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1 Review and Introduction

1.1 Slide 1: What We’ve Learned & What’s Next

Purpose: This opening slide connects the previous lecture on control flow with today’s
focus on modular programming using functions. It highlights the limitations of monolithic
code and sets the stage for learning about functions.

Last Week Recap Explained:

• Relational and logical operators: Learned to compare values and combine
conditions.

• Decision making with if-else: Wrote programs that choose between different
paths.

• Multi-way branching with switch: Cleanly handled multiple constant-based
choices.

• Repetition with loops: Used while, do-while, and for loops to execute code
multiple times.

• Control flow in programs: Combined decisions and loops to create interactive
applications.

Key Limitation of Last Week’s Programs:

• Programs growing too long: Single main() function becomes unwieldy.

• Code duplication: Same logic repeated in multiple places.

• Hard to debug and maintain: Difficult to isolate errors in a large block of code.

• No code reuse: Couldn’t easily reuse pieces of code in other programs.

Today’s Focus – Functions:

• Breaking programs into modules: Divide a large program into smaller, man-
ageable functions.

• Defining and calling functions: Learn the syntax to create and use functions.

• Passing arguments and returning values: Send data into functions and get
results back.

• Understanding variable scope: Know where variables are accessible.

• Building reusable code: Write functions that can be used in multiple programs.

Why This Matters:

• Modularity: Makes programs easier to understand, test, and modify.

• Reusability: Write once, use many times – saves time and reduces errors.

• Abstraction: Hide complex details behind simple function interfaces.
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• Collaboration: Multiple programmers can work on different functions.

• Foundation for larger projects: Essential for any non-trivial software.

Teaching Strategy: We’ll start with the basics of function definition and calling, then
move to parameters and return values, explore scope and recursion, examine common
patterns, and finish with practical examples.

Student Mindset: This is where you transition from writing scripts to creating struc-
tured programs. Functions are the building blocks of all professional software.
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2 What are Functions?

2.1 Slide 2: Functions: Building Blocks of C Programs

Core Concept: ”Functions are self-contained blocks of code that perform specific tasks.
They are the fundamental organizational unit in C, allowing you to break complex prob-
lems into smaller, manageable pieces.”

What are Functions?

• Self-contained blocks of code: Each function has a specific job.

• Perform specific tasks: Examples: calculate area, print menu, validate input.

• Can be called multiple times: Avoid code duplication.

• Promote code reuse: Use the same function in different programs.

• Make programs modular: Divide and conquer complex problems.

Analogy: Kitchen Appliance

• You provide ingredients (input): Like passing arguments to a function.

• It performs a task: The function body executes.

• Returns the result (output): Like a blender giving you a smoothie.

• Can be reused many times: Use the appliance whenever needed.

Why Use Functions?

• Reusability: Write once, call many times.

• Modularity: Break big problems into small functions.

• Abstraction: Hide implementation details (e.g., you use printf() without know-
ing how it works).

• Debugging: Test functions independently.

• Collaboration: Teams can work on different functions.

Functions You Already Know:

• main(): The required starting function.

• printf(): Outputs formatted text.

• scanf(): Reads formatted input.

• sqrt(): Calculates square root (from math.h).

Key Insight: Every C program is a collection of functions. main() is special because
execution starts there, but it’s still just a function.

Student Takeaway: Think of functions as tools in your programming toolbox. Each
tool has a specific purpose, and you combine them to build programs.



2.2 Slide 3: Anatomy of a Function (1/2) 6

2.2 Slide 3: Anatomy of a Function (1/2)

Core Concept: ”A function has two parts: the definition (where you write what it does)
and the call (where you use it). Understanding the syntax is crucial.”

Function Definition – The Blueprint:
1 // Function definition
2 int square(int x) { // Function header
3 int result = x * x; // Function body
4 return result; // Return statement
5 }

Function Call – Using the Blueprint:
1 int main(void) {
2 int num = 5;
3 int squared = square(num); // Function call
4 printf("%d squared is %d\n", num, squared);
5 return 0;
6 }

Function Parts Explained:

1. Return type: Data type of the value returned (int, double, void, etc.).

2. Function name: Identifier used to call the function (follow variable naming rules).

3. Parameters: Input variables inside parentheses (optional). They act as place-
holders.

4. Function body: Block of code inside {} that performs the task.

5. Return statement: Sends a value back to the caller and exits the function.

Key Concepts:

• Functions must be defined before use: Or declared with a prototype (covered
next).

• Parameters are copies of arguments: C uses pass-by-value (detailed later).

• return exits the function: No code after return in that block executes.

Important Syntax Notes:

• The function header ends with no semicolon before the opening brace.

• The function body is enclosed in braces {}.

• Each statement inside the body ends with a semicolon.

Student Practice:

1. Write a function cube() that returns the cube of an integer.

2. Write a function greet() that prints ”Hello, World!”.

3. Call these functions from main() and test them.
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2.3 Slide 4: Anatomy of a Function (2/2)

Core Concept: ”Not all functions need parameters or return values. void is used to
indicate absence.”

Functions with No Parameters:
1 // Function with no parameters
2 void print_welcome(void) { // void in parameter list
3 printf("Welcome to C programming¬\n");
4 printf("Enjoy learning functions.\n");
5 // No return needed for void
6 }

Functions with No Return Value:
1 // Function with no return value
2 void print_times_table(int n) {
3 for (int i = 1; i ≤ 10; i++) {
4 printf("%d x %d = %d\n", n, i, n*i);
5 }
6 // No return statement needed
7 }

Using the Functions:
1 int main(void) {
2 print_welcome(); // Call with no arguments
3

4 int number = 7;
5 print_times_table(number); // Call with argument
6

7 return 0;
8 }

Special Cases and Rules:

• void return type: Function does not return a value.

• void parameters: Function takes no arguments. Using void explicitly is good
practice.

• No return in void functions: Optional, but you can use return; to exit early.

• Early exit in void functions: return; can be used to leave the function before
the end.

Example of Early Exit:
1 void print_positive(int x) {
2 if (x ≤ 0) {
3 printf("Number is not positive.\n");
4 return; // Exit function early
5 }
6 printf("The positive number is %d\n", x);
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7 // No return needed here
8 }

Why Use void Functions?

• For actions that produce output or modify state but don’t compute a value.

• Examples: printing, displaying menus, writing to files.

Common Mistake: Trying to use the result of a void function in an expression (e.g.,
x = print_welcome();) is a compile error.
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3 Function Declaration and Definition

3.1 Slide 5: Function Prototypes: Telling the Compiler

Core Concept: ”C reads code from top to bottom. If you call a function before the
compiler has seen its definition, it will generate a warning or error. Function prototypes
solve this by declaring the function’s interface beforehand.”

The Problem – Using a Function Before Definition:
1 int main(void) {
2 int result = square(5); // ERROR¬ Compiler doesn't know square

yet
3 printf("%d\n", result);
4 return 0;
5 }
6

7 int square(int x) { // Defined AFTER use
8 return x * x;
9 }

The Solution – Function Prototype (Declaration):
1 // Function prototype (declaration)
2 int square(int x); // Semicolon here¬
3

4 int main(void) {
5 int result = square(5); // OK now
6 printf("%d\n", result);
7 return 0;
8 }
9

10 // Function definition
11 int square(int x) {
12 return x * x;
13 }

What is a Function Prototype?

• A declaration that tells the compiler:

– Function name

– Return type

– Number and types of parameters

• It does not include the function body.

• Ends with a semicolon.

Prototype Rules:

• Ends with semicolon: Unlike the function definition header.
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• No function body: Just the signature.

• Parameter names optional: int square(int); is valid but less readable.

• Must match definition: Return type and parameter types must be consistent.

Why Use Prototypes?

• Allows functions to be defined in any order.

• Enables code organization (e.g., put main() at top for readability).

• Essential for multi-file programs and libraries.

Best Practice: Always use prototypes. Place them at the top of your file, after #include
directives.
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3.2 Slide 6: Function Declaration Examples (1/2)

Core Concept: ”Multiple prototypes can declare all functions used in a program, pro-
viding a clean overview of the program’s structure.”

Example: Circle Calculations
1 // Multiple prototypes at the top
2 double circle_area(double radius);
3 double circle_circumference(double radius);
4 void print_circle_info(double radius);
5

6 int main(void) {
7 double r = 5.0;
8 print_circle_info(r);
9 return 0;

10 }

Function Definitions:
1 // Function definitions can come later
2 double circle_area(double radius) {
3 return 3.14159 * radius * radius;
4 }
5

6 double circle_circumference(double radius) {
7 return 2 * 3.14159 * radius;
8 }
9

10 void print_circle_info(double radius) {
11 printf("Radius: %.2f\n", radius);
12 printf("Area: %.2f\n", circle_area(radius));
13 printf("Circumference: %.2f\n",
14 circle_circumference(radius));
15 }

Benefits of This Structure:

• main() is clean and readable.

• The programmer (and compiler) sees the available functions upfront.

• Easy to locate function definitions later in the file.

Real-World Analogy: A table of contents in a book. You know what chapters exist
before reading them.
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3.3 Slide 7: Function Declaration Examples (2/2)

Core Concept: ”Prototypes have flexibility in syntax, but consistency and clarity are
key for maintainable code.”

Prototype Variations:
1 // Full prototype with parameter names (RECOMMENDED)
2 int maximum(int a, int b, int c);
3

4 // Minimal prototype (names optional, types required)
5 int maximum(int, int, int);
6

7 // Both are valid, but the first is self-documenting.

Best Practices for Prototypes:

• Use descriptive parameter names: They serve as documentation.

• Place prototypes at top of file: After includes, before main().

• Or in header files (.h): For multi-file projects (covered later).

• Group related prototypes: E.g., all math functions together.

• Comment complex functions: Briefly describe what the function does.

Common File Structure Template:
1 #include <stdio.h>
2

3 // ≡ ≡ ≡ ≡ ≡ ≡ Function Prototypes ≡ ≡ ≡ ≡ ≡ ≡
4 void function1(void);
5 int calculate(int x, int y);
6 double process_value(double val);
7 // ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ =
8

9 int main(void) {
10 // Main program logic, clean and high-level
11 return 0;
12 }
13

14 // ≡ ≡ ≡ ≡ ≡ ≡ Function Definitions ≡ ≡ ≡ ≡ ≡ =
15 void function1(void) {
16 /* ... */
17 }
18

19 int calculate(int x, int y) {
20 /* ... */
21 }
22

23 double process_value(double val) {
24 /* ... */
25 }
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26 // ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ =

Student Practice:

1. Take a previous program with all code in main() and refactor it using functions
and prototypes.

2. Write prototypes for functions that: check if a number is prime, convert Fahrenheit
to Celsius, and print a right triangle of stars.

Pitfall: Forgetting the semicolon at the end of a prototype is a common syntax error.
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4 Parameters and Return Values

4.1 Slide 8: Pass-by-Value: Understanding Parameter Passing

Core Concept: ”C uses pass-by-value. When you call a function, the arguments are
copied into the function’s parameters. Changes to parameters inside the function do not
affect the original arguments.”

Key Concept:

• Pass-by-value: Function receives COPIES of arguments.

• Original variables unchanged: Modifying a parameter only changes the local
copy.

• Arguments vs parameters:

– Arguments: Actual values passed in the function call (num in increment(num)).

– Parameters: Variables declared in the function header (x in void increment(int
x)).

Example Demonstrating Pass-by-Value:
1 void increment(int x) {
2 x = x + 1; // Changes local copy only
3 printf("Inside: %d\n", x); // Prints 6
4 }
5

6 int main(void) {
7 int num = 5;
8 increment(num);
9 printf("Outside: %d\n", num); // Still 5¬

10 return 0;
11 }

Visualization of Pass-by-Value:
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main(): num = 5

num: 5

increment(): x = 5

x: 5

Value copied

x = x + 1

After increment: x = 6

x: 6

Back in main(): num = 5

num: 5

Implications of Pass-by-Value:

• Safe: Functions cannot accidentally modify caller’s variables.

• Inefficient for large data: Copying big structures uses time and memory.

• Need pointers for modification: To change the original argument, you must
pass its address (pointers, covered next week).

Common Student Confusion: Why doesn’t increment(num) change num? Answer:
Because only the value was passed, not the variable itself.
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4.2 Slide 9: Returning Values from Functions

Core Concept: ”The return statement sends a value back to the caller and immediately
exits the function. The returned value can be used in expressions, assigned to variables,
or ignored.”

The return Statement:

• Purpose: Send a value back to the caller and exit function.

• Exits function immediately: No further code in that function executes.

• Can return expressions: The expression is evaluated, and its value is returned.

• Must match return type: The expression’s type should be compatible with the
function’s declared return type.

Single Return Example:
1 int absolute(int n) {
2 if (n ≥ 0) {
3 return n; // Return n if non-negative
4 } else {
5 return -n; // Return -n if negative
6 }
7 // After return, function ends
8 }

Multiple Returns Example (Common Pattern):
1 char grade(int score) {
2 if (score ≥ 90) return 'A';
3 if (score ≥ 80) return 'B';
4 if (score ≥ 70) return 'C';
5 if (score ≥ 60) return 'D';
6 return 'F'; // Default case
7 }

Returning Expressions Directly:
1 int max(int a, int b) {
2 return (a > b) ? a : b; // Conditional expression
3 }
4

5 double average(double x, double y) {
6 return (x + y) / 2.0; // Arithmetic expression
7 }

Functions with No Return Value (void):
1 void print_stars(int n) {
2 for (int i = 0; i < n; i++) {
3 printf("*");
4 }
5 printf("\n");



4.2 Slide 9: Returning Values from Functions 17

6 // No return needed, or use `return;` to exit early
7 }

Critical Rules:

• All code paths must return a value: For non-void functions, every possible
execution path must hit a return statement.

• Except void functions: They may have no return, or use return; for early exit.

• Return type must match: If a function is declared int, it must return an int-
compatible value.

Common Error: Forgetting a return statement in a non-void function leads to unde-
fined behavior (garbage value returned).
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4.3 Slide 10: Multiple Parameters and Type Matching

Core Concept: ”Functions can take multiple parameters, each with its own type. When
calling a function, the arguments must be compatible with the parameter types, though
C will perform some implicit conversions.”

Functions with Multiple Parameters:
1 // Function with 3 parameters
2 double weighted_average(double a, double b,
3 double weight) {
4 return (a * weight + b * (1 - weight));
5 }

Calling with Multiple Arguments:
1 int main(void) {
2 double score1 = 85.5, score2 = 92.0;
3 double weight = 0.6;
4

5 double result = weighted_average(score1, score2,
6 weight);
7 printf("Weighted average: %.2f\n", result);
8

9 return 0;
10 }

Type Matching and Conversions:

• Arguments must match parameter types: The number, order, and types
should correspond.

• C performs implicit conversion: If types don’t match exactly, C tries to convert
(e.g., int to double).

• Better to match exactly: Avoid reliance on implicit conversion for clarity and
to prevent subtle bugs.

• Watch out for integer division: If both operands are integers, division yields
an integer result, even if assigned to a double.

Example of Implicit Conversion:
1 // Function expects double
2 double half(double x) {
3 return x / 2.0;
4 }
5

6 int main(void) {
7 int num = 5;
8 // C implicitly converts int 5 to double 5.0
9 double result = half(num);

10 printf("Half of %d is %.1f\n", num, result);
11 return 0;
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12 }

Pitfall – Integer Division:
1 double bad_average(int a, int b) {
2 return (a + b) / 2; // INTEGER DIVISION¬ Wrong.
3 }
4

5 double good_average(int a, int b) {
6 return (a + b) / 2.0; // Force floating -point division
7 }

Best Practice: Be explicit with types. If a function works with double, pass double
arguments or cast explicitly: half((double)num).
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5 Variable Scope and Lifetime

5.1 Slide 11: Local Variables: Function-Specific Storage

Core Concept: ”Variables declared inside a function are local to that function. They
are created when the function is called and destroyed when it returns. Each function call
gets its own fresh set of local variables.”

Local Variables (Automatic Variables):

• Declared inside a function: Includes parameters and variables declared in the
function body.

• Only accessible within that function: Cannot be accessed from outside.

• Created when function called: Memory is allocated on the stack.

• Destroyed when function returns: Memory is freed; values are lost.

• Also called automatic variables: Their lifetime is automatically managed.

Example of Local Variables:
1 void print_sum(int a, int b) { // a and b are local parameters
2 int sum = a + b; // sum is a local variable
3 printf("Sum: %d\n", sum);
4 // 'sum' is destroyed here when function ends
5 }
6

7 int main(void) {
8 print_sum(3, 4);
9 // Cannot access 'sum' or 'a' or 'b' here¬

10 return 0;
11 }

Key Properties:

• Each call creates new instances: If a function calls itself (recursion), each call
has its own separate local variables.

• Variables don’t persist between calls: Local variables are re-initialized each
call.

• Same name in different functions = different variables: A variable x in
function1 is completely unrelated to x in function2.

• Parameters are also local: They are initialized with the argument values.

Example with Multiple Local Variables:
1 double calculate_triangle_area(double base, double height) {
2 double half = 0.5; // Local variable
3 double area = half * base * height; // Another local
4 return area;
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5 // 'half' and 'area' are destroyed
6 }

Memory Concept – The Stack:

• Stored on the stack: A region of memory for function call management.

• Automatic allocation/deallocation: Pushed when function called, popped when
it returns.

• Efficient memory use: Memory is reused for subsequent function calls.

Student Practice: Write a function that uses several local variables, call it twice from
main(), and verify that the variables are independent between calls.
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5.2 Slides 12-13: Global Variables: Program-Wide Access

Core Concept: ”Global variables are declared outside all functions. They are accessible
from any function in the file and exist for the entire lifetime of the program. They are
powerful but dangerous and should be used sparingly.”

Global Variables:

• Declared outside all functions: Typically at the top of the file.

• Accessible from any function: Can be read and modified by any function that
knows its name.

• Exist for program lifetime: Created when program starts, destroyed when it
ends.

• Default value: If not explicitly initialized, they are automatically set to 0 (or 0.0,
NULL).

Example of Global Variable:
1 int counter = 0; // Global variable
2

3 void increment_counter(void) {
4 counter++; // Can access and modify
5 printf("Counter: %d\n", counter);
6 }
7

8 int main(void) {
9 increment_counter(); // Counter: 1

10 increment_counter(); // Counter: 2
11 increment_counter(); // Counter: 3
12 return 0;
13 }

Warnings about Global Variables (DANGERS):

• Dangerous: Any function can modify them, leading to unpredictable side effects.

• Hard to debug: A bug could be caused by any function that touched the global
variable.

• Namespace pollution: Names may conflict with local variables or other globals.

• Tight coupling: Functions become dependent on global state, reducing modular-
ity.

• Not thread-safe: In concurrent programming, globals cause race conditions.

When (if ever) to Use Globals:

• Constants: Use const to make them read-only (e.g., const double PI = 3.14159;).

• Configuration settings: Settings that are truly program-wide and read-only.

• Truly global state: Rare, e.g., a hardware register in embedded systems.
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• Performance-critical code: Only after profiling proves it’s necessary.

Better Alternatives:

• Pass values as parameters: Explicit data flow is clearer.

• Return values from functions: Use return values to communicate results.

• Use local variables: Keep data as local as possible.

Guideline: Avoid global variables. If you think you need one, try to redesign using
parameters and return values first.
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5.3 Slides 14-15: Scope Examples and Shadowing

Core Concept: ”Scope defines where a variable is visible. C has hierarchical scoping:
global, function, block. Inner scopes can ’shadow’ variables from outer scopes, which can
be confusing.”

Scope Hierarchy:
1 int global = 10; // Global scope (entire file)
2

3 void function1(void) {
4 int local = 20; // Local to function1
5 // Can access `global` and `local`
6 printf("global=%d, local=%d\n", global, local);
7 }
8

9 void function2(void) {
10 int local = 30; // Different variable¬
11 // This `local` is unrelated to function1's `local`
12 printf("global=%d, local=%d\n", global, local);
13 }

Shadowing (Name Hiding):
1 int value = 100; // Global variable
2

3 void test(void) {
4 int value = 50; // Local variable SHADOWS the global
5 printf("Local value: %d\n", value); // Prints 50
6 // Cannot directly access global `value` here
7 }

Block Scope (C99):
1 void example(void) {
2 int x = 5; // Function scope
3

4 if (x > 0) {
5 int y = 10; // Block scope (inside if)
6 printf("x=%d, y=%d\n", x, y);
7 }
8 // y not accessible here¬ Compiler error.
9 // printf("%d\n", y); // ERROR

10

11 for (int i = 0; i < 5; i++) { // i has block scope
12 printf("%d ", i); // i only exists in loop
13 }
14 // i not accessible here
15 // printf("%d\n", i); // ERROR
16 }

Best Practices Regarding Scope:
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• Avoid shadowing: It makes code harder to read and debug. Use distinct names.

• Use descriptive names: Helps avoid accidental shadowing.

• Keep variables as local as possible: Declare variables in the innermost scope
needed.

• Initialize variables when declared: Especially important for local variables to
avoid garbage values.

Common Pitfall – Accidental Shadowing:
1 int count; // Global
2

3 void process(void) {
4 int count; // Oops¬ Shadows global. Likely a bug.
5 count = 0; // Modifies local, global remains unchanged.
6 }

Student Exercise: Identify the scope of each variable in a given code snippet and
predict the output.
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6 Recursion: Functions Calling Themselves

6.1 Slide 16: Introduction to Recursion

Core Concept: ”Recursion is a technique where a function calls itself to solve a smaller
instance of the same problem. It’s like mathematical induction: you define a base case
(the simplest problem) and a recursive step that reduces the problem toward the base
case.”

What is Recursion?

• Function that calls itself: Directly or indirectly.

• Solves problems by breaking into smaller versions: Divide and conquer.

• Must have base case: A condition that stops the recursion (simple, non-recursive
solution).

• Recursive case: Calls the function with a modified (usually smaller) argument.

• Like mathematical induction: Prove base case, then prove that if it holds for
n, it holds for n+1.

Classic Example: Factorial

n! =

{
1 if n = 0 (base case)
n× (n− 1)! if n > 0 (recursive case)

Factorial Implementation in C:
1 int factorial(int n) {
2 // Base case: factorial(0) = 1, factorial(1) = 1
3 if (n ≤ 1) {
4 return 1;
5 }
6 // Recursive case: n¬ = n * (n-1)¬
7 return n * factorial(n - 1);
8 }
9

10 int main(void) {
11 int n = 5;
12 printf("%d¬ = %d\n", n, factorial(n)); // 120
13 return 0;
14 }

Step-by-Step Execution for factorial(5):

1. factorial(5) calls factorial(4)

2. factorial(4) calls factorial(3)

3. factorial(3) calls factorial(2)
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4. factorial(2) calls factorial(1)

5. factorial(1) hits base case, returns 1

6. factorial(2) returns 2 * 1 = 2

7. factorial(3) returns 3 * 2 = 6

8. factorial(4) returns 4 * 6 = 24

9. factorial(5) returns 5 * 24 = 120

Critical Requirement: Without a base case, recursion continues infinitely (until stack
overflow).

Student Mental Model: Think of recursion as solving a problem by assuming you
already have the solution for a smaller problem, then combining it.
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6.2 Slides 17-18: How Recursion Works: The Call Stack

Core Concept: ”Each recursive call creates a new stack frame containing its parameters
and local variables. The call stack manages these frames, growing with each call and
shrinking with each return. Understanding this is key to avoiding stack overflow.”

Call Stack Visualization for factorial(5):

factorial(1): return 1
factorial(2): return 2*1
factorial(3): return 3*2
factorial(4): return 4*6
factorial(5): return 5*24

main(): print 120

Stack grows up

What is a Stack Frame?

• Contains: Function parameters, local variables, return address (where to go back
to).

• Created on call: Pushed onto the call stack.

• Destroyed on return: Popped from the stack, memory freed.

Key Insights:

• Each call has its own frame: Even for the same function, each invocation gets
separate storage for parameters and locals.

• Stack limits recursion depth: The stack has finite size. Deep recursion can
cause stack overflow.

• Recursion uses memory: Each frame consumes stack space.

• Unwinding: When base case returns, frames are popped one by one, and compu-
tations complete.

Example of Stack Overflow:
1 void infinite_recursion(void) {
2 infinite_recursion(); // No base case → infinite calls
3 }

This will eventually crash with a stack overflow error.

Student Practice: Trace the call stack for factorial(3) on paper. Draw boxes for
each frame and track the return values.
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6.3 Slides 19: More Recursion Examples (1/2)

Core Concept: ”Recursion naturally expresses many problems. Here are classic exam-
ples: Fibonacci sequence and sum of digits.”

Fibonacci Sequence:

• Definition: F (0) = 0, F (1) = 1, F (n) = F (n− 1) + F (n− 2) for n > 1.

• Base cases: n == 0 and n == 1.

• Recursive case: Sum of two previous numbers.

Fibonacci Implementation:
1 int fibonacci(int n) {
2 // Base cases
3 if (n ≡ 0) return 0;
4 if (n ≡ 1) return 1;
5

6 // Recursive case
7 return fibonacci(n-1) + fibonacci(n-2);
8 }
9

10 int main(void) {
11 for (int i = 0; i < 10; i++) {
12 printf("F(%d) = %d\n", i, fibonacci(i));
13 }
14 return 0;
15 }

Warning: This naive recursive Fibonacci is extremely inefficient (exponential time)
because it recomputes the same values many times. It’s a good example of when recursion
can be problematic.

Sum of Digits:

• Problem: Sum the digits of a positive integer (e.g., 123 → 1+2+3 = 6).

• Base case: Single digit number (n < 10).

• Recursive case: Last digit (n % 10) + sum of remaining digits (n / 10).

Sum of Digits Implementation:
1 int sum_digits(int n) {
2 // Base case: single digit
3 if (n < 10) {
4 return n;
5 }
6 // Recursive case: last digit + sum of rest
7 return (n % 10) + sum_digits(n / 10);
8 }
9

10 int main(void) {
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11 int num = 12345;
12 printf("Sum of digits of %d = %d\n",
13 num, sum_digits(num)); // 15
14 return 0;
15 }

Tracing sum_digits(123):

• sum_digits(123) → 3 + sum_digits(12)

• sum_digits(12) → 2 + sum_digits(1)

• sum_digits(1) → base case returns 1

• Unwind: 2 + 1 = 3, then 3 + 3 = 6.

Student Exercise: Write a recursive function count_digits(int n) that returns the
number of digits.
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6.4 Slide 20: More Recursion Examples (2/2)

Core Concept: ”Recursion can handle both positive and negative exponents, and can
be compared with iteration for efficiency and clarity.”

Power Function (Recursive):
1 double power(double base, int exp) {
2 // Base cases
3 if (exp ≡ 0) return 1.0;
4 if (exp ≡ 1) return base;
5

6 // Recursive cases
7 if (exp > 0) {
8 return base * power(base, exp-1);
9 } else { // exp < 0

10 return 1.0 / power(base, -exp);
11 }
12 }
13

14 int main(void) {
15 printf("2^5 = %.0f\n", power(2, 5)); // 32
16 printf("2^-3 = %.3f\n", power(2, -3)); // 0.125
17 return 0;
18 }

Recursion vs Iteration – Key Comparison:

• Recursion:

– Elegant for certain problems: Tree traversal, divide-and-conquer.

– Can be less efficient: Function call overhead, potential for repeated calcu-
lations.

– Risk of stack overflow: Deep recursion consumes stack space.

– Can be harder to debug: For beginners, tracing the call stack is challenging.

• Iteration (Loops):

– Usually more efficient: No call overhead, often uses constant memory.

– Natural for simple repetition: Counting, processing arrays.

– No stack overflow risk: (Unless recursion is simulated with a manual stack).

– Easier to understand for simple cases: Straightforward flow.

When to Use Recursion:

• Naturally recursive problems: Factorial, Fibonacci (though inefficient), tree/-
graph traversal.

• Divide-and-conquer algorithms: Merge sort, binary search (recursive version
is elegant).
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• When clarity outweighs performance: If recursive solution is much clearer and
performance is not critical.

• Problems with recursive data structures: Linked lists, trees.

General Guideline: If an iterative solution is simple and efficient, use it. Use recursion
when it significantly simplifies the code or the problem is inherently recursive.

Student Exercise: Write an iterative version of factorial and compare it with the
recursive version.



33

7 Common Function Patterns

7.1 Slide 21: Mathematical Functions

Core Concept: ”Many functions perform pure calculations: they take inputs, compute
a result, and return it without side effects. These are easy to test and reuse.”

Pattern: Pure Functions

• No side effects: Don’t modify global variables or perform I/O.

• Same input → same output: Deterministic.

• Easy to test: Provide input, check output.

Basic Math Operations:
1 // Find maximum of two numbers
2 int max(int a, int b) {
3 return (a > b) ? a : b;
4 }
5

6 // Find minimum of two numbers
7 int min(int a, int b) {
8 return (a < b) ? a : b;
9 }

10

11 // Check if number is even
12 int is_even(int n) {
13 return (n % 2 ≡ 0); // Returns 1 (true) or 0 (false)
14 }
15

16 // Check if number is prime (simple version)
17 int is_prime(int n) {
18 if (n ≤ 1) return 0;
19 for (int i = 2; i * i ≤ n; i++) {
20 if (n % i ≡ 0) return 0;
21 }
22 return 1;
23 }

Geometry Functions:
1 // Circle area
2 double circle_area(double radius) {
3 return 3.14159 * radius * radius;
4 }
5

6 // Rectangle area
7 double rectangle_area(double width, double height) {
8 return width * height;
9 }
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10

11 // Distance between two points (requires math.h)
12 #include <math.h>
13 double distance(double x1, double y1,
14 double x2, double y2) {
15 double dx = x2 - x1;
16 double dy = y2 - y1;
17 return sqrt(dx*dx + dy*dy);
18 }

Student Practice: Build a small math library with functions for average, median (of
three numbers), and power (using iteration).
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7.2 Slide 22: Input/Output Functions

Core Concept: ”Encapsulate I/O operations in functions to make main() cleaner,
handle validation consistently, and improve user experience.”

Pattern: Encapsulated I/O

• Hide details: scanf format strings, prompts, validation loops.

• Consistent interface: Same look and feel across program.

• Error handling in one place: Centralized validation logic.

Formatted Input Functions with Validation:
1 // Get integer with validation
2 int get_int(const char *prompt) {
3 int value;
4 printf("%s", prompt);
5 scanf("%d", &value);
6 return value;
7 }
8

9 // Get double with validation
10 double get_double(const char *prompt) {
11 double value;
12 printf("%s", prompt);
13 scanf("%lf", &value);
14 return value;
15 }
16

17 // Usage:
18 int age = get_int("Enter your age: ");
19 double price = get_double("Enter price: ");

Note: These simple versions don’t handle invalid input (like entering letters). Robust
validation would require loops and checking scanf return value.

Formatted Output Functions:
1 // Print centered text
2 void print_centered(const char *text) {
3 int width = 50;
4 int len = strlen(text); // needs string.h
5 int padding = (width - len) / 2;
6

7 for (int i = 0; i < padding; i++) {
8 printf(" ");
9 }

10 printf("%s\n", text);
11 }
12

13 // Print separator line
14 void print_separator(char ch, int length) {
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15 for (int i = 0; i < length; i++) {
16 printf("%c", ch);
17 }
18 printf("\n");
19 }

Benefits:

• main() becomes declarative: age = get_int("Age: ");

• Changing prompt style or validation affects only one function.

• Reusable across multiple programs.

Student Exercise: Enhance get_int to reprompt until a valid integer is entered.
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7.3 Slide 23: Utility Functions

Core Concept: ”Utility functions perform common tasks on data, like string manipu-
lation or number transformations. They are the workhorses of a program.”

Pattern: Reusable Data Transformers

• Single, focused task: Convert case, count occurrences, format numbers.

• Often operate on standard types: Strings, integers, arrays.

• Can be combined: Build complex behavior from simple utilities.

String Utilities:
1 // Convert string to uppercase (modifies original)
2 void to_uppercase(char *str) {
3 for (int i = 0; str[i] ¬= '\0'; i++) {
4 if (str[i] ≥ 'a' ∧ str[i] ≤ 'z') {
5 str[i] = str[i] - 'a' + 'A';
6 }
7 }
8 }
9

10 // Count vowels in string (does not modify)
11 int count_vowels(const char *str) {
12 int count = 0;
13 for (int i = 0; str[i] ¬= '\0'; i++) {
14 char ch = tolower(str[i]); // needs ctype.h
15 if (ch ≡ 'a' ∨ ch ≡ 'e' ∨ ch ≡ 'i' ∨
16 ch ≡ 'o' ∨ ch ≡ 'u') {
17 count++;
18 }
19 }
20 return count;
21 }

Number Utilities:
1 // Reverse a number (e.g., 123 → 321)
2 int reverse_number(int n) {
3 int reversed = 0;
4 while (n ¬= 0) {
5 reversed = reversed * 10 + (n % 10);
6 n /= 10;
7 }
8 return reversed;
9 }

10

11 // Check if number is palindrome
12 int is_palindrome(int n) {
13 return (n ≡ reverse_number(n));
14 }
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15

16 // Sum of proper divisors (excluding n itself)
17 int sum_of_divisors(int n) {
18 int sum = 0;
19 for (int i = 1; i ≤ n/2; i++) {
20 if (n % i ≡ 0) {
21 sum += i;
22 }
23 }
24 return sum;
25 }

Student Exercise: Write a utility function int is_armstrong(int n) that returns 1
if the sum of cubes of its digits equals the number itself (e.g., 153).
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8 Practical Examples

8.1 Slide 24: Example 1: Calculator with Functions (1/3)

Core Concept: ”Refactor the calculator from Lecture 2 using functions. Each operation
becomes a function, and I/O is separated from calculation logic.”

Program Structure:

• main(): Controls the overall flow, calls other functions.

• print_menu(): Displays the menu.

• get_choice(): Gets and validates user choice.

• get_number(): Gets a numeric input.

• Math functions (add, subtract, etc.): Perform calculations.

Complete Code (Part 1 – Prototypes and Main):
1 #include <stdio.h>
2

3 // Function prototypes
4 void print_menu(void);
5 int get_choice(void);
6 double get_number(const char *prompt);
7 double add(double a, double b);
8 double subtract(double a, double b);
9 double multiply(double a, double b);

10 double divide(double a, double b);
11

12 int main(void) {
13 int choice;
14 double num1, num2, result;
15

16 do {
17 print_menu();
18 choice = get_choice();
19

20 if (choice ≡ 5) {
21 printf("Goodbye¬\n");
22 break;
23 }
24

25 num1 = get_number("Enter first number: ");
26 num2 = get_number("Enter second number: ");
27

28 switch (choice) {
29 case 1: result = add(num1, num2); break;
30 case 2: result = subtract(num1, num2); break;
31 case 3: result = multiply(num1, num2); break;
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32 case 4: result = divide(num1, num2); break;
33 }
34

35 printf("Result: %.2f\n\n", result);
36

37 } while (1); // Infinite loop, exit via break
38

39 return 0;
40 }

Key Design Points:

• main() is now a high-level coordinator.

• Loop continues until user chooses exit (5).

• Functions handle specific tasks, making main() readable.



8.2 Slide 25: Example 1: Calculator with Functions (2/3) 41

8.2 Slide 25: Example 1: Calculator with Functions (2/3)

Function Definitions:
1 // Function definitions
2

3 void print_menu(void) {
4 printf("\n ≡ = Calculator ≡ =\n");
5 printf("1. Addition\n");
6 printf("2. Subtraction\n");
7 printf("3. Multiplication\n");
8 printf("4. Division\n");
9 printf("5. Exit\n");

10 printf(" ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ =\n");
11 }
12

13 int get_choice(void) {
14 int choice;
15 do {
16 printf("Enter choice (1-5): ");
17 scanf("%d", &choice);
18 } while (choice < 1 ∨ choice > 5);
19 return choice;
20 }
21

22 double get_number(const char *prompt) {
23 double num;
24 printf("%s", prompt);
25 scanf("%lf", &num);
26 return num;
27 }
28

29 double add(double a, double b) {
30 return a + b;
31 }
32

33 double subtract(double a, double b) {
34 return a - b;
35 }
36

37 double multiply(double a, double b) {
38 return a * b;
39 }
40

41 double divide(double a, double b) {
42 if (b ≡ 0) {
43 printf("Error: Division by zero¬\n");
44 return 0; // Simple error handling
45 }
46 return a / b;
47 }
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Advantages of This Design:

• Modularity: Each function can be developed and tested independently.

• Reusability: Math functions could be used in another program.

• Maintainability: To change menu layout, edit only print_menu.

• Readability: main() reads like a recipe.

Student Extension: Add modulus operation, memory functions (M+, MR, MC), or a
history feature.
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8.3 Slide 26: Example 1: Calculator with Functions (3/3)

Sample Output:
1 ≡ = Calculator ≡ =
2 1. Addition
3 2. Subtraction
4 3. Multiplication
5 4. Division
6 5. Exit
7 ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ =
8 Enter choice (1-5): 1
9 Enter first number: 12.5

10 Enter second number: 7.3
11 Result: 19.80
12

13 ≡ = Calculator ≡ =
14 1. Addition
15 2. Subtraction
16 3. Multiplication
17 4. Division
18 5. Exit
19 ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ =
20 Enter choice (1-5): 5
21 Goodbye¬

Key Learning Points:

1. Separation of concerns: I/O separate from calculation.

2. Function composition: main() composes smaller functions.

3. Error handling localized: Division by zero handled inside divide().

4. Clean user interface: Functions like get_choice() ensure valid input.

Common Pitfalls in Such Design:

• Not handling invalid numeric input: If user enters ”abc”, scanf fails. Robust
version would need to clear input buffer and retry.

• Global variables: Avoid the temptation to use globals for num1, num2, etc. Pass
them as parameters.

• Too many parameters: If functions need many inputs, consider grouping them
into a structure.

Student Exercise: Modify the calculator to allow the user to perform another calcula-
tion without returning to the main menu.
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8.4 Slide 27: Example 2: Number Statistics (1/2)

Core Concept: ”Process an array of numbers using functions for each statistical mea-
sure. Demonstrates passing arrays to functions and using const to prevent modification.”

Program Overview:

• Read SIZE numbers into an array.

• Print the array.

• Find maximum, minimum, average.

• Count numbers above average.

Complete Code (Part 1 – Prototypes and Main):
1 #include <stdio.h>
2 #define SIZE 10
3

4 // Function prototypes
5 void read_numbers(int arr[], int n);
6 void print_numbers(const int arr[], int n);
7 int find_max(const int arr[], int n);
8 int find_min(const int arr[], int n);
9 double find_average(const int arr[], int n);

10 int count_above_average(const int arr[], int n,
11 double average);
12

13 int main(void) {
14 int numbers[SIZE];
15

16 printf("Enter %d numbers:\n", SIZE);
17 read_numbers(numbers, SIZE);
18

19 printf("\nYou entered: ");
20 print_numbers(numbers, SIZE);
21

22 int max_val = find_max(numbers, SIZE);
23 int min_val = find_min(numbers, SIZE);
24 double avg = find_average(numbers, SIZE);
25 int above_avg = count_above_average(numbers,
26 SIZE, avg);
27

28 printf("\nStatistics:\n");
29 printf("Maximum: %d\n", max_val);
30 printf("Minimum: %d\n", min_val);
31 printf("Average: %.2f\n", avg);
32 printf("Numbers above average: %d\n", above_avg);
33

34 return 0;
35 }
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Important Notes on Array Parameters:

• int arr[] is equivalent to int *arr (pointer, next lecture).

• The size n is passed separately because arrays don’t carry their size.

• Use const when the function should not modify the array (e.g., print_numbers).
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8.5 Slide 28: Example 2: Number Statistics (2/2)

Function Definitions:
1 // Function definitions
2

3 void read_numbers(int arr[], int n) {
4 for (int i = 0; i < n; i++) {
5 printf("Number %d: ", i+1);
6 scanf("%d", &arr[i]);
7 }
8 }
9

10 void print_numbers(const int arr[], int n) {
11 for (int i = 0; i < n; i++) {
12 printf("%d ", arr[i]);
13 }
14 printf("\n");
15 }
16

17 int find_max(const int arr[], int n) {
18 int max = arr[0];
19 for (int i = 1; i < n; i++) {
20 if (arr[i] > max) {
21 max = arr[i];
22 }
23 }
24 return max;
25 }
26

27 int find_min(const int arr[], int n) {
28 int min = arr[0];
29 for (int i = 1; i < n; i++) {
30 if (arr[i] < min) {
31 min = arr[i];
32 }
33 }
34 return min;
35 }
36

37 double find_average(const int arr[], int n) {
38 int sum = 0;
39 for (int i = 0; i < n; i++) {
40 sum += arr[i];
41 }
42 return (double)sum / n; // Cast to double for precise division
43 }
44

45 int count_above_average(const int arr[], int n,
46 double average) {
47 int count = 0;
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48 for (int i = 0; i < n; i++) {
49 if (arr[i] > average) {
50 count++;
51 }
52 }
53 return count;
54 }

Key Techniques Demonstrated:

• Array traversal: Standard for loop pattern.

• Aggregation: Summing in find_average.

• Search: Finding max/min.

• Filtering: Counting based on condition.

Student Extension: Add functions for standard deviation, median, or mode.
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8.6 Slide 29: Example 3: Menu-Driven Student Grades (1/5)

Core Concept: ”A more complex example using structures and an array of structures.
Demonstrates functions for adding, viewing, and analyzing student data.”

Program Features:

• Store student names and scores.

• Add new students.

• View all students with grades.

• Calculate statistics and grade distribution.

Data Structure and Prototypes:
1 #include <stdio.h>
2 #define MAX_STUDENTS 100
3

4 // Structure for student
5 struct Student {
6 char name[50];
7 int score;
8 };
9

10 // Function prototypes
11 void print_menu(void);
12 int get_choice(void);
13 void add_student(struct Student students[],
14 int *count);
15 void view_students(const struct Student students[],
16 int count);
17 void calculate_statistics(const struct Student students[],
18 int count);
19 char score_to_grade(int score);

Main Function:
1 int main(void) {
2 struct Student students[MAX_STUDENTS];
3 int count = 0; // Number of students stored
4 int choice;
5

6 do {
7 print_menu();
8 choice = get_choice();
9

10 switch (choice) {
11 case 1:
12 add_student(students, &count);
13 break;
14 case 2:
15 view_students(students, count);
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16 break;
17 case 3:
18 calculate_statistics(students , count);
19 break;
20 case 4:
21 printf("Exiting...\n");
22 break;
23 default:
24 printf("Invalid choice¬\n");
25 }
26 } while (choice ¬= 4);
27

28 return 0;
29 }

Design Note: The array students and its current count count are passed to functions
that need them. count is passed by pointer so add_student can modify it.
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8.7 Slide 30: Example 3: Menu-Driven Student Grades (2/5)

Function Definitions (Part 1):
1 void print_menu(void) {
2 printf("\n ≡ = Student Grade System ≡ =\n");
3 printf("1. Add Student\n");
4 printf("2. View All Students\n");
5 printf("3. Calculate Statistics\n");
6 printf("4. Exit\n");
7 printf(" ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ ≡ \n");
8 }
9

10 int get_choice(void) {
11 int choice;
12 printf("Enter choice (1-4): ");
13 scanf("%d", &choice);
14 return choice;
15 }
16

17 void add_student(struct Student students[], int *count) {
18 if (*count ≥ MAX_STUDENTS) {
19 printf("Database full¬\n");
20 return;
21 }
22

23 printf("Enter student name: ");
24 scanf(" %[^\n]", students[*count].name); // Read whole line
25

26 printf("Enter score (0-100): ");
27 scanf("%d", &students[*count].score);
28

29 (*count)++; // Increment count via pointer
30 printf("Student added successfully.\n");
31 }
32

33 void view_students(const struct Student students[],
34 int count) {
35 if (count ≡ 0) {
36 printf("No students in database.\n");
37 return;
38 }
39

40 printf("\n ≡ = Student List ≡ =\n");
41 printf("%-30s %-10s %s\n", "Name", "Score", "Grade");
42 printf("----------------------------------------\n");
43

44 for (int i = 0; i < count; i++) {
45 char grade = score_to_grade(students[i].score);
46 printf("%-30s %-10d %c\n",
47 students[i].name,
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48 students[i].score,
49 grade);
50 }
51 }
52

53 char score_to_grade(int score) {
54 if (score ≥ 90) return 'A';
55 if (score ≥ 80) return 'B';
56 if (score ≥ 70) return 'C';
57 if (score ≥ 60) return 'D';
58 return 'F';
59 }

Key Points:

• add_student uses (*count)++ to update the count in main.

• view_students uses %-formatting for aligned columns.

• score_to_grade is a pure function, easy to test.
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8.8 Slides 31-33: Example 3: Menu-Driven Student Grades
(3,4,5/5)

Function Definitions (Part 2 – Statistics):
1 void calculate_statistics(const struct Student students[],
2 int count) {
3 if (count ≡ 0) {
4 printf("No students in database.\n");
5 return;
6 }
7

8 int sum = 0, max = students[0].score,
9 min = students[0].score;

10 int grade_count[5] = {0}; // Indices: 0-A,1-B,2-C,3-D,4-F
11

12 for (int i = 0; i < count; i++) {
13 sum += students[i].score;
14

15 if (students[i].score > max) {
16 max = students[i].score;
17 }
18 if (students[i].score < min) {
19 min = students[i].score;
20 }
21

22 char grade = score_to_grade(students[i].score);
23 switch (grade) {
24 case 'A': grade_count[0]++; break;
25 case 'B': grade_count[1]++; break;
26 case 'C': grade_count[2]++; break;
27 case 'D': grade_count[3]++; break;
28 case 'F': grade_count[4]++; break;
29 }
30 }
31

32 double average = (double)sum / count;
33

34 printf("\n ≡ = Statistics ≡ =\n");
35 printf("Number of students: %d\n", count);
36 printf("Average score: %.2f\n", average);
37 printf("Highest score: %d\n", max);
38 printf("Lowest score: %d\n", min);
39 printf("\nGrade Distribution:\n");
40 printf("A: %d, B: %d, C: %d, D: %d, F: %d\n",
41 grade_count[0], grade_count[1],
42 grade_count[2], grade_count[3],
43 grade_count[4]);
44 }

Program Features Recap:
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• Modular design: Each function has clear responsibility.

• Data encapsulation: Student data is passed explicitly.

• Reusable components: score_to_grade used in multiple places.

• User-friendly output: Formatted tables and clear messages.

Student Extensions:

1. Add search by name.

2. Add edit/delete functions.

3. Sort students by score or name.

4. Save/load data from a file.
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9 Common Errors and Debugging

9.1 Slide 34: Common Function Errors in C

Core Concept: ”Knowing common mistakes helps you avoid them and debug faster.”

Category 1: Syntax Errors (Caught by Compiler)

1. Missing semicolon in prototype: int square(int x) instead of int square(int
x);

2. Mismatched braces in function body.

3. Missing return statement in non-void function.

4. Wrong parameter types in definition vs. prototype.

Category 2: Semantic Errors (Logic, May Compile)

5. Forgetting function prototype leading to implicit declaration warnings.

6. Pass-by-value misunderstanding: Expecting a function to modify its argu-
ments.

7. Uninitialized return value: Returning a local variable that was never assigned.

8. Infinite recursion: Missing or wrong base case.

Category 3: Scope and Lifetime Errors

9. Using variable outside its scope: Trying to access a local variable from another
function.

10. Shadowing causing confusion: A local variable hides a global variable with the
same name.

11. Returning pointer to local variable: Local variable dies when function returns,
pointer becomes dangling (advanced).

Category 4: Design Errors

• Side effects in pure functions: Modifying global variables inside a function that
should just compute a value.

• Global variable misuse: Creating hidden dependencies.

• Functions that do too much: Violating single responsibility principle.

Debugging Strategy:

1. Read compiler messages carefully: They often point to the exact line and
nature of error.

2. Use -Wall -Wextra flags: Enable all warnings.

3. Test functions individually: Write a small main() that tests just one function.

4. Add debug prints: Print parameter values on entry and return values on exit.
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9.2 Slide 35: Function Error Examples

Examples of Common Errors:
1 // 1. Missing prototype (implicit declaration warning)
2 int main(void) {
3 int x = square(5); // Warning: implicit declaration
4 return 0;
5 }
6 // square defined later...
7

8 // 2. Missing return statement
9 int multiply(int a, int b) {

10 int result = a * b;
11 // Forgot: return result;
12 }
13

14 // 3. Wrong return type (may work but is confusing)
15 double get_value(void) {
16 int x = 5;
17 return x; // int auto-converted to double
18 }
19

20 // 4. Pass-by-value confusion
21 void swap(int a, int b) { // Won't work¬
22 int temp = a;
23 a = b;
24 b = temp; // Only local copies swapped
25 }
26

27 // 5. Using undeclared function
28 int main(void) {
29 hello(); // Error if no prototype
30 return 0;
31 }
32 // hello defined later...
33

34 // 6. Infinite recursion
35 void countdown(int n) {
36 printf("%d\n", n);
37 countdown(n-1); // No base case → stack overflow
38 }

How to Fix These:

1. Add prototype: int square(int); before main.

2. Add return result; before closing brace.

3. Better to match type: return (double)x; or change function to int.

4. Use pointers to swap (next lecture).
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5. Add prototype void hello(void); or move definition before main.

6. Add base case: if (n <= 0) return;

Student Exercise: Identify and fix errors in a provided buggy program containing
several function mistakes.
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9.3 Slide 36: Debugging Functions

Core Concept: ”Systematic debugging techniques are essential for finding and fixing
function errors.”

Debugging Techniques:

1. Print function entry/exit:
1 int factorial(int n) {
2 printf("DEBUG: Entering factorial , n=%d\n", n);
3 // ... calculation ...
4 printf("DEBUG: Exiting factorial , returning %d\n",

result);
5 return result;
6 }
7

2. Print parameter values: Ensure they are what you expect.

3. Check return values: Print the returned value immediately after call.

4. Test functions independently: Write a separate test program for each function.

5. Use debugger step-by-step: Set breakpoints at function entry and step through
lines.

Function Testing Strategy:

• Test with simple values first: Use 0, 1, small numbers.

• Test edge cases: Minimum input, maximum input, empty input (if applicable).

• Test invalid inputs: Ensure function handles errors gracefully (e.g., negative
numbers for factorial).

• Verify all code paths: Make sure every branch of if-else or switch is tested.

• Compare with known results: Use a calculator or manual computation.

Common Fixes:

• Add missing prototypes.

• Fix return statements (ensure all paths return a value).

• Correct parameter types.

• Initialize local variables before use.

• Add base cases to recursion.

• Avoid global variables; pass data as parameters.

Prevention Tips:

• Always use prototypes.

• Compile with -Wall -Wextra -Werror (treat warnings as errors).
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• Write functions one at a time and test before moving on.

• Document function behavior in comments.

Student Exercise: Write a test harness for the score_to_grade function that tests all
boundary cases (89, 90, 79, 80, etc.).
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9.4 Slide 37: Debugging Example Code

Core Concept: ”Adding debug prints is a simple yet powerful way to see what’s hap-
pening inside functions.”

Problematic Function (missing return?):
1 int factorial(int n) {
2 int result = 1;
3 for (int i = 1; i ≤ n; i++) {
4 result *= i;
5 }
6 // Missing return? Actually , it's missing.
7 }

Add Debugging Prints:
1 int factorial_debug(int n) {
2 printf("DEBUG: factorial called with n=%d\n", n);
3

4 int result = 1;
5 for (int i = 1; i ≤ n; i++) {
6 result *= i;
7 printf("DEBUG: i=%d, result=%d\n", i, result);
8 }
9

10 printf("DEBUG: returning %d\n", result);
11 return result;
12 }

Test Harness:
1 void test_factorial(void) {
2 printf("Testing factorial function:\n");
3

4 // Test cases: input and expected output
5 int test_cases[] = {0, 1, 5, 10};
6 int expected[] = {1, 1, 120, 3628800};
7

8 for (int i = 0; i < 4; i++) {
9 int result = factorial_debug(test_cases[i]);

10 if (result ≡ expected[i]) {
11 printf("PASS: factorial(%d) = %d\n",
12 test_cases[i], result);
13 } else {
14 printf("FAIL: factorial(%d) = %d, expected %d\n",
15 test_cases[i], result, expected[i]);
16 }
17 }
18 }
19

20 int main(void) {
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21 test_factorial();
22 return 0;
23 }

Benefits of This Approach:

• You see the exact flow and intermediate values.

• Easy to spot where logic goes wrong.

• Can be turned on/off with a macro (advanced).

Student Practice: Take a function you wrote that has a bug, add debug prints, and
trace its execution.
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10 Best Practices and Patterns

10.1 Slide 38: Function Design Best Practices

Core Concept: ”Well-designed functions are the key to maintainable code. Follow these
principles to write better functions.”

1. Single Responsibility Principle:

• One function, one purpose: Function should do exactly one thing.

• Clear, descriptive name: Name should reveal purpose (verb for actions, noun
for getters).

• Cohesive functionality: All code in function should relate to its single purpose.

• Easy to understand: If you can’t describe function’s purpose in one sentence,
it’s too complex.

2. Interface Design (Parameters and Returns):

• Minimize parameters: Aim for � 3-4 parameters. Too many indicates function
may be doing too much.

• Use clear parameter names: calculate_area(width, height) not calculate_area(x,
y).

• Choose appropriate return type: Return a value if function computes some-
thing; use void for actions.

• Document assumptions: In comments, note any preconditions (e.g., n > 0).

3. Implementation Guidelines:

• Keep functions short: < 50 lines is a good rule of thumb. If longer, consider
splitting.

• Use local variables: Avoid global variables.

• Avoid side effects: Pure functions are easier to test and reason about.

• Handle errors gracefully: Check for invalid input and return error codes or use
assertions.

4. Documentation:

• Comment function purpose: What it does, not how.

• Document parameters: What each parameter represents.

• Document return value: What is returned and any special values (e.g., -1 for
error).

• Note side effects: If function modifies global state or its arguments.

• Provide usage examples: Short example in comment.
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5. Testing:

• Test functions independently: Unit testing.

• Test edge cases: Boundaries, empty inputs, extreme values.

• Verify all code paths: Ensure every if branch is tested.

• Use assert() for invariants: During development, assert assumptions.

Student Checklist: Review your functions against these principles.
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10.2 Slide 39: Good vs Bad Practice Examples

Core Concept: ”Concrete examples illustrate the difference between well-designed and
poorly designed functions.”

BAD: Function does too much.
1 void process_student(void) {
2 // Reads data, calculates grade, prints report
3 // Hard to test, reuse, or modify.
4 }

GOOD: Single responsibility.
1 void read_student_data(Student *s);
2 void calculate_grade(Student *s);
3 void print_student_report(const Student *s);

BAD: Too many parameters.
1 double calculate(int a, int b, int c,
2 int d, int e, int f);

GOOD: Group related data into a structure.
1 typedef struct {
2 int width, height;
3 double weight;
4 } Dimensions;
5

6 double calculate_volume(Dimensions d);

BAD: Unclear name.
1 int f(int x, int y); // What does 'f' do?

GOOD: Descriptive name.
1 int calculate_area(int width, int height);

BAD: Global variable.
1 int counter;
2 void increment(void) {
3 counter++; // Hidden dependency
4 }

GOOD: Pass parameter.
1 int increment_counter(int current) {
2 return current + 1;
3 }

BAD: No documentation.
1 int m(int x) { return x*x; }
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GOOD: Documented.
1 /* Returns the square of x. */
2 int square(int x) {
3 return x * x;
4 }

Student Exercise: Take a piece of your own code and refactor it to follow these good
practices.
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10.3 Slide 40: Common Function Patterns

Core Concept: ”Recognizing common function patterns helps in designing and under-
standing code.”

1. Pure Function Pattern:

• Purpose: Compute output solely from inputs, no side effects.

• Example: Mathematical functions.
1 double circle_area(double radius) {
2 return PI * radius * radius;
3 }

2. Transformer Pattern:

• Purpose: Convert input from one form to another.

• Example: Case conversion, unit conversion.
1 char to_uppercase(char c) {
2 if (c ≥ 'a' ∧ c ≤ 'z') {
3 return c - 'a' + 'A';
4 }
5 return c;
6 }

3. Predicate Pattern:

• Purpose: Test a condition, return true/false (1/0).

• Example: Checking properties.
1 int is_prime(int n) {
2 if (n ≤ 1) return 0;
3 for (int i = 2; i*i ≤ n; i++) {
4 if (n % i ≡ 0) return 0;
5 }
6 return 1;
7 }

4. Generator Pattern:

• Purpose: Produce a value or sequence.

• Example: Random number generator.
1 int generate_random(int min, int max) {
2 return rand() % (max - min + 1) + min;
3 }

5. Aggregator Pattern:

• Purpose: Combine multiple values into one.

• Example: Sum, average, concatenation.
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1 double average(const double arr[], int n) {
2 double sum = 0;
3 for (int i = 0; i < n; i++) {
4 sum += arr[i];
5 }
6 return sum / n;
7 }

6. Action Pattern:

• Purpose: Perform an action, return void.

• Example: Print, display, write to file.
1 void print_separator(int length) {
2 for (int i = 0; i < length; i++) {
3 printf("-");
4 }
5 printf("\n");
6 }

Student Exercise: Identify which pattern(s) each function in the calculator example
follows.
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11 Summary and Next Steps

11.1 Slide 41: What We’ve Learned Today

Core Concept: ”Today we transformed from writing monolithic code to creating struc-
tured, modular programs using functions. This is a fundamental step towards professional
software development.”

Function Fundamentals:

• Defining and calling functions: Syntax of definition, header, body, return.

• Function prototypes/declarations: Why they are needed, how to write them.

• Parameters and return values: Passing data in and out.

• Pass-by-value semantics: Understanding that arguments are copied.

• void functions: For actions without return value.

Scope and Lifetime:

• Local vs global variables: Where variables live and how long they last.

• Variable scope rules: Global, function, block scope.

• Avoiding global variables: Reasons and alternatives.

• Shadowing and name conflicts: How inner scopes can hide outer variables.

Advanced Concepts:

• Recursion principles: Functions calling themselves.

• Base case and recursive case: Essential components of recursion.

• Call stack visualization: Understanding how recursion uses memory.

• Recursion vs iteration: When to use each.

Programming Skills:

• Modular program design: Breaking problems into functions.

• Code reuse and organization: Building libraries of functions.

• Debugging techniques: Print debugging, testing strategies.

• Documentation practices: Commenting functions for clarity.

Key Achievement: You can now write programs that are easier to read, test, debug,
and extend by using functions as building blocks.

Student Self-Assessment:

1. Can you explain the difference between a function prototype and definition?

2. Can you write a function that takes two parameters and returns a value?
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3. Can you trace the execution of a simple recursive function?

4. Can you identify a global variable and explain why it might be problematic?

5. Can you refactor a long main() into several functions?
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11.2 Slide 42: Practice Exercises for Next Week

Core Concept: ”Practice is essential to internalize functions. These exercises range
from basic to advanced and prepare you for next week’s topic: arrays.”

Beginner Exercises:

1. Math function library: Write functions abs(), min(), max(), power() (itera-
tive). Test them.

2. Temperature converter: Functions to convert between Celsius, Fahrenheit, and
Kelvin.

3. Number classifier: Functions to check if a number is perfect, abundant, or defi-
cient (sum of proper divisors).

4. Simple text formatter: Functions to center-align or right-align text given a
width.

Intermediate Exercises:

5. Recursive string reversal: Write void reverse_string(char *str) that re-
verses the string in-place using recursion.

6. Greatest Common Divisor (GCD): Implement Euclidean algorithm both iter-
atively and recursively.

7. Prime number generator using functions: Write is_prime() and use it to
print all primes up to N.

8. Simple unit converter: Functions to convert between meters/feet, kilograms/-
pounds, liters/gallons.

Advanced Exercises:

9. Recursive binary search: Given a sorted array and a key, return index via binary
search (recursive).

10. Towers of Hanoi solver: Write recursive function to print moves to solve Towers
of Hanoi for n disks.

11. Function to evaluate simple expressions: Parse and evaluate expressions like
”3 + 4 * 2” (assume integers and operators +, -, *, /).

12. Date difference calculator: Calculate number of days between two dates (con-
sider leap years).

How to Approach:

• Start small: Write one function at a time, test it.

• Use prototypes: Organize your code.

• Test edge cases: 0, negative numbers, large values.

• Compare with known results: Verify manually.

Next Week Preview: Arrays and Data Collections
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• Storing multiple values of the same type.

• Array declaration, initialization, and access.

• Passing arrays to functions.

• Multi-dimensional arrays.

• Combining arrays with functions for data processing.
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11.3 Slide 43: Final Thoughts and Resources

Core Concept: ”You’ve taken a major step in your programming journey. Functions
are the cornerstone of structured programming. Keep practicing and exploring.”

Common Pitfalls Recap:

• Forgetting function prototypes: Leads to warnings and potential errors.

• Pass-by-value confusion: Expecting a function to modify its arguments.

• Uninitialized return values: Returning garbage from a function.

• Infinite recursion: Missing or incorrect base case.

• Global variable misuse: Creating hidden dependencies and hard-to-debug code.

• Scope errors: Trying to use a variable where it’s not visible.

Debugging Tips Summary:

1. Test functions independently: Write a small test driver for each.

2. Add debug print statements: Show parameter values and return values.

3. Use compiler warnings: Always compile with -Wall -Wextra.

4. Trace execution with a debugger: Learn to use gdb (or IDE debugger).

5. Check edge cases: Test with minimum, maximum, and invalid inputs.

Further Resources:

• Course website: Slides, example code, additional exercises.

• Book: K&R ”The C Programming Language” – Chapter 4 (Functions) is excellent.

• Online compilers: OnlineGDB, Replit for quick testing.

• Function design guidelines: Search for ”single responsibility principle” and
”function cohesion”.

• Recursion visualization tools: Websites that animate recursion can help under-
standing.

Key Takeaways:

• Functions enable code reuse and modularity.

• Well-designed functions are short, focused, and well-documented.

• Recursion is a powerful tool for certain problems but requires careful
design.

• Understanding scope is crucial for avoiding bugs.

• Practice is the only way to master function design and usage.

Continued Learning Path:

• Next lecture: Arrays – storing collections of data.
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• Then: Pointers – understanding memory addresses, enabling pass-by-reference.

• Then: Structures – grouping different data types.

• Then: File I/O, dynamic memory, etc.

Final Advice:

• Code every day, even if just a little.

• Read other people’s code to see different function designs.

• Don’t be afraid to refactor – improving code structure is part of the process.

• Ask for help when stuck, but try to solve problems yourself first.

Congratulations on completing Lecture 3! You now have the tools to write
organized, reusable C programs.
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