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Review and Introduction



What We’ve Learned & What’s Next

Last Week Recap:
Relational and logical operators
Decision making with if-else
Multi-way branching with switch
Repetition with loops (while,
do-while, for)
Control flow in programs

Limitation:
Programs growing too long
Code duplication
Hard to debug and maintain
No code reuse

Today’s Focus: Functions
Breaking programs into modules
Defining and calling functions
Passing arguments and returning
values
Understanding variable scope
Building reusable code

Goal Today

Write modular,
reusable code

Create organized,
maintainable programs
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What are Functions?



Functions: Building Blocks of C Programs
What are functions?

Self-contained blocks of code
Perform specific tasks
Can be called multiple times
Promote code reuse
Make programs modular

Analogy:
Like a kitchen appliance
You provide ingredients (input)
It performs a task
Returns the result (output)
Can be reused many times

Why use functions?
Reusability: Write once, use
many times
Modularity: Break complex
problems into parts
Abstraction: Hide
implementation details
Debugging: Test functions
independently
Collaboration: Divide work
among programmers

main()
printf()
scanf()
sqrt()
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Anatomy of a Function (1/2)
Function Definition:

1 // Function definition
2 int square (int x) {
3 int result = x * x;
4 return result ;
5 }

Function Call:
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:
1 Return type: Data type of

returned value
2 Function name: Identifier for the

function
3 Parameters: Input variables

(optional)
4 Function body: Code to execute
5 Return statement: Sends result

back
Key Concepts:

Functions must be defined before
use
Or declared with a prototype
Parameters are copies of
arguments
return exits the function 3 / 43



Anatomy of a Function (2/2)

1 // Function with no parameters
2 void print_welcome (void) {
3 printf (" Welcome to C programming

!\n");
4 printf (" Enjoy learning functions

.\n");
5 // No return needed for void
6 }
7
8 // Function with no return value
9 void print_times_table (int n) {

10 for (int i = 1; i <= 10; i++) {
11 printf ("%d x %d = %d\n", n, i

, n*i);
12 }
13 }

14 // Using the functions
15 int main(void) {
16 print_welcome (); // Call with no

arguments
17
18 int number = 7;
19 print_times_table ( number );
20
21 return 0;
22 }

Special Cases:
void return type: No value
returned
void parameters: No input needed
No return in void functions
Can use return; to exit early
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Function Declaration and Definition



Function Prototypes: Telling the Compiler

The Problem:
1 int main(void) {
2 int result = square (5); // ERROR

!
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
Also called declaration
Tells compiler about function
Placed before main()

Prototype Syntax:
1 // Function prototype ( declaration )
2 int square (int x);
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 }

Prototype Rules:
Ends with semicolon
No function body
Parameter names optional
Must match definition
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Function Declaration Examples (1/2)

1 // Multiple prototypes
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 }

11 // Function definitions
12 double circle_area ( double radius ) {
13 return 3.14159 * radius * radius ;
14 }
15
16 double circle_circumference ( double

radius ) {
17 return 2 * 3.14159 * radius ;
18 }
19
20 void print_circle_info ( double radius )

{
21 printf (" Radius : %.2f\n", radius );
22 printf ("Area: %.2f\n",

circle_area ( radius ));
23 printf (" Circumference : %.2f\n",
24 circle_circumference (

radius ));
25 }
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Function Declaration Examples (2/2)

Prototype Variations:
1 // Full prototype with names
2 int maximum (int a, int b, int c);
3
4 // Minimal prototype ( names optional )
5 int maximum (int , int , int);
6
7 // Both are valid !

Best Practice:
Use descriptive parameter names
Place prototypes at top of file
Or in header files (later)
Group related prototypes
Comment complex functions

Common File Structure:
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 int main(void) {
9 // Main program

10 return 0;
11 }
12
13 // Function definitions
14 void function1 (void) { /* ... */ }
15 int calculate (int x, int y) { /* ...

*/ }
16 double process_value ( double val) { /*

... */ }
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Parameters and Return Values



Pass-by-Value: Understanding Parameter Passing
Key Concept:

C uses pass-by-value
Function receives COPIES of
arguments
Original variables unchanged
Arguments vs parameters

Example:
1 void increment (int x) {
2 x = x + 1; // Changes local copy
3 printf (" Inside : %d\n", x);
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:

main()

num = 5

increment()
x = 5

Copy of value

x = 6
Local change

Implications:
Safe: Functions don’t accidentally
modify data
Inefficient for large data
Need pointers for modification
(next week)
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Returning Values from Functions
The return Statement:

Sends value back to caller
Exits function immediately
Can return expressions
Must match return type

Single Return:
1 int absolute (int n) {
2 if (n >= 0) {
3 return n;
4 } else {
5 return -n;
6 }
7 }

Multiple Returns:
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';
7 }

Returning Expressions:
1 int max(int a, int b) {
2 return (a > b) ? a : b;
3 }
4
5 double average ( double x, double y) {
6 return (x + y) / 2.0;
7 }

No Return Value:
1 void print_stars (int n) {
2 for (int i = 0; i < n; i++) {
3 printf ("*");
4 }
5 printf ("\n");
6 // No return needed
7 // Can use: return ; to exit early
8 }

Important:
All code paths must return value
Except void functions
Return type must match 9 / 43



Multiple Parameters and Type Matching
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:
Arguments must match parameter
types
C performs implicit conversion
But better to match exactly
Watch out for integer division!

Type Mismatch Example:
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 converts int to double
9 double result = half(num);

10 printf ("Half of %d is %.1f\n",
num , result );

11 return 0;
12 }
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Variable Scope and Lifetime



Local Variables: Function-Specific Storage
Local Variables:

Declared inside a function
Only accessible within that
function
Created when function called
Destroyed when function returns
Also called automatic variables

Example:
1 void print_sum (int a, int b) {
2 int sum = a + b; // Local

variable
3 printf ("Sum: %d\n", sum);
4 // 'sum ' destroyed here
5 }
6
7 int main(void) {
8 print_sum (3, 4);
9 // Cannot access 'sum ' here!

10 return 0;
11 }

Key Properties:
Each call creates new instances
Variables don’t persist between calls
Same name in different functions =
different variables
Parameters are also local

Multiple Local Variables:
1 double calculate_triangle_area ( double

base ,
2 double

height ) {
3 // Two local variables
4 double half = 0.5;
5 double area = half * base * height ;
6 return area;
7 }

Memory Concept:
Stored on the stack
Automatic allocation/deallocation
Efficient memory use 11 / 43



Global Variables: Program-Wide Access (1/2)
Global Variables:

Declared outside all functions
Accessible from any function
Exist for program lifetime
Default value: 0

Example:
1 int counter = 0; // Global variable
2
3 void increment_counter (void) {
4 counter ++;
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 Globals:
Dangerous: Any function can
modify
Hard to debug: Side effects
everywhere
Namespace pollution: Name
conflicts
Tight coupling: Functions
depend on globals
Not thread-safe: In concurrent
programs
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Global Variables: Program-Wide Access (2/2)

When (if ever) to use:
Constants (use const)
Configuration settings
Truly global state (rare)
Performance-critical code
(measure first!)

Better Alternative:
Pass values as parameters
Return values from functions
Use local variables
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Scope Examples and Shadowing (1/2)

Scope Hierarchy:
1 int global = 10; // Global scope
2
3 void function1 (void) {
4 int local = 20; // Local to

function1
5 printf (" global =%d, local =%d\n",

global , local );
6 }
7
8 void function2 (void) {
9 int local = 30; // Different

variable !
10 printf (" global =%d, local =%d\n",

global , local );
11 }

Shadowing:
1 int value = 100; // Global
2
3 void test(void) {
4 int value = 50; // Local shadows

global
5 printf (" Local value : %d\n", value

);
6 // Can 't access global 'value '

here
7 }
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Scope Examples and Shadowing (2/2)

Block Scope:
1 void example (void) {
2 int x = 5;
3
4 if (x > 0) {
5 int y = 10; // Block scope
6 printf ("x=%d, y=%d\n", x, y);
7 }
8
9 // y not accessible here!

10 // printf ("%d\n", y); // ERROR
11
12 for (int i = 0; i < 5; i++) {
13 // i only exists in loop
14 printf ("%d ", i);
15 }
16 // i not accessible here
17 }

Best Practice:
Avoid shadowing - confusing!
Use descriptive names
Keep variables as local as possible
Initialize variables when declared
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Recursion: Functions Calling Themselves



Introduction to Recursion
What is Recursion?

Function that calls itself
Solves problems by breaking into
smaller versions
Must have base case (stopping
condition)
Recursive case calls function with
smaller input
Like mathematical induction

Classic Example: Factorial

n! =
{

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

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

10 int main(void) {
11 int n = 5;
12 printf ("%d! = %d\n", n, factorial

(n));
13 return 0;
14 }

Execution:
factorial(5) calls
factorial(4)
factorial(4) calls
factorial(3)
... until factorial(1) returns 1
Then unwinds back up
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How Recursion Works: The Call Stack (1/2)

Call Stack Visualization:

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
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How Recursion Works: The Call Stack (2/2)
Step-by-step Execution:

1 main() calls factorial(5)
2 factorial(5) calls

factorial(4)
3 factorial(4) calls

factorial(3)
4 factorial(3) calls

factorial(2)
5 factorial(2) calls

factorial(1)
6 factorial(1) returns 1 (base

case)
7 factorial(2) returns 2 * 1 = 2
8 factorial(3) returns 3 * 2 = 6
9 factorial(4) returns 4 * 6 = 24
10 factorial(5) returns 5 * 24 =

120
11 Back to main(), prints 120

11 factorial(5) returns 5 * 24 =
120

12 Back to main(), prints 120

Key Insight:
Each call creates new stack frame
Frame contains parameters, local
variables
Return address for coming back
Stack limits recursion depth
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More Recursion Examples (1/2)

Fibonacci Sequence:
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 }

Sum of Digits:
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) {
11 int num = 12345;
12 printf ("Sum of digits of %d = %d\

n",
13 num , sum_digits (num));
14 return 0;
15 }
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More Recursion Examples (2/2)
Power Function:

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 {

10 return 1.0 / power (base , -exp
);

11 }
12 }
13
14 int main(void) {
15 printf ("2^5 = %.0f\n", power (2,

5));
16 printf ("2^ -3 = %.3f\n", power (2,

-3));
17 return 0;
18 }

Recursion vs Iteration:
Recursion: Elegant for certain
problems

Iteration: Usually more efficient
Choice depends on problem:

Factorial: Both work well
Fibonacci: Iteration better (no
duplicate calculations)
Tree traversal: Recursion
natural

Recursion risks:
Stack overflow for deep
recursion
Performance overhead
Harder to debug for beginners

When to use recursion:
Naturally recursive problems
Tree/graph traversal
Divide-and-conquer algorithms
When clarity outweighs
performance 20 / 43



Common Function Patterns



Mathematical Functions
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);
14 }
15
16 // Check if number is prime
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 }

10
11 // Distance between two points
12 double distance ( double x1 , double y1 ,
13 double x2 , double y2)

{
14 double dx = x2 - x1;
15 double dy = y2 - y1;
16 return sqrt(dx*dx + dy*dy);
17 }
18
19 // Need: # include <math.h>

Pattern:
Pure functions (no side effects)
Input calculation output
Easy to test
Reusable in many programs 21 / 43



Input/Output Functions
Formatted Input Functions:

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 : ");

Formatted Output Functions:
1 // Print centered text
2 void print_centered ( const char *text)

{
3 int width = 50;

4 int len = strlen (text);
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 ) {
15 for (int i = 0; i < length ; i++)

{
16 printf ("%c", ch);
17 }
18 printf ("\n");
19 }

Pattern:
Encapsulate I/O details
Consistent user interface
Error handling in one place
Reusable across programs 22 / 43



Utility Functions
String Utilities:

1 // Convert string to uppercase
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
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]);
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
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 }
15
16 // Sum of proper divisors
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 } 23 / 43



Practical Examples



Example 1: Calculator with Functions (1/3)

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 ();

21 if ( choice == 5) {
22 printf (" Goodbye !\n");
23 break ;
24 }
25
26 num1 = get_number (" Enter

first number : ");
27 num2 = get_number (" Enter

second number : ");
28
29 switch ( choice ) {
30 case 1: result = add(num1

, num2); break ;
31 case 2: result = subtract

(num1 , num2); break ;
32 case 3: result = multiply

(num1 , num2); break ;
33 case 4: result = divide (

num1 , num2); break ;
34 }
35
36 printf (" Result : %.2f\n\n",

result );
37
38 } while (1);
39
40 return 0;
41 } 24 / 43



Example 1: Calculator with Functions (2/3)

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 double add( double a, double b) {
29 return a + b;
30 }
31
32 double subtract ( double a, double b) {
33 return a - b;
34 }
35
36 double multiply ( double a, double b) {
37 return a * b;
38 }
39
40 double divide ( double a, double b) {
41 if (b == 0) {
42 printf (" Error : Division by

zero !\n");
43 return 0;
44 }
45 return a / b;
46 }
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Example 1: Calculator with Functions (3/3)
Program Structure:

1 main(): Controls program flow
2 print_menu(): Displays options
3 get_choice(): Gets valid input
4 get_number(): Gets numeric

input
5 Math functions: Perform

calculations

Advantages:
Each function has clear purpose
Easy to test individually
Can reuse functions in other
programs
Easy to add new operations
main() is clean and readable

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 ...
17 Enter choice (1 -5): 5
18 Goodbye !
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Example 2: Number Statistics (1/2)

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);

23 int max_val = find_max (numbers ,
SIZE);

24 int min_val = find_min (numbers ,
SIZE);

25 double avg = find_average (numbers
, SIZE);

26 int above_avg =
count_above_average (numbers ,

27
SIZE , avg);

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

\n", above_avg );
34
35 return 0;
36 }
37
38 // Function definitions
39
40 void read_numbers (int arr [], int n) {
41 for (int i = 0; i < n; i++) {
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Example 2: Number Statistics (2/2)

42 printf (" Number %d: ", i+1);
43 scanf ("%d", &arr[i]);
44 }
45 }
46
47 void print_numbers ( const int arr [],

int n) {
48 for (int i = 0; i < n; i++) {
49 printf ("%d ", arr[i]);
50 }
51 printf ("\n");
52 }
53
54 int find_max ( const int arr [], int n)

{
55 int max = arr [0];
56 for (int i = 1; i < n; i++) {
57 if (arr[i] > max) {
58 max = arr[i];
59 }
60 }
61 return max;
62 }
63 int find_min ( const int arr [], int n)

{
64 int min = arr [0];
65
66 for (int i = 1; i < n; i++) {

67 if (arr[i] < min) {
68 min = arr[i];
69 }
70 }
71 return min;
72 }
73
74 double find_average ( const int arr [],

int n) {
75 int sum = 0;
76 for (int i = 0; i < n; i++) {
77 sum += arr[i];
78 }
79 return ( double )sum / n;
80 }
81
82 int count_above_average ( const int arr

[], int n,
83 double

average ) {
84 int count = 0;
85 for (int i = 0; i < n; i++) {
86 if (arr[i] > average ) {
87 count ++;
88 }
89 }
90 return count ;
91 } 28 / 43



Example 3: Menu-Driven Student Grades (1/5)
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 );
20 int main(void) {
21 struct Student students [

MAX_STUDENTS ];
22 int count = 0;
23 int choice ;
24
25 do {

26 print_menu ();
27 choice = get_choice ();
28
29 switch ( choice ) {
30 case 1:
31 add_student (students ,

& count );
32 break ;
33 case 2:
34 view_students (

students , count );
35 break ;
36 case 3:
37 calculate_statistics (

students , count );
38 break ;
39 case 4:
40 printf (" Exiting ...\n"

);
41 break ;
42 default :
43 printf (" Invalid

choice !\n");
44 }
45 } while ( choice != 4);
46
47 return 0;
48 } 29 / 43



Example 3: Menu-Driven Student Grades (2/5)
49 // Function definitions
50
51 void print_menu (void) {
52 printf ("\n=== Student Grade

System ===\n");
53 printf ("1. Add Student \n");
54 printf ("2. View All Students \n");
55 printf ("3. Calculate Statistics \n

");
56 printf ("4. Exit\n");
57 printf ("

============================\ n")
;

58 }
59
60 int get_choice (void) {
61 int choice ;
62 printf (" Enter choice (1 -4): ");
63 scanf ("%d", & choice );
64 return choice ;
65 }
66
67 void add_student ( struct Student

students [], int * count ) {
68 if (* count >= MAX_STUDENTS ) {
69 printf (" Database full !\n");
70 return ;
71 }
72
73 printf (" Enter student name: ");

74 scanf (" %[^\n]", students [* count
]. name);

75
76 printf (" Enter score (0 -100): ");
77 scanf ("%d", & students [* count ].

score );
78
79 (* count )++;
80 printf (" Student added

successfully .\n");
81 }
82 void view_students ( const struct

Student students [],
83 int count ) {
84 if ( count == 0) {
85 printf ("No students in

database .\n");
86 return ;
87 }
88
89 printf ("\n=== Student List ===\n"

);
90 printf ("% -30s % -10s %s\n", "Name"

, " Score ", " Grade ");
91 printf ("

----------------------------------------\
n");

92
93 for (int i = 0; i < count ; i++) {
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Example 3: Menu-Driven Student Grades (3/5)
94 char grade = score_to_grade (

students [i]. score );
95 printf ("% -30s % -10d %c\n",
96 students [i]. name ,
97 students [i]. score ,
98 grade );
99 }

100 }
101
102 char score_to_grade (int score ) {
103 if ( score >= 90) return 'A';
104 if ( score >= 80) return 'B';
105 if ( score >= 70) return 'C';
106 if ( score >= 60) return 'D';
107 return 'F';
108 }
109 void calculate_statistics ( const struct

Student students [],
110 int count ) {
111 if ( count 0) {
112 printf ("No students in

database .\n");
113 return ;
114 }
115
116 int sum = 0, max = students [0].

score ,
117 min = students [0]. score ;

118 int grade_count [5] = {0}; //
A,B,C,D,F

119
120 for (int i = 0; i < count ; i

++) {
121 sum += students [i]. score ;
122
123 if ( students [i]. score >

max) {
124 max = students [i].

score ;
125 }
126 if ( students [i]. score <

min) {
127 min = students [i].

score ;
128 }
129
130 char grade =

score_to_grade ( students [i].
score );

131 switch ( grade ) {
132 case 'A': grade_count

[0]++; break ;
133 case 'B': grade_count

[1]++; break ;
134 case 'C': grade_count

[2]++; break ;
135 case 'D': grade_count

[3]++; break ;
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Example 3: Menu-Driven Student Grades (4/5)

136 case 'F': grade_count
[4]++; break ;

137 }
138 }
139
140 double average = ( double )sum /

count ;
141
142 printf ("\n=== Statistics ===\n"

);
143 printf (" Number of students : %d\

n", count );
144 printf (" Average score : %.2f\n",

average );
145 printf (" Highest score : %d\n",

max);
146 printf (" Lowest score : %d\n",

min);
147 printf ("\ nGrade Distribution :\n

");
148 printf ("A: %d, B: %d, C: %d, D:

%d, F: %d\n",
149 grade_count [0] ,

grade_count [1] ,
150 grade_count [2] ,

grade_count [3] ,
151 grade_count [4]);
152 }

154 for (int i = 0; i < count ; i++) {
155 sum += students [i]. score ;
156
157 if ( students [i]. score > max)

{
158 max = students [i]. score ;
159 }
160 if ( students [i]. score < min)

{
161 min = students [i]. score ;
162 }
163
164 char grade = score_to_grade (

students [i]. score );
165 switch ( grade ) {
166 case 'A': grade_count

[0]++; break ;
167 case 'B': grade_count

[1]++; break ;
168 case 'C': grade_count

[2]++; break ;
169 case 'D': grade_count

[3]++; break ;
170 case 'F': grade_count

[4]++; break ;
171 }
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Example 3: Menu-Driven Student Grades (5/5)

173 double average = ( double )sum /
count ;

174
175 printf ("\n=== Statistics ===\n");
176 printf (" Number of students : %d\n"

, count );
177 printf (" Average score : %.2f\n",

average );
178 printf (" Highest score : %d\n", max

);
179 printf (" Lowest score : %d\n", min)

;
180 printf ("\ nGrade Distribution :\n")

;
181 printf ("A: %d, B: %d, C: %d, D: %

d, F: %d\n",
182 grade_count [0] ,

grade_count [1] ,
183 grade_count [2] ,

grade_count [3] ,
184 grade_count [4]);
185 }

Program Features:
Modular design with functions
Each function has specific role

Easy to add new features
Clean separation of concerns
Reusable grade calculation

Key Functions:
add_student(): Input with
validation
view_students(): Formatted
output
score_to_grade(): Pure
function
calculate_statistics(): Data
analysis

Extensibility:
Add search by name
Add edit/delete functions
Save/load from file
Sort students by score
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Common Errors and Debugging



Common Function Errors in C

Syntax Errors:
1 Missing semicolon in prototype
2 Mismatched braces in function

body
3 Missing return statement
4 Wrong parameter types

Semantic Errors:
5 Forgetting function prototype
6 Pass-by-value misunderstanding
7 Uninitialized return value
8 Infinite recursion

Logic Errors:
9 Side effects in pure functions
10 Global variable misuse
11 Stack overflow in recursion
12 Wrong base case

Scope Errors:
Using variable outside scope
Shadowing causing confusion
Forgetting to pass parameters
Returning pointer to local variable
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Function Error Examples

1 // 1. Missing prototype
2 int main(void) {
3 int x = square (5); // Warning !
4 return 0;
5 }
6
7 int square (int n) {
8 return n * n;
9 }

10
11 // 2. Missing return
12 int multiply (int a, int b) {
13 int result = a * b;
14 // Forgot : return result ;
15 }
16
17 // 3. Wrong return type
18 double get_value (void) {
19 int x = 5;
20 return x; // int automatically

converted
21 }

22 // 4. Pass -by - value confusion
23 void swap(int a, int b) {
24 int temp = a;
25 a = b;
26 b = temp; // Doesn 't affect

caller !
27 }
28
29 // 5. Using undeclared function
30 int main(void) {
31 hello (); // Error if no

prototype
32 return 0;
33 }
34
35 void hello (void) {
36 printf (" Hello \n");
37 }
38
39 // 6. Infinite recursion
40 void countdown (int n) {
41 printf ("%d\n", n);
42 countdown (n -1); // No base case!
43 }
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Debugging Functions

Debugging Techniques:
1 Print function entry/exit
2 Print parameter values
3 Check return values
4 Test functions independently
5 Use debugger step-by-step

Function Testing:
Test with simple values first
Test edge cases (0, negative, max)
Test invalid inputs
Verify all code paths
Compare with known results

Common Fixes:
Add missing prototypes
Fix return statements
Correct parameter types
Initialize local variables
Add base cases to recursion
Avoid global variables

Prevention:
Always use prototypes
Compile with -Wall -Wextra
Write functions one at a time
Test as you write
Document function behavior
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Debugging Example Code
1 // Problematic function
2 int factorial (int n) {
3 int result = 1;
4 for (int i = 1; i <= n; i++) {
5 result *= i;
6 }
7 // Missing return ?
8 }
9

10 // Add debugging prints
11 int factorial_debug (int n) {
12 printf (" DEBUG : factorial called

with n=%d\n", n);
13
14 int result = 1;
15 for (int i = 1; i <= n; i++) {
16 result *= i;
17 printf (" DEBUG : i=%d, result =%

d\n", i, result );
18 }
19
20 printf (" DEBUG : returning %d\n",

result );
21 return result ;
22 }
23 // Test harness
24 void test_factorial (void) {
25 printf (" Testing factorial

function :\n");

26
27 // Test cases
28 int test_cases [] = {0, 1, 5, 10};
29 int expected [] = {1, 1, 120 ,

3628800};
30
31 for (int i = 0; i < 4; i++) {
32 int result = factorial_debug (

test_cases [i]);
33 if ( result == expected [i]) {
34 printf ("PASS: factorial (%

d) = %d\n",
35 test_cases [i],

result );
36 } else {
37 printf ("FAIL: factorial (%

d) = %d, expected %d\n",
38 test_cases [i],

result , expected [i]);
39 }
40 }
41 }
42
43 int main(void) {
44 test_factorial ();
45 return 0;
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Function Design Best Practices
Single Responsibility:

One function, one purpose
Clear, descriptive name
Cohesive functionality
Easy to understand

Interface Design:
Minimize parameters ( 3-4)
Use clear parameter names
Choose appropriate return type
Document assumptions

Implementation:
Keep functions short (< 50 lines)
Use local variables
Avoid global variables
Handle errors gracefully

Documentation:
Comment function purpose
Document parameters
Document return value
Note side effects
Provide usage examples

Testing:
Test functions independently
Test edge cases
Verify all code paths
Use assert() for invariants

Reusability:
Make functions general
Avoid hard-coded values
Use parameters for variations
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Good vs Bad Practice Examples

1 // BAD: Does too much
2 void process_student (void) {
3 // Reads , calculates , prints
4 // Hard to test/ reuse
5 }
6
7 // GOOD: Single responsibility
8 void read_student_data ( Student *s);
9 void calculate_grade ( Student *s);

10 void print_student_report ( const
Student *s);

11
12 // BAD: Too many parameters
13 double calculate (int a, int b, int c,
14 int d, int e, int f)

;
15
16 // GOOD: Use structure
17 typedef struct {
18 int width , height ;
19 double weight ;
20 } Dimensions ;
21
22 double calculate_volume ( Dimensions d)

;

23 // BAD: Unclear name
24 int f(int x, int y);
25
26 // GOOD: Descriptive name
27 int calculate_area (int width , int

height );
28
29 // BAD: Global variable
30 int counter ;
31 void increment (void) {
32 counter ++;
33 }
34
35 // GOOD: Pass parameter
36 int increment_counter (int current ) {
37 return current + 1;
38 }
39
40 // BAD: No documentation
41 int m(int x) { return x*x; }
42
43 // GOOD: Documented
44 /* Returns the square of x */
45 int square (int x) {
46 return x * x;
47 }
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Common Function Patterns
Pure Function Pattern:

1 // No side effects , same input same
output

2 double circle_area ( double radius ) {
3 return PI * radius * radius ;
4 }

Transformer Pattern:
1 // Transforms input to output
2 char to_uppercase (char c) {
3 if (c >= 'a' && c <= 'z') {
4 return c - 'a' + 'A';
5 }
6 return c;
7 }

Predicate Pattern:
1 // Returns true/ false (1/0)
2 int is_prime (int n) {
3 if (n <= 1) return 0;
4 for (int i = 2; i*i <= n; i++) {
5 if (n % i == 0) return 0;
6 }
7 return 1;
8 }

Generator Pattern:
1 // Generates sequence or value
2 int generate_random (int min , int max)

{
3 return rand () % (max - min + 1) +

min;
4 }

Aggregator Pattern:
1 // Combines multiple values
2 double average ( const double arr [],

int n) {
3 double sum = 0;
4 for (int i = 0; i < n; i++) {
5 sum += arr[i];
6 }
7 return sum / n;
8 }

Action Pattern:
1 // Performs action , returns void
2 void print_separator (int length ) {
3 for (int i = 0; i < length ; i++)

{
4 printf ("-");
5 }
6 printf ("\n");
7 }
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Summary and Next Steps



What We’ve Learned Today
Function Fundamentals:

Defining and calling functions
Function prototypes/declarations
Parameters and return values
Pass-by-value semantics
Void functions

Scope and Lifetime:
Local vs global variables
Variable scope rules
Avoiding global variables
Shadowing and name conflicts

Advanced Concepts:
Recursion principles
Base case and recursive case
Call stack visualization
Recursion vs iteration

Programming Skills:
Modular program design
Code reuse and organization
Debugging techniques
Testing strategies
Documentation practices

Key Achievement

Write modular,
reusable code

Create organized,
maintainable programs
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Practice Exercises for Next Week
Beginner:

1 Create math function library (abs,
min, max, pow)

2 Temperature converter (CF, CK)
3 Number classifier (perfect,

abundant, deficient)
4 Simple text formatter (center,

right-align)

Intermediate:
5 Recursive string reversal
6 Greatest Common Divisor

(Euclidean algorithm)
7 Prime number generator using

functions
8 Simple unit converter (length,

weight, volume)

Advanced:
9 Recursive binary search
10 Towers of Hanoi solver
11 Function to evaluate simple

expressions
12 Date difference calculator

Next Lecture:
Arrays and Data Collections
Storing multiple values
Array operations
Multi-dimensional arrays
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Final Thoughts and Resources

Common Pitfalls:
Forgetting function prototypes
Pass-by-value confusion
Uninitialized return values
Infinite recursion
Global variable misuse
Scope errors

Debugging Tips:
Test functions independently
Add debug print statements
Use compiler warnings (-Wall
-Wextra)
Trace execution with debugger
Check edge cases

Further Resources:
Course website: Slides, examples
K&R "The C Programming
Language" (Chapter 4)
Online compilers for practice
Function design guidelines
Recursion visualization tools

Key Takeaways:
Functions enable code reuse
Modular design aids debugging
Recursion is powerful but needs
care
Good functions have clear purpose
Documentation is essential
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