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1 Rules of Engagement

1.1 Slide 1: Rules of Engagement (1/2)

Core Concept: ”The first lecture establishes the framework for successful learning:
course structure, expectations, and practical advice for making the most of the program-
ming course.”

Course Logistics Explained:

• Lecture Schedule: One 2-hour lecture per week. This is the primary theoretical
delivery, where concepts are introduced and explained.

• Practice Sessions: Two sessions weekly—one of 1 hour and one of 2 hours. This
is where theory meets practice. You’ll write code, debug, and reinforce concepts
with hands-on exercises.

Assessment Structure:

• Two Mid-term Exams: These assess your understanding of material covered in
the first part of the course. They help identify areas needing improvement before
the final.

• Final Exam: Cumulative assessment covering the entire course, with emphasis on
integration of concepts.

Equipment Recommendations:

• Own Computer: Encouraged to use personal laptops with your preferred tools.
This builds familiarity with development environments you’ll use professionally.

• Paper Notebook: Strongly recommended. Research shows that handwriting
notes improves retention and understanding compared to typing. Use it for:

– Sketching program designs

– Writing pseudocode before implementation

– Taking notes on concepts and error patterns

– Drawing memory diagrams

Pitfall: Relying solely on digital notes without practicing handwriting can lead to shal-
lower processing of information. The physical act of writing engages different cognitive
processes.

Student Mindset: Come prepared, bring your notebook, and be ready to engage.
Programming is not a spectator sport—you learn by doing, failing, and trying again.
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1.2 Slide 2: Rules of Engagement (2/2)

Core Concept: ”Active participation and classroom etiquette are essential for creating
an effective learning environment for everyone.”

Interactive Learning Explained:

• Ask Questions: There are no ”stupid” questions. If something is unclear, others
likely have the same doubt. Asking clarifies concepts for everyone.

• Answer Questions: When I ask questions, it’s not to test you—it’s to get feedback
on whether the explanation is working. Your responses help me adjust the teaching
pace and depth.

• Dialogue Over Monologue: Programming is inherently logical; if something
doesn’t make sense, it’s probably my explanation that needs adjustment, not your
understanding.

Classroom Etiquette:

• Bathroom Breaks: No need to ask permission—just be respectful and avoid
having too many students leave at once.

• Focus Environment: Minimize distractions for yourself and others. Program-
ming requires concentration; a focused classroom benefits everyone.

QR Code for Communication:

• The Telegram QR code provides a direct communication channel for questions
outside class.

• Use it for:

– Clarifications on assignments

– Reporting issues with examples

– Quick questions between sessions

Pitfall: Staying silent when confused. Programming concepts build on each other—a
gap in understanding today will create larger gaps tomorrow. Always speak up.

Student Takeaway: Your engagement directly impacts your learning outcomes. An
interactive classroom where students participate actively learns faster and retains more.
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2 Course Overview and Introduction

2.1 Slide 3: Welcome to C Programming!

Core Concept: ”This course takes a foundational approach to C programming, building
from first principles with practical, hands-on coding from day one.”

Course Philosophy Explained:

• Foundational Approach: We start with fundamental concepts and build up-
ward. Every new concept connects to previously learned material, creating a solid
knowledge structure.

• Practical Focus: Theory is immediately applied. You’ll write code in every ses-
sion, not just watch demonstrations.

• Problem-Solving Development: Programming is about solving problems, not
just syntax. We’ll develop algorithmic thinking—breaking problems into steps the
computer can execute.

• Real-World Relevance: Understanding C’s role in modern computing (operating
systems, embedded devices, game engines) motivates why these concepts matter.

Today’s Learning Objectives Explained:

1. Understand C’s role: Why C remains relevant after 50 years—its balance of
high-level structure and low-level control.

2. Set up development environment: Install and configure GCC, choose a text
editor, verify everything works.

3. Write, compile, and run first program: The classic ”Hello, World!” introduces
the entire development workflow.

4. Learn variables and data types: How computers store and manipulate different
kinds of data.

5. Basic input/output operations: Communicate with the user through printf()
and scanf().

Course Structure Visualization:

• Weeks 1-3: Foundations - Variables, control flow, functions

• Weeks 4-7: Core Concepts - Arrays, pointers, strings, structures

• Weeks 8-10: Advanced Topics - Dynamic memory, file I/O, data structures

Pitfall: Trying to learn everything at once. Programming mastery comes from incre-
mental understanding and practice. Focus on today’s goals before tomorrow’s.

Student Takeaway: By the end of today, you’ll have written and run your first C
program—the first step in a rewarding journey.
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2.2 Slide 4: The Character of C Language

Core Concept: ”C occupies a unique position in programming languages—powerful
enough for system programming yet accessible enough for learning fundamental concepts.”

Why Learn C? Detailed Explanation:

• Foundation: Understanding how computers work at a fundamental level. C’s
design closely mirrors computer architecture—variables map to memory locations,
arrays to contiguous memory blocks, pointers to addresses.

• Efficiency: Close to hardware performance. C programs can be optimized to run
nearly as fast as assembly code while being much more readable.

• Influence: C’s syntax and concepts form the basis for C++, Java, C#, JavaScript,
Python (implemented in C), and many others. Learning C gives insight into all
these languages.

• Portability: C compilers exist for virtually every platform—from embedded mi-
crocontrollers to supercomputers.

• Industry Standard: System programming, operating systems (Linux kernel), em-
bedded systems, game engines (Unreal, Unity use C++ but build on C foundations),
and scientific computing rely heavily on C.

Common Applications (Real-World Context):

• Operating Systems: Linux, Windows kernel components, macOS kernel (XNU)

• Embedded Systems: Automotive controls, medical devices, IoT sensors

• Game Engines: Graphics rendering, physics calculations, performance-critical
components

• Compilers and Interpreters: Many language implementations (Python, Ruby,
PHP) are written in C

• Scientific Computing: Numerical simulations, data processing, computational
research

Language Hierarchy:

• Python/Java: High abstraction, easier to write, farther from hardware

• C++: Mid-level with object-oriented features

• C: ”Portable assembly”—balance of control and productivity

• Assembly: Direct hardware control, architecture-specific, hardest to write

Pitfall: Thinking C is ”old” and therefore irrelevant. Many modern systems are built
on C foundations precisely because of its stability, performance, and portability.

Student Takeaway: C is not just a language to learn—it’s a window into how computers
actually work. This understanding will make you a better programmer in any language.
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3 Setting Up Development Environment

3.1 Slide 5: Getting Started with C Development

Core Concept: ”A proper development environment is essential. You need a text editor
to write code, a compiler to translate it to machine code, and a terminal to run it.”

Required Tools Explained:

• Text Editor: Where you write your code. Options range from simple to feature-
rich:

– Kate, Sublime, Notepad++: Lightweight, syntax highlighting, good for
beginners

– VS Code: Popular, extensible, integrated terminal

– Vim/Emacs: Powerful but steeper learning curve

• Compiler (GCC): GNU Compiler Collection—the standard C compiler on Unix-
like systems. Translates human-readable C code into machine-executable instruc-
tions.

• Terminal/Command Line: Access to shell for running compiler commands and
executing programs.

• Optional IDE: Integrated Development Environments combine editor, compiler,
debugger:

– Visual Studio Code: Lightweight, extensions for C

– Eclipse CDT: Full-featured IDE

– CLion: Commercial, intelligent C/C++ IDE

Installing GCC by Platform:

• Linux: Usually pre-installed. If not: sudo apt install gcc (Debian/Ubuntu) or
equivalent package manager command.

• Mac: Install Xcode Command Line Tools: xcode-select --install

• Windows: Two main options:

– MinGW: Minimalist GNU for Windows—port of GCC to Windows

– WSL2: Windows Subsystem for Linux—run a full Linux environment inside
Windows (recommended for authentic experience)

Verification:
1 gcc --version

Pitfall: Not verifying installation. Always run gcc --version to confirm the compiler
is accessible from your terminal.
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Student Exercise: Install GCC on your system today. Verify with gcc --version. If
you encounter errors, use the course communication channel for help.
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3.2 Slide 6: Understanding the Compilation Process

Core Concept: ”Compilation transforms human-readable C code into machine-executable
instructions through several distinct stages, each with a specific purpose.”

The Four Compilation Stages:

1. Preprocessing: Handles lines starting with #:

• #include: Copies header file contents into source

• #define: Performs macro substitution

• Removes comments

• Output: expanded source code (still human-readable)

2. Compilation: Translates preprocessed C code to assembly language:

• Performs syntax checking

• Optimizes code

• Generates architecture-specific assembly instructions

• Output: assembly file (.s)

3. Assembly: Converts assembly code to machine code:

• Creates relocatable machine code

• Output: object file (.o or .obj)

• Contains machine instructions but unresolved external references

4. Linking: Combines object files and libraries:

• Resolves references to functions in other files

• Adds startup code

• Output: executable file

Command-Line Demonstration:
1 # See preprocessor output
2 gcc -E hello.c > hello.i
3

4 # Compile to assembly
5 gcc -S hello.i # Creates hello.s
6

7 # Assemble to object
8 gcc -c hello.s # Creates hello.o
9

10 # Link to executable
11 gcc hello.o -o hello

The -Wall Flag:
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1 gcc -Wall hello.c -o hello

Enables all warnings—catches potential issues that aren’t errors but might cause prob-
lems.

Pitfall: Ignoring compiler warnings. Warnings often indicate logical errors or portability
issues. Treat warnings as errors during learning.

Student Exercise: Take a simple C program and run through each compilation stage
manually. Examine the intermediate files to understand what each stage produces.
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4 Your First C Program

4.1 Slide 7: The Classic ”Hello, World!” Program

Core Concept: ”Every programming journey begins with a program that prints a
message. This simple program introduces fundamental C syntax and the development
workflow.”

Complete Program:
1 #include <stdio.h>
2

3 int main(void) {
4 printf("Hello, World!\n");
5 return 0;
6 }

Program Structure Elements:

• #include <stdio.h>: Preprocessor directive

– #include: Tells preprocessor to insert contents of another file

– <stdio.h>: Standard Input/Output header—contains declarations for printf(),
scanf(), etc.

– Angle brackets <>: Search system include directories

• int main(void): Function definition

– int: Return type—function returns integer to operating system

– main: Function name—special: program execution starts here

– (void): Parameter list—no arguments (explicitly stated)

• { ... }: Function body enclosed in curly braces

• printf("Hello, World!\n");: Function call

– printf: Output function from stdio.h

– "Hello, World!\n": String literal (text in double quotes)

– \n: Escape sequence—newline character

– ;: Statement terminator—every statement ends with semicolon

• return 0;: Return statement

– Returns value 0 to operating system

– Convention: 0 means success, non-zero indicates error

Creation and Execution:
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1 # Create file (using any text editor)
2 # Save as hello.c
3

4 # Compile
5 gcc hello.c -o hello
6

7 # Run
8 ./hello # Linux/Mac
9 hello.exe # Windows

Pitfall: Forgetting the semicolon. Every statement must end with ;. Missing semicolon
is the most common beginner error.

Student Exercise: Type this program manually (don’t copy-paste). Compile and run
it. Then modify the message and recompile to see changes.
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4.2 Slide 8: Understanding Program Components

Core Concept: ”Every part of a C program has specific meaning and purpose. Under-
standing these components is essential for writing correct code.”

Detailed Component Analysis:

#include <stdio.h>

• What it does: Copies the entire contents of stdio.h into your source file at this
point.

• Why needed: printf() is declared in stdio.h. Without the declaration, the
compiler doesn’t know what printf() is or how to call it.

• What’s in stdio.h: Function prototypes, type definitions, macro constants related
to input/output.

• Analogy: Like importing a library module in Python.

int main(void)

• Function Declaration: Tells compiler what the function returns (int) and what
parameters it takes (void).

• Entry Point: Every C program must have exactly one main function. Execution
begins here.

• Return Value: int means the function returns an integer to the operating system.

• void Parameter: Explicitly states the function takes no arguments. (In C, empty
parentheses () would mean ”unspecified parameters”—less safe.)

{ ... }

• Function Body: Contains the statements that execute when the function is called.

• Block Scope: Variables declared inside these braces are only visible within them.

• Statements: Each line inside is a complete instruction ending with ;.

printf("Hello, World!\n");

• Function Call: Executes the printf function.

• Argument: The string "Hello, World!\n" is passed to printf.

• Escape Sequence: \n is a single character (ASCII 10) that moves cursor to next
line.

return 0;

• Return Statement: Exits the function and returns a value.

• Success Indicator: By convention, 0 means ”successful completion”.

• Optional? In C99 and later, reaching the end of main without a return implicitly
returns 0, but explicit is better practice.
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Pitfall: Using double quotes for characters. Character literals use single quotes: 'A'.
Strings use double quotes: "Hello".

Student Exercise: Try removing different parts of the program and see what error
messages you get. This builds understanding of error messages.
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4.3 Slide 9: Common Errors in First Program

Core Concept: ”Errors are inevitable in programming. Learning to read and under-
stand compiler error messages is as important as learning syntax.”

Syntax Error Examples:

Missing Semicolon:
1 printf("Hello") // Missing semicolon
2 return 0;
3 }

Error Message:
1 hello.c:4:5: error: expected ';' before 'return'
2 printf("Hello")
3 ^~~~~~

Explanation: Compiler expected a semicolon but found return instead. Line 4, char-
acter 5 is where the error was detected.

Missing Parenthesis:
1 printf("Hello"; // Missing closing parenthesis

Error: Mismatched parentheses confuse the compiler about where the function call ends.

Wrong Header Name:
1 #include <studio.h> // Should be stdio.h

Error: studio.h doesn’t exist. Compiler can’t find the header file.

Missing Brace:
1 int main(void)
2 printf("Hello");
3 return 0;
4 }

Error: Missing opening brace means the function body isn’t properly defined.

Error Reading Strategy:

1. Read the first error first: Later errors are often consequences of the first.

2. Look at line number: The error message includes the line number where the
compiler got confused.

3. Check the line before: Sometimes the error is actually on the previous line (e.g.,
missing semicolon affects the next line).

4. Understand the message: ”expected ’;’ before ’return’” means the compiler was
expecting a semicolon but found return.

5. Fix and recompile: Fix the first error, then recompile. Often this resolves mul-
tiple errors.
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Pitfall: Panicking when seeing many errors. Fix the first error, recompile, and see what
remains. One missing semicolon can generate dozens of error messages.

Student Exercise: Intentionally introduce each of these errors into your program and
observe the error messages. This builds familiarity with common error patterns.
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5 Variables and Data Types

5.1 Slide 10: Understanding Variables in C

Core Concept: ”Variables are named memory locations that store data. They are
fundamental to programming—they hold the information our programs manipulate.”

What Are Variables?

• Named Memory Locations: Each variable corresponds to a specific area in
computer memory (RAM).

• Store Data Values: Variables hold values that can change during program exe-
cution.

• Have Specific Types: The type determines:

– How much memory is allocated

– How the stored bits are interpreted

– What operations are allowed

• Can Change Values: Unlike constants, variables can be assigned new values.

• Follow Naming Rules: Identifiers must follow C’s naming conventions.

Variable Declaration:
1 int age; // Declare integer variable
2 double price; // Declare double-precision float
3 char grade; // Declare character variable

Declaration introduces the variable name and type but doesn’t give it a value.

Variable Initialization:
1 int count = 0; // Declaration + initialization
2 double pi = 3.14159; // Initialize with value
3 char initial = 'A'; // Character literal in single

quotes
4

5 int x = 5, y = 10, z = 15; // Multiple variables
6

7 int score; // Declare first
8 score = 95; // Then assign

Initialization gives the variable its first value. Uninitialized variables contain garbage
values.

Naming Rules:

• Must start with letter or underscore (a-z, A-Z, _)

• Subsequent characters can be letters, digits, or underscores
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• Case-sensitive: age, Age, AGE are different

• Cannot use keywords (int, return, if, etc.)

• Should be meaningful and descriptive

Good vs Bad Names:
1 // Good - descriptive
2 int student_age;
3 double circle_radius;
4 char first_initial;
5

6 // Bad - unclear
7 int a;
8 double x1;
9 char c;

10

11 // Acceptable for short loops
12 int i; // OK as loop counter

Pitfall: Using uninitialized variables. They contain whatever bits happened to be in
memory—leading to unpredictable behavior.

Student Exercise: Declare variables for your name, age, and height. Initialize them
with appropriate values and use printf to display them.
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5.2 Slide 11: Fundamental Data Types in C

Core Concept: ”C provides basic data types for different kinds of information. Each
type has specific characteristics, size, and range.”

Integer Types:

• int: Whole numbers (no fractional part)

– Typical size: 4 bytes (32 bits)

– Range: -2,147,483,648 to 2,147,483,647 (signed)

– Examples: 42, -7, 0, 1000000

– Variants: short int (usually 2 bytes), long int (usually 4 or 8 bytes)

Floating-Point Types:

• float: Single-precision floating point

– Size: 4 bytes

– Precision: About 6-7 decimal digits

– Range: Approximately ±3.4e-38 to ±3.4e38

• double: Double-precision floating point

– Size: 8 bytes

– Precision: About 15-16 decimal digits

– Range: Approximately ±1.7e-308 to ±1.7e308

– Preferred for: Most floating-point calculations

• Examples: 3.14, -0.001, 2.0, 6.022e23

Character Type:

• char: Single character

– Size: 1 byte (8 bits)

– Stores: ASCII character code (0-255)

– Examples: 'A', '7', '$', '\n'

– Note: Single quotes, not double quotes

Checking Type Sizes:
1 #include <stdio.h>
2

3 int main(void) {
4 printf("int: %zu bytes\n", sizeof(int));
5 printf("float: %zu bytes\n", sizeof(float));
6 printf("double: %zu bytes\n", sizeof(double));
7 printf("char: %zu byte\n", sizeof(char));
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8 return 0;
9 }

%zu is the format specifier for size_t (the type returned by sizeof).

Pitfall: Assuming fixed sizes across platforms. sizeof(int) can be 2 bytes on some
older or embedded systems. Use sizeof to be sure.

Student Exercise: Write a program that declares variables of each type, assigns values,
and prints them with their sizes.
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5.3 Slide 12: Memory Representation of Variables

Core Concept: ”Variables occupy memory. Understanding how they’re stored—their
addresses and sizes—is fundamental to C programming.”

Variable Storage Principles:

• Each variable gets memory space: When you declare a variable, the compiler
allocates memory for it.

• Size depends on type: int gets 4 bytes, double gets 8 bytes, char gets 1 byte.

• Has memory address: Every byte of memory has a unique address. Variables
occupy a range of addresses.

• Values stored in binary: All data is stored as bits (0s and 1s). The type
determines how to interpret those bits.

Viewing Addresses:
1 int x = 42;
2 printf("Value: %d\n", x);
3 printf("Address: %p\n", (void*)&x);

• &x: Address-of operator—gets the memory address of variable x

• %p: Format specifier for printing addresses

• (void*): Cast to generic pointer type (required for %p)

Memory Layout Example:

Address Variable Value
0x1000 int age 21 (occupies bytes 1000-1003)
0x1004 double price 19.99 (occupies bytes 1004-1011)
0x100C char grade 'A' (occupies byte 100C)
0x100D int count 100 (occupies bytes 100D-1010)

Address Spacing Observations:

• Addresses increment by type size: int (4 bytes) → next address +4

• double (8 bytes) → next address +8

• char (1 byte) → next address +1

• This is why array elements are evenly spaced in memory

Why Addresses Matter:

• Pointers: C allows direct manipulation of addresses through pointers (future lec-
ture)

• Efficiency: Understanding memory layout helps write efficient code

• Debugging: Address-related errors (segmentation faults) are common

• Data structures: Linked lists, trees, etc., rely on addresses
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Pitfall: Confusing the value of a variable with its address. x is the value; &x is the
address. They’re completely different.

Student Exercise: Declare variables of different types, print their addresses, and ob-
serve the spacing between them. Try to predict the pattern.



23

6 Basic Input/Output Operations

6.1 Slide 13: Output with printf() Function

Core Concept: ”printf() is C’s primary output function. It provides formatted output
with precise control over how values appear.”

printf() Basics:

• Formatted output function: Prints to standard output (usually the screen)

• Takes format string + arguments: The format string contains text and format
specifiers

• Returns number of characters printed: Useful for error checking (advanced)

• Defined in <stdio.h>: Must include this header

Format Specifiers (Placeholders):

• %d: Print as signed decimal integer (int)

• %f: Print as floating-point (float, double)

• %c: Print as character (char)

• %s: Print as string (character array)

• %lf: Print as double (in printf, %f works for both, but %lf is valid C99+)

• %p: Print pointer address

• %zu: Print size_t (from sizeof)

Escape Sequences:

• \n: Newline (move to next line)

• \t: Tab (horizontal tab)

• \": Double quote (to include ” in string)

• \\: Backslash (to include in string)

• \': Single quote (rarely needed in strings)

• \0: Null character (string terminator)

Formatting Modifiers:
1 printf("%.2f\n", 3.14159); // 3.14 (2 decimal places)
2 printf("%8d\n", 42); // " 42" (width 8, right-

aligned)
3 printf("%-8d\n", 42); // "42 " (left-aligned)
4 printf("%08d\n", 42); // "00000042" (zero-padded)

Complete Example:
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1 #include <stdio.h>
2

3 int main(void) {
4 int age = 20;
5 double gpa = 3.75;
6 char grade = 'A';
7

8 printf("Student Information:\n");
9 printf("Age: %d years\n", age);

10 printf("GPA: %.2f\n", gpa);
11 printf("Grade: %c\n", grade);
12

13 // Multiple values
14 printf("Age: %d, GPA: %.2f, Grade: %c\n",
15 age, gpa, grade);
16

17 return 0;
18 }

Pitfall: Mismatching format specifiers and argument types. printf("%d", 3.14) tries
to print a double as integer—garbage output.

Student Exercise: Experiment with different format specifiers and modifiers. Try
printing the same value with different formatting.
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6.2 Slide 14: Input with scanf() Function

Core Concept: ”scanf() reads formatted input from the keyboard. Unlike printf(),
it needs the addresses of variables to store input values.”

scanf() Basics:

• Formatted input function: Reads from standard input (keyboard)

• Takes format string + variable addresses: Must pass &variable, not just
variable

• Returns number of successfully read items: Check this for error detection

• Defined in <stdio.h>: Same header as printf

Critical: The Ampersand &

• & = address-of operator—gets memory address of a variable

• scanf needs to know where to store the input value

• Without &, scanf gets the variable’s current value, not its location

• Forgetting & causes program to crash (segmentation fault)

• Exception: Arrays (like strings) don’t need &—array name is already an address

Format Specifiers: Same as printf but with important differences:

• %d: Read integer into int*

• %f: Read float into float* (for float variables)

• %lf: Read double into double* (required for double)

• %c: Read character into char* (reads ANY character, including whitespace)

• %s: Read string into char[] (stops at whitespace)

Complete Example:
1 #include <stdio.h>
2

3 int main(void) {
4 int age;
5 char initial;
6 double height;
7

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

10

11 printf("Enter your initial: ");
12 scanf(" %c", &initial); // Space before %c consumes leftover

newline
13

14 printf("Enter your height in meters: ");
15 scanf("%lf", &height);
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16

17 printf("Age: %d, Initial: %c, Height: %.2fm\n",
18 age, initial, height);
19

20 return 0;
21 }

The Space Before %c:

• Previous scanf left a newline (\n) in input buffer

• Without space, %c would read that newline instead of waiting for input

• Space in format string tells scanf to skip any whitespace

Pitfall: Forgetting & before variable names. This is THE most common scanf error and
causes crashes.

Student Exercise: Write a program that asks for name (single character), age, and
height. Print them back. Experiment with forgetting & to see the crash.
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6.3 Slide 15: Complete I/O Example: Temperature Converter
(Part 1/2)

Core Concept: ”This example combines everything learned so far into a useful program:
reading input, performing calculations, and formatting output.”

Problem Statement: Convert temperature from Celsius to Fahrenheit using the for-
mula: F = 9

5
C + 32

Program Design Steps:

1. Print program title: User knows what the program does

2. Prompt for Celsius: Clear instruction for what to enter

3. Read temperature: Use scanf with proper format

4. Calculate Fahrenheit: Apply conversion formula

5. Display both values: Show result with proper formatting

Initial Code:
1 #include <stdio.h>
2

3 int main(void) {
4 double celsius, fahrenheit;
5

6 printf("Temperature Converter\n");
7 printf("====================\n");
8 printf("Enter temperature in Celsius: ");
9 scanf("%lf", &celsius);

10

11 fahrenheit = (celsius * 9.0 / 5.0) + 32;
12

13 printf("%.2f°C = %.2f°F\n",
14 celsius, fahrenheit);
15

16 return 0;
17 }

Key Design Decisions:

• double for both variables: Temperature can have decimal values

• Separator line: Improves readability of output

• Prompt before input: User knows what to enter

• %.2f formatting: Shows two decimal places (typical for temperature)

• ° symbol: Adds professional touch (may need special handling on some systems)

Why 9.0/5.0 Not 9/5:

• 9/5 in C is integer division → result is 1 (truncated)
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• 9.0/5.0 is floating-point division → result is 1.8

• Using at least one floating-point literal forces floating-point division

Pitfall: Using integer division in floating-point calculations. (celsius * 9/5) + 32
would be wrong because 9/5 is evaluated first as integer division.

Student Exercise: Test what happens if you accidentally use 9/5 instead of 9.0/5.0.
Compare results.
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6.4 Slide 16: Complete I/O Example: Temperature Converter
(Part 2/2)

Core Concept: ”The complete program demonstrates the entire development cycle:
design, implementation, testing, and refinement.”

Complete Program:
1 #include <stdio.h>
2

3 int main(void) {
4 double celsius, fahrenheit;
5

6 printf("Temperature Converter\n");
7 printf("====================\n");
8 printf("Enter temperature in Celsius: ");
9 scanf("%lf", &celsius);

10

11 fahrenheit = (celsius * 9.0 / 5.0) + 32;
12

13 printf("%.2f°C = %.2f°F\n",
14 celsius, fahrenheit);
15

16 return 0;
17 }

Sample Run:
1 Temperature Converter
2 ====================
3 Enter temperature in Celsius: 20.5
4 20.50°C = 68.90°F

Testing Different Inputs:

• Freezing point: 0°C → 32.00°F

• Boiling point: 100°C → 212.00°F

• Room temperature: 20°C → 68.00°F

• Negative: -10°C → 14.00°F

• Very cold: -40°C → -40.00°F (interesting: -40 is same in both scales!)

Program Features:

• User-friendly: Clear prompts and formatted output

• Accurate: Uses floating-point arithmetic correctly

• Robust: Handles any valid Celsius input

• Professional: Includes degree symbol and consistent formatting

Limitations and Possible Improvements:
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• No input validation: If user enters non-numeric input, program misbehaves

• Single conversion direction: Could add Fahrenheit to Celsius option

• No error handling: Doesn’t check if scanf succeeded

• No loop: Program runs once then exits

Pitfall: Assuming user input is always valid. Real programs need input validation.

Student Exercise: Enhance the program:

1. Add Fahrenheit to Celsius conversion option

2. Check if scanf succeeded (return value)

3. Add a loop to allow multiple conversions

4. Add input validation (reject obviously wrong values)
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7 Arithmetic Operations

7.1 Slide 17: Basic Arithmetic Operators

Core Concept: ”C provides standard arithmetic operators, but with important behav-
iors like integer division that differ from mathematics.”

Arithmetic Operators:

• +: Addition

• -: Subtraction

• *: Multiplication

• /: Division

• %: Modulo (remainder after division)

Critical: Integer Division
1 int a = 5, b = 2;
2 int result = a / b; // result = 2 (not 2.5!)

• When both operands are integers, division performs integer division

• Result is truncated toward zero (fractional part discarded)

• No rounding—simply drops everything after decimal point

• For decimal results, at least one operand must be floating-point

Modulo Operator %:
1 int remainder = 5 % 2; // remainder = 1
2 int is_even = (x % 2 == 0); // Check if x is even

• Returns remainder after division

• Works only with integer types

• Useful for: even/odd checks, cyclic behavior, digit extraction

Operator Precedence (PEMDAS-like):

1. Parentheses (): Highest precedence—evaluate first

2. Multiplication *, Division /, Modulo %: Same precedence, left-to-right

3. Addition +, Subtraction -: Same precedence, left-to-right

Complete Example:
1 #include <stdio.h>
2 int main(void) {
3 int a = 10, b = 3;
4

5 printf("%d + %d = %d\n", a, b, a + b);
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6 printf("%d - %d = %d\n", a, b, a - b);
7 printf("%d * %d = %d\n", a, b, a * b);
8 printf("%d / %d = %d\n", a, b, a / b);
9 printf("%d %% %d = %d\n", a, b, a % b);

10

11 // Floating -point division
12 double result = (double)a / b;
13 printf("%d / %d = %.2f\n", a, b, result);
14

15 return 0;
16 }

Note on %% in printf: To print a percent sign, use %% in format string.

Pitfall: Expecting integer division to round or produce decimal results. It truncates.

Student Exercise: Predict the output of 7 / 3, 7 % 3, -7 / 3, -7 % 3. Then write a
program to verify.
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7.2 Slide 18: Type Conversion in Expressions

Core Concept: ”When mixing types in expressions, C automatically converts some
types to others. Understanding these conversions prevents unexpected results.”

Implicit Conversion (Type Promotion):

• Automatic: Happens without programmer intervention

• Rule: Smaller type → larger type to preserve information

• Hierarchy: int < long < float < double

• Example: int + double → int converted to double, then addition

Common Implicit Conversions:
1 int count = 5;
2 double average = 3.14;
3 double result1 = count + average; // count promoted to double
4 // result1 = 8.14
5

6 int result2 = count + (int)average; // Explicit cast: average
truncated to 3

7 // result2 = 8

Explicit Casting:

• Syntax: (type)expression

• Purpose: Programmer explicitly requests conversion

• Can cause data loss: Converting double to int truncates fractional part

• Makes intent clear: Shows you know you’re converting

Casting Examples:
1 double pi = 3.14159;
2 int approx = (int)pi; // approx = 3 (truncates , doesn't

round)
3

4 // Rounding by adding 0.5 before cast
5 int rounded = (int)(pi + 0.5); // rounded = 3

→(3.14159+0.5=3.641593)
6 // Better rounding for positive numbers
7

8 // Force floating -point division
9 int a = 5, b = 2;

10 double quotient = (double)a / b; // 2.5 (a converted to double
first)

Conversion Rules Summary:

1. In expressions, smaller types promoted to larger as needed

2. In assignments, value converted to destination type (may lose info)
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3. Function arguments follow their own rules (promotions)

4. Explicit casts override implicit rules

Pitfall: Losing precision without realizing it. Converting double to int always truncates—
no warning from compiler.

Student Exercise: Write expressions mixing different types. Predict the type of each
result and the actual value, then verify with printf and sizeof.
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8 Programming Best Practices

8.1 Slide 19: Good Programming Habits (1/2)

Core Concept: ”Writing code that works is only half the battle. Code must be readable,
maintainable, and robust. Good habits start from day one.”

Code Readability:

• Meaningful Names: Variables should describe their purpose

– Bad: int a, b, c;

– Good: int student_age, exam_score, total_students;

• Consistent Indentation: Shows code structure visually

– Use 2-4 spaces per level (be consistent)

– Never mix tabs and spaces (tabs cause issues with different editors)

– Indent code inside braces

• Spaces Around Operators: Improves readability

– Hard to read: x=a+b*c;

– Easier: x = a + b * c;

• One Statement Per Line: Easier to debug and read

– Bad: x = 5; y = 10; z = x + y;

– Good: Three separate lines

• Blank Lines: Separate logical sections

– Blank line between variable declarations and code

– Blank line between major code blocks

Comments:

• Explain why, not what:
– Bad: x = x + 1; // Increment x (obvious)

– Good: x = x + 1; // Adjust for 1-based indexing

• Single-line: // for brief comments

• Multi-line: /* ... */ for longer explanations

• Update comments: Outdated comments are worse than no comments

• Avoid obvious: Don’t state the obvious—comment the non-obvious

Error Prevention:
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• Always Initialize Variables: Prevents garbage values

– int count = 0; not int count;

• Check Function Returns: Especially scanf()

– if (scanf("%d", &x) != 1) { /* handle error */ }

• Use Constants: No magic numbers

– #define MAX_STUDENTS 100 not if (count > 100)

• Test Boundary Cases: 0, negative, very large values

• Compile with Warnings: gcc -Wall -Wextra

Pitfall: Thinking comments are unnecessary because ”the code is clear.” Code explains
what; comments explain why.

Student Exercise: Take a program you’ve written and add meaningful comments ex-
plaining the non-obvious parts.
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8.2 Slide 20: Good Programming Habits (2/2)

Core Concept: ”Visual comparison shows how good practices transform unreadable
code into clear, maintainable programs.”

Bad Code Example:
1 int a,b,c;
2 scanf("%d%d",&a,&b);
3 c=a+b;printf("%d",c);

Problems:

• Single-letter variable names (meaningless)

• No prompts (user doesn’t know what to enter)

• Everything on one line (hard to read)

• No spaces around operators

• No error checking

• No indication of program purpose

Good Code Example:
1 int num1 = 0, num2 = 0;
2

3 printf("Enter two numbers: ");
4 if (scanf("%d %d", &num1, &num2) != 2) {
5 printf("Invalid input!\n");
6 return 1;
7 }
8

9 int sum = num1 + num2;
10

11 printf("Sum: %d\n", sum);

Improvements:

• Meaningful variable names (num1, num2)

• Clear prompt tells user what to do

• Proper spacing and indentation

• Error checking on input

• Descriptive output

• Variables initialized

Quality Checklist:

• Readable: Can someone else understand it?

• Maintainable: Easy to modify and extend?
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• Robust: Handles errors gracefully?

• Self-documenting: Code explains itself?

• Consistent: Follows same style throughout?

The Golden Rule: Write code as if the next person to maintain it is a violent psychopath
who knows where you live. (Attributed to various programmers)

Pitfall: ”It works, so it’s good enough.” Working code that’s unreadable becomes legacy
code that nobody wants to touch.

Student Exercise: Find code you wrote earlier and refactor it to follow these best
practices. Compare the before and after.
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8.3 Slide 21: Constants and the const Keyword (Part 1/2)

Core Concept: ”Constants make code more maintainable by giving names to fixed
values and preventing accidental modification.”

Why Use Constants?

• Prevent Accidental Modification: const variables cannot be changed after
initialization

• Document Meaning: MAX_STUDENTS is clearer than 100

• Centralized Management: Change value in one place, affects entire program

• Compiler Optimization: Compiler can make optimizations knowing value won’t
change

• Type Safety: const variables have types; #define macros don’t

Syntax:
1 const type NAME = value;

Examples:
1 const double PI = 3.141592653589793;
2 const int MAX_STUDENTS = 100;
3 const char NEWLINE = '\n';
4 const char* PROGRAM_NAME = "Grade Calculator";

const vs #define:

• const:

– Has a type (type-safe)

– Has scope (local or global)

– Can be debugged (visible to debugger)

– Uses memory

• #define:

– Text substitution (no type checking)

– Global scope (everywhere after definition)

– Not visible to debugger (replaced before compilation)

– No memory usage (inlined)

Scientific Application Example (Gravitational Force):
1 #include <stdio.h>
2

3 int main(void) {
4 const double G = 6.67430e-11; // Gravitational constant (m^3 kg

^-1 s^-2)
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5 const double M_EARTH = 5.972e24; // Earth mass (kg)
6 const double R_EARTH = 6.371e6; // Earth radius (m)
7

8 double mass, weight;
9

10 printf("Enter your mass (kg): ");
11 scanf("%lf", &mass);
12

13 // F = G * M * m / r^2
14 weight = mass * G * M_EARTH / (R_EARTH * R_EARTH);
15

16 printf("Your weight on Earth: %.2f N\n", weight);
17

18 return 0;
19 }

Pitfall: Trying to modify a const variable causes compilation error. This is protection,
not a bug.

Student Exercise: Identify ”magic numbers” in your previous programs and replace
them with appropriately named const variables.
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8.4 Slide 22: Constants and the const Keyword (Part 2/2)

Core Concept: ”Constants follow naming conventions and provide significant advan-
tages in scientific and mathematical programming.”

Naming Convention:

• UPPERCASE with underscores is the traditional convention for constants

• Clearly distinguishes constants from variables

• Examples: MAX_SIZE, DEFAULT_VALUE, GRAVITY

• Variables use lowercase or camelCase: studentCount, total_price

Advantages Demonstrated:
1 // Without constants (magic numbers)
2 double force = 5.0 * 6.67430e-11 * 5.972e24 / (6.371e6 * 6.371e6);
3 // What do these numbers mean? Hard to verify correctness.
4

5 // With constants
6 double mass = 5.0;
7 double force = mass * G * M_EARTH / (R_EARTH * R_EARTH);
8 // Formula is clear; values can be verified in one place.

Centralized Management:

• If Earth’s mass measurement improves, change M_EARTH in one place

• If doing calculations on Mars, just change constants

• Reduces risk of updating some occurrences but missing others

When to Use Constants:

• Mathematical constants: PI, E, G, etc.

• Physical constants: Speed of light, Planck’s constant

• Configuration values: Maximum array sizes, buffer lengths

• Default values: Initial scores, default settings

• Array dimensions: char name[MAX_NAME_LEN];

• Special values: EXIT_SUCCESS, NULL (provided by libraries)

Complete Gravitational Force Program:
1 #include <stdio.h>
2

3 int main(void) {
4 const double G = 6.67430e-11; // Gravitational constant
5 const double M_EARTH = 5.972e24; // Earth mass (kg)
6 const double R_EARTH = 6.371e6; // Earth radius (m)
7

8 double mass, weight;



8.4 Slide 22: Constants and the const Keyword (Part 2/2) 42

9

10 printf("Enter your mass (kg): ");
11 if (scanf("%lf", &mass) != 1) {
12 printf("Invalid input.\n");
13 return 1;
14 }
15

16 weight = mass * G * M_EARTH / (R_EARTH * R_EARTH);
17

18 printf("Your weight on Earth: %.2f N\n", weight);
19

20 return 0;
21 }

Pitfall: Using const for values that truly need to change. Constants are for values that
are fixed for the program’s lifetime.

Student Exercise: Create a program that calculates the circumference and area of a
circle, using a constant for PI. Compare using const double vs #define.
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9 Example Demonstrations

9.1 Slide 23: Example 1: Simple Calculator - Part 1

Core Concept: ”This calculator example introduces more advanced concepts like switch
statements and error handling while reinforcing basic I/O.”

Program Overview: A simple calculator that performs basic arithmetic operations
based on user input.

Part 1 Code:
1 #include <stdio.h>
2

3 int main(void) {
4 double num1, num2;
5 char operator;
6 double result;
7

8 printf("Simple Calculator\n");
9 printf("Enter calculation (e.g., 5 + 3): ");

10 scanf("%lf %c %lf", &num1, &operator, &num2);
11

12 switch(operator) {
13 case '+':
14 result = num1 + num2;
15 break;
16 case '-':
17 result = num1 - num2;
18 break;
19 case '*':
20 result = num1 * num2;
21 break;
22 case '/':
23 if (num2 != 0) {
24 result = num1 / num2;
25 } else {
26 printf("Error: Division by zero!\n");
27 return 1;
28 }
29 break;
30 default:
31 printf("Error: Invalid operator!\n");
32 return 1;
33 }

Key Features Explained:

• double for numbers: Handles decimal calculations

• Single input line: User enters all three items at once
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• Space in format string: "%lf %c %lf" allows flexible spacing in input

• switch statement: Selects operation based on operator character

• Division by zero check: Critical safety check before division

• Error returns: Non-zero return values indicate error to OS

• break statements: Prevent fall-through to next case

Important Notes:

• The space in scanf format allows input like 5+3 or 5 + 3

• switch works with integer types (char is integer type)

• Each case should end with break (usually)

• default handles unexpected input

Pitfall: Forgetting break causes fall-through—execution continues into next case.

Student Exercise: Trace through the code for different inputs: 5 + 3, 10 / 2, 7 % 3
(% not handled yet).



9.2 Slide 24: Example 1: Simple Calculator - Part 2 45

9.2 Slide 24: Example 1: Simple Calculator - Part 2

Core Concept: ”Completing the calculator example with output formatting and dis-
cussing its features and limitations.”

Part 2 Code:
1 printf("Result: %.3f %c %.3f = %.3f\n",
2 num1, operator, num2, result);
3 return 0;
4 }

Output Features:

• %.3f formatting: Shows 3 decimal places for precision

• Shows the operation: Echoes input to confirm what was calculated

• Formatted result: Professional presentation

Complete Sample Run:
1 Simple Calculator
2 Enter calculation (e.g., 5 + 3): 7 / 2
3 Result: 7.000 / 2.000 = 3.500
4

5 Simple Calculator
6 Enter calculation (e.g., 5 + 3): 5 / 0
7 Error: Division by zero!

Key Features Recap:

• Data Types: double for precise calculations

• Division by Zero: Always check denominator before division

• Format Specifiers:

– %lf for double in scanf()

– %f for double in printf()

– %c for character input

• Output Formatting: %.3f shows 3 decimal places

Important Notes on Integer Division:

• Using int instead of double would give wrong results: 5 / 2 = 2 (not 2.5)

• Always use floating-point types for division that needs decimal results

• The program correctly uses double throughout

Limitations:

• No modulo operator (%) support (could be added as another case)

• No input validation beyond operator check
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• Single operation then exits

• No handling of spaces in input beyond basic

Pitfall: Using integer types for division operations. This program correctly uses double
to avoid that issue.

Student Exercise: Extend the calculator to:

1. Add modulo operator (%)

2. Add power operator (use pow from math.h)

3. Add a loop to allow multiple calculations

4. Add input validation for non-numeric input
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9.3 Slide 25: Important Notes on the Calculator Example

Core Concept: ”Understanding the design decisions and potential pitfalls in the calcu-
lator example reinforces good programming practices.”

Data Type Selection:

• Using double: Better precision than float

– float: 7 decimal digits of precision

– double: 15 decimal digits of precision

– For calculators, precision matters—use double

• Why not float? Accumulated rounding errors become noticeable

• Memory vs Precision: double uses more memory (8 vs 4 bytes) but worth it

Division by Zero Check:
1 if (num2 != 0) {
2 result = num1 / num2;
3 } else {
4 printf("Error: Division by zero!\n");
5 return 1;
6 }

• Essential: Division by zero crashes the program

• Check before operation: Never attempt division without checking

• Clear error message: User knows what went wrong

• Error return: Indicates failure to calling environment

Format Specifier Details:

• scanf("%lf %c %lf", ...):

– %lf for double (required—%f is for float in scanf)

– %c reads the operator character

– Spaces in format allow any whitespace between inputs

• printf("%.3f %c %.3f = %.3f\n", ...):

– %f for double in printf (both %f and %lf work)

– %.3f specifies 3 decimal places

– Echoes input for verification

Space in scanf Format String:
1 scanf("%lf %c %lf", &num1, &operator, &num2);
2 // Allows: "5+3", "5 + 3", "5 + 3"
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The space tells scanf to skip any whitespace before reading the next item.

Pitfall: Forgetting that scanf needs addresses (&) for all non-array variables.

Student Exercise: Test the calculator with different input formats: 5+3, 5 + 3, 5 +
3. They should all work.
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9.4 Slide 26: Example 2: Temperature Converter with Con-
stants (Part 1/2)

Core Concept: ”This enhanced temperature converter demonstrates constants, multiple
conversion options, and input validation.”

Program Features:

• Converts both Fahrenheit→Celsius and Celsius→Fahrenheit

• Uses constants for conversion formulas

• Accepts both uppercase and lowercase scale indicators

• Validates input scale

Part 1 Code:
1 #include <stdio.h>
2

3 int main(void) {
4 // Constants for conversion formulas
5 const double FAHRENHEIT_TO_CELSIUS = 5.0 / 9.0;
6 const double CELSIUS_TO_FAHRENHEIT = 9.0 / 5.0;
7 const int FAHRENHEIT_OFFSET = 32;
8

9 // Variables
10 double temperature;
11 char scale;
12 double converted;
13

14 // Get input
15 printf("Temperature Converter\n");
16 printf("Enter temperature and scale (e.g., 98.6 F or 37 C): ");
17 scanf("%lf %c", &temperature , &scale);

Constants Explanation:

• FAHRENHEIT_TO_CELSIUS: 5.0/9.0 (not 5/9)

• CELSIUS_TO_FAHRENHEIT: 9.0/5.0 (not 9/5)

• FAHRENHEIT_OFFSET: 32 as integer constant

• Using constants makes formulas self-documenting

Input Handling:

• Single line prompt with examples

• %lf for temperature (double)

• Space then %c for scale (space skips any whitespace before scale)

• Examples show expected format

Why Floating-Point Constants in Formulas:
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1 const double FAHRENHEIT_TO_CELSIUS = 5.0 / 9.0; // Correct:
0.555...

2 // const double WRONG = 5 / 9; // Wrong: 0.0

Integer division would give 0, breaking the conversion.

Pitfall: Using integer division in constant definitions. Always use floating-point literals.

Student Exercise: What would happen if FAHRENHEIT_OFFSET were defined as double?
Would it matter in calculations? (Answer: automatic promotion makes it work either
way, but int is fine.)
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9.5 Slide 27: Example 2: Temperature Converter - Part 2/2

Core Concept: ”The conversion logic uses conditional statements and provides clear
error handling for invalid input.”

Part 2 Code:
1 // Convert based on scale
2 if (scale == 'F' || scale == 'f') {
3 // Fahrenheit to Celsius: (F - 32) * 5/9
4 converted = (temperature - FAHRENHEIT_OFFSET)
5 * FAHRENHEIT_TO_CELSIUS;
6 printf("%.1f°F = %.1f°C\n", temperature , converted);
7 } else if (scale == 'C' || scale == 'c') {
8 // Celsius to Fahrenheit: (C * 9/5) + 32
9 converted = (temperature * CELSIUS_TO_FAHRENHEIT)

10 + FAHRENHEIT_OFFSET;
11 printf("%.1f°C = %.1f°F\n", temperature , converted);
12 } else {
13 printf("Error: Invalid scale. Use F or C.\n");
14 return 1;
15 }
16

17 return 0;
18 }

Conversion Logic:

• Fahrenheit to Celsius: (F - 32) * 5/9

– Uses FAHRENHEIT_OFFSET and FAHRENHEIT_TO_CELSIUS

– Formula: subtract 32, then multiply by 5/9

• Celsius to Fahrenheit: (C * 9/5) + 32

– Uses CELSIUS_TO_FAHRENHEIT and FAHRENHEIT_OFFSET

– Formula: multiply by 9/5, then add 32

Scale Validation:

• Accepts both uppercase ('F', 'C') and lowercase ('f', 'c')

• Any other character triggers error message

• Returns non-zero on error

Sample Output:
1 Temperature Converter
2 Enter temperature and scale (e.g., 98.6 F or 37 C): 98.6 F
3 98.6°F = 37.0°C
4

5 Temperature Converter
6 Enter temperature and scale (e.g., 98.6 F or 37 C): 25 K
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7 Error: Invalid scale. Use F or C.

Pitfall: Not handling both uppercase and lowercase makes program less user-friendly.
Always consider case-insensitive input.

Student Exercise: Extend the program to:

1. Add Kelvin conversion

2. Allow entry of just a number (assume Celsius as default)

3. Add a loop for multiple conversions

4. Validate temperature ranges (absolute zero checks)
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9.6 Slide 28: Understanding the Temperature Conversion For-
mulas

Core Concept: ”The mathematical formulas are translated directly into C code, with
careful attention to operator precedence and data types.”

Fahrenheit to Celsius:

C =
5

9
(F − 32)

In Code:
1 const double FAHRENHEIT_TO_CELSIUS = 5.0 / 9.0;
2 const int FAHRENHEIT_OFFSET = 32;
3

4 converted = (temperature - FAHRENHEIT_OFFSET)
5 * FAHRENHEIT_TO_CELSIUS;

Why this works:

• Parentheses ensure subtraction happens first

• Multiplication by pre-computed constant is efficient

• Constant names make formula readable

Celsius to Fahrenheit:

F =
9

5
C + 32

In Code:
1 const double CELSIUS_TO_FAHRENHEIT = 9.0 / 5.0;
2 const int FAHRENHEIT_OFFSET = 32;
3

4 converted = (temperature * CELSIUS_TO_FAHRENHEIT)
5 + FAHRENHEIT_OFFSET;

Operator Precedence:

• Multiplication has higher precedence than addition

• temperature * CELSIUS_TO_FAHRENHEIT happens first

• Then FAHRENHEIT_OFFSET is added

• Parentheses not strictly needed but improve readability

Why Constants Improve Code:

1. Clarity: Names explain what the numbers represent

2. Maintainability: Change conversion factor in one place

3. Accuracy: Ensures same factor used everywhere

4. Prevention: Avoids ”magic numbers” in calculations
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Pitfall: Assuming 5/9 (integer division) equals 0.555... It equals 0. Always use floating-
point literals.

Student Exercise: Write the conversion formulas without using the pre-computed con-
stants. Compare readability with the constant version.
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9.7 Slide 29: Important Programming Concepts Demon-
strated

Core Concept: ”Both examples demonstrate essential programming patterns: input
validation, error handling, constants, and clear output formatting.”

User Input Validation:

• Division by zero check (Calculator):

– Prevents program crash

– Provides meaningful error message

– Returns error code to OS

• Scale validation (Temperature):

– Accepts both uppercase and lowercase

– Rejects invalid scales with clear message

– Returns error code on failure

Error Handling Patterns:

• Check before operation: Don’t attempt invalid operations

• Clear error messages: Tell user what went wrong

• Return non-zero on error: Indicates failure to calling environment

• Exit cleanly: No memory leaks (no dynamic allocation yet)

Constants Usage:

• Temperature converter: Conversion factors and offset as constants

– Makes formulas self-documenting

– Easy to verify correctness

– Single point of change

• Calculator: Could use constants for error messages

Output Formatting:

• Calculator: %.3f for consistent decimal places

• Temperature: %.1f for typical temperature precision

• Both: Echo input to confirm what was entered

• Both: Clear separation of program output from user input

Common Mistake: Using Integer Division:
1 // WRONG
2 int a = 5, b = 2;
3 double result = a / b; // result = 2.0, not 2.5!
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4

5 // CORRECT
6 double result = (double)a / b; // 2.5

Best Practice: Use double for Precision:
1 double num1, num2; // Not float

double provides sufficient precision for most applications without significant performance
penalty on modern hardware.

Pitfall: Assuming integer division rounds. It truncates toward zero.

Student Exercise: Add input validation to the calculator to ensure the operator is one
of + - * / % before the switch.
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9.8 Slide 30: Formatting Output for Clarity

Core Concept: ”Well-formatted output makes programs look professional and helps
users understand results clearly.”

Common Format Specifiers:

• %d: Integer (no decimals)

• %f: Float/Double (default 6 decimal places)

• %.2f: Float with 2 decimal places (money, temperature)

• %10.2f: Width 10, 2 decimals, right-aligned

• %-10.2f: Width 10, 2 decimals, left-aligned

• %c: Single character

• %s: String

• %p: Pointer address

Width and Precision Examples:
1 double price = 19.99;
2 int quantity = 3;
3 double total = price * quantity;
4

5 printf("Price: $%.2f\n", price); // Price: $19.99
6 printf("Quantity: %d\n", quantity); // Quantity: 3
7 printf("Total: $%.2f\n", total); // Total: $59.97
8

9 // Aligned columns
10 printf("%-10s %8s\n", "Item", "Price");
11 printf("%-10s %8.2f\n", "Apple", 0.99);
12 printf("%-10s %8.2f\n", "Banana", 0.59);
13 printf("%-10s %8.2f\n", "Orange", 0.79);

Output:
1 Price: $19.99
2 Quantity: 3
3 Total: $59.97
4 Item Price
5 Apple 0.99
6 Banana 0.59
7 Orange 0.79

Formatting Rules:

• Money: Always 2 decimal places

• Temperature: 1-2 decimal places usually sufficient

• Scientific: Appropriate precision based on measurement
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• Tables: Use width specifiers for alignment

• Left alignment: %- prefix

• Zero padding: %08d for leading zeros

Pitfall: Using too many decimal places. 3.141592653589793 may be accurate but 3.14
is often more readable for user-facing output.

Student Exercise: Create a table of squares and cubes for numbers 1-10, formatted in
aligned columns.
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9.9 Slide 31: Comparing the Two Examples

Core Concept: ”Both examples follow the same basic pattern but use different control
structures appropriate to their needs.”

Simple Calculator:

• Control Structure: switch for multiple discrete choices

– Clear mapping from operator character to operation

– Each case handles one operator

– default catches invalid operators

• Operations: Four basic arithmetic operations

• Error Handling: Division by zero check

• Return Codes: return 1 for errors

• Data Types: double throughout

• Input Format: Three values on one line: 5 + 3

Temperature Converter:

• Control Structure: if-else if for two main options

– Two conversion directions

– Handles both uppercase and lowercase

– else catches invalid scales

• Operations: Two conversion formulas

• Constants: Uses const for conversion factors

• Error Handling: Invalid scale detection

• Input Format: Two values on one line: 98.6 F

Common Patterns in Both:

1. Declare variables: At beginning of function

2. Get user input: With printf prompt and scanf

3. Validate input: Check for errors before processing

4. Perform calculation: Based on user choice

5. Display formatted result: Clear, labeled output

6. Handle errors gracefully: Messages and error returns

Why These Patterns Matter:

• Consistency: Once learned, pattern applies to many programs

• Maintainability: Clear structure makes modification easier
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• Reliability: Error handling prevents crashes

• User-friendliness: Clear prompts and output

Pitfall: Mixing UI logic with calculation logic. Both examples keep them separate but
simple.

Student Exercise: Identify the common pattern in both programs. Write a template
comment structure you could use for any similar program.



61

10 Common Errors and Debugging Tips

10.1 Slide 32: Top 10 Beginner C Errors

Core Concept: ”Knowing common errors helps prevent them and speeds up debugging
when they occur.”

Syntax Errors (Compiler catches these):

1. Missing semicolon ;

• Error: expected ';' before ...

• Fix: Add semicolon at end of statement

2. Mismatched braces {}

• Error: expected declaration at end of input

• Fix: Count opening and closing braces

3. Misspelled keywords

• Error: unknown type name 'Innt'

• Fix: Correct spelling (C is case-sensitive)

4. Incorrect header names

• Error: stdio.h: No such file or directory

• Fix: Use correct header name (stdio.h, not studio.h)

Semantic Errors (Compiles but wrong behavior):

5. Missing & in scanf()

• Result: Program crashes (segmentation fault)

• Fix: Always use &variable for non-arrays

6. Wrong format specifier

• Example: printf("%d", 3.14) prints garbage

• Fix: Match specifier to argument type

7. Uninitialized variables

• Result: Random values, unpredictable behavior

• Fix: Always initialize: int x = 0;

8. Integer division issues

• Example: 5 / 2 = 2 (not 2.5)

• Fix: Use 5.0/2.0 or cast: (double)5/2

Linker Errors (After compilation):
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9. Undefined functions

• Error: undefined reference to 'function'

• Fix: Include correct library or define function

10. Missing libraries

• Error: undefined reference to 'sqrt'

• Fix: Link math library: gcc prog.c -lm

Example Error Code:
1 // 1. Missing semicolon
2 printf("Hello") // ERROR!
3

4 // 2. Wrong header
5 #include <studio.h> // stdio.h
6

7 // 3. Missing & in scanf
8 int x;
9 scanf("%d", x); // Should be &x

10

11 // 4. Wrong format specifier
12 double d = 3.14;
13 printf("%d", d); // Should be %f

Pitfall: Ignoring compiler warnings. Warnings often indicate logical errors that will bite
you later.

Student Exercise: Create a ”buggy” version of Hello World with each of these errors.
Compile and observe the error messages.
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10.2 Slide 33: Effective Debugging Strategies

Core Concept: ”Debugging is a systematic process. A methodical approach finds bugs
faster than random guessing.”

Prevention (Best Debugging):

• Write small sections, test often: Don’t write 100 lines then test

• Use descriptive variable names: Self-documenting code has fewer bugs

• Add comments during coding: Explain your thinking while it’s fresh

• Compile frequently: Catch errors early, one at a time

• Use -Wall -Wextra flags: Enable all warnings

Isolation Techniques:

• Comment out suspect code: Temporarily remove code to isolate problem

• Add temporary printf() statements: See what’s happening

• Test with simple inputs: Start with simplest case that reproduces bug

• Verify assumptions: Are you sure that function returns what you think?

• Check boundary conditions: 0, 1, max values, negative numbers

Diagnostic printf() Strategy:
1 printf("DEBUG: Entering function\n");
2 printf("DEBUG: x = %d, y = %f\n", x, y);
3 // After calculation
4 printf("DEBUG: result = %d\n", result);
5 printf("DEBUG: Exiting function\n");
6

7 // Remove or comment out after debugging
8 // printf("DEBUG: ...");

Systematic Debugging Approach:

1. Read error message carefully: What does it actually say?

2. Identify exact line: Line numbers in error messages

3. Understand the error: What does ”expected ’;’ before ...” mean?

4. Form hypothesis: ”I think I forgot a semicolon on line 4”

5. Test fix: Make change, recompile

6. Repeat: If not fixed, new hypothesis

Binary Search Debugging:

• Put print statements at halfway point

• If value correct, bug is in second half
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• If value wrong, bug is in first half

• Narrow down by halving repeatedly

Pitfall: Making random changes hoping something works. Have a hypothesis, test it.

Student Exercise: Intentionally introduce a bug into working code, then practice sys-
tematic debugging to find it.
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11 Summary and Resources

11.1 Slide 34: Key Concepts Learned Today

Core Concept: ”Today covered the foundation of C programming—enough to write
complete, useful programs that interact with users.”

Programming Basics:

• C’s role in computing: Portable assembly, systems programming, foundation for
other languages

• Compilation process: Preprocessing, compilation, assembly, linking

• Program structure: #include, main(), statements, return

• Development workflow: Edit, compile, run, debug

Data and Variables:

• Fundamental data types: int, double, char

• Declaration vs initialization: int x; vs int x = 0;

• Memory concepts: Variables occupy memory, have addresses

• Type sizes: Use sizeof() to check

• Naming rules: Letters, digits, underscore; case-sensitive

Input/Output:

• printf() for formatted output: Format specifiers, escape sequences

• scanf() for input: & operator, format strings

• Format specifiers: %d, %f, %lf, %c

• Output formatting: Width, precision, alignment

Operations:

• Arithmetic operators: + - * / %

• Integer vs floating division: Critical difference

• Type conversion: Implicit and explicit casting

• Constants: const keyword for fixed values

Development Skills:

• Environment setup: GCC installation and verification

• Command-line compilation: gcc program.c -o program

• Reading error messages: Understanding what compiler says

• Basic debugging: printf statements, systematic approach



11.1 Slide 34: Key Concepts Learned Today 66

What You Can Now Do:

• Write programs that interact with users

• Perform calculations and conversions

• Handle different types of data

• Format output professionally

• Identify and fix common errors

Pitfall: Thinking you’ve learned everything. This is just the beginning—each concept
will deepen as the course progresses.

Student Exercise: Review this list and rate your confidence in each area. Focus practice
on weaker areas.
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11.2 Slide 35: Recommended Resources

Core Concept: ”Learning programming is an ongoing journey. These resources will
support your continued growth.”

Online References:

• cppreference.com: Excellent C reference documentation

– Complete standard library documentation

– Examples for most functions

– Up-to-date with C standards

• GCC Manual: In-depth compiler documentation

– All compiler options explained

– Platform-specific information

• Stack Overflow: Problem-solving community

– Search before asking

– Learn from others’ solutions

– Ask clear, specific questions

• Online Compilers: Quick testing without installation

– repl.it, onlinegdb.com, compiler explorer

– Great for sharing code snippets

Recommended Books:

• ”C Programming: A Modern Approach” by K.N. King

– Comprehensive, beginner-friendly

– Excellent exercises

– Covers C99 standard

• ”The C Programming Language” by Kernighan & Ritchie

– The classic ”K&R” book

– Concise, elegant, dense

– Written by C’s creators

– Read after basics for deeper insight

• ”C Primer Plus” by Stephen Prata

– Very detailed explanations

– Lots of examples

– Good for self-study
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• ”Head First C” by Griffiths & Griffiths

– Visual, engaging style

– Good for alternative explanations

– Less formal but effective

Practice Platforms:

• HackerRank: Structured C problems, immediate feedback

• Codecademy: Interactive lessons, good for beginners

• Exercism: Mentored practice with code review

• LeetCode: Algorithm challenges, interview preparation

Tools:

• VS Code: Popular editor with C extensions

• GCC/GDB: Compiler and debugger

• Valgrind: Memory error detection (Linux)

• Make: Build automation (future lectures)

Pitfall: Reading without practicing. Programming is a skill—you must write code to
learn.

Student Exercise: Bookmark these resources. Try one problem on HackerRank this
week.
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12 Conclusion

12.1 Slide 36: Good Programming Practices (Review)

Core Concept: ”Start building good habits now—they’re easier to learn than to unlearn
later.”

The DOs:

• Use meaningful variable names: student_age not a

• Initialize variables when declaring: Prevent garbage values

• Check for potential errors: Division by zero, invalid input

• Format output clearly: Users appreciate well-formatted output

• Add comments for complex logic: Explain why, not what

• Test with different inputs: Boundaries, edge cases, invalid data

• Use constants for fixed values: No magic numbers

• Compile with warnings: gcc -Wall -Wextra

• Indent consistently: Shows code structure visually

• Break complex expressions: Use temporary variables

The DON’Ts:

• Don’t use single-letter names: (except loop counters like i)

• Don’t forget to check division by zero: Program will crash

• Don’t ignore compiler warnings: They’re trying to help you

• Don’t use ”magic numbers”: if (x > 100) instead of MAX

• Don’t assume valid input: Users make mistakes

• Don’t cram too much on one line: Readability matters

• Don’t use uninitialized variables: Values are unpredictable

• Don’t forget & in scanf: Causes crashes

• Don’t use integer division for decimals: Use floating-point

• Don’t panic at errors: Read messages, fix systematically

The Golden Rule:

”Good code is not just about working correctly. It’s about being readable, maintainable,
and robust. Build good habits from day one.”

Why These Habits Matter:

• Readable code: You’ll understand it months later
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• Maintainable code: Easy to fix bugs and add features

• Robust code: Handles errors gracefully, doesn’t crash

• Professional code: Others will respect your work

Pitfall: ”I’ll fix it later” — later never comes. Write clean code from the start.

Student Exercise: Create a personal checklist based on these DOs and DON’Ts. Use
it to review every program you write.
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12.2 Slide 37: Final Words of Encouragement

Core Concept: ”You’ve taken the first step in an exciting journey. Programming is
challenging but incredibly rewarding.”

Congratulations! You’ve written your first C programs, learned fundamental concepts,
and started thinking like a programmer.

What You’ve Accomplished:

• Set up a complete C development environment

• Written, compiled, and run multiple programs

• Learned to store and manipulate data with variables

• Interacted with users through input and output

• Performed calculations and conversions

• Started developing good programming habits

• Learned to read and understand error messages

Programming Is a Superpower:

• Creation: You can build tools that solve problems

• Understanding: You see how computers really work

• Career: Programming skills are in high demand

• Mindset: You learn to think logically and systematically

What to Expect:

• Frustration: Bugs will frustrate you—every programmer experiences this

• Breakthroughs: The joy when code finally works is unparalleled

• Growth: Each week builds on previous knowledge

• Community: You’re joining a global community of problem-solvers

Advice for Success:

• Practice daily: Even 30 minutes of coding maintains momentum

• Help others: Teaching reinforces your own understanding

• Ask questions: No question is too simple

• Be patient: Mastery takes time—enjoy the journey

• Have fun: Build programs that interest you

Looking Ahead:

• Next lecture: Control flow—if, else, loops

• Soon: Functions, arrays, pointers
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• By course end: Complete applications with file I/O

Final Thought:

”Everyone starts as a beginner. The only way to become an
expert is to keep coding.”

See you next lecture! Keep coding!
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