o float: Used for single-precision floating-point numbers.

o double: Used for double-precision floating-point numbers.

o char: Used for storing single characters.

o void: Represents an empty or undefined type, typically used in function definitions.
o Derived Data Types:



Arrays: A collection of variables of the same data type.

Pointers: A variable that stores the memory address of another variable.

Structures: A user-defined collection of variables of different data types.

Unions: A user-defined data type that can store different types in the same memory
location.
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3. Variables and Constants
e Variables: Variables are used to store data that can be modified during the execution of the
program.

e Constants: Constants are values that do not change during program execution. They can be
declared using const or #define.

4. Operatorsin C
C includes several types of operators used to perform operations on variables and values:

e Arithmetic Operators: Used to perform mathematical calculations.

o) +I ™ *I /I %
o Relational Operators: Used to compare two values.
o ==,1=,><>=<=

e Logical Operators: Used for logical operations.
o && (AND), | | (OR), ! (NOT)

o Assignment Operators: Used to assign values to variables.
o =, +=,-= %=, /= etc

e Increment/Decrement Operators: Used to increase or decrease the value of a variable.
o ++ (increment), -- (decrement)

5. Control Structures

Control structures allow you to manage the flow of your program's execution.

o If Statement: Used for conditional execution.

e if (condition) {

. // block of code to execute if condition is true

. } else {

. // block of code to execute if condition is false

e }

e Switch Statement: Used to execute one out of many possible blocks of code based on
the value of a variable.

e switch (expression) {

o case valuel:

. // code for valuel
o break;

o case value2:

. // code for value?2

. break;



[ default:
° // default code
e }
Loops:
For Loop: Used when the number of iterations is known.
for (int i = 0; 1 < 10; 1i++) {
// Code to repeat

O

O

(e}

o }

o While Loop: Used when the number of iterations is not known.
o while (condition) {

o // Code to repeat

o }

(@]
(@]
(@]
O

Do-While Loop: Similar to while, but ensures that the code block runs at least once.
do {

// Code to repeat
} while (condition);

6. Functions in C

A function is a block of code designed to perform a specific task. C has built-in functions (like
printf () and scanf () ), but you can also define your own.

e Function Declaration: Declares the function's name, return type, and parameters.

e Function Definition: Implements the functionality of the function.
e Function Call: Calls the function to execute its code.

7. Arrays

An array is a collection of variables of the same data type, stored in contiguous memory
locations. Each element in the array is accessed using an index.

8. Pointers

A pointer is a variable that stores the memory address of another variable. Pointers allow for
dynamic memory management and efficient handling of large data structures.

9. Memory Management

C provides functions for dynamic memory allocation using the following standard library
functions:

e malloc(): Allocates a block of memory.
e calloc(): Allocates memory for an array and initializes it to zero.
e free(): Freesthe memory allocated.



History of the C Programming Language

The C programming language has a rich history that dates back to the early days of computer
science and is foundational to modern programming. Here’s an overview of its evolution:

1. Origins:

e 1960s: The C programming language has roots in earlier programming languages,
particularly BCPL (Basic Combined Programming Language) and B. Both were
developed to support system-level programming.

o BCPL (1966): Designed by Martin Richards, BCPL was a simple programming
language for writing compilers. BCPL influenced later languages like B and C,
primarily due to its simplicity and system-level capabilities.

o B (1969): Developed by Ken Thompson at Bell Labs, B was a simplified version
of BCPL. B was primarily designed for system programming on the PDP-7
machine. While it lacked data types and proper memory management, it
introduced some foundational concepts for later languages.

2. The Birth of C (1972):

e Ken Thompson and Dennis Ritchie:

o Dennis Ritchie, working at Bell Labs, designed and implemented the C language
in 1972, building on the B language.

o Ritchie was part of the team that created the Unix operating system. C was
developed to write Unix because the existing assembly language was too complex
and inefficient for system-level tasks.

o C asa Systems Programming Language:

o C was created to be a general-purpose, efficient, and powerful language for
system programming. It was designed to be close to the machine (low-level),
which made it ideal for operating systems and embedded systems.

o The first Unix operating system was rewritten in C (previous versions were
written in assembly language), which significantly enhanced the portability of
Unix across different machines.

3. Development of C (1970s-1980s):

e 1978: The language was officially documented in the book ""The C Programming
Language™ by Brian Kernighan and Dennis Ritchie, which helped standardize the



language and make it widely adopted. This book became the primary reference for
learning C and is still known as "K&R C."
e ANSI C (1983):

o By the early 1980s, different organizations and developers had begun using C, but
there were variations in its implementation, leading to portability issues.

o The American National Standards Institute (ANSI) formed a committee to
create a standardized version of C. In 1983, the ANSI C standard, officially
known as ANSI X3.159-1989 (also called ANSI C), was released.

o Standardization: ANSI C defined language syntax, libraries, and function calls.
It made C more portable and ensured compatibility between different compilers.

e (€89 and C90:

o The C89 standard was the first official ANSI standard for C, followed by the C90
standard, which was adopted by the International Organization for
Standardization (1SO).

o These standards aimed to create a stable foundation for C while allowing it to
evolve.

4. Evolution of C (1990s-Present):

o (€99 (1999):
o A major revision of C, the C99 standard introduced several new features:
= Inline functions: Allow functions to be defined directly in the body of a
program for performance reasons.
= New data types: Such as 1ong 1ong int for larger integers and Bool
for boolean values.
= Variable-length arrays: Allowing arrays to be declared with a size
determined at runtime.
= C99 also introduced the restrict keyword to help optimize code for
compilers.
o C11(2011):
o The C11 standard introduced further improvements, including:
= Threading support: For better handling of multi-threading.
= Atomic operations: To support low-level synchronization in multi-
threaded environments.
= Improved Unicode support: To handle internationalization and
multilingual data.
o The C11 standard improved compatibility, performance, and security for modern
computing environments.
o« C17(2017):
o The C17 standard was a minor revision that fixed some defects in the C11
standard. It did not introduce significant new features but addressed existing
issues and clarified ambiguities in the language specification.



5. Influence and Legacy of C:

e Influence on Other Languages: Many modern programming languages, including C++,
Java, Python, JavaScript, and Objective-C, have been influenced by C. C provided the
syntax, control structures, and functionality that many of these languages inherited and
extended.

« Portability and Efficiency: C's influence can be seen in its use in low-level
programming, embedded systems, and performance-critical applications. Its ability to
produce efficient machine-level code while maintaining portability across different
platforms has made it a popular choice for systems programming.

e Cin Modern Development:

o C remains one of the most popular programming languages for system-level
development, especially for operating systems, embedded systems, hardware
drivers, and firmware.

o Itis also widely used in applications where performance and memory
management are critical, such as in compilers, graphics software, and
networking applications.

6. Key Milestones in C's History:

Year Event

1969 B language developed by Ken Thompson

1972 C language developed by Dennis Ritchie at Bell Labs

1978 First edition of "The C Programming Language" by Kernighan and Ritchie
1983 ANSI C standardization process begins

1989 ANSI C standard published (C89)

1990 C90 standard adopted by ISO

1999 C99 standard published with major features (e.g., inline functions, long long)
2011 C11 standard published with support for multi-threading and atomic operations
2017 C17 standard published with minor revisions and bug fixes



Features of C Programming Language

The C programming language is known for its efficiency, portability, and flexibility, making
it a popular choice for system-level programming, embedded systems, and high-performance
applications. Below are the key features of C that make it stand out as a powerful and versatile
language.

1. Simple and Efficient

o Simple Syntax: C has a straightforward and easy-to-understand syntax that makes it
accessible for both beginners and experienced programmers.

o Efficiency: C provides low-level access to memory using pointers and allows for
efficient manipulation of data structures, which results in highly optimized code
execution.

2. Procedural Language

e Structured Programming: C follows a procedural programming paradigm where the
program is divided into functions. This allows for modular programming and code reuse.

e Function-based: Programs in C are primarily written as a series of functions, with the
main () function being the entry point.

3. Rich Set of Operators

o Arithmetic Operators: C supports basic arithmetic operations such as addition,
subtraction, multiplication, division, and modulus.

« Relational and Logical Operators: C provides relational operators (e.g., ==, !=, <, >)
and logical operators (e.g., ss, |1, !), essential for making decisions.

o Bitwise Operators: C includes bitwise operators (e.g., s, I, ~, <<, >>) for manipulating
individual bits in a variable.

4. Low-level Access to Memory

e Pointers: One of the most powerful features of C is its ability to use pointers, which
allow direct access to memory. This is useful for dynamic memory allocation, passing by
reference, and working with hardware-level data.



e Memory Management: C provides functions like ma11oc (), calloc(), realloc (), and
free () for dynamic memory management. This gives the programmer fine-grained
control over memory usage.

5. Portability

e Cross-Platform Compatibility: C is known for its portability, meaning programs
written in C can run on different platforms with little or no modification. This is achieved
through the use of standard libraries and adhering to the language standards (e.g., ANSI
C, ISO C).

« Universal Language: C compilers are available for almost every machine architecture,
making it a highly portable language.

6. Modularity

e Code Organization: In C, programs can be divided into multiple functions. This
modular approach makes it easier to manage large programs and promotes code reuse.

o Header Files: Functions and variables can be declared in header files (.n), which are
included in the main program, helping organize code across different modules.

7. Rich Library Support

o Standard Library: C provides a rich set of standard libraries for input/output, string
manipulation, memory management, mathematics, and more. Some key libraries include:
o stdio.h: For input/output operations.
o stdlib.h:For memory allocation and process control.
o string.h: For string manipulation.
o math.h: For mathematical functions.
o Extensibility: While C’s standard library is rich, developers can create their own libraries
to extend functionality.

8. Structured Language

e Control Structures: C supports structured control flow using loops (for, while, do-
while), decision-making statements (i f, else, switch), and conditional operators (z:).

e Clean and Organized Code: The structured approach ensures that C programs are easier
to read, maintain, and debug.



9. Recursion

C supports recursion, which is the ability of a function to call itself. Recursion is a
powerful technique used to solve problems that can be broken down into smaller, similar
sub-problems (e.g., tree traversals, mathematical computations).

10. Type System

Strong Typing: C is a strongly typed language, meaning variables must be declared with
a specific data type before they are used. This helps in detecting errors during the
compilation process.

Variety of Data Types: C supports a variety of data types, including primitive types (like
int, char, float, double) and derived types (like arrays, structures, and pointers).

11. Preprocessor Directives

Macros: C allows the use of macros, which are defined using #define. Macros allow for
code substitution before the compilation starts, which can improve readability and reduce
code repetition.

Conditional Compilation: Using preprocessor directives like #ifdef, #ifndef, and
#endif, C programs can be conditionally compiled for different platforms or
environments.

Header Files: Preprocessor directives like #inc1ude are used to include external

libraries or user-defined header files, making the code more modular and easier to
maintain.

12. Inline Assembly

Assembly Language Integration: C allows inline assembly language code, which can be
used for performance optimization or to interact directly with hardware. This makes C a
powerful language for system-level programming.



13. Error Handling

C does not provide built-in exception handling like some other high-level languages, but
errors can be handled using return values, status codes, and checking conditions manually
(e.g., checking nuLL pointers, return values from system calls).

C programs can use errno to store error codes from system functions, which can then be
analyzed for debugging.

14. Wide Usage

System Programming: C is widely used for system programming, including developing
operating systems (e.g., UNIX, Linux), device drivers, and embedded systems.
Embedded Systems: Due to its ability to work closely with hardware and its low-level
memory manipulation capabilities, C is the language of choice for embedded systems
programming.

Application Development: Although not as commonly used for application development
today as higher-level languages (e.g., Python, Java), C is still used in performance-critical
applications.

15. C is Still Relevant

Legacy: Many modern languages, such as C++, Java, Python, JavaScript, and
Objective-C, owe much of their syntax and concepts to C. Understanding C provides a
solid foundation for learning these languages.

Ongoing Use: C continues to be used for writing efficient, high-performance software,
especially in areas like embedded systems, networking, compilers, and hardware
programming.



C Tokens and Variables

In C programming, the tokens and variables are fundamental concepts that form the building
blocks of a program. Below is an explanation of C tokens and variables.

1. C Tokens

A token in C is the smallest unit of a program that has a meaningful representation. In essence,
tokens are the building blocks of the C language syntax. C has several types of tokens:

Types of C Tokens:

1. Keywords:
o Keywords are reserved words that have a special meaning in C. They cannot be used as
identifiers (names for variables, functions, etc.).
o Examples: int, return, if, else, while, for, void, break, continue, switch, etc.
2. ldentifiers:
o ldentifiers are names used to identify variables, functions, arrays, or other user-defined
items.
o Rules:
*  Must start with a letter (A-Z or a-z) or an underscore (_).
* The rest of the identifier can contain letters, digits (0-9), and underscores.
» |dentifiers are case-sensitive (myvar and myvar are different).
o Example: int age;, float balance;, myFunction () ;
3. Constants:
o Constants are fixed values used directly in the program.
* Integer constants: Numeric values (e.g., 10, -100).
* Floating-point constants: Real numbers (e.g., 3.14,-0.0001).
»= Character constants: A single character enclosed in single quotes (e.g., 'a",
7).
»  String constants: A sequence of characters enclosed in double quotes (e.g.,
"Hello, World!").
4. Operators:
o Operators are symbols that perform operations on variables and values. C supports
several types of operators:
=  Arithmetic operators: +, -, *, /, %.
= Relational operators: ==, !'=, >, <, >=, <=,
* Logical operators: ss, | |, !.
= Bitwise operators: s, |, *, <<, >>.
= Assignment operators: =, +=, -=, *=, /=,
* Unary operators: ++, -—, & (address of), * (dereference).
*= Conditional (ternary) operator: >
= Comma operator: , .
5. Punctuation (Separators):



o These tokens separate various program components, such as expressions, statements,
and functions.
o Examples:
= Semicolon (;): Used to terminate a statement.
* Comma (,): Used to separate variables or function arguments.
= Parentheses ( () ): Used in expressions and function calls.
»=  Curly braces ({}): Used to define a block of code (e.g., function body, loop
body).
= Square brackets ([]): Used for array declaration and indexing.
*= Period (.)and arrow (->): Used for accessing members of a structure.

2. Variables in C

A variable is a symbolic name for a memory location that stores data. The value of a variable
can change during program execution.

Properties of a Variable in C:

1. Declaration: In C, a variable must be declared before it can be used. The declaration
specifies the variable's name and data type.

o Syntax:
o data type variable name;

2. Initialization: Variables can be initialized with a value at the time of declaration.

o Syntax:
o data type variable name = value;

3. Data Type: The data type of a variable determines the kind of data it can store. The
common data types in C include:
int: For integer values (e.g., 10, -5).
float: For floating-point numbers (e.g., 3.14, -0.0001).
char: For single characters (e.g., 'a', '1").
double: For larger floating-point numbers with more precision.
o void: Used for functions that do not return a value.
4. Naming Rules for Variables:
o The name must start with a letter (A-Z or a-z) or an underscore (_).
o The rest of the name can include letters, digits (0-9), and underscores.
o Variable names are case-sensitive (e.g., age and Age are different).
o Reserved keywords cannot be used as variable names.
5. Scope: The scope of a variable refers to the region of the program where the variable can
be accessed. There are different types of variable scopes:
o Local variables: Declared inside a function or block. Their scope is limited to that
function/block.
o Global variables: Declared outside all functions. They are accessible from any part of the
program.
6. Storage Class: Variables in C can have different storage classes that define their lifetime
and visibility.

o O O O



o auto: Default storage class for local variables. It’s not explicitly required but used to
specify local variables.

o register: Used to suggest storing variables in CPU registers for faster access.

o static: Used to preserve the value of a variable between function calls.

o extern: Declares a variable that is defined in another file.

7. Types of Variables:

o Primitive Variables: Variables that store basic data types like int, float, and char.

o Derived Variables: Variables like arrays, pointers, structures, and unions that derive
from basic data types.

Example of Variable Declaration and Initialization:
#include <stdio.h>

int main () {

int num = 10; // Integer variable
float price = 12.99; // Float variable
char grade = 'A'; // Char variable

// Printing values

printf ("Number: %d\n", num);
printf ("Price: %.2f\n", price);
printf ("Grade: %c\n", grade);

return 0;

In this example:

e num, price, and grade are variables.
e int, float, and char are the data types of the variables.
e Each variable is initialized with a value.

Conclusion

e Tokens are the smallest units of C code, including keywords, identifiers, constants, operators,
and punctuation.

e Variables are containers for storing data, and they must be declared with a specific data type
before use. Variables have a name, data type, value, scope, and storage class that define their
behavior and lifetime in a program.

Understanding tokens and variables is essential for writing effective and efficient C programs.



Keywords and Identifiers in C

In C programming, keywords and identifiers are two important concepts that form the backbone
of variable and function naming and program structure.

1. Keywords in C

Keywords are reserved words that have a special meaning in C and are predefined by the C
language. These words cannot be used as identifiers (names for variables, functions, etc.)
because they have specific purposes in the syntax of the language.

Characteristics of Keywords:

e Reserved: Keywords are reserved by the C language, meaning they cannot be used as names for
variables, functions, or other user-defined elements.

e Fixed: Keywords have a fixed meaning in C and cannot be changed or redefined.

e Predefined: The meanings of keywords are predefined in the C language, and they dictate the
behavior of the program.

List of C Keywords:

Here is a list of commonly used C keywords:

Keyword Purpose
int Declares an integer variable.

float Declares a floating-point variable.

char Declares a character variable.

double [|Declares a double precision floating-point variable.

void Defines a function that does not return a value.
if Used for conditional statements.
else Defines an alternative branch in a conditional.

while Defines a while loop (used for looping).




Keyword Purpose

for Defines a for loop (used for looping).

switch ||Used for multi-way branching based on condition.

case Used inside switch to define case labels.

break Exits a loop or switch statement.

continue|Skips the current iteration of a loop.

return |(|Returns avalue from a function.

sizeof ||Returns the size, in bytes, of a data type or variable.

static ||Defines static variables (preserves variable state across function calls).

extern ||Declares a global variable or function defined in another file.

typedef ||Defines new data types.

struct Defines a structure.

union Defines a union.
enum Defines an enumeration.
const Declares a constant value.

volatilel|[Tells the compiler that a variable's value may be changed unexpectedly.

goto Transfers control to a labeled statement.

Note:

e The total number of keywords may vary slightly depending on the C standard (e.g., C89, C99,
C11, etc.).
e Keywords are case-sensitive (e.g., int is a keyword, but Int is not).



2. ldentifiersin C

Identifiers are names given to variables, functions, arrays, or any other user-defined items ina C
program. They help distinguish between different elements of the program.

Characteristics of Identifiers:

e User-defined: Identifiers are defined by the programmer to represent variables, functions, etc.
¢ Rules for Naming Identifiers:
o ldentifiers must start with a letter (A-Z or a-z) or an underscore (_).
o The subsequent characters can be letters (A-Z or a-z), digits (0-9), or underscores (_).
o Identifiers are case-sensitive (e.g., Variable, variable, and VARIABLE are
considered different).
Keywords cannot be used as identifiers because they are reserved words in C.
Identifiers can be of any length, but traditionally, it is better to keep them short and
meaningful.

Examples of Valid Identifiers:

e int num; (Valid identifier num)

e float salary; (Valid identifier salary)

e char name; (Valididentifier name — though underscores at the start are usually reserved
for system-level variables)

e int max value; (Valid identifier max value)

e void function name (); (Valid identifier function name)

Examples of Invalid Identifiers:

e int lnumber; (Starts with a digit — invalid)
e float for; (Usesakeyword — invalid)
e int number$; (Contains a special character $ — invalid)

Naming Conventions for Identifiers:

While C allows any valid identifier according to the rules above, there are some best practices
for naming identifiers to make the code more readable:

e Use meaningful names: Name variables based on the data they store (e.g., age, temperature,
totalAmount).
e Use camelCase or snake_case for multi-word identifiers:
o camelCase: totalAmount, calculateArea
o snake_case: total amount, calculate area
e Avoid using single-letter identifiers unless for loop counters (i, J, k, etc.).
e Use uppercase for constants: PI, MAX VALUE, etc.



Example of Keywords and Identifiers in C Code:

#include <stdio.h>

#define MAX VALUE 100 // MAX VALUE is an identifier (constant)

int main () {
int num = 10; // 'num' is an identifier, 'int' is a keyword
float rate = 5.5; // 'rate' is an identifier, 'float' is a keyword

// Using an if statement (keyword) to check a condition
if (num > MAX VALUE) { // 'if' is a keyword

printf ("Number exceeds the maximum value\n");
} else {

printf ("Number is within the acceptable range\n");

}

return 0;

}
Explanation:

e Keywords: int, float, if, else, return are reserved by C and cannot be used for anything
other than their intended purposes.

¢ Identifiers: num, rate, MAX VALUE are user-defined and can be assigned any valid name that
follows the naming rules.

Conclusion

e Keywords are predefined by the C language and have special meanings that cannot be altered.
They are used to define the structure and flow of a C program.

e Identifiers are user-defined names used to represent variables, functions, arrays, and other
program elements. They follow specific naming rules and can be chosen by the programmer,
provided they do not conflict with keywords.

Understanding the proper use of keywords and identifiers is essential for writing syntactically
correct and meaningful C programs.



Constants and Data Types in C

In C programming, constants and data types are foundational concepts that help define the
structure and behavior of variables and the data they store.

1. Constants in C

A constant is a value that cannot be modified during the execution of the program. Constants
provide fixed values to variables or expressions. They are used when you need a value to remain

unchanged.

Types of Constants in C:

1. Integer Constants:

@)
@)

O O O

o

These are whole numbers without a decimal point.
They can be written in:
= Decimal (base 10): 100, -25
*  Octal (base 8): Prefix with 0 (e.g., 017 for decimal 15)
» Hexadecimal (base 16): Prefix with 0x (e.g., 0x1A for decimal 26)

Example:

int a = 100; // Decimal

int b 017; // Octal (15 in decimal)

int ¢ = 0x1ZA; // Hexadecimal (26 in decimal)

2. Floating-Point Constants:

@)

o O O O

These represent real numbers and have a decimal point.
Example: 3.14,-0.001, 2.0, 4.56e2 (scientific notation for 456. 0)

Syntax: You can specify them with or without a decimal point.
float pi = 3.14;
double temperature = -0.001;

3. Character Constants:

@)

O
O

A single character enclosed in single quotes (' '). They represent a character in the
ASClI table.

Example: 'a', '1"', '%"

Characters are internally stored as integer values representing their ASCII codes (e.g.,
"A' =65).

Example:

char letter = 'A'; // Character constant

4. String Constants:

o

o

O
O

A sequence of characters enclosed in double quotes (" "). In C, strings are arrays of
characters terminated by a null character (' \0"').
Example: "Hello", "1234", "C Programming"

Example:
char message[] = "Hello, World!";

5. Constant Variables:

o

A constant variable is a variable whose value cannot be changed after it is initialized.



o You define a constant using the const keyword.

o Example:

o const int MAX VALUE = 100; // MAX VALUE cannot be changed
6. Enumerated Constants:
An enumeration (enum) defines a set of constant values with symbolic names.

Example:

enum Days { Monday, Tuesday, Wednesday, Thursday, Friday };
enum Days today = Wednesday; // today will have the value 2
(based on the order)

O O O O

2. Data Typesin C

A data type defines the type of data that a variable can store, including the size and the
operations that can be performed on that data. C provides several built-in data types.

Types of Data Types in C:

1. Basic Data Types:
o int: Used to store integers (whole numbers).
= Size: Typically 4 bytes (depends on system architecture).
* Example: int age = 25;
o float: Used to store single-precision floating-point numbers (real numbers).
» Size: Typically 4 bytes.
= Example: float price = 99.99;
o double: Used to store double-precision floating-point numbers (more precise than
float).
= Size: Typically 8 bytes.
» Example: double distance = 12345.6789;
o char: Used to store a single character.
» Size: Typically 1 byte (based on ASCII).
* Example: char grade = 'A';
2. Derived Data Types: Derived data types are built from the basic data types.
o Arrays: A collection of elements of the same data type stored in contiguous memory
locations.
= Example: int numbers[5] = {1, 2, 3, 4, 5};
o Pointers: A variable that stores the address of another variable.
» Example: int *ptr;
o Structures: A user-defined data type that groups different types of data together.

= Example:

= struct Student {

= char name[50];
- int age;

= float grade;

L
"  struct Student studentl = {"John", 20, 90.5};
o Unions: A special data type that allows storing different types of data in the same
memory location.



=  Example:
= union Data {

. int 1i;
. float £f;
. char str[20];

=}

3. Enumeration Type (enum):

@)
4. Void Type:

o An enum is a data type that consists of named integer constants. It helps make the
program more readable.

o Example:

o enum Weekdays {Sunday, Monday, Tuesday, Wednesday, Thursday,
Friday, Saturday};
enum Weekdays today = Wednesday;

o The void data type represents the absence of any value. It is often used for functions
that do not return any value.

Example:
void printMessage () {
printf ("Hello, World!\n");

O O O O

}

Data Type Modifiersin C

In addition to the basic data types, C allows modifiers to change the size or sign of a data type:

1.

Signed: Indicates that the variable can hold both positive and negative values (this is the
default for int, char, short, etc.).
o Example: signed int num = -10;
Unsigned: Indicates that the variable can only hold non-negative values.
o Example:unsigned int count = 50;
Short: Modifies an integer to be of smaller size (usually 2 bytes).
o Example: short int age = 25;
Long: Modifies an integer or float to be of larger size (usually 4 or 8 bytes).
o Example: long int population = 1000000;
Long Double: Modifies a doub1le to provide extended precision.
o Example: long double pi = 3.14159265358979323846;



Size of Data Types

The size of each data type may vary depending on the system architecture (e.g., 32-bit or 64-bit
systems). However, typical sizes are as follows:

Data Type Size Range (Approx.)
char 1 byte -128to 127 (signed), 0 to 255 (unsigned)
int 4 bytes -2,147,483,648t02,147,483,647
float 4 bytes +3.4 x 10738 (with 6 decimal digits precision)
double 8 bytes +1.7 x 107308 (with 15 decimal digits precision)
long int 4 bytes Typically -2,147,483,648t02,147,483,647
long doublel||8 bytes or more||Extended precision (varies with the system)

Conclusion

Constants are fixed values that do not change during the execution of the program. They can be
integers, floating-point numbers, characters, or strings.

Data types define the kind of data a variable can store, such as integers, floating-point numbers,
or characters. C provides basic data types, derived data types (arrays, pointers, structures), and
user-defined types like enums and unions.

Modifiers in C help alter the size or sign of data types, making it more flexible depending on the
requirements of the program.

Understanding constants and data types is crucial for writing efficient and accurate C programs,
as it ensures correct memory usage and allows for better data representation.



Rules for Constructing Variable Names in C

Variable names are identifiers used to label memory locations for storing data in a C program.
Constructing valid variable names is essential to avoid syntax errors and improve program
readability.

Rules for Valid VVariable Names

1. Start with a Letter or an Underscore (_):
o A variable name must begin with a letter (a-z or a-z) or an underscore ().
o Examples:
»  Valid: name, variable
= Invalid: 1name (Starts with a digit)
2. Can Include Letters, Digits, and Underscores:
o After the first character, a variable name can include letters, digits (0-9), and
underscores ().
o Examples:
= Valid: agel, max value
= Invalid: value# (contains #, which is not allowed)
3. Cannot Use Keywords:
o Keywords (reserved words in C) cannot be used as variable names.
o Examples:
= Invalid: int, f1oat (both are keywords)
4. No Spaces Allowed:
o Variable names cannot include spaces.
o Examples:
»  Valid: totalMarks
= Invalid: total Marks (contains a space)
5. Case Sensitivity:
o Cis case-sensitive, SO variable, variable, and vARTABLE are treated as distinct
variable names.
o Example:
= int score; and int score; are different variables.
6. No Special Characters Other Than Underscore (_):
o Special characters like @, #, !, s, %, etc., are not allowed.
o Examples:
= Valid: first name
» |nvalid: first@name
7. Length Restrictions:
o While C allows long variable names, some compilers might impose a limit
(usually 31 characters for ANSI C).
o Examples:
= Valid: this is a long variable name



= Invalid (if too long for the compiler):
this is an extremely long variable name that may be rejecte
d

8. Awvoid Starting with an Underscore for Global Variables:

o

o

Variable names starting with an underscore (_) are often reserved for system-level
or library use, especially in global scope. Avoid such names for user-defined
global variables.
Example:

= Valid: 10cal var (local scope)

= Caution: global var (global scope)

Best Practices for Naming Variables

1. Use Descriptive Names:

@)

o

Choose names that describe the purpose of the variable.
Example: int age; (descriptive) vs. int a; (non-descriptive)

2. Follow Naming Conventions:

o

Use camelCase or snake_case for readability:
= Camel case: totalMarks, averageValue
= Snake case: total marks, average value

3. Avoid Single-Letter Names (Unless for Temporary Use):

o

o

Use meaningful names instead of single letters, except for loop counters or
temporary variables.
Example:

= for (int i = 0; i < n; i++) {} (valid for loop counter)

4. Consistent Naming:

@)

Follow a consistent naming pattern throughout the code for better readability and
maintenance.

Examples of Valid and Invalid VVariable Names

variable v alid/invatia Reason

ame

lage |Valid [Follows all rules. |

|1name |Invalid |Starts with a digit. |

total marks |Valid |Contains only letters, digits, and underscores. |

[£10at Invalid lUses a keyword. |

\employee—id Hlnvalid HContains a hyphen (-), which is not allowed. |

[total marks |lInvalid [Contains a space. |
|

MAX_VALUE

|Valid IIAIl uppercase with underscores (used for constants).




Variable

Valid/Invalid Reason
Name

Starts with an underscore (but use cautiously for global

system var |[[Valid ;
— - variables).

Operatorsin C

In C, operators are special symbols or keywords used to perform operations on variables and
values. They allow us to manipulate data and perform calculations, comparisons, and logical
operations.

Types of Operatorsin C

Arithmetic Operators
Relational Operators

Logical Operators

Bitwise Operators

Assignment Operators

Unary Operators

Conditional (Ternary) Operator
Special Operators

NGO~ wWdE

1. Arithmetic Operators

Arithmetic operators are used for mathematical operations.

(Operator]|  Description || Example |
[+ |Addition lo + » |
\— HSubtraction Ha - b \
* HMuItipIication Ha * b \
\/ HDivision Ha / b (integer division if both are integers)\
% HModqus (Remainder)Ha 5 b \




2. Relational Operators

Relational operators compare two values and return a boolean result (true or false).

(Operator] Description  |[Example]
= HEquaI to “a - b ‘
= INot equal to 2 - b |
< ILess than <o |
> |Greater than a>o |
<= [Less than or equal to  |la <= b |
>- |Greater than or equal to]la >= b |

3. Logical Operators

Logical operators are used to combine multiple conditions.

|Operator| Description || Example |
‘&& Hl_og|ca| ANDH a > Db) && (c > d) ‘

[ ILogical NOT|[ (2 > b) |

4. Bitwise Operators

Bitwise operators perform operations at the bit level.

\OperatorH Description H Example \
E |Bitwise AND lo s |
) h |Bitwise OR|
\A HBitWise XOR Ha " b \
~ |Bitwise Complement]~a |
<< Left Shift la << 2 |
>> IRight Shift la > 2 ]




5. Assignment Operators

Assignment operators assign values to variables.

Operator| Description |  Example |
- |Assign | |
= ladd and assign =~ [a += b(a = a + )|
-= ISubtract and assign a -= o (a = a - b)|
= IMultiply and assign|a = b (a = a * )|
/= |Divide and assign |2 /= b(a = a / )|
5= IModulus and assignf[a %= o (a = a % b)|
6. Unary Operators

Unary operators operate on a single operand.
\OperatorH Description HExampIe\

+ |Unary plus (positive) [+a |

- lUnary minus (negative) -2 |

[++ lIncrement (prefix/postfix) ||++a, a++ |

-- IDecrement (prefix/postfix)||--a, a—- |

\! HLogicaI NOT H!a \

7. Conditional (Ternary) Operator

The conditional operator is a shorthand for i f-e1se.

\ Syntax H

Description

|

condition ? exprl : expr2|If condition iS true, return expr1; otherwise, return expr2.|

Example:

int a = 10, b = 20;

int max = (a > b) ?2 a : b; // max will be 20




8. Special Operators

1. Comma Operator (,):
o Allows multiple expressions to be evaluated in a single statement.
o Example:
o int x = (y=5, z=y +2); // y=5,z=7,x=7
2. Sizeof Operator:
o Returns the size (in bytes) of a data type or variable.

o Example:
o int a;
o printf("%$lu", sizeof(a)); // Prints the size of an integer

3. Pointer Operators (s and *):
o & Address-of operator (returns the memory address of a variable).
= Example: int *ptr = sa;
o . Dereference operator (accesses the value at the memory address).
= ExaﬂuﬂEZint value = *ptr;
4. Member Access Operators:
o .. Direct member access (for structures).
->: Indirect member access (for pointers to structures).

Example:

struct Point { int x, vy; };

struct Point p = {1, 2};

printf ("%d", p.x); // Access x using °

O O OO O

Precedence and Associativity of Operators

Operator precedence determines the order in which operators are evaluated in an expression.
Associativity determines the order of evaluation for operators of the same precedence level.

\Precedence” Operators HAssociativity\
\Highest H(), (1, >, . HLeft to Right\
\ H' ~y b, — o - (unary)HRight to Left\
\ H* /i % HLeft to Right\
| |+, - |Left to Right |
‘ H<<, >> HLeft to Right ‘
‘ H<, <=, >, >= HLeft to Right ‘
\ H==, I= HLeft to Right\
\ H& HLeft to Right \
| & |Left to Right |
| ‘ ‘ |
| |55 |Left to Right |
| ‘ | |




IPrecedence]| Operators |Associativity]
| Iz : |Right to Left|
lLowest ||, +=, - etc. |Right to Left |

Structure of a C Program

A C program is composed of various sections arranged in a specific order. Understanding the
structure ensures readability, maintainability, and proper execution of the code. Below is the
typical structure of a C program:

1. Documentation Section

e This is the section where comments are used to provide information about the program.
e Includes program purpose, author details, date, and version.

o Example:

e // Program to add two numbers

e // Author: John Doe

e // Date: 2024-12-15

2. Preprocessor Directives

e Includes header files and macro definitions.

o Starts with # (e.g., #inc1ude for including libraries or #define for defining macros).
e Example:

e finclude <stdio.h> // Standard Input/Output library

e d#include <math.h> // Math library

e #define PI 3.14159

3. Global Declarations

e Includes global variables, constants, and function prototypes (if needed).
e Global variables are accessible throughout the program.

e« Example:

e int globalvVar = 10; // Global variable

e void displayMessage(); // Function prototype



4. main() Function

e The starting point of every C program.
e It contains the primary logic of the program.
e Structure of main () Function:

e int main() {

o // Variable declarations

. // Statements and logic

o return 0; // Indicates successful execution

5. Local Declarations

e Variables declared within a function.
e These are only accessible inside the function where they are defined.

o Example:

e int main() {

. int localVar = 5; // Local variable

. printf ("Local Variable: %d", localVar);
o return 0;

6. Statements and Logic

« Contains the core logic of the program.
o This includes loops, conditionals, expressions, and function calls.

e Example:

e int main() {

. int a = 5, b = 10;

. int sum = a + b; // Addition logic
. printf ("Sum: %d", sum);

. return 0;

7. Functions (if applicable)

o User-defined functions provide modularity by breaking the program into smaller,
reusable parts.

e Functions are defined outside the main () function.

e Example:

e void displayMessage () {

. printf ("Hello, World!");

e



e int main() {
o displayMessage(); // Function call
o return 0;

8. Comments

o Used throughout the program for documentation and explanation.
« Two types of comments:
1. Single-line comments: //
= Example: // This is a single-line comment

2. Multi-line comments: /*x ... */
=  Example:
= /* This is a
. multi-line comment */

Example: Complete C Program Structure

// Program to calculate the sum of two numbers
#include <stdio.h> // Preprocessor directive

// Global declarations
int globalvVar = 0;

// Function prototype
int addNumbers (int, int);

int main () {
// Local variable declarations
int numl, num2, sum;

// Input from the user
printf ("Enter two numbers: ");
scanf ("%d %d", &numl, &num2);

// Function call
sum = addNumbers (numl, num?2);

// Output the result
printf ("Sum: %d\n", sum);

return 0;

}

// Function definition
int addNumbers (int a, int b) {
return a + b;

}



Input/Output Statements in C

Input and output (1/0) operations in C are essential for interacting with users or files. These
operations can be broadly categorized into Formatted 1/0 and Unformatted 1/0.

1. Formatted 1/0

Formatted I/O involves using functions that allow the control of data format during input and
output operations. The most commonly used formatted I/O functions are:

a. printf{)

o Used to display formatted output.

o Defined in the <stdio.h> library.

e Syntax:

e printf("format string", arguments);

e Format Specifiers:

Specifier, Description Example
%d Integer (decimal) printf ("sd", 10);
$f Floating-point value printf ("$£f", 3.14);
Sc Character printf ("sc", 'A');
23 String printf ("$s", "Hello");
$x Hexadecimal (lowercase)|printf ("$x", 255);
20 Octal printf ("%o", 8);
o Example:

e int age = 25;
e float pi = 3.14159;
e char grade = 'A';

e printf("Age: %d\n", age);
e printf("Value of Pi: %.2f\n", pi);
e printf("Grade: %c\n", grade);



b. scanf{)

o Used to take formatted input from the user.

o Defined in the <stdio.h> library.

e Syntax:

e scanf ("format string", &variables);

e Important Points:
o The & (address-of) operator is required for variables (except strings).
o Strings don’t require & as they are arrays, which inherently point to memory locations.

o Example:

e int num;

e float price;

e char name[50];

e printf("Enter an integer: ");
e scanf ("%d", &num);

e printf("Enter a floating-point number: ");
e scanf ("%f", &price);

e printf ("Enter a string: ");
e scanf ("%s", name);

e printf("You entered: %d, %.2f, and %$s\n", num, price, name);

2. Unformatted 1/0

Unformatted 1/0 operations work with raw data without applying any format. These are simpler
but less flexible compared to formatted 1/0.

a. getchar()

e Used to read a single character from the user.
o Defined inthe <stdio.h> library.

e Syntax:

e char ch = getchar();

e Example:

e char ch;

e printf("Enter a character: ");

e ch = getchar();

e printf("You entered: %c\n", ch);

b. putchar()

e Used to display a single character to the output.
e Syntax:
e putchar (character);



e Example:

e char ch = 'A';

e putchar(ch);

e putchar('\n'); // Newline

c. gets() (Not Recommended)

e Reads a string (line of text) from the user.
e Defined in <stdio.h> but is unsafe because it does not check buffer limits.

e Syntax:

e gets(string);

e Example:

e char str[50];

e printf("Enter a string: ");

e gets(str);
e printf("You entered: %$s\n", str);

¢ Note: Instead of gets (), prefer fgets () for safety.

d. puts()

e Outputs a string to the console.

e Syntax:

e puts(string);

e Example:

e char str[] = "Hello, World!";
e puts(str);

Comparison: Formatted vs. Unformatted 1/0O

Feature Formatted I/O Unformatted 1/0
Allows precise control over format (e.g., %d,

Control £) No control over format.
Ease of . .
U More complex due to format specifiers. Simpler to use.

se
Flexibility |High, suitable for structured data. Low, suitable for raw data.

. h ’ h ’ ’

Functions |jprintf (), scanf () getchar (), putchar (), gets ()

puts ()




Summary of Input/Output Functions

Function Purpose
printf () ||[Formatted outputto console.
scanf () Formatted input from the user.

getchar () ||Reads a single character.

putchar () ||Writes a single character.

gets () Reads a string (unsafe).
puts () Writes a string.
fgets () ||Safe alternative to gets ().

Example Program Combining Formatted and Unformatted 1/0

#include <stdio.h>

int main () {
char ch;
char name[50];
int age;

// Using unformatted I/O

printf ("Enter a single character: ");
ch = getchar();

putchar ('\n"'");

// Using formatted I/O
printf ("Enter your name: ");
scanf ("%s", name);

printf ("Enter your age: ");
scanf ("%d", &age);

printf ("\n--- Output ---\n");
printf ("Character: %c\n", ch);
printf ("Name: %s\n", name);
printf ("Age: %d\n", age);

return 0;
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Control Statements in C

Control statements in C manage the flow of execution in a program. They allow decisions to be
made, loops to be executed, and the sequence of execution to be altered based on conditions.

Types of Control Statements
Control statements can be categorized into three types:

1. Decision-Making Statements
2. Looping (Iteration) Statements
3. Jump Statements

1. Decision-Making Statements

These statements allow the program to make decisions and execute a block of code based on
conditions.

a. if Statement

e Executes a block of code if a condition is t rue.

e Syntax:

e if (condition) {

o // Code to execute if the condition is true
o }

e Example:

e int num = 5;
e if (num > 0) {
° printf ("Number is positive.\n");

e }
b. if-else Statement

e Executes one block of code if the condition is t rue and another block if it is false.
e Syntax:

e if (condition) {

. // Code to execute if the condition is true

. } else {

. // Code to execute if the condition is false

o }

e Example:



e int num = -5;
e if (num > 0) {

° printf ("Number is positive.\n");
. } else {
° printf ("Number is negative.\n");

o |}
¢. Nested if Statement

e Allows multiple levels of conditions.

e Syntax:

e if (conditionl) {

° if (condition2) {

. // Code to execute if both conditions are true

e }
e Example:

e int num = 10;

e if (num > 0) {

. if (num % 2 == 0) {

° printf ("Positive and even.\n");

. }
o }
d. if-else-if Ladder

e Evaluates multiple conditions sequentially.

e Syntax:

e if (conditionl) {

. // Code if conditionl is true

. } else if (condition2) {

. // Code if condition2 is true

. } else {

. // Code if no conditions are true
e }

e Example:

e int marks = 85;

e if (marks >= 90) {

° printf ("Grade: A\n");
. } else if (marks >= 75) {
. printf ("Grade: B\n");
. } else {

. printf ("Grade: C\n");

o }
e. switch Statement

e Used for multiple conditional checks based on discrete values.
e Syntax:

e switch (expression) {

o case valuel:



}

// Code for valuel
break;
case value2:
// Code for value2
break;
default:
// Code if no cases match

Example:
int day = 3;
switch (day) {

case 1:
printf ("Monday\n") ;
break;

case 2:
printf ("Tuesday\n") ;
break;

case 3:
printf ("Wednesday\n") ;
break;

default:
printf ("Invalid day\n");

2. Looping (Iteration) Statements

Looping statements execute a block of code repeatedly as long as a condition is true.

a. while Loop

Executes a block of code as long as the condition is true.

}

Syntax:
while (condition) {

// Code to execute

Example:
int 1 = 1;
while (i <= 5) {

}

printf ("%$d\n", 1i);
i++;

b. do-while Loop

Similar to while but guarantees execution of the block at least once.
Syntax:

do {

// Code to execute



e } while (condition);
e Example:

e int 1 = 1;
e do {
. printf ("%d\n", i);
o i++;
. } while (i <= 5);
c. for Loop

e Used for a fixed number of iterations.

e Syntax:
e for (initialization; condition; increment/decrement)
. // Code to execute

o |}
e Example:
e for (int 1 = 1; 1 <= 5; i++) {
. printf ("sd\n", i);
o |}
d. Nested Loops

Loops inside other loops for handling multi-dimensional operations.

e Example:

e for (int 1 = 1; 1 <= 3; i++) {

. for (int j = 1; j <= 2; j++) {

. printf("i = %d, j = %d\n", i, J);

3. Jump Statements

a. break

Exits the loop or switch immediately.

e Example:
. for (int 1 = 1; 1 <= 10; i++) {
° if (i == 5) break;
. printf ("sd\n", i);
o }
b. continue

e Skips the current iteration and moves to the next.

e Example:
e for (int 1 = 1; 1 <= 5; i++) {
° if (i == 3) continue;

. printf ("%d\n", i);



c. goto

e Transfers control to a labeled statement. Use is generally discouraged.

e Syntax:

e goto label;

e label:

. // Code to execute
e Example:

e int num = 1;

e if (num > 0) {

[ goto positive;

e }

e positive:

. printf ("The number is positive.\n");

d. return

e  Exits the current function and optionally returns a value.

e Example:
e int sum(int a, int b) {
. return a + b;

Summary Table

Type Statement

Purpose

Decision-Making||if, if-else, switch

Direct program flow based on conditions.

Looping while, do-while, for

Repeatedly execute code based on conditions.

Jump break, continue, goto, return

Alter normal sequence of execution.

Example: Combining Control Statements

#include <stdio.h>

int main () {
int num;

printf ("Enter a number (1-3): ");
scanf ("%d", &num);

switch (num) {
case 1:
printf ("You chose one.\n");




break;

case 2:
printf ("You chose two.\n");
break;

case 3:
printf ("You chose three.\n");
break;

default:
printf ("Invalid choice.\n");

}

printf ("Counting from 1 to 5:\n");
for (int 1 = 1; 1 <= 5; i++) {

if (i == 3) continue;

printf ("$d\n", 1);
}

return 0;

Decision-Making Statements in C

Decision-making statements in C allow the program to evaluate conditions and execute specific
blocks of code based on the outcome. This enables dynamic control of the program flow.

1. if Statement
The i £ statement executes a block of code only if the specified condition evaluates to true.

e Syntax:

e if (condition) {

. // Code to execute if the condition is true
o }

e Flowchart:

° [Start]

° !

. [Condition?]

. / N

° [True] [False]
. ! \

. [Execute] |

. ! \

° [End] [End]

o Example:



e int number 10;

e if (number > 0) {
. printf ("The number is positive.\n");

2. if-else Statement

The if-else statement adds an alternative action when the condition evaluates to false.

e Syntax:

e if (condition) {

. // Code to execute if the condition is true
. } else {

. // Code to execute if the condition is false

o }

e Flowchart:

o [Start]

° !

. [Condition?]

° / N

. [True] [False]
° l l

. [Blockl] [Block2]
° l l

° [End] [End]
e Example:

e int number

-5;

e if (number > 0) {

. printf ("The number is positive.\n");

. } else {

° printf ("The number is not positive.\n");

3. if-else-if Ladder

The if-e1se-1if ladder is used to evaluate multiple conditions sequentially. Once a condition is
true, the corresponding block is executed, and the ladder exits.

Syntax:

e if (conditionl) {

// Code for conditionl
. } else if (condition2) {

. // Code for condition2
. } else if (condition3) {



// Code for condition3
. } else {
// Code if no conditions are true

o }
e Flowchart:

. [Start]

d !

° [Conditionl?]

° / N

. [True] [Condition2?]

. 1 / N

o [Blockl] [True] [Condition37?]

° 1 / N

. [Block2] [True] [False]
° ! !

. [Block3] [Default]
o Example:

e int marks = 85;

e if (marks >= 90) {

° printf ("Grade: A\n");
. } else if (marks >= 75) {
. printf ("Grade: B\n");
e } else if (marks >= 50) {
° printf ("Grade: C\n");
. } else {

° printf ("Grade: F\n");

4. switch Statement

The switch statement evaluates an expression and executes the corresponding case block based
on the value. If no case matches, the defau1t block is executed (optional).

e Syntax:

e switch (expression) {

o case valuel:

. // Code for valuel
o break;

[ case valueZ:

. // Code for value2
o break;

o R

o default:

. // Code for default

e |}
o Flowchart:



V4

!

!

[Start]

[Expression]

[Case Matching?]

\

[Match] [No Match] | | [Execute] [Default] | | [End] [End]

- **Key Points:**

- The
executed.
- Without

‘break”

behavior) .

"break’, execution continues to subsequent cases

- **Example:**

S
int day

switch

3;

(day) {

case 1:
printf ("Monday\n") ;
break;

case 2:
printf ("Tuesday\n") ;
break;

case 3:
printf ("Wednesday\n") ;
break;

default:

printf ("Invalid day\n");

statement is necessary to exit the

Comparison of Decision-Making Statements

“switch®

after a case is

(fall-through

| Feature || if/if-else | ifelse-if Ladder || switch |
%ggmon General conditions. Multiple conditions. Checks for discrete values.
Flexibility  ||Highly flexible. FIeX|_b_Ie for multiple leltt_ed to specific values
conditions. (e.g., int).
Use Cases Slmp_lt_e or complex Range-based or sequential Exact matching of values.
conditions. checks.

- Can be slower for many |Can be slower for many |[More efficient for discrete

Efficiency

conditions.

conditions.

matching.

Example Program: Combining if-else-if and switch




#include <stdio.h>

int main () {
int marks, day;

// Example of if-else-if Ladder
printf ("Enter your marks: ");
scanf ("%d", &marks);

if (marks >= 90) {
printf ("Grade: A\n");
} else if (marks >= 75) {
printf ("Grade: B\n");
} else if (marks >= 50) {
printf ("Grade: C\n");
} else {
printf ("Grade: F\n");
}

// Example of switch Statement
printf ("Enter the day number (1-7):
scanf ("%d", &day):;

switch (day) {

case 1:
printf ("Monday\n") ;
break;

case 2:
printf ("Tuesday\n") ;
break;

case 3:
printf ("Wednesday\n") ;
break;

case 4:
printf ("Thursday\n") ;
break;

case 5:
printf ("Friday\n") ;
break;

case 6:
printf ("Saturday\n") ;
break;

case 7:
printf ("Sunday\n") ;
break;

default:
printf ("Invalid day\n");

}

return 0;



Loop Control Statements in C

Loop control statements allow the repeated execution of a block of code as long as a specified
condition holds true. The main types of loops in C are:

1. while Loop

The while loop is an entry-controlled loop, meaning the condition is checked before the body of
the loop is executed.

Syntax:
while (condition) {
// Code to execute repeatedly

}
Flowchart:
[Start]

!
[Condition?]
7 N
[True] [False]
! \

[Execute] |
! \

[Repeat] |

Example:

int i = 1;

while (i <= 5) {
printf ("$d\n", 1);
i++;

}

Output:

g W N

o Key Features:
o The loop runs until the condition becomes false.
o If the condition is false initially, the body of the loop will not execute even once.



2. do-while Loop

The do-while loop is an exit-controlled loop, meaning the body of the loop is executed at least
once before the condition is checked.

e Syntax:
e do {
. // Code to execute repeatedly

e } while (condition);
« Flowchart:

. [Start]

° !

° [Execute]

° !

. [Condition?]

° / N

. [True] [False]
. ! \

° [Repeat] \

o Example:

e int i = 1;

[ ]

e do {

. printf ("%d\n", 1i);
. i++;

° } while (i <= 5);

Output:

g w N

o Key Features:
o The loop guarantees execution of the code block at least once.
o The condition is checked after the execution of the loop body.

3. for Loop

The for loop is an entry-controlled loop that is ideal for scenarios where the number of iterations
is known beforehand.

e Syntax:

e for (initialization; condition; increment/decrement) {



// Code to execute repeatedly

}
Flowchart:
[Start]
!
[Initialization]
!
[Condition?]
7/ N
[True] [False]
1 \
[Execute]

\
\
[Update] \
\
\

[Repeat]

Example:

for (int i = 1; 1 <= 5; 1i++) {
printf ("$d\n", 1);

}

Output:

g w N

o Key Features:
o Combines initialization, condition checking, and increment/decrement in a single
line.
o Useful for loops with a definite number of iterations.

Comparison of while, do-while, and for Loops

\ Feature H while Loop H do-while Loop H for Loop
IControl | Entry-controlled |Exit-controlled |IEntry-controlled
[Execution Count [0 or more 11 or more |0 or more
Condition-based At least one Definite number of
Use Case looDi : o
ooping execution iterations
Syntax . .
Complexity Simple Moderate Compact and organized




Example: Comparison in Action

#include <stdio.h>

int main () {
int 1i;

// while Loop Example
printf ("Using while loop:\n");
i=1;
while (i <= 3) {
printf ("$d\n", 1i);
i++;

}

// do-while Loop Example
printf ("\nUsing do-while loop:\n");

i=1;

do {
printf ("$d\n", 1);
i++;

} while (i <= 3);

// for Loop Example

printf ("\nUsing for loop:\n");

for (1 = 1; 1 <= 3; 1++) {
printf ("$d\n", 1);

}

return 0;

Output:

Using while loop:
1
2
3

Using do-while loop:
1
2
3

Using for loop:
1
2
3

Nested Loops

All three loop types can be nested inside each other to handle multi-dimensional or complex
problems.



o Example: Printing a Pattern
e f#include <stdio.h>

e int main() {
. for (int 1 = 1; 1 <= 3; 1i++) {
. for (int j = 1; j <= 3; Jj++) {
o printf (" (%d, %d4) ", i, J):
® }
. printf ("\n");
. }
° return 0;
e }
Output:

Jump Control Statements in C

Jump control statements alter the normal flow of execution in a program by transferring control
to a specific point in the program. In C, these statements include:

1. break Statement

The break statement is used to exit a loop or a switch Statement immediately, regardless of the
remaining iterations or cases.

e Syntax:
e Dbreak;
e Use Cases:

o Toexita switch case block.

o Toterminate a loop prematurely.
Example: Exiting a Loop
for (int 1 = 1; 1 <= 10; i++) {

if (1 == 5) {
break; // Exit the loop when i is 5

}
printf ("%d\n", i);



Output:

Sw N

o Example: Inside a switch Statement
e int option = 2;

e switch (option) {

o case 1:
° printf ("Option 1 selected\n");
o break;
o case 2:
° printf ("Option 2 selected\n");
° break;
o default:
. printf ("Invalid option\n");
e }
Output:

Option 2 selected

2. continue Statement

The continue statement skips the remaining part of the loop's body and moves to the next
iteration.

e Syntax:
° continue;
e Use Cases:

o To skip specific iterations of a loop based on a condition.
« Example: Skipping an Iteration
e for (int 1 = 1; 1 <= 5; i++) {

. if (1 == 3) |
. continue; // Skip the rest of the code when i is 3
. }
o printf ("$d\n", 1i);
e }
Output:

g N



o Key Points:
o Unlike break, the continue Statement does not terminate the loop but skips to the
next iteration.

3. goto Statement

The goto Statement transfers control unconditionally to a labeled statement elsewhere in the
program.

e Syntax:

e goto label;

o ...

e label:

° // Code to execute
e Use Cases:

o To implement complex control flows (though its use is discouraged for clarity and
maintainability).
e Example: Jumping to a Label
e #include <stdio.h>

e int main() {
° int num = 3;
[ )
. if (num < 5) {
. goto skip; // Jump to the label "skip"
4 }
)
. printf ("This will not print.\n");
)
e skip:
. printf ("Number is less than 5.\n");
)
° return 0;
o }
Output:

Number is less than 5.

« Key Points:
o The goto statement can make the code hard to read and maintain. It is generally
discouraged unless necessary.



Comparison of Jump Control Statements

|Statement]| Purpose Scope [ Best Use Case
Exits from a loop or switch Loops and .
break immediately. cwiton blocks. Terminate loop or case early.
continue Skips the remaining loop body for Loops only. Skip specific iterations.
the current iteration.
oto Transfers control to a labeled Entire proaram Rare, for complex flows
g statement. program. (e.g., error handling).

Example Program Using All Three Statements

#include <stdio.h>

int main() {
// Example with break
printf ("Using break:\n");

for

}

(int 1 = 1; 1 <= 5; 1i++)
if (1 == 3) {

{

break; // Exit loop when i is 3

}
printf("sd ", 1i);

printf ("\n") ;

// Example with continue
printf ("Using continue:\n");

for

}

(int 1 = 1; 1 <= 5; 1i++)
if (1 == 3) {

{

continue; // Skip the iteration when i is 3

}
printf("sd ", 1i);

printf ("\n") ;

// Example with goto
printf ("Using goto:\n");

int
if

}

printf ("This will not execute.\n");

label:

num = 5;
(num == 5) {

goto label; // Jump to the label

printf ("Jumped to label.\n");

return 0;




Output:

Using break:

12

Using continue:
1245

Using goto:
Jumped to label.
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Derived Data Types in C: Arrays

An array is a derived data type in C that allows the storage and management of multiple values
of the same data type under a single variable name. Arrays are used when multiple elements need

to be grouped together, and their positions are accessed using indices.

Features of Arrays

=

Homogeneous Elements: All elements in an array are of the same data type.
Contiguous Memory Allocation: Array elements are stored in contiguous memory

locations.

Fixed Size: The size of an array is determined at the time of declaration and cannot be

changed.

Index-Based Access: Elements are accessed using indices, starting from 0 for the first

element.

Types of Arrays

1.
2.
3.

One-Dimensional Arrays
Two-Dimensional Arrays
Multi-Dimensional Arrays

1. One-Dimensional Arrays

A one-dimensional array is a linear collection of elements.

Declaration:

data type array name[size];
Initialization:

int numbers([5] = {1, 2, 3, 4, 5};

Accessing Elements: Use the index to access specific elements.
printf ("$d", numbers[0]); // Outputs 1

Example:

#include <stdio.h>

int main () {
int arr[5] = {10, 20, 30, 40, 50};



. for (int i = 0; 1 < 5; i++) {

° printf ("Element at index %d: %d\n", 1, arrl[il);
o }
. return 0;
o }
Output:
Element at index 0: 10
Element at index 1: 20
Element at index 2: 30
Element at index 3: 40
Element at index 4: 50

2. Two-Dimensional Arrays
A two-dimensional array is a collection of elements arranged in rows and columns.

o Declaration:

e data type array name[rows] [columns];

o Initialization:

e int matrix([2]([3] = {{1, 2, 3}, {4, 5, 6}};

e Accessing Elements: Use two indices: one for the row and one for the column.
e printf("%d", matrix([1][2]); // Outputs 6

e Example:

e #include <stdio.h>

e int main() {
° int matrix[2][3] = {{1, 2, 3}, {4, 5, 6}};
)
. for (int 1 = 0; 1 < 2; i++) {
. for (int 7 = 0; J < 3; j++) {
. printf ("Element at [%d] [%d]: %d\n", i, Jj, matrix[i][]J]);
4 }
4 }
o return 0;
o }
Output:

Element at
Element at
Element at
Element at
Element at
Element at
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3. Multi-Dimensional Arrays
Arrays can have more than two dimensions.

e Declaration:

e data type array name[sizel] [size2] [size3]...[sizeN];
o Example:

e int arr[2][3][4]; // A 3D array

e Accessing Elements: Use multiple indices:

e arr[1l]([2][3] = 10;

e printf("%d", arr[1]([2]1[3]1); // Outputs 10

Advantages of Arrays
1. Efficient Data Management: Store and manipulate large amounts of data using a single
variable name.

2. Random Access: Direct access to elements using indices.
3. Simplified Code: Handle repetitive tasks with loops and arrays.

Limitations of Arrays

=

Fixed Size: The size of an array cannot be changed once declared.

Homogeneous Data: Only one data type can be stored in an array.

3. Memory Wastage: If the declared size exceeds the required size, unused memory is
wasted.

N

Applications of Arrays

1. Storing Data: Manage large data sets, such as marks of students or sensor readings.
2. Matrix Operations: Perform mathematical operations on matrices.
3. String Handling: Manage strings as character arrays.



One-Dimensional Arrays in C

A one-dimensional array is a linear data structure that stores multiple elements of the same type
in contiguous memory locations. Each element in the array is identified by its index.

Declaration of One-Dimensional Arrays
Declaring an array means specifying its type, name, and size.

e Syntax:

e data type array name[size];

e Explanation:
o data_type: Type of elements to be stored (e.g., int, float, char).
o array name: Name of the array variable.
o size: Number of elements the array can store.

o Example:

e int numbers[5]; // Declares an array of integers with 5 elements
Initialization of One-Dimensional Arrays
An array can be initialized at the time of declaration or afterward.
1. Static Initialization

Provide values in curly braces {; during declaration.

e Syntax:

e data type array name[size] = {valuel, value2, ..., valueN};

o Example:

e int numbers[5] = {10, 20, 30, 40, 50};
o If fewer values are provided than the size, the remaining elements are initialized to O:
o int numbers[5] = {10, 20}; // Remaining elements are 0

2. Dynamic Initialization

Assign values to array elements after declaration using their index.

e Syntax:

e array name[index] = value;
e Example:

e int numbers[5];

e numbers[0] = 10;

e numbers([l] = 20;

e numbers([2] = 30;



40;
e numbers[4] = 50;

e numbers([3]
3. Omitted Size in Initialization

You can omit the size if initializing during declaration. The compiler determines the size
automatically.

e Syntax:
e data type array name[] = {valuel, value2, ..., valueN};
o Example:

e int numbers([] = {10, 20, 30, 40, 50};

Accessing Elements

Array elements are accessed using their index, which starts from o.

e Syntax:

e array name[index];

o Example:

e int numbers([5] = {10, 20, 30, 40, 50};

e printf("%d", numbers([2]); // Outputs 30

Memory Representation of One-Dimensional Arrays

e Arrays are stored in contiguous memory locations.

e The memory location of the first element (numbers[0]) is the base address.

e Each subsequent element is stored at an offset determined by the size of the data type.
Example:
Consider the array:

int numbers([4] = {10, 20, 30, 40};

e Suppose the base address of numbers[0] is 2000.
e Since an int occupies 4 bytes, the memory layout will be:

Element Index|Value||Address

numbers [0]||0 10 2000

numbers [1]|]1 20 2004




Element Index|Value||Address

numbers[2]]2 30 2008

numbers [3]]|3 40 2012

Code Example: Declaration, Initialization, and Memory Representation

#include <stdio.h>

int main() {
// Declaration and Initialization
int numbers([4] = {10, 20, 30, 40};

// Printing elements and memory addresses
printf ("Element\tValue\tAddress\n") ;
for (int i = 0; 1 < 4; i++) {
printf ("$d\t%d\t%p\n", i, numbers([i], (void*)é&numbers[i]);
}

return 0;

Output:

Element Value Address

0 10 0x7ffcad48dc080
1 20 Ox7ffca48dc084
2 30 Ox7ffca48dc088
3 40 O0x7ffcad8dc08c
Key Points

1. The size of the array must be a positive integer and should not exceed memory limits.

2. Accessing an array element out of bounds (e.g., numbers [10] for a size of 5) leads to undefined
behavior.

3. Arrays use a base pointer, making operations like traversal efficient.

Applications of One-Dimensional Arrays

1. Data Storage: Storing marks, temperatures, or any series of values.
2. Sorting and Searching: Algorithms like Bubble Sort and Linear Search.
3. Mathematical Operations: Vector arithmetic or statistical computations.



Two-Dimensional Arrays in C

A two-dimensional array is an array of arrays, where data is organized in rows and columns. It
can be thought of as a matrix or table, where each element is accessed using two indices—one
for the row and one for the column.

Declaration of Two-Dimensional Arrays

A two-dimensional array is declared by specifying the data type, the name of the array, and the
size of both dimensions.

e Syntax:
e data type array name[rows] [columns];
e Explanation:
o data_type: Type of elements (e.g., int, float, char).
o array name: Name of the array.
o rows: Number of rows in the array.
o columns: Number of columns in the array.
o Example:
e int matrix[3][4]; // Declares a 2D array with 3 rows and 4 columns

Initialization of Two-Dimensional Arrays

1. Static Initialization

You can initialize a 2D array at the time of declaration by providing values for all elements.

e Syntax:

e data type array name[rows] [columns] = { {valuel, value2, ...}, {value3,
valued, ...}, ... };

e Example:

e int matrix([2][3] = {{1, 2, 3}, {4, 5, 6}};
o If fewer values are provided, the remaining elements are initialized to O:
o int matrix([2][3] = {{1, 2}, {4}}; // The remaining elements are 0

2. Dynamic Initialization

You can assign values to specific elements after the array is declared using their row and column
indices.

e Syntax:
e array name[row_index] [column index] = value;
o Example:

e int matrix[2][3];



e matrix

;
e matrix ;
7
e matrix ;
e matrix ;

1021 = 6;
3. Omitted Size in Initialization

e
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If you initialize a 2D array without specifying the row size, the compiler determines the number
of rows based on the number of provided rows in the initialization.

e Example:
e int matrix[][3] = {{1, 2, 3}, {4, 5, 6}};
e // The compiler automatically assigns 2 rows

Accessing Elements of a Two-Dimensional Array

You can access an element using its row and column indices, where both indices start from 0.

e Syntax:

e array name[row index] [column index];

e Example:

e int matrix([2][3] = {{1, 2, 3}, {4, 5, 6}};

e printf("%d", matrix([1][2]); // Outputs 6

Memory Representation of Two-Dimensional Arrays

In C, a two-dimensional array is stored in row-major order in memory. This means that all
elements of the first row are stored first, followed by all elements of the second row, and so on.

Example:

Consider the following 2D array:

int matrix[2][3] = {{1, 2, 3}, {4, 5, 6}};:

¢ Memory Layout (Row-Major Order):

Element Row||(Column||Value||Memory Address

matrix[0] [0]|0 0 1 2000

matrix[0] [1]]|0 1 2 2004




Element Row||Column||Value||Memory Address
matrix[0] [2]]0 2 3 2008
matrix[1][0]|l1 |0 4 2012
matrix[1][1]|]1 1 5 2016
matrix[1][2](|1 |12 6 2020

In this example, the matrix is stored in contiguous memory locations, and the elements of each
row are stored consecutively before the next row begins.

Code Example: Declaration, Initialization, and Memory Representation

#include <stdio.h>

int main () {
// Declaration and Initialization
int matrix[2][3] = {{1, 2, 3}, {4, 5, 6}};

// Printing elements and memory addresses
printf ("Row\tColumn\tValue\tAddress\n") ;
for (int i1 = 0; 1 < 2; i++) {
for (int j = 0; j < 3; Jj++) |
printf ("$d\t%d\tsd\t%p\n", 1, j, matrix[i][]],
(void*) &matrix[i][]J])

}

’

}

return 0;

Output:

Row Column Value Address

0 0 1 0x7ffcad8dc080
0 1 2 Ox7ffcad8dc084
0 2 3 O0x7ffcad48dc088
1 0 4 Ox7ffcad8dc08c
1 1 5 O0x7ffcad48dc090
1 2 6 O0x7ffcad8dc094



Key Points about Two-Dimensional Arrays

1.

Row-Major Order: In C, 2D arrays are stored in contiguous memory locations, and rows are
stored one after another.

Accessing Elements: Each element is accessed using two indices, with the first index
representing the row and the second representing the column.

Fixed Size: The size of a 2D array must be known at compile time, although the row size can be
omitted when initializing if the compiler can infer it.

Applications of Two-Dimensional Arrays

1.

Matrix Representation: Used in mathematical computations involving matrices (e.g., matrix
multiplication).

Tabular Data: Used to store tabular data such as spreadsheets or game boards (e.g., chess or tic-
tac-toe).

Image Processing: Represent images as 2D arrays of pixel values.

Two-dimensional arrays are essential for solving problems that require the storage and
manipulation of data in rows and columns, making them a powerful tool in C programming.

Strings in C

In C, strings are arrays of characters. A string is terminated by a special character called the null
character ('\0'), which indicates the end of the string. Strings are widely used for handling
text-based data in C.

Declaration of Strings

A string is declared as an array of characters. The size of the array should be large enough to
accommodate all the characters of the string, including the null character '\o".

Syntax:
data type array name[size];

Example:
char str[10]; // Declares a character array of size 10



This will allow for up to 9 characters, leaving one space for the null character (*\o").

Initialization of Strings
There are two primary ways to initialize strings in C:

1. Using Double Quotes (String Literal)

A string can be initialized by assigning a string literal (enclosed in double quotes) to the array.
e Syntax:
e char str[] = "Hello";
o Here, the compiler automatically determines the size of the array (in this case, 6 to
accommodate the 5 characters plus the null character).
o Thestring "Hello" isstoredas {'H', 'e', '1', '1l', 'o', '\0'}in memory.

2. Using Individual Characters

You can also initialize a string by assigning individual characters one by one to each element of
the character array.

e Syntax:
e char str[6] = {'H', 'e', '1', '1', 'o', '"\O'};

Accessing String Elements

Just like an array, the characters in a string can be accessed using indices, starting from O.

e Syntax:

e str[index]

e Example:

e char str[] = "Hello";

e printf("%c", str[0]); // Outputs 'H'



String Functions in C

C provides a variety of standard library functions for manipulating strings, most of which are

defined in the <string.h> header.

Common String Functions:

1. strlen|()

Returns the length of a string (excluding the null character).

2. #include <string.h>
3. int len = strlen(str);
4. strcpy()

// Returns the length of str

Copies one string into another.

5. #include <string.h>
6. strcpy(dest, src);

7. strcat()

// Copies src into dest

Concatenates (appends) one string to the end of another.

8. #include <string.h>
9. strcat(strl, str2);

10. strecmp ()

// Appends str2 to strl

Compares two strings lexicographically.

11.
12.

#include <string.h>
int result =
negative if different

13.strchr()

strcmp (strl,

str2);

Finds the first occurrence of a character in a string.

14.
15.

#include <string.h>
char *ptr =
pointer to it

16. strstr ()

strchr (str,

'e'); // Finds 'e'

Finds the first occurrence of a substring in a string.

17.
18.

#include <string.h>
char *ptr =
pointer to it

strstr(str,

"lo"); // Finds "lo"

Example of String Manipulation in C

#include <stdio.h>
#include <string.h>

int main () {
char strl1[20] = "Hello";
char str2[] = "World";

// Concatenate two strings

strcat (strl, str2);

printf ("Concatenated string:

// Copy string
char str3[20];

$s\n", strl); // Output:

// Returns 0 if equal,

positive or

in str and returns a

in str and returns a

HelloWorld



strcpy(str3, strl);
printf ("Copied string: %s\n", str3); // Output: HelloWorld

// Find length of the string
int length = strlen(str3);
printf ("Length of string: %d\n", length); // Output: 10

// Compare two strings

int result = strcmp(strl, str2);
if (result == 0) {

printf ("Strings are equal.\n");
} else {

printf ("Strings are not equal.\n");

}

return 0;

Output:

Concatenated string: HelloWorld
Copied string: HelloWorld
Length of string: 10

Strings are not equal.

Memory Representation of Strings

In C, a string is represented as a contiguous block of memory, with each character occupying one
byte. The string is terminated by the null character (' \o '), which marks the end of the string.

For example, the string "sHe110" would be stored as:
IHI lel lll lll lol I\Ol

e The address of the first character ('H') is the starting address of the string.
e The subsequent characters follow in contiguous memory locations, and the string is terminated
by the null character '\0"'.

Key Points about Strings in C

1. Null-Terminated: All C strings must end with a null character '\0"' to indicate the end of the
string.

2. Fixed Size: In C, the size of the string must be declared upfront. If not enough space is allocated,
it can lead to overflow or undefined behavior.

3. Array of Characters: A string is essentially an array of characters, and you can manipulate
individual characters using array indexing.



4. Standard Library Functions: C provides built-in functions to perform operations like copying,
concatenation, and comparison on strings.

Applications of Strings

e Text processing: Strings are used extensively in text manipulation, such as parsing, formatting,
and searching within text.

e Data handling: Strings are used to handle inputs and outputs in programs, such as reading from
files or user input.

e String matching algorithms: Searching for substrings or pattern matching within larger strings.

In summary, strings in C are powerful tools for text manipulation, and C offers a rich set of
functions to work with them efficiently.

Declaring & Initializing String Variables in C

In C, strings are represented as arrays of characters. Declaring and initializing string variables
involves creating an array to hold the characters and making sure the string is properly
terminated with a null character (' \o'), which marks the end of the string.

1. Declaring String Variables

A string is declared as an array of characters. The size of the array is determined by the number
of characters in the string, plus one additional space for the null character (" \o").

o Syntax for declaration:
e char string name[size];
e Example:

e char str[10]; // Declares a string variable of size 10 (can hold up to
9 characters + null terminator)

2. Initializing String Variables

Strings can be initialized in two main ways: using string literals or by assigning individual
characters.



1. Initializing with a String Literal

A string literal is a sequence of characters enclosed in double quotes. When initialized this way,
the compiler automatically adds the null character (*\o) at the end of the string.

e Syntax:

e char string name[] = "string";

o Example:

e char str[] = "Hello"; // Initializes a string with "Hello"

o Explanation: The size of str is automatically determined by the number of characters in
the string literal ("He11o") plus the null character '\0'. The array will be of size 6 (5
characters + 1 for '\0").

2. Initializing with Individual Characters

You can also initialize a string by manually assigning each character in the array, explicitly
adding the null character at the end.

e Syntax:

e char string name[size] = {'H', 'e', '1', '1', 'o', '\0'};

o Example:

e char str[6] = {'H', 'e', '1', '1', 'o', '\O0'}; // Initializes a string

with individual characters
o Explanation: Here, the string is manually constructed using individual characters. The

size of the array is explicitly 6, which accommodates the 5 characters plus the null
character '\0"'.

3. Initializing without Specifying Array Size

If you omit the size in the declaration and initialize the array with a string literal, the compiler
automatically determines the size based on the number of characters in the string literal.

e Syntax:

e char string name[] = "string";

e Example:

e char str[] = "Hello"; // The compiler automatically determines size as

6 (5 + 1 for '"\0")
o Explanation: The size of the array is automatically calculated as the number of
characters in the string ("Hel1lo") plus one for the null character.

4. Empty String Initialization
You can also initialize an empty string by setting the first element to the null character.
e Syntax:

e char string name[] = "";
e Example:



e char str[] = ""; // Initializes an empty string (size 1, containing

only '\0")

o Explanation: This initializes the string with just the null character, making it an empty

string.

Examples of Declaring and Initializing Strings

Example 1: Declaring and Initializing a String
#include <stdio.h>

int main () {
// Declaring and initializing a string using a string literal
char greeting[] = "Hello, World!";

// Printing the string
printf ("$s\n", greeting); // Output: Hello, World!

return 0;

}

Example 2: Declaring and Initializing a String with Individual Characters
#include <stdio.h>

int main () {
// Declaring and initializing a string manually
char namel6] = {'J', 'o', 'h', 'n', ' ', 'D'};

// Manually adding the null terminator
name[6] = '\0';

// Printing the string
printf ("%$s\n", name); // Output: John D

return 0;

}

Example 3: Declaring and Initializing an Empty String
#include <stdio.h>

int main () {
// Declaring and initializing an empty string

char emptyString[] = "";

// Printing the empty string

printf ("The string is: '$s'\n", emptyString); // Output: The string is:

return 0;

Important Points to Remember:



1. Null Terminator ('\o'): Every string in C is null-terminated, which means it always
ends with the *\o' character. This indicates the end of the string.

2. Size of the Array: The array size must be large enough to store all characters of the
string plus the null terminator.

o Example: For "Hello", the size should be at least 6 (5 characters + '\0"').

3. String Literals: When initializing a string with a string literal (e.g., "He110"), the size is
automatically calculated by the compiler.

4. Accessing String Elements: You can access individual characters of a string using array
indexing, starting from index o.

Applications of Strings

e Text Processing: Strings are widely used in handling textual data, such as user inputs, file
operations, and string manipulations.

e String Manipulation: Functions like concatenation, comparison, and substring searching are all
based on manipulating strings in C.

String Handling Functions in C

C provides a variety of functions for manipulating and working with strings, most of which are
defined in the standard library <string.h>. These functions help with string operations such as
copying, concatenation, comparison, length calculation, and more.

Below are some of the most commonly used string handling functions in C:

1.strlen()
The str1en () function calculates the length of a string, excluding the null character (*\o").

e Syntax:
e size t strlen(const char *str);
o Parameters:
o str: Pointer to the null-terminated string.

e Returns:
o The length of the string (excluding the null character).
e Example:

e #include <stdio.h>
e #include <string.h>



e int main() {

. char str[] = "Hello";
. printf ("Length of string: %$zu\n", strlen(str)); // Output:
° return 0;
LI
2.strcpy()

The strcpy () function copies one string into another.

e Syntax:

e char *strcpy(char *dest, const char *src);

o Parameters:
o dest: Destination string where the content of src will be copied.
o src: Source string to be copied.

e Returns:
o A pointer to the destination string (dest).
o Example:

e d#include <stdio.h>
e #include <string.h>

e int main() {
. char src[] = "Hello";
. char dest[10];
° strcpy (dest, src);
o printf ("Copied string: %s\n", dest); // Output: Hello
° return 0;
o }
3.strcat()

The strcat () function concatenates (appends) one string to the end of another.

e Syntax:

e char *strcat(char *dest, const char *src);

o Parameters:
o dest: The destination string to which src will be appended.
o src: The string to be appended to dest.

e Returns:
o A pointer to the destination string (dest).
e Example:

e d#include <stdio.h>
e f#include <string.h>



int main () {
char strl1[20] = "Hello";
char str2[] = " World!"™;
strcat (strl, str2);

printf ("Concatenated string: %$s\n", strl); // Output: Hello World!

return 0;

4.strcmp()

The strcmp () function compares two strings lexicographically.

Syntax:
int strcmp(const char *strl, const char *str2);
Parameters:
o stri: First string to compare.
o str2: Second string to compare.
Returns:
o 0 if the strings are equal.
o A positive number if str1 is lexicographically greater than str2.
o A negative number if str1 is lexicographically smaller than str2.
Example:
#include <stdio.h>
#include <string.h>

int main() {
char strl[] = "Apple";
char str2[] = "Banana";
int result = strcmp(strl, str2);

if (result == 0)

printf ("Strings are equal.\n");
else if (result > 0)

printf ("strl is greater than str2.\n");
else

printf ("strl is smaller than str2.\n"); // Output: strl is

smaller than str2.
return 0;

5.strchr()

The strchr () function searches for the first occurrence of a character in a string.

Syntax:

char *strchr (const char *str, int c);



« Parameters:
o str: The string to search in.
o c: The character to find.

e Returns:
o A pointer to the first occurrence of c in str, or nuLL if the character is not found.
o Example:

e #include <stdio.h>
e f#include <string.h>

e int main() {

. char str[] = "Hello, World!";
° char *ptr = strchr(str, 'o');
. if (ptr)
° printf ("Found 'o' at position: %1d\n", ptr - str); // Output:
Found 'o' at position: 4
o return 0;
LI
6.strstr()

The strstr () function searches for the first occurrence of a substring in a string.

e Syntax:
e char *strstr(const char *haystack, const char *needle);
o Parameters:

o haystack: The string to search in.

o needle: The substring to search for.

e Returns:
o A pointer to the first occurrence of needle in haystack, or NULL if the substring
is not found.
o Example:

e #include <stdio.h>
e #include <string.h>

e int main() {

. char str[] = "Hello, World!";

. char *ptr = strstr(str, "World");

. if (ptr)

. printf ("Found 'World' at position: %1d\n", ptr - str); //

Output: Found 'World' at position: 7
. return 0;

7. strtok ()



The strtok () function splits a string into tokens based on specified delimiters.

Token:
Token:
Token:
Token:

Syntax:
char *strtok(char *str, const char *delim);
Parameters:
o str: The string to be split (on the first call). On subsequent calls, pass NuLL to
continue tokenizing the same string.
o delim: A string containing the delimiters (characters that will be used to separate
tokens).
Returns:
o A pointer to the first token, or nuz1. when no more tokens are available.

Example:
#include <stdio.h>
#include <string.h>

int main () {
char str[] = "Hello,World,C,Programming";
char *token = strtok(str, ","):;
while (token != NULL) {

printf ("Token: %s\n", token);
token = strtok (NULL, ",");
}

return 0;

Hello

World

C
Programming

8.sprintf()

The sprintf () function formats and stores a string in a variable, similar to printf (), but
instead of printing the result to the console, it stores the formatted string in a buffer.

Syntax:
int sprintf (char *str, const char *format, ...);
Parameters:
o str: The buffer to store the formatted string.
o format: The format string (same as used in printf ()).
o ....Additional arguments to be formatted.
Returns:
o The number of characters written to st r (not including the null terminator).
Example:



e #include <stdio.h>

e int main() {

° char buffer[50];

o int age = 25;

° sprintf (buffer, "My age is %d", age);

o printf ("$s\n", buffer); // Output: My age is 25
° return 0;

Character Handling Functions in C

Character handling functions are used to manipulate and examine individual characters. These
functions are defined in the header file <ctype.n> and allow you to check or modify characters
according to their types (such as whether they are digits, letters, or whitespace).

Below are the most commonly used character handling functions in C:

1.isalnum()
The isa1num () function checks if a character is alphanumeric (i.e., a letter or a digit).

e Syntax:

e int isalnum(int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is alphanumeric (a letter or a digit).
o 0 (false) if c is not alphanumeric.

e Example:
e #include <stdio.h>
e finclude <ctype.h>

e int main() {

[ char ¢ = 'A';

U if (isalnum(c))

o printf ("%c is alphanumeric.\n", c); // Output: A is
alphanumeric.

. return 0;

e }



2. isalpha ()

The isalpna () function checks if a character is an alphabet letter (either lowercase or
uppercase).

e Syntax:

e int isalpha(int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is an alphabet letter.
o 0 (false) if c is not an alphabet letter.

o Example:
e d#include <stdio.h>
e d#include <ctype.h>

e int main() {

o char ¢ = 'a';

. if (isalpha(c))

. printf ("%c is an alphabet letter.\n", c); // Output: a is an
alphabet letter.

o return 0;

3. isdigit()
The isdigit () function checks if a character is a digit (0-9).

e Syntax:

e int isdigit(int c);

o Parameters:
o c: The character to check.

¢ Returns:
o Non-zero value (true) if c is a digit.
o 0 (false) if c is not a digit.

e Example:

e #include <stdio.h>

e finclude <ctype.h>

e int main() {

o char ¢ = '5';

° if (isdigit(c))

° printf ("%$c is a digit.\n", c); // Output: 5 is a digit.

. return 0;



4.islower()
The is1ower () function checks if a character is a lowercase letter (a-z).

e Syntax:

e int islower (int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is a lowercase letter.
o 0 (false) if c is not a lowercase letter.

o Example:
e #include <stdio.h>
e f#include <ctype.h>

e int main() {

. char ¢ = 'g';

° if (islower(c))

o printf ("%$c is a lowercase letter.\n", c); // Output: g is a

lowercase letter.
. return 0;

5.isupper()
The isupper () function checks if a character is an uppercase letter (A-Z).

e Syntax:

e int isupper(int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is an uppercase letter.
o 0 (false) if c is not an uppercase letter.

e Example:
e finclude <stdio.h>
e #include <ctype.h>

e int main() {

. char ¢ = 'M';

° if (isupper(c))

. printf ("%c is an uppercase letter.\n", c); // Output: M is an

uppercase letter.
° return 0;



6.isspace()

The isspace () function checks if a character is a whitespace character (spaces, tabs, newlines,
etc.).

e Syntax:

e 1int isspace(int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is a whitespace character.
o 0 (false) if c is not a whitespace character.

o Example:
e d#include <stdio.h>
e d#include <ctype.h>

e int main() {

o char ¢ =" ";

. if (isspace(c))

. printf ("Character is a whitespace.\n"); // Output: Character is

a whitespace.
o return 0;

7.tolower()

The tolower () function converts a character to its lowercase equivalent if it is an uppercase
letter.

e Syntax:
e int tolower (int c);
o Parameters:
o c: The character to convert.

e Returns:
o The lowercase equivalent of c if ¢ is an uppercase letter; otherwise, returns c
unchanged.
e Example:

e #include <stdio.h>
e finclude <ctype.h>

e int main() {
. char ¢ = 'A';
. printf ("Lowercase of %c is %c\n", c, tolower(c)); // Output:

Lowercase of A is a
. return 0;



8.toupper()

The toupper () function converts a character to its uppercase equivalent if it is a lowercase
letter.

e Syntax:
e int toupper (int c);
o Parameters:
o c: The character to convert.

e Returns:
o The uppercase equivalent of c if c is a lowercase letter; otherwise, returns c
unchanged.
o Example:

e #include <stdio.h>
e {f#include <ctype.h>

e int main() {
o char ¢ = 'b'";
. printf ("Uppercase of %c is %c\n", ¢, toupper(c)); // Output:

Uppercase of b is B
. return 0;

9. isxdigit()
The isxdigit () function checks if a character is a hexadecimal digit (0-9 or A-F).

e Syntax:

e int isxdigit(int c);

e Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is a hexadecimal digit (0-9, A-F, or a-f).
o 0 (false) if c is not a hexadecimal digit.

e Example:

e #include <stdio.h>

e finclude <ctype.h>

e int main() {

. char ¢ = 'F';

. if (isxdigit(c))

. printf ("$c is a hexadecimal digit.\n", c); // Output: F is a

hexadecimal digit.
° return 0;



lO.isprint()

The isprint () function checks if a character is a printable character, including space but
excluding control characters.

e Syntax:

e int isprint(int c);

o Parameters:
o c: The character to check.

e Returns:
o Non-zero value (true) if c is a printable character.
o 0 (false) if c is not a printable character.

o Example:
e #include <stdio.h>
e f#include <ctype.h>

e int main() {

° char ¢ = '9";

. if (isprint(c))

° printf ("%c is a printable character.\n", c); // Output: 9 is a

printable character.
° return 0;



Unit— IV

Functions in C

A function in C is a block of code that performs a specific task. Functions allow for code reuse,
modularity, and easier maintenance. Functions can take inputs (parameters), perform a task, and
optionally return a value. C functions are one of the core concepts of structured programming.

Types of Functions in C

1. Library Functions
o These are predefined functions provided by C libraries, like printf (), scanf (),
strlen (), etc.
o These functions are included in specific header files (e.g., <stdio.h>,
<string.h>)
2. User-Defined Functions
o These are functions defined by the programmer to perform specific tasks. They
are essential for modular programming.
o A user-defined function must have a return type, a function name, and parameters

(if any).

Function Structure
A function in C consists of:

e Return Type: Specifies the type of value the function will return. If the function doesn’t
return any value, the return type is void.

e Function Name: A unique identifier for the function.

o Parameters: Variables passed to the function to provide input values. Parameters are
optional.

« Body: The block of code that defines what the function does.

Function Declaration (Prototype)

The function declaration tells the compiler about the function's name, return type, and parameters
before its actual definition.

e Syntax:



e return type function name (parameterl type parameterl, parameter2 type
parameter2, ...);

o Example:
e int add(int, int); // Function declaration (prototype)

Function Definition

The function definition provides the actual implementation of the function, including the task it
performs.

e Syntax:
e return type function name (parameterl type parameterl, parameter2 type
parameter2, ...) |
. // Code to perform the task
° return return value; // Optional if return type is not void
° } B
o Example:
e int add(int a, int b) {
o return a + b;
e }
Function Call

A function is called (or invoked) by using its name followed by parentheses. If the function
accepts parameters, their values are passed inside the parentheses.

e Syntax:

e function name (arguments) ;

e Example:

e int result = add(3, 5); // Calling the 'add' function with arguments 3
and 5

Types of Functions Based on Return Type

1. Functions with No Return Type (void):
o These functions do not return any value.

o The void keyword is used as the return type.
o Example:

o wvoid greet () {

o printf ("Hello, world!\n");

o 1}

2. Functions Returning a Value:
o These functions return a value of a specified type (e.g., int, float).

o Example:
o int multiply(int a, int b) {



o return a * b;

Example: Simple Function Definition and Call

Here's an example of a user-defined function that adds two numbers and returns the result.

#include <stdio.h>

// Function declaration (prototype)
int add(int, int);

int main() {
int result;
result = add(5, 7); // Calling the 'add' function
printf ("Sum: %d\n", result); // Output: Sum: 12
return 0;

}

// Function definition
int add(int a, int b) {
return a + b;

}

Pass by Value and Pass by Reference

1. Pass by Value:
o The function receives a copy of the argument.
o Changes made to the parameter inside the function do not affect the original
argument.
Example:
void addFive (int a) {
a =a+ 5;
printf ("Inside function: %d\n", a); // Changes a locally

int main () {

int num = 10;

addFive (num) ;

printf ("Outside function: %d\n", num); // num remains
unchanged outside

return 0;

O O OO0 O OO0 0O
—

O

o }
2. Pass by Reference:

o The function receives the address of the argument (using pointers).
Changes made inside the function will affect the original argument.

Example:
void addFive (int *a) {

*a = *a + 5; // Modify value at the address
}

int main () {

O O O OO0 O



o O

int num = 10;

addFive (&num); // Pass address of num

printf ("Outside function: %d\n", num); // num is changed
outside

return 0;

}

Recursive Functions

A recursive function is a function that calls itself in order to solve a problem. Recursion is
typically used when a problem can be divided into smaller subproblems.

o Example (Factorial Calculation):
e f#include <stdio.h>

e int factorial (int n) {

e int

120

if (n == 0)
return 1;

else
return n * factorial(n - 1); // Recursive call
main () {
int num = 5;
printf ("Factorial of %d is %d\n", num, factorial (num)); // Output:

return 0;

Function Overloading and C

Unlike languages like C++, C does not support function overloading (defining multiple
functions with the same name but different parameters). In C, each function name must be
unique within its scope.

Inline Functions (C99 and later)

An inline function is a function that is expanded in place where it is called, rather than being
invoked normally. This can improve performance for small functions by reducing the function-
call overhead.

e Syntax:

e inline return type function name (parameterl, parameter2, ...) {

// Function code



}

Example:

inline int add(int a, int b) {
return a + b;

}

Function Prototype in C

A function prototype (also called a function declaration) in C is a declaration of a function that
specifies its name, return type, and parameters (if any), but does not include the body of the
function. The prototype provides the compiler with the information about the function's
interface, allowing it to check for correctness when the function is called in the code.

Syntax of Function Prototype

The general syntax for a function prototype is:

return type function name (parameterl type parameterl, parameter2 type
parameter2, ...);

e return_type: The type of value that the function will return (e.g., int, float, void, etc.).
If the function does not return any value, void is used.
o function_name: The name of the function.
o parameters: A list of input parameters, including their types. If the function takes no
parameters, this is left empty (i.e., ()).
o Each parameter is defined by its type and a variable name.
o You can also declare the parameters without names (e.g., int, float), though
this is uncommon.

Example of Function Prototype

int add(int, int); // Function prototype declaring that the function returns
an int and takes two int parameters

In this example:
e The function is named add.

o It takes two parameters, both of type int.
e ltreturns an integer (int).



Example: Complete Program with Function Prototype

#include <stdio.h>

// Function prototype
int add(int, int); // Declares that the 'add' function returns an integer
and takes two integer parameters

int main () {
int result;
result = add (5, 7); // Function call with arguments
printf ("Sum: %d\n", result); // Output: Sum: 12

return 0;

}

// Function definition
int add(int a, int b) {
return a + b; // Adds two integers and returns the result

}

In this program:

=

The function prototype int add(int, int); IS declared before the main () function.
The function call add (5, 7); is made in the main () function.

3. The function definition is provided after main (), where the actual logic of the add
function is implemented.

N

Why Use Function Prototypes?

1. Early Compilation: Function prototypes allow the compiler to check function calls for
correctness (such as ensuring the correct number and type of arguments are passed)
before the actual function definition is encountered.

2. Separation of Declaration and Definition: Function prototypes are especially useful
when the function definition is placed after the main () function or in a separate source
file, allowing the programmer to declare functions at the top of the program.

3. Error Checking: The compiler can detect errors related to mismatched parameters and
return types, preventing many runtime errors.

4. Modular Programming: Prototypes allow the development of modular code, where
function declarations can be provided in header files (. n files), and definitions can be in
source files (. c files).

Function Prototype with No Parameters



If a function takes no parameters, the function prototype looks like this:

void greet (void); // A function that takes no parameters and returns no
value

In this case:

e void means the function does not return any value.
e void in the parameter list indicates that the function does not take any arguments.

Function Prototype and Return Type

You can also declare a function with a different return type, like f1oat, char, Or double:

float divide (float a, float b); // Function that takes two floats and
returns a float

Function Definition and Calling in C

In C, functions help break down a program into smaller, manageable parts. The function
definition provides the implementation of the function, and the function calling is when the
function is invoked to perform its task.

Function Definition

A function definition is where you define the actual functionality of the function. It includes the
function's name, return type, parameters (if any), and the body where the operations are
performed.

Syntax of Function Definition:
return type function name (parameterl type parameterl, parameter2 type
parameter2, ...) {

// Function body

// Code to execute

return return value; // Return statement (if the function returns a

value)

}

e return_type: Specifies the type of value the function will return (e.g., int, float, void).
e function_name: The name used to call the function.
e parameters: Optional. Variables passed to the function to perform a task (can be zero or more).



e Function Body: The code that defines what the function does.
e Return statement: Used if the function returns a value. If the return type is void, no return
statement is needed.

Example of Function Definition:
#include <stdio.h>

// Function definition
int add(int a, int b) {
return a + b; // Adds two integers and returns the result

}

int main() {
int sum;
sum = add(5, 3); // Function call
printf ("Sum: %d\n", sum); // Output: Sum: 8

return 0;

In this example:

e The function add () is defined to take two int arguments and return their sum.
e The function returns an int value and has a return statement return a + b;.

Function Calling

Function calling refers to invoking a function in the program. A function is called by using its
name and providing any necessary arguments (if any). When the function is called, the program
flow jumps to the function's definition, executes the code there, and then returns to the point
where the function was called.

Syntax of Function Call:
function name (arguments) ;

e function_name: The name of the function you want to call.
e arguments: The values passed to the function (if any). These should match the type and order of
the function's parameters.

Example of Function Calling:
#include <stdio.h>

int add(int a, int b) {
return a + b; // Adds two integers and returns the result

}

int main () {
int result;
result = add (10, 20); // Function call with arguments



printf ("Sum: %d\n", result); // Output: Sum: 30
return 0;

Here:

e The function add (10, 20) is called with two arguments, 10 and 20.
e The function adds them and returns the result (30), which is then stored in the result variable
and printed.

Pass-by-Value in Function Calling

In C, arguments are passed by value, meaning the function receives a copy of the argument.
Modifications to the parameters inside the function do not affect the original arguments.

Example of Pass-by-Value:
#include <stdio.h>

void modify(int a) {
a=a+ 5; // Modifies the local copy of 'a

printf ("Inside function: %d\n", a); // Inside function: 15
}
int main () {
int num = 10;
modify(num); // Calling the function with 'num'
printf ("Outside function: %d\n", num); // Outside function: 10

return 0;

}
In this example:
e numinmain () is passed to the function modify ().

e Insidemodify (), a is modified, but numin main () remains unchanged because pass-by-value
was used.

Pass-by-Reference in Function Calling (Using Pointers)

If you want a function to modify the original value of the arguments, you can use pointers to
pass by reference.

Example of Pass-by-Reference:
#include <stdio.h>

void modify(int *a) {



int

*a = *a + 5; // Modifies the original value of 'a' using pointer

main () {

int num = 10;

modify (&num); // Calling the function with the address of 'num'
printf ("Outside function: %d\n", num); // Outside function: 15
return 0;

In this example:

e The address of num is passed to the modify () function using the & operator.
e The function modifies the value at the address using the dereference operator (*), which
changes the original value of num.

Conclusion

1. Function Definition: Specifies how a function works. It includes the return type, function name,
parameters, and the code that performs the task.

2. Function Calling: Invokes a function to perform its task. The function is called by its name, and
the arguments (if any) are passed in.

3. Pass-by-Value: The function works with a copy of the argument, so the original value remains
unchanged.

4. Pass-by-Reference: The function modifies the original value of the argument using pointers.

Function definition and calling are essential concepts in C programming, enabling code
modularity, reuse, and logical separation of tasks.



Return Statement in C

The return statement in C is used to exit from a function and optionally return a value to the
function caller. The return statement serves two main purposes:

1. Exits the function: It terminates the execution of the function and transfers control back to the
caller.

2. Returns avalue: If the function has a non-void return type (e.g., int, float, etc.), the return
statement can be used to return a value of the specified type.

Syntax of Return Statement

return expression;

e expression: The value or variable that you want to return from the function. This is required if
the return type of the function is not void. If the return type is void, the return statement
can be used without an expression to exit the function.

Return Statement in Functions with Non-Void Return Type

If the function has a return type other than void (e.g., int, float, etc.), the return Statement
must return a value that matches the return type.

Example (Function Returning int):
finclude <stdio.h>

// Function definition: Returns the sum of two integers
int add(int a, int b) {
return a + b; // Returns the sum of 'a' and 'b'

}

int main () {
int result = add(5, 3); // Function call
printf ("Sum: %d\n", result); // Output: Sum: 8

return 0;

In this example:

e The add () function returns an int value (the sum of a and b).
e Thereturn statement return a + b; sends the result back to the caller, which is then stored
in the result variableinmain ().



Return Statement in VVoid Functions

If a function does not return a value, it is defined with a void return type. In such cases, the
return statement can be used simply to exit the function early, without returning any value.

Example (Void Function):
#include <stdio.h>

// Void function: Does not return any value
void greet () {

printf ("Hello, world!\n");

return; // Optional: Exits the function

}

int main () {
greet(); // Function call
return 0;

In this example:

e The greet () function has a void return type, meaning it does not return any value.
e The return; statement is used to exit the function early, but it is optional in this case. The
function would exit even without it.

Return Statement with Expressions

The return statement can also return the result of an expression directly, without storing it in a
variable first.

Example:
#include <stdio.h>

// Function returning the square of a number
int square (int num) {
return num * num; // Directly returns the result of the expression

}

int main () {
printf ("Square of 4: %d\n", square(4)); // Output: Square of 4: 16
return 0;

Here:

e The square () function returns the result of num * num directly in the return statement.
e The function is called with the argument 4, and the return value is printed.



Using Return to Exit Early from a Function

In functions with complex logic, you can use the return Statement to exit early based on certain
conditions. This is useful for controlling the flow of the function.

Example:
#include <stdio.h>

int divide (int a, int b) {
if (b == 0) {
printf ("Error: Division by zero!\n");
return -1; // Return error code
}
return a / b; // Return the result of division

}

int main () {
int result = divide (10, 2); // Function call
if (result != -1) {
printf ("Result: %d\n", result); // Output: Result: 5
}
result = divide (10, 0); // Function call with error

return 0;

In this example:

e The divide () function checks if the denominator is zero.
e Ifitis, it prints an error message and returns early with an error code (-1).
e If the denominator is not zero, the division result is returned.

Return Statement in Recursive Functions

In recursive functions, the return statement is used to return the result of each recursive call
until the base case is reached.

Example:
#include <stdio.h>

// Recursive function to calculate factorial
int factorial (int n) {
if (n == 0)
return 1; // Base case: factorial of 0 is 1
else
return n * factorial(n - 1); // Recursive call



int main () {
int result = factorial(5); // Function call
printf ("Factorial: %d\n", result); // Output: Factorial: 120
return 0;

In this example:

e The factorial () function calls itself recursively to calculate the factorial of n.
e The return statement passes the result of the recursive call back through the chain of calls
until the base case (n == 0) is reached.

Conclusion

e The return statement is used to exit a function and optionally return a value.

e In functions with a non-void return type, the return statement must return a value matching
the function's return type.

e The return statement can be used in functions with void return type to exit early without
returning any value.

e Itis a crucial control statement for managing the flow of a program, especially in recursive and
complex functions.

Nesting of Functions in C

Nesting of functions refers to the practice of calling one function from within another function.
This allows you to break down complex tasks into smaller, manageable pieces. In C, you can
nest functions by invoking a function from inside another function's body.

However, C does not allow function definitions to be nested (i.e., you cannot define a function
inside another function), but you can call a function within another function.

Syntax of Nested Function Calls

The general syntax for nesting functions is:

return type function name (parameterl, parameter2, ...) {
// Function body
// Calling another function inside
return another function (arguments);



Example of Nested Function Calls

In this example, we define a simple program where one function calls another function:

#include <stdio.h>

// Function to add two numbers
int add(int a, int b) {
return a + b;

}

// Function to multiply the result of add() by another number
int multiply by two(int a, int b) {

int sum = add(a, b); // Calling the 'add' function

return sum * 2; // Returning the result of multiplication

}

int main () {
int result = multiply by two(5, 3); // Calling the 'multiply by two'
function
printf ("The result is: %d\n", result); // Output: The result is: 16
return 0;

}
In this example:
e The add () function adds two integers and returns the sum.
e Themultiply by two () function calls add () to get the sum of a and » and then

multiplies the sum by 2.
e Themain() function calls multiply by two () to get the final result.

Benefits of Function Nesting

1. Modularity: Nesting allows breaking a large task into smaller functions, making the
code more modular and easier to manage.

2. Reusability: Functions can be reused in different parts of the program, which reduces

redundancy and keeps the code clean.
3. Readability: Well-structured nested functions make the program easier to read and
understand.

4. Debugging: It’s easier to isolate and fix bugs in smaller functions than in large blocks of

code.

Example with More Complex Nesting

Consider a case where we call multiple functions within another function:



#include <stdio.h>

// Function to find the maximum of two numbers
int max (int a, int b) {
return (a > b) ? a : b;

}

// Function to calculate the average of two numbers
float average (int a, int b) {

return (a + b) / 2.0;
}

// Function to compute the difference between the maximum value and the
average
float difference(int a, int b) {

int maximum = max(a, b); // Call to max function
float avg = average(a, b); // Call to average function
return maximum - avg; // Return the difference

}

int main () {
int numl = 10, num2 = 20;

printf ("The difference between the max and average is: %.2f\n",
difference (numl, num?2));
return 0;

}
In this example:

e Themax () function determines the greater of two numbers.

e The average () function calculates the average of the two numbers.

e The difference () function first calls max () and average (), then calculates the
difference between the two results and returns it.

Considerations and Limitations

e No Nested Definitions: In C, while functions can be nested (called within one another),
you cannot define a function inside another function.

« Function Visibility: A function can only be called if it is declared and defined before the
calling function or if its prototype is declared beforehand.

« Efficiency: Nested function calls can sometimes result in deeper function call stacks, so
it's essential to be aware of potential performance issues in highly recursive or deeply
nested function scenarios.



Categories of functions

In C, functions can be categorized based on different criteria such as their return type, arguments,
and functionality. Below are the common categories of functions in C:

1. Based on Return Type

e Functions with a return value: These functions return a specific value (e.g., int, float, char,
etc.) to the caller after performing some operations.

e Functions without a return value (void functions): These functions do not return any value to
the caller. They perform a task but do not send any data back.

Examples:

e Function with return value:

e int add(int a, int b) {

. return a + b;

o }

e Void function:

e void greet () {

. printf ("Hello, World!"™);

2. Based on Arguments (Parameters)

e Functions with parameters: These functions accept one or more arguments (parameters) to
perform their operations. The arguments are passed from the calling function.

e Functions without parameters: These functions do not accept any arguments and operate on
fixed values or perform tasks without needing any input from the caller.

Examples:

e Function with parameters:

e int multiply(int a, int b) {
o return a * b;

o }

¢ Function without parameters:

e void sayHello () {

. printf ("Hello!");

3. Based on Functionality

e Library functions: These are predefined functions available in standard libraries like stdio.h,
math.h, stdlib.h, etc. They provide various built-in functionalities such as input/output
operations, mathematical operations, memory allocation, etc.



o Exan1pbs:printf(),scanf(),sqrt(),malloc().
e User-defined functions: These are functions that you define yourself in your program to
perform specific tasks. They allow you to modularize and reuse code effectively.
o Examples: int add(int a, int b),void printMessage ().

4. Based on Scope of Use

e Built-in functions: These are functions that are part of C's standard libraries (e.g., printf (),
sqrt () ).

e User-defined functions: These are functions defined by the programmer. They can be used to
divide a program into smaller tasks for better organization and readability.

5. Based on Recursion

e Recursive functions: These are functions that call themselves during execution. A recursive
function typically solves problems by breaking them down into smaller sub-problems.

o Example: Calculating the factorial of a number:
o 1int factorial (int n) {

o if (n == 0) return 1;
o return n * factorial(n - 1);
o }

¢ Non-recursive functions: These functions do not call themselves. They perform their task by
using loops or simple operations.

o Example: Adding two numbers:
o int add(int a, int b) {
o return a + b;
o

}
6. Based on Execution

e Static functions: These functions are defined with the static keyword. They are accessible
only within the file where they are defined, restricting their scope to that file.

o Example:

o static int sum(int a, int b) {
o return a + b;

o }

e External functions: These are functions that can be accessed across multiple files. They are
defined outside the current file and linked at the time of compilation.

o Example:
o extern int multiply(int a, int b);



Summary of Categories of Functions

Category Function Type Example

With return value, Without return value
Return Type (void) int add(), void greet ()
VOi

. . int ltiply (int int b), id
Arguments (|With parameters, Without parameters int multiply(int &, in ), vol

sayHello ()
) . ||Library functions, User-defined . ,
Functionality . printf (), int add()
functions
Built-in functions, User-defined . . .
Scope of Use . printf (), int multiply ()
functions
] Recursive functions, Non-recursive . . .
Recursion int factorial(), int add()

functions

. . . . static int sum extern int
Execution Static functions, External functions , 0
multiply ()

Recursion in C

Recursion is a programming technique in which a function calls itself to solve smaller instances
of the same problem. It is used to break down a problem into simpler sub-problems that can be
solved individually.

In C, a function is said to be recursive if it calls itself within its own definition. A recursive
function typically has two key components:

1. Base case: A condition that terminates the recursion to prevent infinite loops.
2. Recursive case: The part of the function where the function calls itself, usually with modified
arguments.

Basic Structure of a Recursive Function

The general syntax of a recursive function is:



return type function name (parameters) {
if (base condition) {
// Base case: Return the result without further recursion
return base value;
} else {
// Recursive case: Call the function again with modified parameters
return function name (modified parameters);

Example of Recursion: Factorial of a Number

A common example of recursion is calculating the factorial of a number. The factorial of a
number n is the product of all positive integers less than or equal to n. Mathematically, it is
defined as:

e factorial(0) 1 (Base case)
e factorial(n) = n * factorial(n - 1) (Recursive case)

C Program to Calculate Factorial Using Recursion
#include <stdio.h>

// Recursive function to find factorial of a number
int factorial (int n) {

if (n == 0) {
return 1; // Base case
} else {
return n * factorial(n - 1); // Recursive case
}
}
int main () {
int num = 5;
printf ("Factorial of %d is %d\n", num, factorial(num)); // Output:

Factorial of 5 is 120
return 0;

}
How This Works:

The function factorial (5) calls factorial (4).

factorial (4) calls factorial (3), and so on until it reaches factorial (0).

When factorial (0) is called, it returns 1, which is the base case.

The function then returns the result back up the call stack, multiplying the values as it goes: 1 *
2 * 3 * 4 * 5,

PwnNPE

Advantages of Recursion



1. Simplifies Code: Recursion often simplifies complex problems, especially those that can be
broken into smaller, similar sub-problems (e.g., tree traversal, searching, sorting).

2. Cleaner and More Readable: Recursive solutions are often more elegant and easier to
understand compared to iterative solutions, especially in problems like factorial calculation,
Fibonacci series, etc.

3. Better Representation of Problems: Some problems (e.g., tree and graph traversal) are
naturally recursive, and recursion provides a more direct way to represent the problem.

Disadvantages of Recursion

1. Performance Overhead: Recursive function calls consume more memory and CPU time due to
the function call stack. Each recursive call adds a new frame to the call stack, which can lead to
stack overflow if the recursion is too deep.

2. Risk of Infinite Recursion: If the base case is not correctly defined or if the function is incorrectly
implemented, it can result in infinite recursion, which can crash the program or cause a stack
overflow.

3. Higher Memory Usage: Recursive calls generally use more memory due to maintaining the
function call stack.

Tail Recursion

A special form of recursion is tail recursion, where the recursive call is the last statement in the
function. In tail recursion, no additional computation is done after the recursive call, allowing the
compiler to optimize the recursion and reduce the overhead.

Example of Tail Recursion: Factorial Using Tail Recursion
#include <stdio.h>

// Tail recursive function to find factorial of a number
int factorial (int n, int result) {

if (n == 0) {
return result; // Base case
} else {
return factorial(n - 1, n * result); // Tail recursive call
}
}
int main () {
int num = 5;
printf ("Factorial of %d is %d\n", num, factorial (num, 1)); // Output:

Factorial of 5 is 120
return 0;

}

In this example:



The factorial () function accepts an additional parameter result, which accumulates the
result as the recursion progresses.

This allows the function to perform the calculation in constant space and ensures the recursion
is tail-recursive.

Examples of Problems Solved Using Recursion

1.

2.

3.

Fibonacci Series: The nth term in the Fibonacci series is defined as:

o F((0) =0
o F(1) =1
o F(n) = F(n-1) + F(n-2) forn > 1

C Program to Calculate Fibonacci Using Recursion:
#include <stdio.h>

// Recursive function to find Fibonacci number at position 'n'
int fibonacci (int n) {

if (n == 0) {
return 0;
} else if (n == 1) {
return 1;
} else {
return fibonacci(n - 1) + fibonacci(n - 2); // Recursive case
}
}
int main () {
int num = 6;

printf ("Fibonacci number at position %d is %d\n", num,
fibonacci (num)); // Output: Fibonacci number at position 6 is 8
return 0;

}

Tower of Hanoi: The Tower of Hanoi is a classic recursive problem that involves
moving a set of disks from one peg to another.

Binary Search: Recursion is often used in algorithms like binary search, where the
problem space is halved with each step.



Parameter Passing by address & by value

In C, parameters can be passed to functions in two primary ways: by value and by address.
These methods determine how the data is transferred from the calling function to the called
function and how modifications to the data affect the original variables.

1. Passing by Value

Passing by value means that a copy of the actual argument is passed to the function. The
function works with the copy of the variable, and any changes made to the parameter inside the
function do not affect the original argument in the calling function.

How it works:

e The calling function provides a copy of the actual value to the function.
e The function operates on the copy of the value.
e The original value remains unchanged.

Syntax:

return type function name (parameterl, parameter2, ...) {
// Function body

}

Example: Passing by Value
#include <stdio.h>

void modifyValue (int a) {
a=a* 2; // Modifies the copy of 'a'
printf ("Value inside function: %d\n", a);

}

int main () {

int num = 5;

printf ("Value before function call: %d\n", num);

modifyValue (num); // Passing by value

printf ("Value after function call: %d\n", num); // Original value is
unchanged

return 0;

}

Output:

Value before function call: 5
Value inside function: 10
Value after function call: 5

In this example:

e The function modifyvalue () receives a copy of the num variable.



e Inside the function, the copy of num is modified (doubled), but the original variable num in
main () remains unchanged.

2. Passing by Address (Pass by Reference)

Passing by address (or by reference) means passing the memory address (or reference) of the
variable to the function. This allows the function to access and modify the original variable
directly because it works with the memory location where the data is stored.

How it works:

e The calling function provides the address (or reference) of the variable to the function.
e The function accesses and modifies the actual variable at that memory address.
e Any changes made to the parameter inside the function will affect the original variable.

Syntax:

return type function name (type *parameter) {
// Function body

}

Example: Passing by Address
#include <stdio.h>

void modifyValue (int *a) {
*a = *a * 2; // Modifies the original value by dereferencing the pointer
printf ("Value inside function: %d\n", *a);

}

int main () {

int num = 5;

printf ("Value before function call: %d\n", num);

modifyValue (&num); // Passing the address of 'num'

printf ("Value after function call: %d\n", num); // Original value is
modified

return 0;

}

Output:

Value before function call: 5
Value inside function: 10
Value after function call: 10

In this example:

e ThemodifyValue () function receives the address of the variable num.
e Inside the function, the value at that address is modified using the dereference operator *.
e The change is reflected in the original variable numinmain ().



Comparison: Pass by Value vs Pass by Address

Aspect

Pass by Value

Pass by Address

What is passed

A copy of the actual value is passed.

The memory address (reference) is
passed.

Effect on original
value

The original value is not modified.

The original value can be modified.

Memory usage

Uses more memory because a copy of
the data is created.

Less memory is used, as only the address
is passed.

Performance

Can be slower for large data types (e.g.,
large structures or arrays).

More efficient for large data types since
only the address is passed.

Usage

Used when you don't want to modify the
original value.

Used when you want to modify the
original value.

When to Use Which Method?

e Pass by Value:
o When you need to protect the original value from changes.
o When working with small data types (e.g., integers or floats) where passing a copy
doesn't impact performance significantly.
e Pass by Address:
o When you need to modify the original value.
When working with large data types (e.g., arrays, structures) to avoid the overhead of
copying large amounts of data.
o When working with dynamically allocated memory (e.g., with pointers) to manipulate
data directly.




Local and Global Variables in C

In C programming, variables are classified into local and global variables based on their scope
and lifetime. Understanding the difference between these two types of variables is important for
writing clear and effective programs.

1. Local Variables

Local variables are variables that are defined inside a function or a block of code (such as
within loops or conditional statements). They can only be accessed within the function or block
in which they are defined. Once the function or block finishes execution, the local variables are
destroyed, and their memory is released.

Key Characteristics of Local Variables:

e Scope: Limited to the function or block in which they are declared.

e Lifetime: Exists only during the execution of the function or block where they are declared. They
are created when the function is called and destroyed when the function exits.

e Default Value: Local variables are not initialized by default. They may contain garbage values
unless explicitly initialized.

Syntax:

void function name () {
data type variable name; // Declaration of local variable
// variable initialization

}

Example:
#include <stdio.h>

void myFunction () {
int localVar = 10; // Local variable
printf ("Value of localVar: %d\n", localVar);
}

int main () {
myFunction () ;
// printf ("%d", localVar); // Error: localVar is not accessible here
return 0;

}

Output:

Value of localVar: 10

In this example:

e localVar is alocal variable defined inside the function myFunction ().



e Itisaccessible only within myFunction () and cannot be accessed inmain () or outside the
function.

2. Global Variables

Global variables are variables that are defined outside of all functions, typically at the top of the
program. These variables are accessible throughout the entire program, including all functions.
The value of a global variable persists for the lifetime of the program.

Key Characteristics of Global Variables:

e Scope: Accessible from any function in the program, making them "global."

e Lifetime: Exists for the entire duration of the program's execution. They are created when the
program starts and destroyed when the program ends.

e Default Value: Global variables are automatically initialized to zero (for numerical types) or
NULL (for pointers) if not explicitly initialized.

Syntax:
data_type variable name; // Declaration of global variable

void function name () {
// Access and modify global variable
}
Example:
#include <stdio.h>

int globalvar = 20; // Global variable

void myFunction () {
printf ("Value of globalVar: %d\n", globalVar); // Accessing global
variable
}
int main () {
printf ("Value of globalVar in main: %d\n", globalVar); // Accessing

global variable
myFunction(); // Calling the function to print global variable
return 0;

}

Output:

Value of globalVar in main: 20

Value of globalVar: 20

In this example:
e globalVar is a global variable defined outside any function.

e It can be accessed and modified in both main () and myFunction (), demonstrating its global
scope.



Comparison: Local vs Global Variables

Aspect Local Variables Global Variables
Scope Limited to the function or block where they ||Accessible throughout the entire
P are declared. program.
Lifetime Exists only during the execution of the Exists for the entire duration of the
ifeti
function/block. program.
. Not initialized by default, must be explicitly  ||Automatically initialized to zero (for basic
Initialization || = .
initialized. types).
. Memory is allocated in the data segment
Memory Memory is allocated on the stack.
of memory.
Visibilit Can only be used within the function/block Can be used and modified by any function
isibili
v where declared. in the program.
Example Temporary data within a function (e.g., loop ||Shared data between multiple functions,
Usage counters, intermediate results). settings, configuration data.

When to Use Local vs Global VVariables?

e Use Local Variables:
When you need a variable for temporary purposes, such as calculations or loop

@)

counters.

To avoid side effects and make your code more modular by limiting the scope of

variables.

To ensure the variable's value is not accidentally modified by other parts of the

program.

e Use Global Variables:
When you need to share data across multiple functions (e.g., configuration settings,
flags, or values that need to be accessed throughout the program).

When the data needs to persist across function calls and be accessible throughout the

o

entire program.

Potential Issues with Global Variables




1. Unintended Modifications: Since global variables can be accessed by any function, they may be
modified unintentionally, leading to bugs or unexpected behavior.

2. Harder to Maintain: If a program relies heavily on global variables, it can become difficult to
track how and where the variables are modified, making the code harder to maintain and
debug.

3. Poor Design: Overuse of global variables often suggests poor design, as it indicates that
different parts of the program are too tightly coupled.

Storage Classes in C

In C programming, storage classes define the lifetime, visibility (scope), and storage location of
variables. They provide essential control over how variables are stored and accessed. There are
four primary storage classes in C:

1. Automatic (auto)

2. External (extern)

3. Static (static)

4. Register (register)

Each storage class serves different purposes in terms of variable scope, lifetime, and memory
location.

1. Automatic Storage Class (auto)

e Default storage class for local variables if no storage class is specified.

e Variables declared with auto are automatically created when the function is called and
destroyed when the function exits.

e Scope: Local to the function or block in which they are declared.

e Lifetime: Exists only during the function's execution. When the function exits, the memory used
by the variable is released.

e Memory Location: Stored in the stack memory.

Example:
#include <stdio.h>

void myFunction () {
auto int x = 10; // auto is optional, as it's the default for local
variables

printf ("Value of x: %d\n", x);
}

int main () {
myFunction () ;



return 0;

In this example, x is an automatic variable because it is local t0o myFunction (). The auto
keyword is not necessary, as all local variables are automatic by default.

2. External Storage Class (extern)

e Extern is used to declare variables that are defined outside the current file or function. This
allows variables to be shared across different files in a multi-file program.

e Scope: The variable declared with extern is accessible throughout the program (i.e., across all
functions and files).

e Lifetime: The variable persists for the entire duration of the program.

¢ Memory Location: Stored in the data segment of memory, just like global variables.

Example:
#include <stdio.h>

extern int x; // Declaration of external variable

void myFunction () {
printf ("Value of x: %d\n", x);
}

int x = 5; // Definition of external variable

int main() {
myFunction () ;
return 0;

In this example:

e The variable x is declared as extern in myFunction (), meaning it is defined elsewhere (in this
case, inthe main () function).

e The extern keyword tells the compiler that the variable exists, but its actual definition is found
elsewhere in the program.

3. Static Storage Class (static)

e Static is used to keep the value of a variable persistent between function calls. It retains its
value across multiple invocations of the function.

e Forlocal variables, the static keyword ensures that the variable retains its value even after
the function exits.



e For global variables, static limits the visibility of the variable to the file where it is declared
(i.e., it cannot be accessed from other files).
e Scope:
o Forlocal variables: Limited to the function, but persists across function calls.
o For global variables: Limited to the file in which they are defined (file scope).
e Lifetime: Exists for the entire duration of the program.
e Memory Location: Stored in the data segment.

Example (Static in Local Variables):
#include <stdio.h>

void countCalls () {
static int counter = 0; // Retains its value between calls
counter++;

printf ("Function has been called %d times\n", counter);

}

int main () {

countCalls () ;

countCalls () ;

countCalls () ;

return 0;
}
Output:
Function has been called 1 times
Function has been called 2 times
Function has been called 3 times

In this example:

e counter is a static variable, so its value is retained between multiple calls to countCalls ().
e Without static, the counter would be re-initialized to 0 every time the function is called.

Example (Static in Global Variables):
#include <stdio.h>

static int x = 10; // Static global variable
void myFunction () {
printf ("Value of x: %d\n", x);
}
int main () {

myFunction () ;
return 0;

In this example:

e xis a static global variable. It is only accessible within the file where it is defined, making it
invisible to other files.



4. Register Storage Class (register)

e Register is used to indicate that a variable should be stored in a CPU register rather than RAM.
This can make access to the variable faster.

e Scope: Local to the function where it is declared.

e Lifetime: Exists only during the function's execution.

e Memory Location: Ideally stored in CPU registers, though this is not guaranteed. If no register is
available, it is stored in memory.

e Limitation: You cannot take the address of a register variable using the & operator (e.g., &x is
not allowed if x is declared as register).

Example:
#include <stdio.h>

void myFunction () {
register int i; // Register variable
for (i = 0; i < 5; i++) {
printf("%d ", 1i);
}
printf ("\n") ;

int main() {
myFunction () ;
return 0;

In this example:

e i isdeclared with the register keyword, suggesting to the compiler to store it in a CPU
register for faster access (though this is an optimization hint, not a guarantee).

Summary of Storage Classes

Storage . Memory
Keyword Scope Lifetime . Default Value
Class Location
Duration of )
. Local to ) Garbage value if
Automatic ||auto ) function/block Stack o
function/block ) uninitialized
execution
. Entire program 0 (for numerical
External extern ||Global (across files) . Data segment
runtime types)




Storage o Memory
Keyword Scope Lifetime . Default Value
Class Location
) ) Local to function (or |[|[Entire program 0 (for numerical
Static static ) ) Data segment
file for global) runtime types)
. , . Duration of function |[|CPU register (if||Garbage value if
Register register|Local to function

execution

available)

uninitialized

When to Use Each Storage Class

e auto: Default for local variables; use when you don’t need the variable to retain its value
between function calls.
e extern: Use to declare global variables that are defined in other files, or to share data across
multiple files.
e static: Use when you want a variable's value to persist between function calls (for local
variables) or to limit the visibility of a global variable to the current file (for global variables).
e register: Use for frequently accessed local variables, especially in loops, to optimize
performance by attempting to store the variable in CPU registers (though modern compilers
optimize this automatically).

Pointers in C

Pointers are one of the most powerful features in the C programming language. A pointer is a
variable that stores the memory address of another variable. Pointers provide direct access to
memory, making them essential for tasks like dynamic memory allocation, passing large data
structures to functions, and implementing data structures like linked lists.

1. Declaration and Initialization of Pointers

To declare a pointer, use the » operator with a data type. The pointer's type must match the type
of the variable it points to.

Syntax:

data type *pointer name;

Example:

#include <stdio.h>




int main () {

int a = 10; // Variable declaration

int *p; // Pointer declaration

p = &a; // Pointer stores the address of variable 'a'

printf ("Address of a: %p\n", &a); // Address of variable 'a'

printf ("Address stored in p: %$p\n", p); // Address stored in pointer

printf ("Value of a: %d\n", *p); // Dereferencing pointer to get value
of 'a'

return 0;

}

Output:

Address of a: 0x7ffeeld710ec
Address stored in p: 0x7ffeeld710ec
Value of a: 10

2. Pointer Operators

e & (Address-of Operator): Returns the memory address of a variable.
e * (Dereference Operator): Accesses the value stored at the memory address the pointer holds.

3. Pointer Types
Pointers are categorized based on the type of variable they point to:

e Integer Pointers: int *p;

e Character Pointers: char *p;

e Float Pointers: float *p;

e Void Pointers: void *p; (Can store the address of any data type).

4. Pointer Arithmetic
Pointers support arithmetic operations to navigate through memory:

¢ Increment (++): Moves the pointer to the next memory location of its data type.
e Decrement (--): Moves the pointer to the previous memory location of its data type.
e Addition/Subtraction: Adds or subtracts an integer to/from the pointer.

Example:
#include <stdio.h>

int main () {
int arr[3] = {10, 20, 30};



int *p = arr; // Pointer to the first element of the array

printf ("Pointer p points to: %d\n", *p);
pt++; // Move to the next integer
printf ("Pointer p now points to: %d\n", *p);
return 0;

}

Output:

Pointer p points to: 10

Pointer p now points to: 20

5. Null Pointers

A null pointer is a pointer that points to nothing. It is used to indicate that the pointer does not
currently hold a valid memory address.

Syntax:

int *p = NULL;
Example:

#include <stdio.h>

int main () {
int *p = NULL; // Null pointer
if (p == NULL) {

printf ("Pointer is null.\n");

}

return 0;

}
Output:
Pointer is null.

6. Pointer to Pointer
A pointer can also point to another pointer. This is called a pointer to pointer.

Syntax:

data type **pointer name;
Example:

#include <stdio.h>

int main () {
int a = 10;
int *p = &a; // Pointer to integer

int **pp = &p; // Pointer to pointer

printf ("Value of a: %d\n", a);

printf ("Value accessed using *p: %d\n", *p);
printf ("Value accessed using **pp: %$d\n", **pp);
return 0;



}

Output:

Value of a: 10

Value accessed using *p: 10
Value accessed using **pp: 10

7. Pointers and Arrays

In C, pointers and arrays are closely related. The name of an array represents the address of its
first element.

Example:
#include <stdio.h>

int main ()

}

{
int arr[] = {10, 20, 30};
int *p = arr; // Pointer to the first element

for (int i = 0; 1 < 3; i++) {
printf ("Element %d: %d\n", i, *(p + 1))
}

return 0;

Output:

Element 0: 10
Element 1: 20
Element 2: 30

8. Dynamic Memory Allocation

Pointers are essential for dynamic memory allocation, which allows you to allocate memory at
runtime.

Functions for Memory Allocation:

malloc (): Allocates a block of memory.

calloc (): Allocates a block of memory and initializes it to zero.
realloc (): Resizes a previously allocated block of memory.
free (): Frees the allocated memory.

Example:
#include <stdio.h>
#include <stdlib.h>

int main () {

int *p = (int *)malloc (3 * sizeof (int)); // Allocate memory for 3

integers



if (p == NULL) {
printf ("Memory allocation failed.\n");
return 1;

for (int i = 0; 1 < 3; 1i++) |
pli]l =1 + 1; // Assign values

for (int i = 0; 1 < 3; i++) {
printf ("Value at p[%d]: %d\n", i, pli]):
}

free(p); // Free allocated memory
return 0;

}

Output:

Value at p[0]: 1
Value at pl[l]:
Value at p[2]: 3

N

9. Common Pointer Errors

1. Dangling Pointer:

o Occurs when a pointer points to memory that has already been freed or is out of scope.
2. Segmentation Fault:

o Accessing memory that the pointer is not allowed to (e.g., dereferencing a null pointer).
3. Memory Leak:

o Failing to free dynamically allocated memory, leading to unused memory consumption.

Advantages of Pointers

e Direct memory manipulation.

e Efficient handling of arrays and strings.

e Enables dynamic memory allocation.

e Allows passing large data structures to functions by reference, reducing memory overhead.

Disadvantages of Pointers

e Complex syntax can lead to errors.
e Misuse can cause program crashes or unpredictable behavior.
e Can lead to security vulnerabilities if not used carefully.



Pointer Data Type in C

A pointer data type in C is a special type of variable that stores the memory address of another
variable. The type of a pointer depends on the type of data it points to. For example, an integer
pointer stores the address of an integer variable, a float pointer stores the address of a float
variable, and so on.

Declaring Pointer Data Types

To declare a pointer, use the » operator with the desired data type. The data type determines the
type of variable the pointer can point to.

Syntax:

data type *pointer name;

Examples:

int *int ptr; // Pointer to an integer
char *char ptr; // Pointer to a character

float *float ptr; // Pointer to a floating-point number
double *double ptr; // Pointer to a double
void *void ptr; // Void pointer (generic pointer)

Pointer Data Types and Their Use

1. Integer Pointer (int *)
o Points to an integer variable.
o Size depends on the system architecture (e.g., 4 bytes on 32-bit or 64-bit systems).
2. int a = 10;
int *p = &a; // Pointer to an integer
4. Character Pointer (char *)
o Points to a character variable or a string.
o Commonly used for string manipulation.
5. char ¢ = 'A'";
6. char *p = &c; // Pointer to a character
7. Float Pointer (float *)
o Points to a float variable.
8. float pi = 3.14;
9. float *p = &pi; // Pointer to a float
10. Double Pointer (double *)
o Points to a double variable.
11. double d = 5.678;
12. double *p = &d; // Pointer to a double
13. Void Pointer (void *)
o A generic pointer that can point to any data type.
o Does not allow dereferencing without type casting.
o Commonly used in dynamic memory allocation functions like malloc.

w



14. wvoid *ptr;
15. int a = 10;
16. ptr = &a; // Void pointer points to an integer

Pointer Size

The size of a pointer is fixed and depends on the system architecture, regardless of the type of
data it points to:

e 32-bit systems: Pointer size is 4 bytes.
e  64-bit systems: Pointer size is 8 bytes.

Typecasting Void Pointers

A void * pointer needs to be explicitly typecast to access the value it points to.

Example:
#include <stdio.h>

int main () {
int a = 42;
void *ptr = &a; // Void pointer
printf ("Value of a: %d\n", *(int *)ptr); // Typecasting to int *
return 0;

Pointer Type Compatibility

e A pointer must match the type of the variable it points to for proper memory access and
dereferencing.
e Using incompatible types can lead to undefined behavior.

Pointer Arithmetic and Data Types

The pointer type also determines the behavior of pointer arithmetic. When a pointer is
incremented or decremented, it moves by the size of the data type it points to.

Example:
#include <stdio.h>

int main () {
int arr[] = {10, 20, 30};



int *p = arr;

printf ("Address of p: %p\n", p);

pt+; // Increment pointer

printf ("Address after increment: %$p\n", p);
printf ("Value at new address: %d\n", *p);
return 0;

}
Explanation:

e Foranint *,incrementingthe pointer moves it by sizeof (int) bytes (typically 4 bytes on
most systems).

Conclusion

Pointer data types are essential in C programming for efficient memory manipulation and
dynamic memory allocation. Understanding the specific data types for pointers ensures proper
memory access, minimizes errors, and optimizes performance.

Declaration, initialization, and accessing values.

1. Pointer Declaration

A pointer is a variable that stores the address of another variable.
To declare a pointer, you use the * symbol before the pointer name.

Syntax:

data_type *pointer_name;
e data_type is the type of the variable the pointer will point to.
e pointer_name is the name of the pointer.

Example:

int *ptr; // A pointer to an integer

float *fptr; // A pointer to a float

char *cptr; // A pointer to a char



2. Pointer Initialization

After declaration, a pointer must be initialized to store the address of a variable. Use the address-of
operator (&) to get the address of a variable.

Syntax:
pointer_name = &variable_name;
Example:
int x=10; // Declare an integer variable
int *ptr = &x; // Initialize pointer to the address of x
Here:
e &xgives the address of x.

e ptr now holds the address of x.

3. Accessing Values Using Pointers
Once a pointer stores the address of a variable, you can:

1. Access the address stored in the pointer.

2. Access the value at the address using the dereference operator (*).
Example Code:

#include <stdio.h>

int main() {
intx = 10; // Declare a variable

int *ptr = &x; // Initialize pointer to point to x

// Accessing values
printf("Value of x: %d\n", x); // Direct access

printf("Address of x: %p\n", &x); // Address of x



printf("Address stored in ptr: %p\n", ptr); // Pointer's stored address

printf("Value using pointer: %d\n", *ptr); // Dereferencing the pointer

// Modify value using pointer
*ptr = 20; // Change value of x through pointer

printf("New value of x: %d\n", x);

return O;
}
Output:
Value of x: 10
Address of x: 0x7ffee41bc56¢
Address stored in ptr: Ox7ffee41bc56c¢
Value using pointer: 10

New value of x: 20

Key Points:
1. Address-of Operator (&): Used to retrieve the address of a variable.
2. Dereference Operator (*): Used to access the value at the address stored in a pointer.

3. A pointer must be initialized before dereferencing. Dereferencing an uninitialized pointer can
lead to undefined behavior.



Summary Table:

Operation Symbol|[Example
Declare a pointer * int *ptr;
Initialize a pointer & ptr = &x;
Dereference a pointer |[* value = *ptr;
Get the address of a var||& address = &x;

Pointer Arithmetic in C

Pointer arithmetic allows you to perform operations on pointers. Since pointers store addresses, these
operations make sense in terms of address manipulation. The arithmetic operations depend on the size
of the data type the pointer is pointing to.

Types of Pointer Arithmetic
1. Incrementing a Pointer
2. Decrementing a Pointer
3. Adding an Integer to a Pointer
4. Subtracting an Integer from a Pointer

5. Subtracting Two Pointers

1. Incrementing a Pointer

When you increment a pointer, it points to the next memory location based on the size of the data
type.

Example:

#include <stdio.h>

int main() {



int arr[3] ={10, 20, 30};

int *ptr = arr; // Point to the first element of the array

printf("Pointer before increment: %p, Value: %d\n", ptr, *ptr);
ptr++; // Increment pointer to point to the next element

printf("Pointer after increment: %p, Value: %d\n", ptr, *ptr);

return O;
}
Output:
Pointer before increment: 0x7ffeeflOaabc, Value: 10
Pointer after increment: 0x7ffeefl0aacO, Value: 20
Explanation:

e ptr++ increases the pointer by sizeof(int) bytes. For a 4-byte int, the address increases by 4.

2. Decrementing a Pointer
Decrementing a pointer moves it to the previous memory location.
Example:

#include <stdio.h>

int main() {

int arr[3] = {10, 20, 30};

int *ptr = &arr[2]; // Point to the last element

printf("Pointer before decrement: %p, Value: %d\n", ptr, *ptr);



ptr--; // Move to the previous element

printf("Pointer after decrement: %p, Value: %d\n", ptr, *ptr);

return O;
}
Output:
Pointer before decrement: 0x7ffeefl0aac8, Value: 30
Pointer after decrement: Ox7ffeefl0aac4, Value: 20
Explanation:

e ptr-- decreases the pointer by sizeof(int) bytes.

3. Adding an Integer to a Pointer
You can add an integer n to a pointer to move it forward by n positions.
Example:

#include <stdio.h>

int main() {
int arr[5] = {10, 20, 30, 40, 50};

int *ptr = arr; // Point to the first element

printf("Original pointer: %p, Value: %d\n", ptr, *ptr);

ptr = ptr + 3; // Move pointer by 3 positions

printf("Pointer after adding 3: %p, Value: %d\n", ptr, *ptr);

return O;



}

Output:
Original pointer: Ox7ffee6laaabc, Value: 10

Pointer after adding 3: Ox7ffee6l1aaac8, Value: 40

4. Subtracting an Integer from a Pointer
Subtracting an integer n moves the pointer back by n positions.
Example:

#include <stdio.h>

int main() {
int arr[5] = {10, 20, 30, 40, 50};

int *ptr = &arr[4]; // Point to the last element

printf("Pointer before subtraction: %p, Value: %d\n", ptr, *ptr);
ptr = ptr - 2; // Move back by 2 positions

printf("Pointer after subtracting 2: %p, Value: %d\n", ptr, *ptr);

return O;

}

Output:
Pointer before subtraction: Ox7ffeef10aac8, Value: 50

Pointer after subtracting 2: 0x7ffeef10aacO, Value: 30

5. Subtracting Two Pointers



Subtracting two pointers gives the number of elements between them.
Example:

#include <stdio.h>

int main() {
int arr[5] = {10, 20, 30, 40, 50};
int *ptrl = &arr[0]; // First element

int *ptr2 = &arr[4]; // Last element

printf("Number of elements between ptr2 and ptrl: %ld\n", ptr2 - ptrl);

return O;
}
Output:
Number of elements between ptr2 and ptrl: 4

Explanation:
The result is the number of elements between ptrl and ptr2.

Pointer Arithmetic Summary Table

Operation Syntax Effect
Increment pointer ptr++ Moves to the next element.
Decrement pointer ptr-- Moves to the previous element.

Add integer to pointer ||ptr+n Moves forward by n elements.

Subtract integer from ptr{|ptr - n Moves backward by n elements.




Operation Syntax Effect

Subtract two pointers ptr2 - ptrl||[Returns the number of elements.

Key Points to Remember
1. Pointer arithmetic depends on the size of the data type (sizeof(type)).
2. Incrementing or decrementing moves the pointer by the size of the type it points to.
3. Pointer subtraction gives the difference in number of elements, not bytes.

4. Pointer arithmetic works meaningfully only on arrays or contiguous memory.

Pointers and Arrays in C
Pointers and arrays are closely related in C/C++. When you work with an array, the array name itself acts
as a pointer to the first element of the array.

1. Relationship Between Pointers and Arrays

e The name of an array acts as a pointer to the first element.

e Foran array arr, arr and &arr[0] both represent the address of the first element.
Example:

#include <stdio.h>
int main() {
int arr[5] = {10, 20, 30, 40, 50};

int *ptr = arr; // Pointer to the first element of arr

printf("Address of arr[0]: %p\n", &arr[0]);



printf("Value of ptr: %p\n", ptr); // ptr points to the first element

printf("Value at ptr: %d\n", *ptr); // Dereference pointer to get value

return O;
}
Output:
Address of arr[0]: Ox7ffeela3bcl0
Value of ptr: 0x7ffeela3bcl0
Value at ptr: 10
Explanation:

e arris a pointer to the first element of the array.

e ptris assigned the address of arr, so it points to arr[0].

2. Accessing Array Elements Using Pointers
You can access array elements using a pointer with pointer arithmetic.
Pointer Arithmetic with Arrays:
e *(arr +i) is equivalent to arr[i] (value at the ith position).
e (arr +i) gives the address of the ith position.
Example:

#include <stdio.h>

int main() {
int arr[5] = {10, 20, 30, 40, 50};

int *ptr = arr; // Points to the first element



for (inti=0;i<5;i++){

printf("Address of arr[%d]: %p, Value: %d\n", i, (ptr + i), *(ptr +i));

return O;
}
Output:
Address of arr[0]: 0x7ffee39cbal0, Value: 10
Address of arr[1]: 0x7ffee39cbal4, Value: 20
Address of arr[2]: 0x7ffee39cbal8, Value: 30
Address of arr[3]: 0x7ffee39cbalc, Value: 40
Address of arr[4]: 0x7ffee39cba20, Value: 50
Explanation:

e (ptr +i) gives the address of arr[i].

e *(ptr +i) gives the value at arrf[i].

3. Pointer Notation vs Array Notation

The two notations are equivalent when working with arrays.

Operation Array Notation||Pointer Notation
Access the 1st element |jarr[0] *arr

Access the 2nd element||arr[1] *(arr+1)

Access the 3rd element |jarr[2] *(arr+2)

Access the address &arrli] (arr +1)

Example:

#include <stdio.h>



int main() {

int arr[3] = {100, 200, 300};

printf("Using Array Notation: %d, %d, %d\n", arr[0], arr[1], arr[2]);

printf("Using Pointer Notation: %d, %d, %d\n", *arr, *(arr + 1), *(arr + 2));

return O;
}
Output:
Using Array Notation: 100, 200, 300

Using Pointer Notation: 100, 200, 300

4. Arrays of Pointers
An array of pointers stores multiple pointers pointing to different memory locations.
Example:

#include <stdio.h>

int main() {

const char *names[3] = {"Alice", "Bob", "Charlie"}; // Array of pointers to strings

for (inti=0;i<3;i++) {

printf("Name[%d]: %s\n", i, names]i]);



return O;
}
Output:
Name[0]: Alice
Name[1]: Bob

Name[2]: Charlie

5. Pointers to Arrays

A pointer to an array points to the entire array rather than a single element.
Syntax:

data_type (*ptr)[size];

Example:

#include <stdio.h>

int main() {
int arr[3] ={10, 20, 30};

int (*ptr)[3] = &arr; // Pointer to an array of 3 integers

printf("Address of array: %p\n", ptr);
printf("First element: %d\n", (*ptr)[0]);
printf("Second element: %d\n", (*ptr)[1]);

printf("Third element: %d\n", (*ptr)[2]);

return O;



Output:

Address of array: 0x7ffee4a34c10
First element: 10

Second element: 20

Third element: 30

6. Passing Arrays to Functions Using Pointers

When an array is passed to a function, only its base address is passed. The function receives a pointer to
the first element.

Example:

#include <stdio.h>

void printArray(int *arr, int size) {
for (inti=0; i< size; i++) {
printf("%d ", *(arr +i)); // Access array elements

}

printf("\n");

int main() {

intarr[5]={1, 2, 3, 4, 5};

printArray(arr, 5); // Passing array to function

return O;

Output:



12345

Key Points to Remember

1. The array name (arr) is a constant pointer to the first element of the array.

2.

3.

*(arr + i) is equivalent to arrf[i].
Pointer arithmetic works seamlessly with arrays.
When passing arrays to functions, you pass the base address of the array.

Arrays of pointers and pointers to arrays are two different concepts.

Pointers and Functions in C
Pointers are widely used with functions to achieve efficient programming, especially for passing data,
modifying values, and returning multiple results. Here's a detailed explanation:

1. Passing Pointers to Functions

You can pass pointers to functions to allow the function to access and modify the original variables.

Why Pass Pointers?

To modify values of variables in the calling function.
To avoid copying large data (e.g., arrays) by passing their address.

To return multiple results from a function.

Example: Modifying Variables Using Pointers

#include <stdio.h>

void updateValues(int *a, int *b) {

*a=*a+ 10; // Modify the value pointed to by 'a'

*b=*b *2; //Modify the value pointed to by 'b'



int main() {
intx=5,y=10;

printf("Before: x = %d, y = %d\n", x, y);

updateValues(&x, &y); // Pass addresses of x and y

printf("After: x = %d, y = %d\n", X, y);

return O;
}
Output:
Before: x=5,y=10
After:x =15,y =20
Explanation:
e The addresses of x and y are passed to updateValues.

e The function modifies the values directly using pointers.

2. Returning Pointers from Functions
A function can return a pointer. However, you need to be cautious when returning local variables.
Returning a Pointer to a Local Variable (Risky)

#include <stdio.h>

int* riskyFunction() {

int x = 10; // Local variable



return &x; // Return address of x (undefined behavior)

int main() {
int *ptr = riskyFunction();
printf("Value: %d\n", *ptr); // This may cause undefined behavior
return O;

}

Problem:

e xis alocal variable. After the function ends, its memory is deallocated, so the returned pointer
becomes dangling.

Returning Pointers Safely (Dynamic Memory)

You can return a pointer to dynamically allocated memory since it persists after the function ends.
Example:

#include <stdio.h>

#tinclude <stdlib.h>

int* createArray(int size) {
int *arr = (int *)malloc(size * sizeof(int)); // Allocate memory
for (inti=0;i<size; i++) {
arr[i] =i+ 1; // Initialize array
}

return arr; // Return pointer to the array



int main() {
int size =5;

int *arr = createArray(size);

printf("Array elements: ");
for (inti=0;i<size; i++) {

printf("%d ", arrl[i]);

free(arr); // Free dynamically allocated memory
return O;
}
Output:
Array elements: 12345
Explanation:
e malloc allocates memory dynamically, which persists beyond the function scope.

e The pointer to this memory is safely returned.

3. Pointers to Functions

You can use pointers to functions to call functions indirectly or pass them as arguments to other
functions. This is useful for callbacks and dynamic function execution.

Declaration of Function Pointers
return_type (*pointer_name)(parameter_list);
Example: Function Pointer for Simple Functions

#include <stdio.h>



// A function that adds two numbers
int add(int a, int b) {

return a + b;

}

int main() {
int (*funcPtr)(int, int); // Function pointer declaration
funcPtr = add; // Assign the function to the pointer

int result = funcPtr(5, 3); // Call the function using the pointer

printf("Result: %d\n", result);

return O;
}
Output:

Result: 8

4. Passing Function Pointers as Arguments
Function pointers can be passed to other functions, allowing for dynamic function execution.
Example: Function Pointer as a Parameter

#include <stdio.h>

// Define operations
int add(int a, int b) { returna + b; }

int subtract(int a, int b) { return a - b; }



// Function that accepts a function pointer
void compute(int x, int y, int (*operation)(int, int)) {

printf("Result: %d\n", operation(x, y));

int main() {
compute(10, 5, add);  // Pass the add function
compute(10, 5, subtract); // Pass the subtract function
return O;

}

Output:

Result: 15

Result: 5

Explanation:

e compute accepts a function pointer operation.

e You can dynamically pass the desired function (add or subtract) as an argument.

5. Pointer to a Function Returning a Pointer

You can create a pointer to a function that returns a pointer.
Example:

#include <stdio.h>

#include <stdlib.h>

// Function returning a pointer



int* getNumber() {
int *ptr = (int *)malloc(sizeof(int));
*ptr=42;

return ptr;

int main() {
int* (*funcPtr)() = getNumber; // Pointer to function
int *num = funcPtr(); // Call function using pointer

printf("Number: %d\n", *num);

free(num);
return O;
}
Output:
Number: 42
Key Points to Remember

1. Passing Pointers to Functions: Allows modification of original variables and avoids copying large
data.

2. Returning Pointers: Return pointers safely using dynamic memory allocation.

3. Pointers to Functions: Allow indirect function calls or passing functions as arguments (used in
callbacks).

4. Syntax for Function Pointers:
o Declaration: return_type (*ptr_name)(parameter_list);
o Assignment: ptr_name = function_name;

o Calling: ptr_name(arguments);



UNIT -V

Dynamic Memory Management

Dynamic Memory Management refers to allocating and deallocating memory during program execution
(runtime), as opposed to compile-time allocation (like arrays). It is particularly useful when the size of
data structures is not known in advance.

1. Static Memory vs Dynamic Memory

Static Memory Allocation Dynamic Memory Allocation
Size is determined at compile time. Size is determined at runtime.
Memory is allocated automatically. Memory is allocated explicitly by the programmer.

Fixed size, cannot change during execution. Flexible size, can grow/shrink as needed.

E.g., arrays: int arr[10]; E.g., pointers with malloc, calloc, etc.

2. Functions for Dynamic Memory Allocation

C provides the following functions to allocate and free memory dynamically in the heap:

Function Purpose Header File

malloc() Allocates uninitialized memory. #include <stdlib.h>
calloc() Allocates and initializes memory. #include <stdlib.h>
realloc() Resizes previously allocated memory. #include <stdlib.h>

free() Deallocates (frees) previously allocated memory. #include <stdlib.h>

3. malloc() - Memory Allocation

malloc() stands for Memory Allocation. It allocates a specified number of bytes of uninitialized memory
and returns a pointer to the first byte.

Syntax



void* malloc(size_t size);
e size specifies the number of bytes to allocate.
e Returns a pointer of type void* (generic pointer), which can be cast to the desired data type.
e If memory allocation fails, NULL is returned.

Example:

#include <stdio.h>

#include <stdlib.h>

int main() {
int *ptr;

intn=25;

// Allocate memory for 5 integers

ptr = (int *)malloc(n * sizeof(int));

if (ptr == NULL) {
printf("Memory allocation failed!\n");

return 1;

// Initialize and print values
for (inti=0;i<n;i++){
ptrli]=i+1;

printf("%d ", ptrli]);



// Free the allocated memory

free(ptr);

return O;

Output:

12345

4. calloc() - Contiguous Allocation

calloc() stands for Contiguous Allocation. It allocates memory for an array of elements and initializes all
bytes to zero.

Syntax
void* calloc(size_t num, size_t size);
e num: Number of elements.
e size: Size of each element (in bytes).
e Returns a pointer to the allocated memory block or NULL if allocation fails.
Example:
#include <stdio.h>

#include <stdlib.h>

int main() {

int *ptr;

intn=25;

// Allocate memory for 5 integers and initialize to 0



ptr = (int *)calloc(n, sizeof(int));

if (ptr == NULL) {
printf("Memory allocation failed!\n");

return 1;

// Print initialized values
for (inti=0;i<n;i++){

printf("%d ", ptrli]);

free(ptr);

return O;
}
Output:

00000

5. realloc() - Reallocation

realloc() is used to resize previously allocated memory blocks. It allows you to expand or shrink the
memory dynamically.

Syntax
void* realloc(void *ptr, size_t new_size);
e ptr: Pointer to the previously allocated memory.

e new_size: New size (in bytes) for the memory block.



e If the memory cannot be resized, a new block is allocated, and the old content is copied.
Example:
#include <stdio.h>

#include <stdlib.h>

int main() {
int *ptr;

intn=3;

// Allocate memory for 3 integers

ptr = (int *)malloc(n * sizeof(int));

if (ptr == NULL) {
printf("Memory allocation failed!\n");

return 1;

// Initialize values
for (inti=0;i<n;i++){

ptr(i] =i+ 1;

// Reallocate memory for 5 integers
n=>5;

ptr = (int *)realloc(ptr, n * sizeof(int));



if (ptr == NULL) {
printf("Memory reallocation failed!\n");

return 1;

// Initialize additional values
for (inti=3;i<n;i++){

ptr(i] =i+ 1;

// Print values

for (inti=0;i<n;i++){

printf("%d ", ptrli]);

free(ptr);

return O;

Output:

12345

6. free() - Deallocation of Memory

free() releases the memory that was dynamically allocated using malloc(), calloc(), or realloc().



Syntax
void free(void *ptr);
e ptr: Pointer to the memory block to be freed.
e After calling free(), the memory can be reused.
Example:
#include <stdio.h>

#include <stdlib.h>

int main() {

int *ptr = (int *)malloc(5 * sizeof(int));

if (ptr == NULL) {
printf("Memory allocation failed!\n");

return 1;

free(ptr); // Free allocated memory

return O;

7. Common Mistakes in Dynamic Memory Management

1. Memory Leak: Forgetting to free dynamically allocated memory.

o Fix: Always call free() after using malloc() or calloc().

2. Dangling Pointer: Using a pointer after freeing its memory.



o Fix: Set the pointer to NULL after freeing it.

3. Invalid Access: Accessing memory beyond the allocated size.
o Fix: Ensure you stay within bounds.

4. Double Free: Freeing the same memory twice.

o Fix: Avoid calling free() on the same pointer more than once.

8. Advantages of Dynamic Memory Management
e Memory allocation at runtime.
e Efficient use of memory.

e Flexibility to grow/shrink data structures.

Summary Table

Function Purpose Initialization
malloc() Allocates memory of specified size. No

calloc() Allocates and initializes memory to 0. Yes (all zeroes)
realloc() Resizes previously allocated memory. No

free() Frees allocated memory. -



Structures in C

A structure in Cis a user-defined data type that allows grouping of variables of different data types
under a single name. It is useful for organizing complex data in a meaningful way.

Why Use Structures?
e To group related variables (e.g., a student's name, roll number, and marks).
e To represent real-world entities (e.g., a record in a database).
e To store multiple data types under one entity.

e To improve code readability and maintainability.

1. Defining a Structure
To define a structure, use the struct keyword:
Syntax:
struct structure_name {
data_type memberl;

data_type member2;

|3
Example:

#include <stdio.h>

struct Student {
int rolINumber;
char name[50];

float marks;



int main() {
struct Student s1; // Declare a structure variable
sl.rolINumber = 1; // Accessing structure members
sl.marks = 85.5;
printf("Enter name: ");

scanf("%s", sl.name);

printf("Roll Number: %d\n", s1.rolINumber);
printf("Name: %s\n", sl.name);

printf("Marks: %.2f\n", s1.marks);

return O;
}
Output:
Enter name: John
Roll Number: 1
Name: John

Marks: 85.50

2. Accessing Structure Members

You can access structure members using the dot operator (.).
Syntax:

structure_variable.member_name;

Example:



struct Car {
char brand[20];

int year;

int main() {
struct Car c1 = {"Toyota", 2022};
printf("Brand: %s, Year: %d\n", cl.brand, cl.year);
return O;

}

Output:

Brand: Toyota, Year: 2022

3. Nested Structures
A structure can contain another structure as a member. This is called a nested structure.
Example:

#include <stdio.h>

struct Address {
char city[30];

int pincode;

struct Student {

char name[50];



struct Address addr; // Nested structure

int main() {

struct Student s1;

// Input values
printf("Enter name: ");
scanf("%s", sl.name);
printf("Enter city: ");
scanf("%s", sl.addr.city);
printf("Enter pincode: ");

scanf("%d", &sl.addr.pincode);

// Output values
printf("Name: %s\n", sl.name);
printf("City: %s\n", sl.addr.city);

printf("Pincode: %d\n", sl.addr.pincode);

return O;
}
Output:
Enter name: John
Enter city: NewYork

Enter pincode: 12345



Name: John
City: NewYork

Pincode: 12345

4. Arrays of Structures
You can create an array of structures to store multiple records.
Example:

#include <stdio.h>

struct Student {
int rolINumber;
char name[50];

float marks;

int main() {

struct Student students[3];

for (inti=0;i<3;i++){
printf("Enter details for student %d:\n", i + 1);
printf("Roll Number: ");
scanf("%d", &students]i].rolINumber);
printf("Name: ");
scanf("%s", students[i].name);
printf("Marks: ");

scanf("%f", &students[i].marks);



// Display all records

for (inti=0;i<3;i++){
printf("\nStudent %d:\n", i + 1);
printf("Roll Number: %d\n", students[i].rolINumber);
printf("Name: %s\n", students[i].name);

printf("Marks: %.2f\n", students[i].marks);

return O;

5. Pointers to Structures
You can use pointers to access structure members using the arrow operator (->).
Example:

#include <stdio.h>

struct Student {
int rollINumber;

char name[50];

int main() {

struct Student s1 = {101, "John"};



struct Student *ptr = &s1; // Pointer to structure

printf("Roll Number: %d\n", ptr->rolINumber); // Use arrow operator

printf("Name: %s\n", ptr->name);

return O;
}
Output:
Roll Number: 101

Name: John

6. Typedef with Structures
The typedef keyword can be used to define an alias (short name) for a structure.
Example:

#include <stdio.h>

typedef struct Student {
int rolINumber;
char name[50];

} Student;

int main() {
Student s1 = {1, "John"}; // Shorter syntax
printf("Roll Number: %d\n", s1.rolINumber);

printf("Name: %s\n", sl.name);



return O;

Output:

Roll Number: 1

Name: John

7. Structure vs Union

Structure

Union

Each member has its own memory.

All members share the same memory.

Memory size = sum of all members.

Memory size = size of the largest member.

All members can be accessed at once.

Only one member can be accessed at a time.

Example of Structure and Union:

#include <stdio.h>

struct ExampleStruct {
int a;

float b;

union ExampleUnion {
int a;

float b;

int main() {




struct

union

ExampleStruct s = {10, 20.5};

ExampleUnion u;

u.a =10;

printf("Structure: a = %d, b = %.2f\n", s.a, s.b);

printf("Union: a = %d\n", u.a);

u.b =20.5;

printf("Union after b: b = %.2f\n", u.b);

return O;

}

Output:

Structure: a =10, b = 20.50

Union:a=10

Union after b: b =20.50

Key Points

1.

2.

3.

Structure groups different data types under one name.
Use the dot operator (.) to access members.

Use the arrow operator (->) with pointers to structures.
typedef can simplify structure definitions.

Structures can be nested, stored in arrays, and accessed using pointers.



Unions in C

A union in Cis a user-defined data type similar to a structure but with one key difference: all members
of a union share the same memory space. This means that only one member of the union can hold a
value at a time.

Unions are particularly useful for situations where memory is limited, or when multiple representations
of the same data are required.

1. Defining a Union
A union is defined using the union keyword, similar to structures.
Syntax
union union_name {
data_type memberl;

data_type member2;

12
Example

#include <stdio.h>

union Data {
inti;
float f;

char str[20];

int main() {

union Data data;



// Assigning value to integer member
data.i = 10;

printf("Integer: %d\n", data.i);

// Assigning value to float member
data.f = 20.5;

printf("Float: %.2f\n", data.f);

// Assigning value to string member
strcpy(data.str, "Hello");

printf("String: %s\n", data.str);

return O;
}
Output
Integer: 10
Float: 20.50
String: Hello

Note: In the above code, assigning a new value to a union member overwrites the memory previously
occupied by another member.

2. Union vs Structure

Feature ||Structure Union

Each member has its own memory
Memory All members share the same memory.
space.




Feature ||Structure Union
Size Sum of all members' sizes. Size of the largest member.

All members can be accessed at ]
Access Only one member can be accessed at a time.

once.

) . Used to save memory or hold alternative representations
Usage ||Used to store different variables. f dat
of data.

3. Memory Allocation in Union

In a union, memory is allocated to accommodate the largest member. For example:

#include <stdio.h>

union Test {

int x;
floaty;

double

// 4 bytes
// 4 bytes

z; // 8 bytes

int main() {

union Test t;

printf("Size of union: %lu bytes\n", sizeof(t));

return O;

Output

Size of union: 8 bytes

Here, the size of the union is determined by the largest member (double z).




4. Accessing Union Members
Union members are accessed using the dot operator (.), similar to structures.
Example

#include <stdio.h>

union Example {
int a;

char b;

int main() {
union Example e;
e.a = 65; // Assigning value to 'a'
printf("Value of a: %d\n", e.a);

printf("Value of b (char): %c\n", e.b); // Accessing 'b' (interpreted as a character)

return O;
}
Output
Value of a: 65
Value of b (char): A

Here, both a and b share the same memory. Since the ASCII value of 65 corresponds to the character A,
accessing b outputs A.

5. Pointers to Unions

You can use pointers to unions, similar to structures.



Example

#include <stdio.h>

union Data {
inti;

float f;

int main() {
union Data data, *ptr;

ptr = &data;

ptr->i = 100; // Access using pointer

printf("Integer: %d\n", ptr->i);

ptr->f = 10.5; // Access using pointer

printf("Float: %.2f\n", ptr->f);

return O;

}

Output
Integer: 100

Float: 10.50

6. Applications of Unions



1. Memory Efficiency

o Since all members share the same memory, unions are useful for saving memory when
only one variable is required at a time.

2. Multiple Representations of Data

o Unions can hold different representations of the same data, such as converting between
integers and character arrays.

3. Hardware Interfacing

o Inembedded systems, unions are often used to interpret hardware registers or data
from sensors.

4. Type Conversion

o Unions can be used to interpret data in different types, such as interpreting binary data
as both an integer and a floating point.

7. Example: Storing Multiple Data Types

#include <stdio.h>

union SensorData {
int intValue;
float floatValue;

char strValue[20];

int main() {

union SensorData data;

// Use as integer

data.intValue = 100;



printf("Integer Value: %d\n", data.intValue);

// Use as float

data.floatValue = 12.34;

printf("Float Value: %.2f\n", data.floatValue);

// Use as string

strcpy(data.strValue, "Temperature");

printf("String Value: %s\n", data.strValue);

return O;

}

Output:

Integer Value: 100

Float Value: 12.34

String Value: Temperature

Key Points to Remember

1.

Unions save memory by sharing the same memory for all members.
Only one member can hold a value at a time.
Size of a union = size of the largest member.
Unions are used when:
o You need to represent multiple forms of data.
o Memory efficiency is crucial.

Unions are widely used in embedded systems and low-level programming.



IMPORTANT QUESTIONS

UNIT-I: Introduction to Computer and Programming

5 Marks Questions:

1.

4.

5.

What is a computer? Explain its basic block diagram with functions of each component.
Define hardware and software. Mention the differences between them.

What is a compiler and an interpreter? Give the difference between the two.

Write a short note on flowcharts and algorithms.

What are the features of the C programming language?

10 Marks Questions:

1.

Explain the basic block diagram of a computer with the functions of the CPU, input devices,
output devices, and memory.

What are the types of software? Explain system software, application software, and utility
software with examples.

Describe the structure of a C program and explain the different tokens in C (variables, keywords,
identifiers, constants, and data types).

What are formatted and unformatted I/O functions in C? Write examples for each.

Compare and contrast a compiler and an interpreter with a suitable example.

UNIT-II: Control Statements

5 Marks Questions:

1.

4.

5.

What are control statements? Explain if and if-else statements with examples.
Write the syntax and an example for the switch statement in C.

Explain the while loop with an example.

Differentiate between the break and continue statements with examples.

Werite a short note on the goto statement and its usage in C.

10 Marks Questions:

1.

Explain all decision-making statements in C with suitable examples.



Describe the for loop, while loop, and do-while loop with syntax and examples. How do they
differ?

What are jump control statements in C? Explain the break, continue, and goto statements with
appropriate examples.

Write a program to find the factorial of a number using different types of loops (for, while, and
do-while).

Write a program to display a menu using the switch statement to perform basic arithmetic
operations.

UNIT-III: Derived Data Types in C

5 Marks Questions:

1.

4.

5.

What is an array? Explain the declaration and initialization of a one-dimensional array.
How are two-dimensional arrays represented in memory?

What are strings? Write a program to input and print a string.

Explain any two string handling functions in C with examples.

Differentiate between character arrays and strings in C.

10 Marks Questions:

1.

Explain the declaration, initialization, and memory representation of one-dimensional and two-
dimensional arrays in C with examples.

Write a C program to read 10 numbers into an array and find their sum and average.
What are string handling functions? Explain any five string handling functions with examples.
Write a program to check whether a given string is a palindrome or not.

Describe character handling functions in C with suitable examples.

UNIT-IV: Functions and Pointers

5 Marks Questions:

1.

What is a function prototype? Give an example.



2. Differentiate between local and global variables.

3. Write a short note on recursion with an example.

4. Explain the return statement in C.

5. What s a pointer? How is a pointer declared and initialized?
10 Marks Questions:

1. Explain the concept of functions in C. Write a program to find the sum of two numbers using
functions.

2. Differentiate between call by value and call by address with examples.
3. What are storage classes in C? Explain the auto, extern, static, and register storage classes.
4. What is recursion? Write a program to calculate the factorial of a number using recursion.

5. Explain the relationship between pointers and arrays with an example. How can a pointer be
used to traverse an array?

UNIT-V: Dynamic Memory Management and Structures

5 Marks Questions:

1. What is dynamic memory management? Mention the purpose of malloc() and free() functions.
2. Explain the difference between structures and unions.

3. Write the syntax for declaring and accessing structure members.

4. What is a nested structure? Give an example.

5. Write a short note on the calloc() and realloc() functions.

10 Marks Questions:

1. What is dynamic memory allocation? Explain the malloc, calloc, realloc, and free functions with
examples.

2. What is a structure? Explain how to declare, initialize, and access members of a structure with a
program example.

3. Explain the concept of arrays of structures. Write a program to input and display details of 3
students using structures.



4. Describe pointers to structures and demonstrate with a program.

5. Write a program that uses a union to store the details of an employee (employee ID, name, and
salary). Compare the memory usage with a structure.



LAB QUESTION AND ANSWERS
1. A. Program to Calculate Simple and Compound Interest
Code
#include <stdio.h>

#include <math.h> // Required for the pow() function

int main() {

float principal, rate, time, simplelnterest, compoundInterest;

// Input Principal, Rate, and Time

printf("Enter the Principal amount: ");
scanf("%f", &principal);

printf("Enter the Rate of interest (per annum): ");
scanf("%f", &rate);

printf("Enter the Time (in years): ");

scanf("%f", &time);

// Calculate Simple Interest

simplelnterest = (principal * rate * time) / 100;

// Calculate Compound Interest

compoundinterest = principal * pow((1 + rate / 100), time) - principal;

// Display Results

printf("Simple Interest: %.2f\n", simplelnterest);



printf("Compound Interest: %.2f\n", compoundinterest);

return O;
}
Output
Enter the Principal amount: 1000
Enter the Rate of interest (per annum): 5
Enter the Time (in years): 2
Simple Interest: 100.00

Compound Interest: 102.50

1. B. Program to Interchange Two Numbers
Code

#include <stdio.h>

int main() {

int a, b, temp;

// Input two numbers

printf("Enter the first number (a): ");
scanf("%d", &a);

printf("Enter the second number (b): ");

scanf("%d", &b);

// Display original values

printf("Before swapping: a = %d, b = %d\n", a, b);



// Swapping using a temporary variable

temp = a;
a=b;
b = temp;

// Display swapped values

printf("After swapping: a = %d, b = %d\n", a, b);

return O;
}
Output
Enter the first number (a): 10
Enter the second number (b): 20
Before swapping: a=10,b =20

After swapping: a=20, b =10



Find the Biggest of Three Numbers

#include <stdio.h>

int main() {

int num1, num2, num3, largest;

// Input three numbers
printf("Enter the first number: ");

scanf("%d", &num1);

printf("Enter the second number: ");

scanf("%d", &num?2);

printf("Enter the third number: ");

scanf("%d", &num3);

// Compare and find the largest number

if (num1 >= num2 && num1l >= num3) {
largest = num1;

}else if (num2 >= num1 && num2 >= num3) {
largest = num2;

}else {

largest = num3;

// Display the largest number



printf("The largest number is: %d\n", largest);

return O;

Sample Input/Output
Example 1:

Enter the first number: 10
Enter the second number: 25
Enter the third number: 15
The largest number is: 25
Example 2:

Enter the first number: 50
Enter the second number: 40
Enter the third number: 50

The largest number is: 50



Sum of Individual Digits of a Positive Integer

#include <stdio.h>

int main() {

int num, sum = 0, digit;

// Input a positive integer
printf("Enter a positive integer: ");

scanf("%d", &num);

// Check if the input number is positive
if (num < 0) {
printf("Please enter a positive integer.\n");

return 1; // Exit the program if the number is not positive

// Find the sum of digits

while (num !=0) {
digit = num % 10; // Extract the last digit
sum +=digit;  // Add the digit to the sum

num /= 10; // Remove the last digit

// Display the result

printf("The sum of the digits is: %d\n", sum);



return O;

Sample Input/Output
Example 1:

Enter a positive integer: 12345
The sum of the digits is: 15
Example 2:

Enter a positive integer: 9876

The sum of the digits is: 30

Edge Case
If you input 0, the sum of digits would be 0:
Enter a positive integer: 0

The sum of the digits is: 0



Fibonacci Sequence

#include <stdio.h>

int main() {

int n, first =0, second = 1, next;

// Input the number of terms for Fibonacci sequence
printf("Enter the number of terms in the Fibonacci sequence: ");

scanf("%d", &n);

// Check if the number of terms is positive
if (n<=0){
printf("Please enter a positive integer for the number of terms.\n");

return 1; // Exit if the input is invalid

// Print the first two terms of the Fibonacci sequence
if (n>=1){

printf("Fibonacci Sequence: %d", first);

if (n >=2) {

printf(", %d", second);

// Calculate and display subsequent terms in the Fibonacci sequence



for (inti=3;i<=n;i++){
next = first + second; // Calculate the next term
printf(", %d", next); // Print the next term
first = second; // Update first to the second term

second = next; // Update second to the next term

printf("\n");

return O;

Sample Input/Output

Example 1:

Enter the number of terms in the Fibonacci sequence: 5
Fibonacci Sequence: 0,1, 1, 2, 3

Example 2:

Enter the number of terms in the Fibonacci sequence: 8

Fibonacci Sequence: 0,1, 1, 2, 3,5, 8, 13



Armstrong Number

An Armstrong number (also known as a Narcissistic number) is a number that is equal to the sum of
its own digits raised to the power of the number of digits. For example:

e 153 is an Armstrong number because 13+53+33=1531"3 + 543 + 33 = 153
e 9474 is an Armstrong number because 94+44+74+44=9474974 + 4N4 + 7N 4 + 414 = 9474

Here is a C program to check whether a given number is an Armstrong number:

Check Armstrong Number
#include <stdio.h>

#include <math.h>

int main() {

int num, sum =0, temp, remainder, digits = 0;

// Input a number
printf("Enter a number: ");

scanf("%d", &num);

temp = num;

// Calculate the number of digits
while (temp !=0) {
temp /= 10;

digits++;



temp = num;

// Calculate the sum of the digits raised to the power of 'digits'
while (temp !=0) {
remainder = temp % 10;

sum += pow(remainder, digits); // pow(remainder, digits) raises remainder to the power of
digits

temp /= 10;

// Check if the sum is equal to the original number
if (sum == num) {

printf("%d is an Armstrong number.\n", num);
}else {

printf("%d is not an Armstrong number.\n", num);

return O;

Sample Input/Output
Example 1:

Enter a number: 153

153 is an Armstrong number.

Example 2:



Enter a number: 9474

9474 is an Armstrong number.
Example 3:

Enter a number: 123

123 is not an Armstrong number.

Edge Case
For a single-digit number, all are Armstrong numbers because n1=nn”"1 = n for any number n:
Enter a number: 7

7 is an Armstrong number.



Generate Prime Numbers Between 1 and n

#include <stdio.h>

int main() {

intn, i, j, isPrime;

// Input the value of n
printf("Enter the value of n: ");

scanf("%d", &n);

printf("Prime numbers between 1 and %d are:\n", n);

// Loop through numbers from 2 to n
for (i=2;i<=n;i++) {

isPrime = 1; // Assume the number is prime

// Check if the number is divisible by any number from 2 to sqrt(i)
for (j=2;j*j<=1; j++){
if (i % j ==0) {
isPrime = 0; //iis divisible by j, so it's not prime

break; // No need to check further

// If the number is prime, print it

if (isPrime) {



printf("%d ", i);

printf("\n");

return O;
}
Sample Input/Output
Example 1:
Enter the value of n: 20
Prime numbers between 1 and 20 are:
235711131719
Example 2:
Enter the value of n: 10
Prime numbers between 1 and 10 are:

2357

Edge Case
For n =1, there are no prime numbers because the first prime number is 2:
Enter the value of n: 1

Prime numbers between 1 and 1 are:



Search for an Item in a List

#include <stdio.h>

#define MAX_SIZE 100

// Linear Search function
int linearSearch(int arr[], int size, int key) {
for (inti=0;i<size; i++) {
if (arr[i] == key) {

return i; // Return index if key is found

}

return -1; // Return -1 if key is not found

// Binary Search function (requires sorted array)
int binarySearch(int arr([], int size, int key) {
int left = 0, right = size - 1;
while (left <= right) {
int mid = (left + right) / 2;
if (arr[mid] == key) {
return mid; // Return index if key is found
} else if (arr[mid] < key) {
left =mid + 1;
}else {

right = mid - 1;



}

return -1; // Return -1 if key is not found

int main() {
int n, key, choice, index;

int arr[MAX_SIZE];

// Input size of the list
printf("Enter the number of elements in the list: ");

scanf("%d", &n);

// Input the elements of the list
printf("Enter the elements:\n");
for (inti=0;i<n;i++){

scanf("%d", &arr[i]);

// Input the item to search for
printf("Enter the item to search for: ");

scanf("%d", &key);

// Choose the search method

printf("Choose the search method:\n");



printf("1. Linear Search\n");
printf("2. Binary Search (requires sorted list)\n");

scanf("%d", &choice);

if (choice ==1) {
// Perform Linear Search
index = linearSearch(arr, n, key);
if (index I=-1) {
printf("lItem found at index: %d\n", index);
}else {
printf("lItem not found in the list.\n");
}
} else if (choice == 2) {
// Sort the array before Binary Search (if necessary)
// If the array is already sorted, skip this sorting step
// Here we use a simple bubble sort for sorting
for (inti=0;i<n-1;i++){
for(intj=0;j<n-i-1;j++){
if (arr(j] > arr[j + 1]) {
int temp = arr[j];
arr[jl = arr[j + 1];

arr[j + 1] = temp;



// Perform Binary Search
index = binarySearch(arr, n, key);
if (index !=-1) {
printf("lItem found at index: %d\n", index);
}else {
printf("lItem not found in the list.\n");
}
} else {

printf("Invalid choice.\n");

return O;

Sample Input/Output

Example 1: Using Linear Search

Enter the number of elements in the list: 5
Enter the elements:

1020304050

Enter the item to search for: 30

Choose the search method:

1. Linear Search

Item found at index: 2



Example 2: Using Binary Search (with Sorted List)
Enter the number of elements in the list: 5
Enter the elements:

5040302010

Enter the item to search for: 30

Choose the search method:

2. Binary Search (requires sorted list)

Item found at index: 2

Example 3: Item Not Found

Enter the number of elements in the list: 5
Enter the elements:

1020304050

Enter the item to search for: 60

Choose the search method:

1. Linear Search

Item not found in the list.

Edge Cases
1. If the list is empty, both search functions will return -1 because there's nothing to search.

2. Iftheitemis at the first or last index, both search methods will find it correctly.



Matrix Addition and Multiplication

#include <stdio.h>

#define MAX_SIZE 10

// Function to add two matrices

void addMatrices(int mat1[MAX_SIZE][MAX_SIZE], int mat2[MAX_SIZE][MAX_SIZE], int
result[MAX_SIZE][MAX_SIZE], int rows, int cols) {

for (inti=0;i<rows;i++) {
for (intj=0;j < cols; j++) {

result[i][j] = mat1[i][j] + mat2[i][j]; // Add corresponding elements

// Function to multiply two matrices

void multiplyMatrices(int mat1[MAX_SIZE][MAX_SIZE], int mat2[MAX_SIZE][MAX_SIZE], int
resultfMAX_SIZE][MAX_SIZE], int rows1, int cols1, int rows2, int cols2) {

if (cols1 != rows2) {
printf("Matrix multiplication is not possible.\n");

return;

// Initialize the result matrix with zeros
for (inti=0;i<rowsl; i++) {

for (intj=0;j < cols2; j++) {



result[i][j] = 0;

// Perform matrix multiplication
for (inti=0;i<rowsl; i++) {
for (intj =0; j < cols2; j++) {
for (int k = 0; k < cols1; k++) {

result[i][j] += mat1[i][k] * mat2[k][j]; // Multiply and accumulate

// Function to display a matrix
void displayMatrix(int matrix[MAX_SIZE][MAX_SIZE], int rows, int cols) {
for (inti=0;i<rows;i++) {
for (intj=0; j < cols; j++) {
printf("%d ", matrix[i][j1);
}

printf("\n");

int main() {



int mat1[MAX_SIZE][MAX_SIZE], mat2[MAX_SIZE][MAX_SIZE], result[MAX_SIZE][MAX_SIZE];

int rows1, cols1, rows2, cols2;

// Input for the first matrix
printf("Enter the number of rows and columns for the first matrix: ");

scanf("%d %d", &rows1, &colsl);

printf("Enter the elements of the first matrix:\n");
for (inti=0;i<rowsl; i++) {
for (intj=0; j < cols1; j++) {

scanf("%d", &mat1[i][j]);

// Input for the second matrix
printf("Enter the number of rows and columns for the second matrix: ");

scanf("%d %d", &rows2, &cols2);

printf("Enter the elements of the second matrix:\n");
for (inti=0;i<rows2; i++) {
for (intj=0; j < cols2; j++) {

scanf("%d", &mat2[i][j]);



// Matrix addition

if (rowsl == rows2 && cols1 == cols2) {
addMatrices(matl, mat2, result, rows1, colsl);
printf("\nMatrix Addition Result:\n");
displayMatrix(result, rows1, colsl);

}else {

printf("\nMatrix Addition is not possible as the dimensions do not match.\n");

// Matrix multiplication

if (cols1 == rows2) {
multiplyMatrices(matl, mat2, result, rowsl, cols1, rows2, cols2);
printf("\nMatrix Multiplication Result:\n");
displayMatrix(result, rows1, cols2);

}else {

printf("\nMatrix Multiplication is not possible as the number of columns of the first matrix is not
equal to the number of rows of the second matrix.\n");

}

return O;



Sample Input/Output

Example 1: Matrix Addition

Enter the number of rows and columns for the first matrix: 2 2
Enter the elements of the first matrix:

12

34

Enter the number of rows and columns for the second matrix: 2 2
Enter the elements of the second matrix:

56

78

Matrix Addition Result:

68

1012

Example 2: Matrix Multiplication

Enter the number of rows and columns for the first matrix: 2 3
Enter the elements of the first matrix:

123

456

Enter the number of rows and columns for the second matrix: 3 2
Enter the elements of the second matrix:

78

910

1112



Matrix Multiplication Result:
58 64

139154

Edge Cases

e If the matrices have different dimensions (for addition or multiplication), the program will
inform the user that the operation is not possible.

e For the multiplication case, ensure that the number of columns of the first matrix matches the
number of rows of the second matrix.



Concatenate Two Strings

#include <stdio.h>

#define MAX_SIZE 100

// Function to concatenate two strings
void concatenateStrings(char stri[], char str2[], char result[]) {

inti=0,j=0;

// Copy strl to result
while (stri[i] !="\0') {
result[i] = stri[i];

i++;

7

// Append str2 to result
while (str2[j] !="\0') {
result[i] = str2[j];
i++;

j++

// Null-terminate the concatenated string

result[i] = "\0";



int main() {

char strl[MAX_SIZE], str2[MAX_SIZE], result{MAX_SIZE];

// Input the first string
printf("Enter the first string: ");

fgets(strl, MAX_SIZE, stdin);

// Remove newline character added by fgets

stri[strcspn(strl, "\n")] ="\0";

// Input the second string

printf("Enter the second string: ");

fgets(str2, MAX_SIZE, stdin);

// Remove newline character added by fgets

str2[strcspn(str2, "\n")] ="\0";

// Concatenate the two strings

concatenateStrings(stri, str2, result);

// Display the concatenated string

printf("Concatenated string: %s\n", result);

return O;



Sample Input/Output

Example 1:

Enter the first string: Hello

Enter the second string: World
Concatenated string: HelloWorld
Example 2:

Enter the first string: OpenAl
Enter the second string: GPT

Concatenated string: OpenAIGPT

Edge Cases

1. Empty Strings: If one or both strings are empty, the concatenation will simply return the non-
empty string or an empty result.

2. Maximum Length: Ensure that the input strings do not exceed the maximum size defined
(MAX_SIZE) to avoid overflow.



Calculate Length of String with and without String Handling
Functions

#include <stdio.h>

#include <string.h>

// Function to calculate length of a string without using string handling functions
int lengthWithoutStrlen(char str[]) {
int length = 0;
while (str[length] !="\0") {
length++;
}

return length;

int main() {

char str[100];

// Input the string
printf("Enter a string: ");

fgets(str, sizeof(str), stdin);

// Remove newline character from fgets input

str[strcspn(str, "\n")] = "\0';

// Using string handling function (strlen)

int lengthWithStrlen = strlen(str);



printf("Length of the string using strlen: %d\n", lengthWithStrlen);

// Without using string handling functions
int lengthWithoutStrlenResult = lengthWithoutStrlen(str);

printf("Length of the string without using strlen: %d\n", lengthWithoutStrlenResult);

return O;

Sample Input/Output

Example 1:

Enter a string: Hello, World!

Length of the string using strlen: 13

Length of the string without using strlen: 13
Example 2:

Enter a string: OpenAl

Length of the string using strlen: 6

Length of the string without using strlen: 6

Edge Case

1. Empty String: If the user enters an empty string, both methods will return 0, as there are no
characters in the string.

2. Whitespace: The program correctly handles strings with spaces because fgets() captures the
entire line.



Call by Value and Call by Reference

#include <stdio.h>

// Function for Call by Value

void callByValue(int a, int b) {
a=a+10; // Modifying the local copy of 'a’'
b=b*2; //Modifying the local copy of 'b'
printf("Inside callByValue function:\n");

printf("a = %d, b = %d\n", a, b); // Printing modified values of aand b

// Function for Call by Reference

void callByReference(int *a, int *b) {
*a = *a + 10; // Modifying the value at address of 'a'
*b=*b *2; //Modifying the value at address of 'b'
printf("Inside callByReference function:\n");

printf("a = %d, b = %d\n", *a, *b); // Printing modified values of aand b

int main() {

int a, b;

// Input the values fora and b
printf("Enter two integers: ");

scanf("%d %d", &a, &b);



// Call by Value

printf("\nBefore callByValue:\n");

printf("a = %d, b = %d\n", a, b); // Original values before call
callByValue(a, b); // Passing values to function

printf("After callByValue:\n");

printf("a = %d, b = %d\n", a, b); // Original values remain unchanged

// Call by Reference

printf("\nBefore callByReference:\n");

printf("a = %d, b = %d\n", a, b); // Original values before call
callByReference(&a, &b); // Passing addresses to function
printf("After callByReference:\n");

printf("a = %d, b = %d\n", a, b); // Values are modified

return O;

Sample Input/Output
Example 1:

Enter two integers: 5 10

Before callByValue:
a=5b=10
Inside callByValue function:

a=15,b=20



After callByValue:

a=5b=10

Before callByReference:
a=5b=10

Inside callByReference function:
a=15,b=20

After callByReference:

a=15,b=20



GCD using Recursion

#include <stdio.h>

// Recursive function to find GCD of two numbers
int gcd(int a, int b) {
// Base case: if b is O, return a as GCD
if (b ==0){
return a;
}
// Recursive case: GCD ofaand bisGCDof banda % b

return gcd(b, a % b);
int main() {
inta, b;
// Input two numbers
printf("Enter two numbers: ");

scanf("%d %d", &a, &b);

// Call the gcd function and print the result

printf("GCD of %d and %d is: %d\n", a, b, gcd(a, b));

return O;



Sample Input/Output
Example 1:

Enter two numbers: 56 98
GCD of 56 and 98 is: 14
Example 2:

Enter two numbers: 36 60

GCD of 36 and 60 is: 12



C Program to Perform Various Operations Using Pointers

#include <stdio.h>

// Function to swap two numbers using pointers
void swap(int *a, int *b) {

int temp = *a;

*3 = *;

*b = temp;

// Function to calculate the sum of an array using pointers
int sumArray(int *arr, int size) {
int sum=0;
for (inti=0;i<size; i++) {
sum += *(arr +i); // Pointer arithmetic

}

return sum;

int main() {
inta=10, b =20;
intarr[] ={1, 2, 3, 4, 5};

int size = sizeof(arr) / sizeof(arr[0]);

// Pointer Declaration and Initialization

int *ptrA = &a;



int *ptrB = &b;

// Accessing values using pointers
printf("Value of a using pointer ptrA: %d\n", *ptrA);

printf("Value of b using pointer ptrB: %d\n", *ptrB);

// Pointer Arithmetic
printf("\nPointer Arithmetic:\n");
printf("Address of a: %p, Address of b: %p\n", ptrA, ptrB);

printf("Next address after ptrA: %p\n", ptrA + 1); // Pointer arithmetic

// Swapping using pointers
printf("\nBefore Swap: a = %d, b = %d\n", a, b);
swap(ptrA, ptrB); // Call function to swap using pointers

printf("After Swap: a = %d, b = %d\n", a, b);

// Using pointer with arrays (Sum of Array)

printf("\nSum of Array elements: %d\n", sumArray(arr, size));

return O;



Sample Input/Output
Example:
Value of a using pointer ptrA: 10

Value of b using pointer ptrB: 20

Pointer Arithmetic:

Address of a: Ox7ffee4b5c5b4, Address of b: 0x7ffee4b5c5b8

Next address after ptrA: 0x7ffee4b5c5b8

Before Swap: a=10, b =20

After Swap:a=20,b=10

Sum of Array elements: 15



C program that reads the data of 10 employees using a structure.

The structure contains the following fields:
1. Employee ID

2. Aadhar Number
3. Title
4. Joined Date
5. Salary
6. Date of Birth
7. Gender
8. Department
C Program: Employee Data using Structure

#include <stdio.h>

// Define the structure to hold employee details
struct Employee {

int employeelD;

char aadharNo[13];

char title[20];

char joinedDate[15];

float salary;

char dob[15];

char gender[10];

char department[30];

int main() {



struct Employee emp[10]; // Array of 10 employees

// Input data for 10 employees
printf("Enter details for 10 employees:\n");
for(inti=0;i<10; i++) {

printf("\nEmployee %d:\n", i + 1);

printf("Enter Employee ID: ");

scanf("%d", &empli].employeelD);

printf("Enter Aadhar Number: ");

scanf("%s", empli].aadharNo);

printf("Enter Title: ");

scanf("%s", empli].title);

printf("Enter Joined Date (DD/MM/YYYY): ");

scanf("%s", empli].joinedDate);

printf("Enter Salary: ");

scanf("%f", &empli].salary);

printf("Enter Date of Birth (DD/MM/YYYY): ");

scanf("%s", empl[i].dob);



printf("Enter Gender: ");

scanf("%s", empl[il.gender);

printf("Enter Department: ");

scanf("%s", emp[il.department);

// Output details of 10 employees

printf("\nEmployee Details:\n");

for(inti=0;i<10; i++) {
printf("\nEmployee %d:\n", i + 1);
printf("Employee ID: %d\n", emp[i].employeelD);
printf("Aadhar Number: %s\n", empli].aadharNo);
printf("Title: %s\n", empli].title);
printf("Joined Date: %s\n", empli].joinedDate);
printf("Salary: %.2f\n", empli].salary);
printf("Date of Birth: %s\n", empli].dob);
printf("Gender: %s\n", empli].gender);

printf("Department: %s\n", empl[i].department);

return O;



Sample Input/Output
Sample Input:

Enter details for 10 employees:

Employee 1:

Enter Employee ID: 101

Enter Aadhar Number: 123456789012

Enter Title: Mr

Enter Joined Date (DD/MM/YYYY): 12/05/2019
Enter Salary: 50000

Enter Date of Birth (DD/MM/YYYY): 01/01/1990
Enter Gender: Male

Enter Department: HR

Employee 2:

Enter Employee ID: 102

Enter Aadhar Number: 234567890123

Enter Title: Mrs

Enter Joined Date (DD/MM/YYYY): 15/06/2018
Enter Salary: 55000

Enter Date of Birth (DD/MM/YYYY): 02/02/1985
Enter Gender: Female

Enter Department: IT

Sample Output:



Employee Details:

Employee 1:

Employee ID: 101

Aadhar Number: 123456789012
Title: Mr

Joined Date: 12/05/2019
Salary: 50000.00

Date of Birth: 01/01/1990
Gender: Male

Department: HR

Employee 2:

Employee ID: 102

Aadhar Number: 234567890123
Title: Mrs

Joined Date: 15/06/2018
Salary: 55000.00

Date of Birth: 02/02/1985
Gender: Female

Department: IT



C Program: Dynamic Arrays Using Dynamic Memory Management
Functions

#include <stdio.h>

#include <stdlib.h>

int main() {
int *arr; // Pointer to hold the dynamically allocated array

intn,i;

// Step 1: Ask the user for the size of the array
printf("Enter the number of elements: ");

scanf("%d", &n);

// Step 2: Dynamically allocate memory using malloc

arr = (int *)malloc(n * sizeof(int));

// Check if memory allocation was successful
if (arr == NULL) {
printf("Memory allocation failed!\n");

return 1;

// Step 3: Read values into the dynamically allocated array
printf("Enter %d elements:\n", n);
for (i=0;i<n;i++){

scanf("%d", &arrli]);



// Step 4: Display the elements
printf("Entered elements are:\n");
for (i=0;i<n;i++){

printf("%d ", arrl[i]);
}

printf("\n");

// Step 5: Reallocate memory to expand the array
printf("\nEnter the new size for the array: ");
scanf("%d", &n);

arr = (int *)realloc(arr, n * sizeof(int));

// Check if reallocation was successful
if (arr == NULL) {
printf("Memory reallocation failed!\n");

return 1;

// Step 6: Read new values into the resized array
printf("Enter %d more elements:\n", n);
for (i=0;i<n;i++){

scanf("%d", &arrli]);



// Step 7: Display the updated array
printf("Updated elements are:\n");
for (i=0;i<n;i++){

printf("%d ", arrl[i]);
}

printf("\n");

// Step 8: Free the dynamically allocated memory
free(arr);

printf("\nMemory freed successfully.\n");

return O;

Sample Input and Output:
Example Input:

Enter the number of elements: 5
Enter 5 elements:

12345

Entered elements are:

12345



Enter the new size for the array: 8
Enter 8 more elements:

678910111213

Updated elements are:

12345678910111213

Memory freed successfully.



VIVA QUESTIONS

UNIT-I: Introduction to Computer and Programming

1.

10.

Q: What are the basic components of a computer?
A: The basic components are the CPU (Central Processing Unit), memory (RAM), input devices,
output devices, and storage devices.

Q: What is the function of the CPU?
A: The CPU performs arithmetic and logic operations, controls the flow of data, and executes
instructions.

Q: Explain the difference between hardware and software.
A: Hardware refers to the physical components of the computer, while software refers to the
programs and applications running on the hardware.

Q: What are the types of software?
A: System software (e.g., operating systems), application software (e.g., word processors), and
utility software (e.g., antivirus programs).

Q: What is the function of an operating system?
A: The operating system manages hardware resources, provides a user interface, and runs
application programs.

Q: What is a compiler?
A: A compiler translates high-level source code into machine code that the computer can
execute.

Q: What is an interpreter?
A: An interpreter translates and executes code line by line, unlike a compiler that translates the
whole program at once.

Q: What is the difference between a compiler and an interpreter?
A: A compiler translates the entire program into machine code before execution, while an
interpreter executes the code line by line.

Q: What are flowcharts and how are they used in programming?
A: Flowcharts are diagrams that represent the flow of a program. They help in designing
algorithms and visualizing the sequence of operations.

Q: What is an algorithm?
A: An algorithm is a step-by-step procedure or set of rules to solve a problem.



11. Q: What are C tokens?
A: C tokens are the smallest units in C programming, including keywords, identifiers, constants,
operators, and punctuation.

12. Q: What are keywords in C?
A: Keywords are predefined reserved words in C that have special meaning (e.g., int, if, return).

13. Q: What are identifiers in C?
A: Identifiers are names used to identify variables, functions, arrays, or any other user-defined
item in C.

14. Q: What are constants in C?
A: Constants are fixed values used in C, such as integer constants, floating-point constants, or
character constants.

15. Q: What is the printf() function used for?
A: The printf() function is used to display formatted output to the console.

16. Q: What is scanf() used for in C?
A: scanf() is used to take formatted input from the user.

17. Q: What are data types in C?
A: Data types define the type of data a variable can store, such as int, float, char, etc.

18. Q: What is the difference between a float and a double in C?
A: float stores single precision floating-point numbers, while double stores double precision
floating-point numbers.

19. Q: How do you define a variable in C?
A: A variable is defined by specifying its data type followed by its name, e.g., int x;.

20. Q: What is an operator in C?
A: Operators are symbols that perform operations on variables and values, e.g., +, -, *, /.

UNIT-II: Control Statements

21. Q: What is the syntax of an if statement in C?
A: The syntax is:

if (condition) {

// statements



22. Q: Explain the if-else statement with an example.
A: The if-else statement executes one block of code if the condition is true, and another block if
the condition is false.

if (x>vy){

// statements if true
}else {

// statements if false

}

23. Q: What is an else-if ladder?
A: An else-if ladder allows checking multiple conditions sequentially.

if (condition1) {
// statements
} else if (condition2) {
// statements
}else {
// statements

}

24. Q: How does a switch statement work?
A: The switch statement checks a variable against multiple case values and executes the
matching case.

switch (x) {
case 1: // statements
break;
case 2: // statements
break;

default: // statements



25. Q: How does a while loop function in C?
A: A while loop repeatedly executes a block of code as long as a specified condition is true.

while (condition) {

// statements

}

26. Q: How does a for loop work?
A: A for loop is used when the number of iterations is known. It initializes, checks the condition,
and updates the variable.

for (inti=0;i<n;i++) {
// statements

}

27. Q: What is the difference between while and do-while loops?
A: A while loop checks the condition before executing, while a do-while loop executes the
statements at least once before checking the condition.

28. Q: What does the break statement do?
A: The break statement terminates the loop or switch statement prematurely.

29. Q: What is the purpose of the continue statement?
A: The continue statement skips the current iteration of a loop and continues with the next
iteration.

30. Q: What is a goto statement?
A: The goto statement transfers control to a labeled statement in the program.

UNIT-IIl: Derived Data Types in C

31. Q: Whatis an array in C?
A: An array is a collection of elements of the same data type, stored in contiguous memory
locations.

32. Q: How do you declare a one-dimensional array in C?
A: The syntax is:

type array_name([size];



33

34.

35.

36.

37.

38.

39.

40.

. Q: How is a two-dimensional array declared in C?
A: The syntax is:

type array_name[rows][columns];

Q: How is memory represented for arrays?
A: Arrays are stored in contiguous memory locations, with each element having a unique index.

Q: How do you initialize a one-dimensional array?
A: Initialization can be done as:

intarr[] =11, 2, 3, 4};

Q: How do you initialize a two-dimensional array?
A: Initialization is done as:

int arr[2][3] = {{1, 2, 3}, {4, 5, 6}};

Q: What is a string in C?
A: A string is an array of characters terminated by a null character ('\0').

Q: How do you declare a string in C?
A: A string can be declared as:

char str[] = "Hello";

Q: What are string handling functions in C?
A: These are built-in functions like strlen(), strcpy(), strcat(), strcmp(), etc., to manipulate strings.

Q: What is the difference between strcpy() and strcat()?
A: strcpy() copies one string into another, while strcat() appends one string to the end of
another.

UNIT-IV: Functions and Pointers

41
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43

. Q: What is the purpose of function prototypes in C?
A: Function prototypes provide a declaration of the function before it is defined, specifying the
function's return type and parameters.

. Q: What is recursion in C?

A: Recursion occurs when a function calls itself to solve a problem.

. Q: What is the difference between passing by value and passing by reference?

A: Passing by value passes a copy of the variable, while passing by reference passes

the address of the variable.



44. Q: What are local and global variables in C?
A: Local variables are defined within a function and are accessible only inside that function,
while global variables are defined outside any function and are accessible throughout the
program.

45. Q: What are storage classes in C?
A: Storage classes define the lifetime and scope of variables, including auto, register, static, and
extern.

46. Q: What is a pointer in C?
A: A pointer is a variable that stores the address of another variable.

47. Q: How do you declare and initialize a pointer in C?
A: A pointer is declared as type *pointer_name; and initialized with the address of a variable
using & operator.

48. Q: What is pointer arithmetic?
A: Pointer arithmetic allows pointers to be incremented or decremented, enabling traversal of
arrays.

49. Q: How are pointers and arrays related?
A: In C, arrays and pointers are closely related. The name of an array is a pointer to its first
element.

50. Q: How do you use pointers in functions?
A: Pointers can be passed to functions to modify the values of variables outside the function.

UNIT-V: Dynamic Memory Management and Structures

51. Q: What is dynamic memory allocation in C?
A: Dynamic memory allocation allows allocating memory at runtime using functions like
malloc(), calloc(), realloc(), and free().

52. Q: What is malloc() in C?
A: malloc() allocates a specified amount of memory and returns a pointer to the allocated
memory.

53. Q: What is calloc() in C?
A: calloc() allocates memory for an array of specified elements and initializes all elements to
zero.

54. Q: What is realloc() in C?
A: realloc() resizes a previously allocated memory block.



55. Q: What is the purpose of free() in C?
A: free() deallocates previously allocated memory, releasing it back to the system.

56. Q: What is a structure in C?
A: A structure is a user-defined data type that can hold variables of different types.

57. Q: How do you declare a structure in C?
A: A structure is declared as:

struct structure_name {
type memberi;
type member2;
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58. Q: How do you access structure members in C?
A: Structure members are accessed using the dot (.) operator, e.g., struct_variable.member.

59. Q: What are nested structures?
A: Nested structures are structures that contain other structures as members.

60. Q: What is the difference between a structure and a union?
A: In a structure, each member has its own memory, whereas in a union, all members share the
same memory location.

Additional Questions

61. Q: What are the advantages of using structures?
A: Structures allow grouping different types of data under one name, improving code
organization.

62. Q: How do you pass a structure to a function?
A: A structure can be passed to a function by value or by reference (using pointers).

63. Q: What are arrays of structures?
A: An array of structures is a collection of multiple structures stored in contiguous memory
locations.

64. Q: What are function pointers?
A: Function pointers allow passing functions as arguments or returning functions from other
functions.

65. Q: How do you allocate memory for a structure dynamically?
A: Dynamic memory for a structure is allocated using malloc() or calloc().



