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1 Review and Introduction

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

| | w

Purpose: This opening slide serves as a bridge between lectures and sets the stage for
today’s important topic: control flow.

Last Week Recap Explained:

e Writing simple C programs: We learned the basic structure: #include <stdio.h>,
int main(void), return O

e Variables and data types: How to declare and use int, float, char, double

e Basic I/O with printf () /scanf (): Format specifiers (%d, %f, %c), reading input
from keyboard

e Arithmetic operations: +, -, *, /, % (modulus)

e Constants and good practices: Using const for values that shouldn’t change,
meaningful variable names

Key Limitation of Last Week’s Programs:
e Sequential execution: Programs ran line by line, same every time
e No decision-making: Couldn’t choose different paths based on conditions
e No repetition: Couldn’t repeat actions without copying code
¢ Rigid behavior: Same output for same input, no ”intelligence”
Today’s Focus - Control Flow:
e Making decisions: Programs that can ”"think” and choose different paths
e Repetition: Programs that can repeat actions efficiently
e Interactive programs: Respond differently to different inputs
e Problem-solving: More complex, real-world applications
Why This Matters:

e Foundation of programming: Control flow exists in every programming lan-
guage

e Real-world applications: Games, calculators, data processing all need decisions
and repetition

e Problem-solving skills: Learn to break down complex tasks
e Programming power: Transform simple calculators into intelligent tools

Teaching Strategy: We'll start with the building blocks (operators), then learn decision
structures (if-else, switch), then repetition (loops), and finally combine everything into
practical examples.
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Student Mindset: This is where programming gets exciting! You’ll be able to create
much more interesting and useful programs after today.
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2 Relational and Logical Operators

2.1 Slides 2-3: Making Comparisons: Relational Operators

Core Concept: "Before we can make decisions, we need to compare values. Relational
operators let us ask questions like ’is this greater than that?””

What are Relational Operators?
e Purpose: Compare two values and produce a result
e Result: Always 1 for true or 0 for false (in C, there’s no separate boolean type)
e Foundation: These comparisons form the conditions for our decisions
e Think of them as: Questions that programs can answer

The Six Relational Operators Explained:

Operator | Name Example | Result (if a=5, b=10)
== Equal to a == 0 (false)
I= Not equal to al!l=b |1/(true)
< Less than a<hb 1 (true)
> Greater than a>b 0 (false)
<= Less than or equal to a<=b |1 (true)
>= Greater than or equal to | a >= b | 0 (false)
Critical Distinction: == vs =

e == (double equals): Comparison operator. Asks "are these equal?”
e = (single equals): Assignment operator. Means "make this equal to that”
e Common beginner error: Writing if (x = 5) instead of if (x == 5)

e Why it’s bad: if (x = 5) always evaluates to true (assigns 5 to x, then the
expression has value 5, which is non-zero = true)

e Defensive programming tip: Write if (5 == x) instead of if (x == 5). If
you accidentally write if (5 = x), the compiler will catch the error!

Code Example Explained Line-by-Line:

1 #include <stdio.h>
2

3 int main(void) {
b

4 int a = 5, = 10;

6 printf ("%d == %d: %d\n", a, b, a == b); // 5 == 10: 0 (false
)

7 printf("%d !'= %d: %d\n", a, b, a != b); // 5 != 10: 1 (true)

8 printf ("%d < %d: %d\n", a, b, a < b); // 5 < 10: 1 (true)

9 printf ("%d > %d: %d\n", a, b, a > b); // 5 > 10: 0 (false)

10 printf ("%d <= %d: %d\n", a, b, a <= b); // 5 <= 10: 1 (true)
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11 printf ("%d >= %d: %d\n", a, b, a > b); // 5 >= 10: 0 (false
)

13 return O0;

14}

Important Notes:
e Relational operators work with all numeric types: int, float, double, char
e Characters are compared using their ASCII values: *a’ < ’b’ is true (97 | 98)

e Floating-point comparisons can be tricky due to precision issues. For floats, instead
of x == 0.0, use fabs(x) < 0.00001

Student Practice:

1. Write a program that asks for two numbers and prints which relational operators
give true

2. Experiment with character comparisons: A’ == ’a’? ’0’ < ’9’7

3. Try the defensive pattern: if (0 == x) vs if (x == 0)
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2.2 Slides 4-5: Combining Conditions: Logical Operators

Core Concept: ”Often we need to check multiple conditions at once. Logical operators
let us combine simple conditions into complex ones.”

The Three Logical Operators:

Operator | Name Meaning Example

&& Logical AND | Both must be true | (age >= 18) && (hasLicense == 1)
| Logical OR | At least one true (isStudent) || (age < 18)
! Logical NOT | Reverses true/false | !isFinished

Truth Tables - Understanding How They Work:

A|B|A&&B|A—B|!A
010 0 0 1
01 0 1 1
110 0 1 0
111 1 1 0

Key Concept: Short-Circuit Evaluation

&& (AND): If the first condition is false, it doesn’t check the second (because false
AND anything = false)

|| (OR): If the first condition is true, it doesn’t check the second (because true OR
anything = true)

Why this matters: It’s efficient and can prevent errors

Example: if (ptr '= NULL && ptr->value > 0) issafe because if ptris NULL,
it won't try to access ptr->value

Operator Precedence (Important!):
1. ! (NOT) - highest precedence
2. Relational operators (<, >, ==, etc.)
3. && (AND)
4. || (OR) - lowest precedence
Use Parentheses for Clarity:
ea>b&k c<d ||l e == fisconfusing
e (a>Db) && (c < d) || (e == £) is clearer
e ((a>0b) & (c < d)) |l (e == £f) shows grouping explicitly
e When in doubt, add parentheses!
Code Example with Practical Applications:

#include <stdio.h>

int main(void) {
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int age = 20;
int has_license = 1;
int has_car = 0;

// Driver's license check: AND requires both conditions
if (age >= 18 && has_license) {
printf ("You can drive (if you have a car)\n");

// Transportation options: OR requires at least one
if (has_license || has_car) {
printf ("You have some transportation option\n");

// NOT operator: checking for absence
if ('has_car) {
printf ("You need to walk or use public transport\n");

// Complex combined condition
if ((age >= 18 && has_license) || has_car) {
printf ("You can legally operate a vehicle\n");

}

// Short-circuit example

int x = 0;

if (x !'= 0 && (10 / x > 2)) { // Safe! Won't divide by zero

printf ("This won't execute and won't crash\n");

return O;

Common Mistakes to Avoid:

e Using bitwise operators (&, |) instead of logical operators (&&, ||)
e Writing && when you mean || (and vice versa)
e Forgetting that ! has higher precedence than relational operators

e Not using parentheses with mixed operators

Student Practice:

1. Create a program that checks multiple conditions for student discounts
2. Write a password checker with multiple requirements

3. Experiment with short-circuit evaluation



3 Making Decisions: if-else Statements

3.1 Slides 6-7: The if Statement: Basic Decision Making

Core Concept: "The if statement is the most fundamental way to make decisions in

C. It lets your program execute code only when certain conditions are met.”

Syntax and Structure:

if (condition) {

// Code to execute if condition is true

1
2
3 // Can be one or many statements
4 statementl;
5 statement?2;

6 //

How the if Statement Works:

-~ W o=

the rest of the program

Evaluate condition: The expression in parentheses is evaluated
Check result: If the result is non-zero (true), execute the block
Skip if false: If the result is zero (false), skip the entire block

Continue execution: After the if block (whether executed or not), continue with

Critical Best Practice: ALWAYS USE BRACES!

e Technically: Braces are optional for single statements

In practice: ALWAYS use them, even for single statements

e Why: Prevents bugs when you add more statements later

Dangerous example:

1 if (score >= 90)
2 printf ("Excellent!\n");
3 printf ("You're amazing!\n");

e Correct way:

1 if (score >= 90) A

2 printf ("Excellent!\n");

3 printf ("You're amazing!\n");
>= 90

1+ }

Common Conditions in if Statements:
e Simple comparisons: if (x > 0)

e Variable checks: if (isReady)

// THIS ALWAYS EXECUTES!

// 0Only executes if score
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e Function return values: if (scanf ("%d", &x) == 1)
e Complex expressions: if ((a > b) && (¢ '= 0) || (d < e))

Complete Example with Explanation:

#include <stdio.h>

int main(void) {
int score;

printf ("Enter your score (0-100): ");
scanf ("%d", &score) ;

// Basic if statement with braces

if (score >= 60) {
printf ("Congratulations!\n");
printf ("You passed the exam.\n");

// Demonstrating the danger of missing braces
if (score >= 90)

printf ("Excellent!\n"); // 0Only if score >= 90
printf ("You're amazing!\n"); // ALWAYS executes! BUG!
// The safe way - always with braces

if (score >= 90) {
printf ("Excellent!\n");
printf ("You're amazing'\n"); // 0Only if score >= 90

// Checking for invalid input
if (score < 0 || score > 100) {
printf ("Warning: Invalid score entered!\n");

return O0;

Teaching Points:
e Indentation: Code inside braces should be indented (typically 4 spaces)
e Readability: Put the opening brace on the same line as if
e Consistency: Use the same style throughout your code
e Testing: Always test both true and false cases
Student Practice Exercises:
1. Write a program that asks for a number and says if it’s positive
2. Create an age checker that tells if someone is old enough to vote

3. Make a temperature converter with checks for invalid values
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Common Errors to Watch For:

e Semicolon after the condition: if (x > 0); { ...

e Using = instead of ==
e Forgetting braces for multiple statements

e Not testing edge cases (boundary values)

} (empty statement!)
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3.2 Slides 8-10: if-else and if-else if Chains

Core Concept: "Real decisions often have more than two outcomes. if-else gives us
two paths, and if-else if chains handle multiple possibilities.”

The if-else Statement: Two Alternatives

e Syntax:

1 if (condition) {

2 // Code if condition is TRUE

3 } else {

4 // Code if condition is FALSE

5 }

e Logic: Exactly one block executes - never both, never neither

Use when: You have exactly two mutually exclusive cases

Example: Pass/Fail, Even/Odd, Positive/Negative
The if-else if Chain: Multiple Alternatives

Syntax:

1 if (conditionl) {

// Code if conditionl is TRUE

3} else if (condition2) A{

4 // Code if condition2 is TRUE (and conditionl was FALSE)
5} else if (condition3) A{

6 // Code if condition3 is TRUE (and previous were FALSE)
7} else {

8 // Code if ALL conditions were FALSE

U}

V)

e Logic: Conditions checked in order, first true wins, else block is optional
e Use when: You have multiple exclusive categories
e Example: Grade calculator (A, B, C, D, F), menu systems
Nested if Statements: Decisions Within Decisions
e Concept: An if statement inside another if statement
e Use when: You need to check conditions hierarchically
e Be careful: Too much nesting makes code hard to read (aim for max 3-4 levels)

Complete Example: Grade Calculator

#include <stdio.h>

int main(void) {
int score;

printf ("Enter your score (0-100): ");



3.2 Slides 8-10: if-else and if-else if Chains

13

7 scanf ("%d", &score) ;

9 // Simple if-else: Pass/Fail
10 if (score >= 60) {

1 printf ("Result: PASS\n");
12 } else {

13 printf ("Result: FAIL\n");

16 // if-else if chain: Letter grades

17 printf ("Letter grade: ");
18 if (score >= 90) {
19 printf ("A\n");

20 } else if (score >= 80) { // Ve
21 printf ("B\n") ;
22 } else if (score >= 70) { // We
23 printf ("C\n");
24 } else if (score >= 60) { // Ve
25 printf ("D\n") ;
26 } else { // We

27 printf ("F\n");

know

know

know

know

30 // Nested if: Check for honors within

31 if (score >= 60) {
32 if (score >= 90) {

33 printf ("With distinction!\n");

34 } else if (score >= 80) {

35 printf ("Good job!\n");
36 } else {

37 printf ("You passed.\n");
8 }

39 }

score <
score <
score <

score <

passing

90

80

70

60

here

here

here

here

grades

1 // Alternative without nesting (using logical AND)

42 if (score >= 60 && score >= 90) {

43 printf ("Alternative: With distinction!\n");
14 } else if (score >= 60 && score >= 80) {

45 printf ("Alternative: Good job!\n");

16 } else if (score >= 60) {

a7 printf ("Alternative: You passed.\n");

18 }

49

50 return O0;

51}

Critical Details:

e Order matters: In if-else if chains, put most specific or most likely conditions first

e Mutual exclusivity: Conditions should not overlap (unless intentional)
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e The else block: Catches everything not handled by previous conditions
e Efficiency: Once a condition is true, later conditions aren’t checked
Common Patterns:
e Range checking: if (x >= 0 && x <= 10)
e Multiple conditions: if (isStudent && (age < 25 || hasScholarship))
e Input validation: if (scanf("%d", &x) != 1) { printf("Invalid input!
n"); }
Student Practice:
1. Create a BMI calculator with categories (Underweight, Normal, Overweight, Obese)
2. Write a program that converts numerical months to names using if-else if
3. Make a simple calculator that handles division by zero with if-else
Debugging Tips:
e Test all branches (make sure each condition can be true)
e Check boundary values (exactly 90, exactly 60, etc.)
e Use printf debugging to see which branch executes

e Draw a flowchart to visualize the logic
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4 Multi-way Branching: switch Statement

4.1 Slides 11-12: The switch Statement: Clean Multi-way
Branching

Core Concept: "When you need to choose between many options based on a single
value, switch provides cleaner, more readable code than long if-else if chains.”

When to Use switch vs if-else if:
e switch: When checking a single variable against multiple constant values
e if-else if: When conditions are complex (ranges, multiple variables, etc.)

e Rule of thumb: Use switch for menu systems, character processing, state ma-
chines

switch Syntax Explained:

switch (expression) {

case constantl:
// Code for constantl
break;

case constant2:
// Code for constant2
break;

case constant3:
// Code for constant3
break;

default:
// Code if no cases match

Key Components:

e expression: Must evaluate to an integer or character (no floats, strings, or complex
expressions)

e case constant:: Constant values (literals or #define constants) to match against

e break;: Exits the switch statement (CRITICAL - without it, execution ”falls
through”)

e default:: Optional catch-all for unmatched values (like else in if-else)
Restrictions and Limitations:

e Case values must be constants: Can’t use variables or expressions

e Integer types only: int, char, enum work; float, double, strings don’t

e No ranges: Can’t do case 1..10: - must list each value separately

e No duplicate cases: Each case value must be unique
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Complete Example: Menu System

#include <stdio.h>

; int main(void) {

int choice;

printf ("=== CALCULATOR MENU ===\n");
printf("1. Add\n");

printf ("2. Subtract\n");

printf ("3. Multiply\n");

printf ("4. Divide\n");

printf ("5. Exit\n");

printf ("Enter choice (1-5): ");
scanf ("J%d", &choice);

switch (choice) {

case 1:
printf ("You selected Addition\n");
// Actual addition code would go here
break;

case 2:
printf ("You selected Subtraction\n");
// Subtraction code
break;

case 3:
printf ("You selected Multiplication\n");
// Multiplication code
break;

case 4:
printf ("You selected Division\n");
// Division code (check for divide by zero!)
break;

case b5:
printf ("Exiting calculator...\n");
break;

default:
printf ("Invalid choice! Please enter 1-5.\n");

return O;

3

Why switch is Often Better Than if-else if:
e Readability: Clear structure for matching exact values
e Performance: Compilers can optimize switch statements (jump tables)
e Maintainability: Easy to add new cases
e Clarity: Intent is obvious - ”"choose based on this value”

Student Practice:
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1. Create a program that converts number grades to letter grades using switch

2. Make a simple vending machine simulation with switch

3. Write a program that identifies vowels vs consonants using switch
Common Errors:

e Forgetting break statements (causes fall-through)

e Using non-constant case values

e Missing default case for error handling

e Using floating-point expressions
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4.2 Slides 13-15: switch Details and Common Pitfalls

Core Concept: "Understanding switch nuances prevents bugs. The most important
concept is fall-through behavior, which can be either a powerful feature or a source of
errors.”

Fall-Through Behavior Explained:

e What it is: When a case doesn’t end with break, execution continues to the next
case

e Usually a bug: If you forget break, unexpected code executes
e Sometimes intentional: Used to handle multiple cases with the same code
e Best practice: Always comment intentional fall-through
Character Handling with switch:
e Works perfectly with char type (which is really a small integer)
e Case values use single quotes: case ’A’:
e Can handle both uppercase and lowercase easily
e ASCII values can be used directly: case 65: is same as case ’A’:

Intentional Fall-Through Examples:

#include <stdio.h>

int main(void) {
char grade;

printf ("Enter letter grade (A-F): ");
scanf (" %c", &grade); // Note space before Y%c to skip
whitespace

switch (grade) {
case 'A':
case 'a':
printf ("Excellent (90-100)\n");
break;

case 'B':

case 'b':
printf ("Good (80-89)\n");
break;

case 'C':

case 'c':
printf ("Average (70-79)\n");
break;

case 'D':
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case 'd': // Intentional fall-through to F
case 'F':
case 'f':

printf ("Needs improvement (below 70)\n");

// Could add special message
'F' || grade ==
printf ("You failed!\n");

if (grade ==

¥

break;

default:

for F only
'f') {

printf ("Invalid grade entered\n");

return O;

¥

Common Pitfalls and How to Avoid Them:

1. Missing break statements (unintentional fall-through):

// BUG: Missing break - both messages print for choice 1!

switch (choice) {
case 1:

printf ("Option 1 selected\n");

// MISSING BREAK!
case 2:

printf ("Option 2 selected\n");

break;

2. Using non-constant case values:

int x = 5;
switch (choice) {
case x: // ERROR: x is not a constant!
printf ("Choice is 5\n");
break;
case 5: // OK: 5 is a constant literal

printf ("Choice is 5\n");

break;

3. Using floating-point expressions:

float £ = 3.14;

switch (£f) { // ERROR: switch requires

case 3.14: // ERROR:
printf ("Pi!\n");
break;

4. Duplicate case values:

case requires

integer expression
integer constant



4.2 Slides 13-15: switch Details and Common Pitfalls

20

switch (x) {
case 1:
printf ("One\n");
break;
case 1: // ERROR: Duplicate case value!
printf ("Also one?\n");
break;

5. Variables in case labels:

#define MAX 100
const int MIN = O0;

switch (value) {

case MAX: // OK: #define creates a constant
printf ("Maximum\n") ;
break;
case MIN: // ERROR in standard C (but some compilers
allow)
printf ("Minimum\n") ;
break;

Best Practices for switch Statements:

e Always include default: Handle unexpected values

e Comment intentional fall-through: // fall through

e Keep cases simple: Move complex logic to functions

e Order cases logically: Numeric order, alphabetical, or by frequency

e Use enums with switch: Great for state machines and menu systems
When Not to Use switch:

e Checking ranges (use if-else if instead)

e Multiple variables in conditions

e Non-integer comparisons

e Very few cases (2-3 cases: if-else might be simpler)

Advanced Technique: Switch with Enums

typedef enum {RED, GREEN, BLUE} Color;

3 Color c¢c = GREEN;

switch (c) {
case RED:
printf ("Stop!\n");
break;
case GREEN:
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10 printf ("Go!\n");

11 break;

12 case BLUE:

13 printf ("Ocean\n") ;
14 break;

Student Practice:
1. Fix buggy switch statements with missing break statements
2. Create a program that identifies weekdays vs weekends using switch
3. Implement a simple text-based adventure game with switch for choices

4. Compare switch vs if-else if for the same problem
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5 Repetition: Introduction to Loops

5.1 Slides 16-18: The while Loop: Condition-Controlled Rep-
etition

Core Concept: "Loops let us repeat code without copying it. The while loop repeats
as long as a condition remains true, making it perfect for situations where we don’t know
exactly how many repetitions we need.”

Three Essential Parts of Any Loop:
1. Imitialization: Set up loop control variable before loop starts
2. Condition: Check each time whether to continue looping
3. Update: Change the loop control variable inside the loop

while Loop Syntax:

// INITIALIZATION
2 loop_variable = starting_value;

[

1+ while (condition) { // CONDITION (checked BEFORE each iteration)
5 // Loop body - code to repeat

7 // UPDATE (inside loop, affects next condition check)
8 loop_variable = new_value;

o }

Key Characteristics of while Loops:
e Pre-test loop: Condition checked BEFORE entering loop body
e Zero or more iterations: If condition false initially, loop never runs
e Flexible control: Condition can be based on anything, not just counters
e Manual update: You must explicitly update the condition inside the loop
Common while Loop Patterns:

Pattern 1: Counter-controlled loop (like for loop)

1 int i = 1; // INITIALIZATION
2 while (i <= 10) { // CONDITION

3 printf("%d ", 1i);

4 it+; // UPDATE

5 }

Pattern 2: Sentinel-controlled loop (user says when to stop)

1 int number, sum = O;
2> printf ("Enter numbers (0 to stop): ");
3 scanf ("%d", &number); // INITIALIZATION (priming read)
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while (number !'= 0) { // CONDITION (sentinel value)

¥

sum += number;

printf ("Enter next number: ");
scanf ("%d", &number); // UPDATE (get next value)

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

Pattern 3: Flag-controlled loop (boolean condition)

int done = 0; // INITIALIZATION:
while (!done) {

¥

// Do some work...

// CONDITION:

// Check if we should stop
if (/* some condition */) {
done = 1; // UPDATE: set flag

Complete Examples with Explanations:

1 #include <stdio.h>

2

5 int main(void) {
// Example 1: Count from 1 to 10
printf ("Counting 1 to 10: ");

int i = 1; // INITIALIZATION

4

5

6

7

8

9

10

while (i <= 10) A //
printf ("%d ", 1i);

i++; // UPDATE:

}
printf ("\n");

CONDITION:

0 means false, not done
while NOT done

to true (1)

while i is 10 or 1less

increment i

// Example 2: Sum user numbers until O

int number, total = O0;

printf ("Enter numbers to sum (0 to finish):\n");
scanf ("%d", &number); // Priming read (INITIALIZATION)

while (number !'= 0) { //
total += number; //
scanf ("%d", &number) ;

}

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

// Example 3: Input validation loop

int age;

printf ("Enter your age (1-120): ");

scanf ("%d4d", &age);

while (age < 1 || age >
printf ("Invalid age'!
scanf ("%d", &age);

120) { //

CONDITION: while not sentinel value
Add to running total
// UPDATE: get next number

While invalid

Enter 1-120: ");

// UPDATE:

get new value
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printf ("Age accepted: %d\n", age);

// DANGER: Infinite loop example (COMMENTED OUT!)

/ *

while (1) { // Condition always true!
printf ("This prints forever...\n");
// No update to make condition false

}

* /

return O0;

Critical Warning: Infinite Loops
e What happens: Loop never stops because condition never becomes false
e Common causes: Forgetting to update loop variable, wrong condition
e How to avoid: Always ensure condition can become false
e Emergency stop: Ctrl+C in terminal, or close program

Debugging while Loops:

e Add print statements to see variable values: printf ("DEBUG: i=%d\n", 1i);

e Trace execution on paper for small examples
e Check: Is initialization correct? Condition correct? Update correct?
e Test with simple values first
Student Practice:
1. Write a program that prints even numbers from 2 to 20 using while
2. Create a number guessing game with limited attempts using while
3. Make a program that calculates factorial using while loop
4. Implement a simple text-based menu that repeats until user quits
Common Errors:

e Forgetting to initialize loop variable

Forgetting to update loop variable (infinite loop!)

Wrong condition (off-by-one errors)

e Using = instead of == in condition

Not handling sentinel value correctly
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5.2 Slides 19-21: The do-while Loop: Execute at Least Once

Core Concept: "The do-while loop is similar to while, but it guarantees the loop
body executes at least once because the condition is checked at the end. This makes it
perfect for menus and input validation.”

Key Difference from while Loop:
e while: Check condition before entering loop (0 or more iterations)
e do-while: Check condition after executing loop (1 or more iterations)
e Post-test loop: Condition checked AFTER loop body executes

do-while Syntax:

do {
// Loop body - ALWAYS executes at least once
// Code to repeat

// Update condition (if needed)
} while (condition); // SEMICOLON REQUIRED!

Critical Syntax Note: The semicolon after while(condition) is REQUIRED! This
is different from while loops and a common source of errors.

When to Use do-while vs while:
e Use do-while when: You need to execute at least once (menus, input validation)
e Use while when: The loop might need zero iterations

e General rule: If you find yourself doing a ”priming read” before a while loop,
consider do-while instead

Perfect Use Case: Input Validation

int number;

do {
printf ("Enter positive number: ");
scanf ("%d", &number) ;

if (number <= 0) {
printf ("Invalid! Must be > 0\n");
}
} while (number <= 0); // Repeat while invalid
// Guaranteed: number > O here

Another Perfect Use: Menu Systems

char choice;
do {
// Display menu (always show at least once)
printf ("\n=== MENU ===\n");
printf ("A. Option 1\n");
printf ("B. Option 2\n");
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printf ("Q. Quit\n");
printf ("Choice: ");

scanf (" %c", &choice) ;

// Process choice
switch (choice) {

}

case 'A':
case 'a':

printf ("Option 1 selected\n");

break;
case 'B':
case 'b':

printf ("Option 2 selected\n");

break;
case 'Q':
case 'q':

// Note space before Yc

printf ("Goodbye!\n");

break;
default:

printf ("Invalid choice!\n");

20 } while (choice != 'Q' && choice !=

Complete Examples with Comparison:

'q');

// Repeat until quit

Example 1: Input validation (while vs do-while comparison)

1 #include <stdio.h>

2

3 int main(void) {

4

// Version 1:

printf ("While version:\n");
int numi;
printf ("Enter number 1-10: ");
scanf ("%d", &numl); // Priming read

while (numl < 1 || numil
printf ("Invalid! Enter 1-10: ");

// Version 2:

scanf ("%d", &numl) ;

> 10) {

printf ("\nDo-while version:\n");
int num?2;

do

{

printf ("Enter number 1-10:

scanf ("%d", &num2) ;

")

if (num2 < 1 || num2 > 10) {

printf ("Invalid!

ll);

Using while (requires priming read)

Using do-while (cleaner for validation)
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30 F

printf ("Both numbers accepted:

} while (num2 < 1 || num2 > 10);

return O0;

Example 2: Simple calculator with replay option

1 #include <stdio.h>

N

3 int

main(void) {
char playAgain;

// Calculator code
double numl, num2, result;
char op;

%d and %d\n", numi,

printf ("Enter calculation (e.g., 5 + 3): ");

scanf ("%1f Y%c %1f", &numl, &op, &num?2)

switch (op) {

s

num?) ;

case '4+': result = numl + num2; break;
case '—-': result = numl - num2; break;
case 'x': result = numl * num2; break;
case '/':
if (num2 !'= 0) A
result = numl / num2;
} else {
printf ("Error: Division by zero!\n");
result = O0;
}
break;
default:

printf ("Invalid operator!\n");
result = 0;

printf ("Result: %.2f\n", result);
// Ask if user wants to play again

printf ("\nCalculate again? (y/n): ");
scanf (" %c", &playAgain);

} while (playAgain == 'y' || playAgain ==

Important Considerations:

'Y');

printf ("Thanks for using the calculator!\n");
return O0;
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e The semicolon: Don’t forget it after while(condition);
e Variable scope: Variables declared inside do{. ..} block are not visible outside
e Breaking early: Can use break statement inside do-while just like other loops
e Nesting: do-while loops can be nested inside other loops
Common Errors with do-while:
e Forgetting the semicolon after while(condition)
e Using while syntax by mistake (condition at top)
e Not updating variables that affect the condition
e Infinite loops if condition never becomes false
Student Practice:
1. Convert while loops to do-while loops and vice versa
2. Create a password checker that asks for password until correct
3. Make a dice-rolling simulator that asks if user wants to roll again
4. Write a quiz program that repeats until user gets all answers right
Debugging Tips:
e Add print statements to see how many times loop executes
e Test with values that should cause zero iterations (while) vs one iteration (do-while)
e Check edge cases: minimum valid input, maximum valid input

e Verify the condition becomes false eventually
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5.3 Slides 22-24: The for Loop: Compact Counter-Controlled

Repetition

Core Concept: "The for loop is designed specifically for counting - when you know
exactly how many times you want to repeat something. It packs initialization, condition,
and update into one clean line.”

for Loop Syntax - The Three Parts:

i for (initialization; condition; update) {

2

3 F

// Loop body - code to repeat

Execution Flow:

1.

Initialization: Executes ONCE, before loop starts

. Condition: Checked BEFORE each iteration (including first)
. Loop body: Executes if condition is true

2
3
4.
)

Update: Executes AFTER each iteration, before next condition check

. Repeat steps 2-4 until condition becomes false

Visualizing the Flow:

‘ Initialization ‘

Fal .
—’{ Condition Check —— Exit Loop

True

Loop Body

— Update

Basic for Loop Examples:

#include <stdio.h>

int

main(void) A

// Example 1: Count up 1-10

printf ("Counting up: ");

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

}

printf ("\n");

// Example 2: Count down 10-1

printf ("Counting down: ");

for (int i = 10; i >= 1; i--) {
printf ("%d ", 1i);
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15 }

16 printf ("\n");

17

18 // Example 3: Even numbers

19 printf ("Even numbers 2-20: ");

20 for (int i = 2; i <= 20; i += 2) {

21 printf ("%d ", 1i);

22 }

23 printf ("\n");

24

25 // Example 4: Multiplication table

26 int n = 7;

27 printf ("Multiplication table for %d:\n", n);
28 for (int i = 1; i <= 10; i++) {

29 printf ("%d x %d = %d\n", n, i, n * 1i);
30 }

32 return O;

Advanced for Loop Features:

Multiple variables in initialization and update:

1 // Two loop variables
2> for (int 1 = 0, j = 10; i < j; i+, j--) {
3 printf(“i=%d, j=%d\n", i, j);

¢ // Can declare different types (C99 allows declaration in
initialization)

7 for (int i = 0; i < 10; i++) {

8 // i is visible only inside the loop (C99 feature)

9 }

Empty parts are allowed (but use carefully):

1 // All three parts can be empty (infinite loop!)
2 for (5;) {

3 printf ("This is an infinite loop!\n");

4 // Need break statement to exit

7 // Missing initialization (if already initialized)
s int i = 0;

o for (; i < 10; i++) {

10 printf("%d "oi) g

11}

13 // Missing update (update inside body)
14 for (int i = 0; i < 10;) {

15 printf ("%d ", i);

16 i++; // Update inside body
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3

}
// Missing condition (always true - infinite loop)
for (int i = 0; ; i++) {
printf ("%d ", 1i);
if (i >= 10) break;
}

for vs while - Which to Use?

e Use for when: You know how many iterations, or have clear initialization/condi-
tion/update

e Use while when: Number of iterations unknown, or condition doesn’t involve a
counter

e They’re equivalent: Any for loop can be written as while, and vice versa
e Style guide: Use for for counting, while for condition-based repetition

Equivalence Example:

// for loop
for (int i = 0; i < 10; i++) {

printf("%d ", 1i);
// Equivalent while loop
int i = 0;
while (i < 10) {
printf ("%d4d ", 1i);
i++;
}

Common for Loop Patterns:

Pattern 1: Array traversal

int arr [5] {10, 20, 30, 40, 50};

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

printf ("arr [%d] = %d\n", i, arr[il]);

Pattern 2: String processing

char str[] = "Hello";
for (int i = 0; strl[i] != '\0'; i++) {
printf ("Character %d: %c\n", i, str[il);

Pattern 3: Mathematical sequences

// Sum of 1+4+2+3+...+4n
int n = 100, sum = O0;

= n; i++) {
sum += i;
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() ;rintf ("Sum of 1 to %d = %d\n", n, sum);
Student Practice:
1. Write a program that prints the first N Fibonacci numbers using for loop
2. Create a program that finds all factors of a number using for loop
3. Make a pattern printer (triangles, squares) using nested for loops
4. Write a program that calculates compound interest using for loop
Common Errors with for Loops:

e Off-by-one errors: i < 10 vs i <= 10

Semicolon after for: for (i=0; i<10; i++); { ... } (empty loop!)

Modifying loop variable inside body (can cause confusion)

Using floating-point counters (accumulates rounding errors)
e Infinite loops from wrong condition or missing update
Best Practices:

e Use meaningful loop variable names: i, j, k for indices; row, col for matrices

Keep loop body focused - move complex code to functions

Avoid modifying loop counter inside body unless necessary

e Use const for loop bounds when possible

Prefer prefix increment (++1i) for performance in C++ (same in C)
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6 Loop Control and Nested Loops

6.1 Slides 25-27: Loop Control: break and continue

Core Concept: "Sometimes you need more control over loops than just the condition.
break lets you exit a loop early, and continue lets you skip to the next iteration.”

The break Statement: Immediate Exit
e Purpose: Exit the loop immediately, regardless of condition
e Where it works: Inside while, do-while, for, and switch
e Effect: Jump to the first statement after the loop

e Use when: You find what you're looking for, encounter an error, or meet an early
termination condition

The continue Statement: Skip to Next Iteration

e Purpose: Skip the rest of the current iteration and start the next one

e Where it works: Inside while, do-while, for (NOT switch)

e Effect: Jump to the loop condition (or update in for loops)

e Use when: You want to skip certain values or conditions within the loop
Critical Difference:

e break: Exits the loop entirely

e continue: Skips only the current iteration, continues with next one
Complete Examples:

Example 1: Using break for early exit

#include <stdio.h>

int main(void) {
// Search for a number in 1-100
int target = 42;

printf ("Searching for %d...\n", target);
for (int i = 1; i <= 100; i++) {

if (i == target) {
printf ("Found %d at position %d!\n", target, 1i);
break; // Exit loop early - no need to check rest
}

}

// Another example: Input loop with sentinel
int number, sum = 0;
printf ("Enter numbers (negative to stop):\n");
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while (1) { // Infinite loop - need break to exit

scanf ("%d4d",

&

number) ;

if (number < 0) {
// Exit when negative number entered

break;

}

sum += number;

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

return O0;

}

Example 2: Using continue to skip certain values

#include <stdio.h>

int main(void) {

// Print numbers 1-20,
printf ("Numbers 1-20,

for (int i = 1
if (4 % 3
continue

" -

}

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

i

3

b

<= 20;
0) {

but skip multiples of 3
skipping multiples of 3:\n");
i+ {

// Skip multiples of 3

i)

// Process only positive numbers

int numbers[] =

{

5, -2, 0,

10, -7,

3};

int count = sizeof (numbers) / sizeof (numbers [0]) ;

printf ("Processing only positive numbers:\n");

for (int i = 0;

if (numbers[i] <=

continue

}

printf ("Processing %d:

i < count;

0) {

3

i+) {

// Skip non-positive numbers

numbers [i] * numbers[i]);

}

return O;

}

square

%d\n", numbers[i],

Example 3: Practical combination of break and continue

#include <stdio.h>

int main(void) {

// Calculate sum until exceeds limit, but skip negative

numbers
int sum = 0;
const int LIMIT

1000;
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8 printf ("Enter numbers (0 to finish):\n");

10 while (1) {

11 int num;

12 scanf ("%d", &num) ;

13

14 if (num == 0) {

15 break; // Exit loop

16 }

17

18 if (num < 0) {

19 printf ("Skipping negative number\n");
20 continue; // Skip to next iteration
21 }

22

23 sum += num;

24 printf ("Current sum: %d\n", sum);

26 if (sum > LIMIT) A

27 printf ("Limit exceeded!\n");
28 break; // Exit loop early
" }

30 }

32 printf ("Final sum: %d\n", sum);
33 return O;

34 F

Important Notes about continue in Different Loops:

In for loops: continue jumps to the update expression

1 for (int i = 0; i < 10; i+) {
2 if (i == 5) continue; // Jumps to i++ then i < 10 check
3 printf("%d ", i); // Skips 5

In while loops: continue jumps to the condition check

1 int i1 = 0;

> while (i < 10) {

3 i+

4 if (i == 5) continue; // Jumps to i < 10 check

5 printf("%d ", i); // Prints 1-4, 6-10 (skips 5)

In do-while loops: continue jumps to the condition check at bottom

 int 1 = 0;
do {

N

4 if (i == 5) continue; // Jumps to while(i < 10)
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5 printf("%d ", i); // Prints 1-4, 6-10 (skips 5)
¢ } while (i < 10);

When to Use (and Not Use) break and continue:
Good uses of break:

e Exiting search loops when item found

e Handling error conditions

e Implementing "loop and a half” pattern

e Emergency exit from infinite loops
Good uses of continue:

e Skipping invalid or special cases

e Filtering data within loops

e Avoiding deep nesting by handling edge cases early
Avoid when:

e There are clearer alternatives (adjusting loop condition)

e Makes code harder to understand (use sparingly)

e Could be replaced with proper loop condition

The ”Loop and a Half” Pattern:

1 // Common pattern: read-process until sentinel
> while (1) { // Infinite loop
3 // Get input
4 printf ("Enter value (0 to stop): ");
scanf ("J%d", &value) ;

7 if (value == 0) {
8 break; // Exit the loop
9 }

11 // Process the value

12 //

13 F

Student Practice:

1. Write a program that finds the first prime number greater than N using break
2. Create a program that reads numbers until a duplicate is found using break
3. Make a program that processes a list but skips zeros using continue
4. Implement a simple search function that uses break when item found

Common Errors:

e Using break outside of loops or switch
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e Confusing break with continue

e Using continue in switch (doesn’t work as expected)

e Creating spaghetti code with too many break/continue statements
Best Practices:

e Use break and continue sparingly - they can make code harder to follow

e Consider if restructuring the loop would be clearer

e Always comment non-obvious uses of break/continue

e Test carefully - ensure loop terminates correctly
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6.2 Slides 28-30: Nested Loops: Patterns and Matrices

Core Concept: ”Just like decisions can be nested inside other decisions, loops can be
nested inside other loops. This is essential for working with 2D data like tables, grids,
and matrices.”

What are Nested Loops?
e Definition: A loop inside another loop
e Outer loop: Controls the "rows” or major iterations
e Inner loop: Controls the ”columns” or minor iterations
e Total iterations: outer iterations x inner iterations
e Common uses: Tables, grids, matrices, combinations, patterns

Basic Nested Loop Structure:

. for (int i = 0; i < outer_limit; i++) { // QOuter loop
2 for (int j = 0; j < inner_limit; j4++) { // Inner loop
3 // Inner loop body - executes i*j times

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

3
Execution Flow:
1. Outer loop starts, i = 0
2. Inner loop runs completely (j =0, 1, 2, ...)
3. Outer loop increments, i = 1
4. Inner loop runs completely again
5. Repeat until outer loop finishes

Visualizing Nested Loops:

Outer (i) | Inner (j) | Output | Outer (i) | Inner (j) | Output
0 0 0,0) 2 0 2.0)
0 1 (0,1) 2 1 (2,1)
0 2 (0,2) 2 2 (2,2)
1 0 (1,0) 3 0 (3,0)
1 1 (1,1) 3 1 (3,1)
1 2 (1,2) 3 2 (3,2)

Common Nested Loop Patterns:

Pattern 1: Multiplication Table

1 #include <stdio.h>

5 int main(void) {
4 printf ("Multiplication Table (1-10) :\n");
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printf (" "); // Space for row headers
// Print column headers
for (int col = 1; col <= 10; col++) {
printf ("%4d", col);
}
printf ("\n");
// Print separator line
printf (" ")
for (int col = 1; col <= 10; col++) {
printf ("----");
}
printf ("\n");
// Nested loops for the table
for (int row = 1; row <= 10; rowt+}+) { // Outer: rows
printf ("%4d |", row); // Row header
for (int col = 1; col <= 10; col4++) { // Inner: columns
printf ("%4d", row * col);
}
printf ("\n");
}
return O;
}
Pattern 2: Pattern Printing (Right Triangle)
#include <stdio.h>
3 int main(void) {
int rows = 5;
printf ("Right triangle pattern:\n");
for (int i = 1; i <= rows; i++) { // Outer: rows
for (int j = 1; j <= i; j++) { // Inner: stars in
this row
printf ("x");
}
printf ("\n"); // New line after each row

printf ("\nNumber triangle:\n");
for (int i = 1; i <= rows; i++) {
for (int j = 1; j <= 1i; j++) {
printf("%d ", j);
}
printf ("\n");
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;3

return O;

Pattern 3: Matrix Operations

#include <stdio.h>

3 #define ROWS 3
#define COLS 3

1

V]

3

int main(void) {

3

int matrix [ROWS][COLS] = {

{1, 2, 3},
{4’ 5’ 6})
{7, 8, 9}

};

// Print matrix
printf ("Matrix:\n");
for (int row = 0; row < ROWS; rowt+t+) {
for (int col = 0; col < COLS; col++)
printf ("%4d", matrix[row][coll);
}
printf ("\n");

// Calculate sum of all elements
int total = O
for (int row 0; row < ROWS; rowt++t) {
for (int col = 0; col < COLS; col++)
total += matrix[row][coll;

}

printf ("\nSum of all elements: %d\n", total);

// Calculate row sums

printf ("\nRow sums:\n");

for (int row = 0; row < ROWS; rowt+t) {
int rowSum = O0;

for (int col = 0; col < COLS; col++t) {

rowSum += matrix[row] [col];

}

printf ("Row %d: %d\n", row + 1, rowSum);

return O;

Pattern 4: Combinations and Permutations

#include <stdio.h>

int main(void) {
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| // Print all pairs (x, y) where 0 <= x, y < 3

5 printf ("All pairs (x, y) where 0 <= x, y < 3:\n");
6 for (int x = 0; x < 3; x++) {

7 for (int y = 0; y < 3; y+b) {

8 printf (" (%d, %d) ", x, y);

9 }

10 printf ("\n");

11 }

12

13 // Print combinations (x, y) where x < y

14 printf ("\nCombinations where x < y:\n");
15 for (int x = 0; x < 3; x++) {

16 for (int y = x + 1; y < 3; y++) {

7 printf (" (%hd, %d) ", x, y);

18 }

19 }

20 printf ("\n");
21

22 return O0;

23 }

Important Considerations for Nested Loops:
1. Variable Names: Use meaningful names

e i, j, k for simple counters

e row, col for matrix operations

e outer, inner for clarity

2. Performance: Nested loops can be slow

Total work = product of loop limits

100x 100 nested loops = 10,000 iterations
1000x 1000 = 1,000,000 iterations

Be careful with large limits

3. Loop Limits Can Depend on Outer Counter:

1 // Inner limit depends on outer counter

> for (int i = 0; i < n; i++) {

3 for (int j = 0; j < i; j++) { // j < i, not j < n

4 //

5 }

6 }
4. Breaking from Nested Loops: break only exits innermost loop

1 for (inmt i = 0; i < 3; i++) {

2 for (int j = 0; j < 3; j+b) {

3 if (someCondition) A
4 break; // Only exits the j loop, not the i loop!
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Student Practice:
1. Print a checkerboard pattern using nested loops
2. Create a program that finds all Pythagorean triples up to a limit
3. Make a calendar generator for a given month
4. Write a program that prints a diamond pattern
Common Errors with Nested Loops:
e Using same loop variable for inner and outer loops
e Off-by-one errors in inner loop limits
e Forgetting to reset inner loop variables
e Confusing row-major vs column-major traversal
e Infinite loops from wrong updates
Debugging Tips:
e Add print statements to trace execution
e Start with small limits (2x2, 3x3)
e Draw diagrams of the loop structure

e Test each loop separately first
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7 Practical Examples and Applications

7.1 Slides 31-33: Example 1: Number Guessing Game

Core Concept: "Let’s apply everything we’ve learned to build a complete game! The
number guessing game combines random numbers, loops, conditionals, and user interac-
tion.”

Game Requirements:

e Computer picks random number between 1-100

Player has limited attempts (e.g., 10 guesses)

After each guess, give feedback: ”Too high” or ”Too low”

Track number of attempts

Allow player to play again
Key Learning Points:

Using rand () and srand() for random numbers

Loop with attempt counter (for or while)

Conditionals for game logic

Input validation

Game state management

Complete Game Implementation with Detailed Comments:

1 #include <stdio.h>

2 #include <stdlib.h> // For rand(), srand(), RAND_MAX
3 #include <time.h> // For time ()

4

5 int main(void) {

6 // Seed the random number generator with current time
7 // This ensures different random numbers each run
8 srand (time (NULL)) ;

10 // Game variables

11 int secret; // The number to guess

12 int guess; // Player's guess

13 int attempts; // Number of attempts used

14 const int MAX_ATTEMPTS = 10; // Maximum allowed guesses
16 // Game introduction

7 printf ("=== NUMBER GUESSING GAME ===\n");

18 printf("I'm thinking of a number between 1 and 100.\n");

19 printf ("You have %d attempts to guess it.\n\n", MAX_ATTEMPTS)
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// Main game loop

char playAgain;

do {
// Generate new random number for this game
secret = rand() % 100 + 1; // 1-100 dinclusive

// Reset attempt counter
attempts = O;

// Guessing loop
while (attempts < MAX_ATTEMPTS) {
attempts++; // Count this attempt

// Get player's guess with attempt number

printf ("Attempt %d/%d: Enter your guess: ",
attempts, MAX_ATTEMPTS) ;

scanf ("%d", &guess);

// Validate input (basic validation)
if (guess < 1 || guess > 100) {
printf ("Please enter a number between 1 and 100.\
n");
attempts--; // Don't count invalid guess
continue; // Skip to next iteration

// Check guess against secret number
if (guess == secret) {
printf ("\n**x* CONGRATULATIONS! *x**\n");
printf ("You guessed the number in %d attempts!\n"
, attempts) ;

// Give rating based on number of attempts
if (attempts <= 3) A
printf ("You're a mind reader!\n");
} else if (attempts <= 6) {
printf ("Pretty good!\n");
} else if (attempts <= 9) {
printf ("Not bad.\n");
} else {
printf ("Phew! You got it on the last try!'\n")

break; // Exit guessing loop (game won)

} else if (guess < secret) {
printf ("Too low! ");

} else { // guess > secret
printf ("Too high! ");
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// Give hints based on how close they are
int difference = abs(guess - secret);
if (difference <= 5) {
printf ("You're very close!\n");
} else if (difference <= 15) {
printf ("Getting warmer...\n");
} else if (difference <= 30) {
printf ("Not even close.\n");
} else {
printf ("Way off!\n");

// Tell player how many attempts remain
int remaining = MAX_ATTEMPTS - attempts;
if (remaining > 0) {
printf ("You have %d attempt’s left.\n\n",
remaining, (remaining == 1) 7 ""

// Check if player lost (used all attempts without

guessing)

if (attempts == MAX_ATTEMPTS && guess != secret) {

printf ("\n**x* GAME OVER *x**x\n");

printf ("Sorry, you've used all %d attempts.\n",

MAX_ATTEMPTS) ;

skip

printf ("The secret number was %d.\n", secret);

// Consolation message
if (abs(guess - secret) <= 10) {

printf ("You were close! Better luck next time.\n"

// Ask if player wants to play again
printf ("\nPlay again? (y/n): ");

scanf (" %c", &playAgain); // Note space before %c to

newline

// Clear screen for next game (system-dependent)
#ifdef _WIN32
system("cls");
#else
system("clear");
#endif

} while (playAgain == 'y' || playAgain == 'Y');
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115 printf ("\nThanks for playing! Goodbye!\n");
116 return O;
117 }
Key Components Explained:
1. Random Number Generation:
e srand(time(NULL)): Seeds random generator with current time
e rand() % 100 + 1: Gets random number 1-100 inclusive
e RAND MAX: Maximum value rand() can return (system-dependent)
2. Game Loop Structure:
e Quter do-while: Controls playing multiple games
e Inner while: Controls guessing within one game
e break: Exits guessing loop when player wins
3. Attempt Management:
e attempts++: Counts each valid guess
e MAX_ATTEMPTS: Constant for maximum guesses
e remaining: Calculates attempts left
4. Input Handling:
e scanf ("%d", &guess): Reads integer guess
e Validation: Checks if guess is 1-100
e scanf (" %c", &playAgain): Space before %c skips whitespace
5. Feedback System:
e Basic: "Too high” /" Too low”
e Proximity hints: Based on absolute difference
e Attempt tracking: Shows remaining attempts
Student Variations to Try:
1. Change the range (1-50, 1-1000, etc.)
2. Add difficulty levels with different attempt limits
3. Implement a scoring system (more points for fewer attempts)
4. Add a high score table that persists between games
5. Make the computer guess (reverse game)
Common Issues and Solutions:
e Random numbers same each run: Forgot srand(time (NULL))

e Infinite loop: Not updating attempts or wrong condition
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e Input problems: Not handling invalid input (non-numbers)

e Off-by-one errors: Wrong range for random numbers

e Buffer issues: Mixing scanf for numbers and characters
Extension Ideas:

e Add cheat mode that shows the number

Implement "hot/cold” feedback with more granular hints

Add sound effects or colors (system-dependent)

Create a two-player version

Make a "mastermind” style game with multiple numbers
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7.2 Slides 34-36: Example 2: Simple Calculator with Menu

Core Concept: " This calculator demonstrates how to combine menus, user input, math-
ematical operations, and error handling into a complete, usable application.”

Features to Implement:
e (Clean menu interface with options

e All basic operations: +, -, *, /, %

Input validation and error handling

Division by zero protection

Continuous operation (perform multiple calculations)
e Clear screen between operations

Complete Calculator Implementation:

#include <stdio.h>
#include <stdlib.h> // For system() and exit ()

// Function prototypes
void displayMenu(void) ;
void clearScreen(void) ;
double getNumber (const char* prompt);

int main(void) A
// Variables
double numl, num2, result;
char operation;
char choice;

// Welcome message
printf ("=== SCIENTIFIC CALCULATOR ===\n");
printf ("Version 1.0\n\n");

do {
// Display menu
displayMenu () ;

// Get user's menu choice
printf ("Enter your choice (1-6): ");
scanf (" %c", &choice);

// Process menu choice
switch (choice) {
case '1':

operation
break;
case '2':

]
*

operation g
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break;
case '3':
operation B
break;
case '4':
operation
break;

l/l;

case 'bH':
operation = '%';
break;
case '6':
printf ("\nThank you for using the calculator.

Goodbye !'\n") ;

exit (0); // Exit program

break;
default:
printf ("\nInvalid choice! Please enter 1-6.\n");
printf ("Press Enter to continue...");
while (getchar() != '\n'); // Clear input buffer

getchar(); // Wait for Enter key
clearScreen () ;
continue; // Go back to menu

// If we get here, choice was valid (1-5)
clearScreen () ;
printf ("=== Yc Operation ===\n", operation);

// Get numbers from user
numl = getNumber ("Enter first number: ");
getNumber ("Enter second number: ");

num?2

// Perform calculation with error checking
int error = 0; // Error flag

switch (operation) {

result) ;

result) ;

case '4':
result = numl + num2;
printf ("\n%.2f + %.2f = %.2f\n", numl, num2,
break;
case '-':
result = numl - num?2;
printf ("\n%.2f - %.2f = %.2f\n", numl, num?2,
break;
case 'x':
result = numl * num?2;

printf ("\n%.2f * %.2f %.2f\n", numl, num2,
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result) ;
break;
case '/':
if (num2 == 0) A

printf ("\nERROR: Division by zero is not
allowed!\n");

error = 1;
} else {
result = numl / num?2;
printf ("\n%.2f / %.2f = %.2f\n", numl, num2,
result) ;
+
break;
case '%':
// Note: modulus works with integers only
if ((int)num2 == 0) {
printf ("\nERROR: Modulus by zero is not
allowed!\n") ;
error = 1;
} else {
// Cast to int for modulus operation
result = (int)numl % (int)num?2;
printf ("\n%d %% %d = %d\n",
(int)numl, (int)num2, (int)result);
}
break;

// If no error, show additional options
if (lerror) A
printf ("\nAdditional calculations:\n");

printf(" 1. Use result as first number for next
calculation\n") ;

printf (" 2. Start fresh with new numbers\n");

printf (" 3. Return to main menul\n");

printf ("Enter choice (1-3): ");

char nextChoice;
scanf (" %c", &nextChoice) ;

switch (nextChoice) {
case '1':
// Use result as first number for next
operation
numl = result;
clearScreen () ;
printf ("First number set to: %.2f\n", numl);
num2 = getNumber ("Enter second number: ");
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o1

// Re-perform same operation with new second

loop will

number
// (This would need to be implemented)
printf ("Feature not fully implemented yet.\n"
)
break;
case '2':
// Start fresh - nothing to do,
restart
break;
case '3':
// Return to menu - nothing to do
break;
default:
printf ("Invalid choice, returning to menu.\n"
)
}
}
// Pause before clearing screen
printf ("\nPress Enter to continue...");
while (getchar () != '\n'); // Clear any leftover input
getchar(); // Wait for Enter
clearScreen () ;
} while (1); // Infinite loop, exit with choice 6
return 0; // Never reached, but good practice
}

// Function to display the menu

void displayMenu(void) {
printf ("\n=== MAIN MENU ===\n");
printf("1. Addition (+)\n");
printf ("2. Subtraction (-)\n");
printf ("3. Multiplication (x*)\n");
printf ("4. Division (/)\n");
printf ("5. Modulus (%%)\n");
printf ("6. Exit\n");
printf ("=================\n") ;

// Function to clear the screen (platform-dependent)

void clearScreen(void) {
#ifdef _WIN32
system("cls");
#else
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174 system("clear");
175 #endif

17s // Function to get a number from user with validation
179 double getNumber (const char* prompt) {

180 double number;

181 int validInput = O;

182

183 while (!validInput) {

184 printf ("%s", prompt);

185

186 if (scanf ("%1f", &number) == 1) {

187 validInput = 1; // Successfully read a number

188 } else {

189 printf ("Invalid input! Please enter a number.\n");

190

191 // Clear invalid input from buffer
192 while (getchar() != '\n');

193 }

194 }

j: return number;
107 }
Key Features Explained:
1. Menu System Design:
e Uses do-while loop for continuous operation
e switch statement for menu choices
e Clear separation between menu display and logic
2. Input Validation:
e getNumber () function validates numeric input
e Checks scanf () return value
e Clears invalid input from buffer
e Prevents crashes from non-numeric input
3. Error Handling:
e Division by zero check
e Modulus by zero check
e Error flag system
e Clear error messages
4. User Experience:

e (lear screen between operations
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e Pauses for readability
e Additional options after calculation
e Platform-independent screen clearing
5. Buffer Management:
e while (getchar() != ’\n’); clears input buffer
e Prevents leftover input from affecting next operation
e Essential when mixing scanf () for different types
Student Improvements to Add:
1. Add scientific functions (sin, cos, log, sqrt)
2. Implement memory functions (M+, M-, MR, MC)
3. Add history of calculations
4. Support for parentheses and order of operations
5. Graphical interface (advanced)
6. Unit conversion features

Common Calculator Issues:

Floating-point precision: 0.1 + 0.2 # 0.3 exactly

Buffer problems: Mixing scanf () types

Division by zero: Crash if not checked

e Modulus with floats: Only works with integers

e Platform differences: system("clear") vs system("cls")
Advanced Features to Consider:

e Expression parser: Handle complex expressions like 73 + 4 * 27

Variable support: Store values in named variables

Graph plotting: Simple ASCII graphs of functions

File operations: Save/load calculation history

e Error recovery: Continue after errors without restarting
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7.3 Slides 37-38: Example 3: Prime Number Checker

Core Concept: "Prime numbers are a classic programming problem that beautifully
demonstrates loops, conditionals, and algorithm optimization. Let’s build an efficient
prime checker.”

What is a Prime Number?

e A natural number greater than 1

e Only divisible by 1 and itself

e Examples: 2, 3, 5, 7, 11, 13, ...

e Non-primes (composite): 4, 6, 8, 9, 10, ...

e Special cases: 1 is not prime, 2 is the only even prime
Algorithm Development:
Naive Approach (Check all numbers):

int isPrime = 1; // Assume prime until proven otherwise
for (int 1 = 2; i < n; i++) {
if (n % i == 0) {
isPrime = 0; // Found a divisor, not prime
break;
}
}

Optimization 1: Check only up to n/2:
e If n = a x b, one factor must be < n/2
e Half the iterations
Optimization 2: Check only up to sqrt(n):
e If n = a x b and both a,b j sqrt(n), then axb ; n
e So one factor must be < sqrt(n)
e Drastically reduces iterations for large n
Optimization 3: Skip even numbers after checking 2:
e If n ; 2 and even, it’s not prime
e Only check odd divisors
e Half the iterations again

Complete Optimized Prime Checker:

#include <stdio.h>
#include <math.h> // For sqrt ()
#include <stdbool.h> // For bool type (C99)

// Function to check if a number is prime
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int

; bool isPrime(int n) {

// Handle special cases

if (n <= 1) return false; // 1 and below are not prime

if (n == 2) return true; // 2 is prime

if (n % 2 == 0) return false; // Even numbers > 2 are not
prime

// Check odd divisors up to sqrt(n)
int limit = (int)sqrt(m);
for (int i = 3; i <= 1limit; i1 += 2) { // Only odd numbers

o~

if (n % i == 0) {
return false; // Found a divisor
}
}
return true; // No divisors found, it's prime

main(void) {
int number;

printf ("PRIME NUMBER CHECKER\n");
prlntf (“ ====================\n\n“ ) 5

// Single number check
printf ("Enter a positive integer to check: ");
scanf ("J%d", &number) ;

if (isPrime (number)) {
printf("/d IS a prime number.\n", number);

// Additional info for primes
if (number == 2) {
printf (" (It's the only even prime number)\n");
} else if (number < 100) {
printf (" (It's a small prime)\n");
}
} else {
printf ("%d is NOT a prime number.\n", number);

// Show why it's not prime (find a divisor)
if (number <= 1) {
printf (" (Numbers less than 2 are not prime)\n");

} else if (number % 2 == 0 && number > 2) {
printf ("(It's even, so divisible by 2)\n");
} else {

// Find and show a divisor
for (int i = 3; i <= number/2; i += 2) {
if (number % i == 0) {
printf (" (Divisible by %d)\n", 1i);
break;



7.3 Slides 37-38: Example 3: Prime Number Checker

61 printf ("\n");

63 // Range check: find all primes in a range

64 int start, end;

65 printf ("Enter range to find primes (start end): ");
66 scanf ("%d %d", &start, &end);

68 if (start > end) {

69 // Swap if entered backwards
70 int temp = start;

71 start = end;

72 end = temp;

73 }

75 printf ("\nPrime numbers between %d and %d:\n", start, end);

77 int count = 0;

78 for (int i = start; i <= end; i++) {

79 if (isPrime(i)) {

80 printf("%d ", 1i);

81 count+4+;

82

83 // Formatting: new line every 10 primes
84 if (count % 10 == 0) {

85 printf ("\n");

86 }

87 }

88 }

89

90 if (count == 0) {

91 printf ("None found in this range.\n");

92 } else {

93 printf ("\n\nTotal: %d prime number’%s found.\n",
94 count, (count == 1) 7 "" . "g"

95 }

96

97 printf ("\n");

98

99 // Check for twin primes (primes differing by 2)
100 printf ("Twin primes in this range:\n");

101 int twinCount = O0;

102 int lastPrime = -10; // Initialize to a value far from any
prime

103

104 for (int i = start; i <= end; i++) {

105 if (isPrime(i)) {
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106 if (i - lastPrime == 2) {

107 printf (" (%d, %d) ", lastPrime, 1i);
108 twinCount++;

109 }

110 lastPrime = 1i;

111 }

112 }

117

114 if (twinCount == 0) {

115 printf ("None found.\n");

116 } else {

117 printf ("\nTotal: %d twin prime pair’%s.\n",
118 twinCount, (twinCount == 1) 7 "" : "g");
119 }

121 return O;
122 F
Algorithm Analysis:
Why sqrt(n) is the optimal limit:

e If n is composite: n=a x b

If both a ; sqrt(n) and b ; sqrt(n), then axb ; n

Therefore, at least one factor must be < sqrt(n)
e Only need to check up to sqrt(n)
Time Complexity Comparison:
e Naive (n-2 checks): O(n)
e Up ton/2: O(n/2) = O(n)
e Up to sqrt(n): O(y/n) - MUCH faster!
e Example: n = 1,000,000
— Naive: 1,000,000 checks
— sqrt(n): 1,000 checks
— 1000x faster!
Special Cases Handled:
e n < 1: Not prime (return immediately)

e n = 2: Prime (only even prime)

Even n ; 2: Not prime (return immediately)

Only check odd divisors (i += 2)

Student Extensions:

1. Add Miller-Rabin primality test for very large numbers
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2. Implement sieve of Eratosthenes to find all primes up to N

3. Find the nth prime number

4. Check for different prime types (Mersenne, Fermat, etc.)

5. Visualize prime distribution
Common Issues with Prime Algorithms:

e Integer overflow: ixi can overflow when checking i < sqrt(n)

e Floating-point precision: sqrt() returns double, cast to int carefully

e Even number optimization: Forgetting to handle 2 specially

e Large numbers: Algorithm still slow for huge numbers (need better algorithms)
Advanced Prime Concepts:

e Sieve of Eratosthenes: O(n log log n) for finding all primes up to n

e Miller-Rabin test: Probabilistic test for large numbers

e AKS primality test: First deterministic polynomial-time test

e Prime gaps: Study of spaces between primes



29

8 Common Errors and Debugging

8.1 Slides 39-40: Top Control Flow Errors in C

Core Concept: "Everyone makes mistakes when learning control flow. Knowing the
most common errors helps you avoid them and debug faster when they happen.”

Category 1: Syntax Errors (Compiler Catches These)

Error 1: Semicolon after if/while/for condition

if (x > 0); { // SEMICOLON CREATES EMPTY STATEMENT!
printf ("Positive\n"); // This ALWAYS executes!
}

while (i < 10); { // SAME PROBLEM!
printf ("%d\n", 1i);
it

}

Why it’s wrong: The semicolon creates an empty statement that’s the body of the
if/while. The code in braces runs unconditionally. Fix: Remove the semicolon.

Error 2: Missing break in switch

switch (choice) {
case 1:
printf ("One\n") ;
// MISSING BREAK!

case 2:
printf ("Two\n");
break;
}
// 1If choice == 1, prints "One" AND "Two"

Fix: Add break; at end of each case (unless intentional fall-through).

Error 3: Wrong loop syntax

// Missing parentheses

while i < 10 { // ERROR: Need parentheses
//

}

// Missing braces in do-while
do
printf ("Hello\n") ;
while (1); // ERROR: Need braces for multiple statements

Fix: Always use parentheses for conditions, braces for multi-statement bodies.

Category 2: Logic Errors (Compiler Doesn’t Catch)
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Error 4: = instead of == (THE MOST COMMON ERROR!)

if (x = 5) { // ASSIGNS 5 to x, always true (non-zero)!
printf("x is 5\n"); // Always executes!

while (ch = getchar()) { // Assigns, never compares to EOF
// Infinite loop!
}

Fix: Use == for comparison. Defensive style: if (5 == x) catches this error.

Error 5: Infinite loops

// Missing update

int i = 0;

while (i < 10) {
printf ("%d\n", 1i);
// FORGOT i++ !

// Wrong condition
for (int i = 10; i > 0; i++) { // i++ makes i larger, never <= 0
// Infinite loop!

// Always true condition
while (1) { // Common pattern, but need break somewhere!
// No break statement = infinite loop

 }

Fix: Ensure loop condition can become false. For while (1), you must have a break.

Error 6: Off-by-one errors

// Prints 0-9, not 1-10
for (int 1 = 1; i < 10; i++) { // Should be i <= 10 or i < 11
printf ("%d\n", i);

// Array bounds: 10 elements, indices 0-9
int arr[10];
for (int i = 1; i <= 10; i++) { // ERROR: arr[10] is out of
bounds
arr [i]

I
-
*
-

Fix: Remember arrays are 0-indexed. Use i < size not i <= size.

Error 7: Missing loop update in while/do-while

int i = 0;

while (i < 10) {
printf ("%d\n", 1i);
// Need i++ here!
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3

Fix: Always update loop control variable.
Category 3: Semantic Errors (Wrong Behavior)

Error 8: Unintended fall-through in switch

switch (grade) {
case 'A':
printf ("Excellent\n");
// No break - falls through to B!
case 'B':
printf ("Good\n"); // Also prints for A grades!
break;

}

Fix: Add break; unless fall-through is intentional (then comment it).

Error 9: Wrong operator precedence

if (x & 1 == 0) { // == has higher precedence than &
// Actually means: x & (1 == 0) = x & 0 = O
printf ("Even?\n"); // Never executes!

}

Fix: Use parentheses: if ((x & 1) == 0).

Error 10: Side effects in conditions

// Using assignment in condition (can be valid but confusing)

while ((ch = getchar()) != EOF) {
// 0K but can be confusing

// Multiple side effects

if (H+x == ++y) { // Which increments first? Undefined!
//

}

Fix: Avoid side effects in conditions. Do assignments separately.

Error 11: Dangling else problem

if (x > 0)
if (y > 0)
printf ("Both positivel\n");
else // Which if does this belong to? The inner one!
printf ("What does this print?\n");

Fix: Use braces to make grouping clear.

Error 12: Floating-point comparisons

float £ = 0.1 4+ 0.2;
if (£ == 0.3) { // Probably false due to floating-point

error
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3 printf ("Equal\n"); // Likely won't print
: }

Fix: Compare with tolerance: if (fabs(f - 0.3) < 0.00001).
Debugging Strategy:

Read error messages: Compiler tells you line numbers
Add print statements: printf ("DEBUG: x=%d\n", x);
Use a debugger: gdb lets you step through code

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

AR R

Check boundary conditions: Test minimum, maximum, edge cases
6. Trace on paper: Write variable values as code executes
Prevention Tips:
e Always use braces, even for single statements
e Use -Wall -Wextra compiler flags for warnings
e Write if (CONSTANT == variable) to catch = vs ==
e Test all code paths
e Use meaningful variable names
Student Practice: Debug These!
1. Find and fix all errors in buggy code examples
2. Write test cases to catch common errors
3. Practice reading compiler error messages

4. Use debugger to step through loops
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8.2 Slides 41-42: Debugging Loops and Conditions

Core Concept: ”Debugging is a skill you develop with practice. Good debugging
techniques save hours of frustration. Let’s learn systematic approaches to finding and

fixing control flow errors.”

Debugging Technique 1: Print Statement Debugging

Basic print debugging:
for (int i = 0; i < 10; i++) {
printf ("DEBUG: i=%d, i<10=%d\a", i,

// QOriginal code...
}

Tracing variable changes:

int sum = O0;

for (int 1 = 1; i <= 5; i++) {
printf ("BEFORE: i=Yd, sum=%d\n", i,
sum += i;

printf ("AFTER: i=}d, sum=%d\n\n", i,

¥

Checking loop entry/exit:

printf ("DEBUG: Entering while loop\n");
while (condition) {

printf ("DEBUG: Inside loop, condition=%d\n",

//

5 }

printf ("DEBUG: Exited while loop\n");

Debugging Technique 2: Manual Tracing
How to trace on paper:

Create a table with variable names as columns
Write initial values

Step through code line by line

Update variable values in table

AN I

Note when conditions check true/false

Example trace table:

// Add this

// Before update

// After update

condition) ;
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Line
Initial
Loop check
Loop body
1++
Loop check
Loop body

ij5 | Output

true -
- 0

true -

—_ == OO O -

Debugging Technique 3: Divide and Conquer
Isolate the problem:
1. Comment out sections of code until it works
2. Add back one section at a time
3. When it breaks, you found the problem area

Example:

1 // Comment out inner loop first
o> for (int i = 0; i < 10; i++) {
3 printf ("Outer: i=%d\n", 1i);
/ *
: for (int j = 0; j < 10; j++) {
6 printf (" Inner: j=%d\n", j);
7 }
8 */
9 }

Debugging Technique 4: Test with Simple Values
Don’t test with complex data first:

e Use 0, 1, 2 instead of 100, 1000

e Use small arrays (size 3-5)

e Test boundary conditions

Example test cases for loops:

1 // Test these cases:
2 // 1. Loop runs O times (condition false initially)

3 // 2. Loop runs 1 time

1+ // 3. Loop runs exactly n times

5 // 4. Loop runs n-1 times (off-by-one)
¢ // 5. Loop runs forever (infinite)

Common Loop Problems and Solutions:

Problem 1: Infinite Loop

1 int i = 0;
2> while (i < 10) {
3 printf ("%d\n", i);
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}

// i++; // MISSING!
+

Debug: Add printf ("DEBUG: i=}%d\n", i); inside loop. You'll see i never changes.
Fix: Add i++.

Problem 2: Off-by-One Error

// Should print 1-10, but prints 1-9
for (int i = 1; i < 10; i++) {
printf ("%d\n", 1i);

Debug: Check loop bounds. i < 10 means stop when i=10, so i=9 is last. Fix: Use i
<= 10ori < 11

Problem 3: Wrong Update Location
int i = 0;
do {
i++; // Update at beginning
printf ("%d\n", 1i);

5 } while (i < 10); // Prints 1-10, not 0-9

Debug: Trace execution: i increments before print. Fix: Move i++ to end or change
initial value.

Problem 4: Condition Never True
int i = 10;
while (i < 5) { // Never true
printf ("%d\n", 1i);
i4+-;

5 }

V)

Debug: Check initial value vs condition. Fix: Change initial value or condition.

Problem 5: Using = instead of ==

if (x = 0) { // Assigns O to x, expression value is 0 (false)
printf("x is zero\n"); // Never executes

3 X

Debug: Compiler with -Wall warns: ”suggest parentheses around assignment” Fix:
Use ==.

Using Compiler Warnings:
e gcc -Wall -Wextra program.c: Shows many common errors
e gcc -Werror: Treat warnings as errors (forces you to fix them)
e Common warnings to enable:
— -Wparentheses: Warn if parentheses missing

— -Wuninitialized: Warn about uninitialized variables
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— -Wshadow: Warn if variable shadows another
— -Wswitch-default: Warn if switch missing default

Using a Debugger (gdb basics):

# Compile with debug symbols
gcc -g program.c -0 program

# Run gdb

5 gdb ./program

# gdb commands:
break main # Set breakpoint at main

run # Start program

next # Execute next line

step # Step into function

print x # Print variable x

continue # Continue to next breakpoint
quit # Exit gdb

Systematic Debugging Checklist:
1. Can you compile without errors? (Fix syntax errors first)
. Does it run without crashing? (Fix runtime errors)

. Does it produce correct output for simple cases?

2
3
4. Have you tested all code paths? (if/else branches, loop iterations)
)

. Have you tested boundary conditions? (0, 1, maximum values)

6. Have you tested with invalid input? (Error handling)
Student Debugging Exercises:

1. Given buggy code, find and fix all errors

2. Write test cases to expose bugs

3. Use debugger to step through problematic code

4. Practice reading stack traces

Remember: Debugging is normal!l Even experienced programmers spend significant

time debugging. The key is having systematic approaches.
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9 Best Practices and Patterns

Core Concept: ”"Writing code that works is one thing; writing code that’s readable,
maintainable, and efficient is another. Following best practices from the beginning saves

time and prevents headaches.”
Category 1: Readability Best Practices

Practice 1: ALWAYS use braces, even for single statements
// BAD: No braces

if (x > 0)
printf ("Positive\n");

// GOOD: With braces
if (x > 0) {
printf ("Positive\n") ;

(-]

// EVEN BETTER: Consistent even with single statements
if (x > 0) {

printf ("Positive\n") ;

count++; // Easy to add later without forgetting braces
b

Why: Prevents bugs when adding more statements. Makes code structure clear.

Practice 2: Consistent indentation (2-4 spaces)

// BAD: Inconsistent
if (x>0){
printf ("Positive");

3

// GOOD: Consistent 4-space indentation
if (x > 0) {
printf ("Positive");
if (y > 0) {
printf ("Both positive");
}
}

Why: Makes code structure visually apparent. Use spaces, not tabs (for consistency).

Practice 3: Clear, descriptive conditions

// BAD: Cryptic
if (a && 'b || c) {

// What does this mean?
}
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// GOOD: Clear with comments and parentheses

// Check if user is active and not suspended, or is admin

if ((isActive && !isSuspended) || isAdmin) {
grantAccess () ;

// EVEN BETTER: Extract to well-named variable

; int shouldGrantAccess = (isActive && !isSuspended) || isAdmin;

if (shouldGrantAccess) A
grantAccess () ;

}

Practice 4: Limit nesting depth (3-4 levels max)

// BAD: Deep nesting (hard to read)
if (conditionl) {
if (condition2) {
if (condition3) {
if (condition4) {
// Deep in here...

// GOOD: Flatten with early returns or logical AND
if (!'conditionl) return;
if (lcondition2) return;

5 if (!'condition3) return;

if (!'condition4) return;
// All conditions met, proceed...

// OR use logical AND
if (conditionl && condition2 && condition3 && condition4) {
// All conditions met

Practice 5: Use whitespace for readability

// BAD: No whitespace
for(int i=0;i<10;i++) {printf ("%d",1i);}

// GOOD: Whitespace for clarity

for (int 1 = 0; i < 10; i++) {
printf ("%d4d ", 1i);

}

Category 2: Maintainability Best Practices

Practice 6: Comment complex conditions

// BAD: No comment
if ((age >= 18 && hasLicense) || (age >= 16 && withParent)) {
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allowDriving () ;

// GOOD: Comment explains the business rule

// Driving rules: 184 with license, OR 16+ with parent

supervision

if ((age >= 18 && hasLicense) || (age >= 16 && withParent)) {

allowDriving () ;

Practice 7: Extract complex logic to functions

// BAD: Complex condition inline

if ((temperature > 100 && pressure < 50) ||
(temperature > 150 && pressure < 100) ||
(rotationSpeed > 5000)) {
shutdownSystem () ;

// GOOD: Extract to well-named function
if (shouldShutdownSystem(temperature, pressure
shutdownSystem () ;

}

// Function definition

int shouldShutdownSystem(double temp, double press,

return (temp > 100 && press < 50) ||
(temp > 150 && press < 100) ||
(rpm > 5000);
}

Practice 8: Use named constants, not magic numbers

// BAD: Magic numbers
if (score >= 90) {

grade = 'A';
// GOOD: Named constants
const int A_GRADE_MIN = 90;
const int B_GRADE_MIN = 80;
const int C_GRADE_MIN = 70;

if (score >= A_GRADE_MIN) {

grade = 'A';
} else if (score >= B_GRADE_MIN) {
grade = 'B';

Practice 9: Keep conditions simple

// BAD: Too complex in one line
if (((x >0&& y >0) [|] (x <0 && y < 0)) &&

, rotationSpeed)) {

lerrorFlag) {

double rpm) {
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3 //

¢ // GOOD: Break into simpler parts

7 int bothPositive = (x > 0 && y > 0);

s int bothNegative = (x < 0 && y < 0);

9 int sameSign = bothPositive || bothNegative;

1 if (sameSign && !errorFlag) {
12 //
13 }

Category 3: Performance Best Practices

Practice 10: Put most likely condition first

1 // Assume 90% of users are not admins

2> // BAD: Check admin first (wastes time for 90% of cases)
3 if (isAdmin) {

1 // Admin-specific code (10% of cases)

5 F else {

6 // Regular user code (90% of cases)

9 // GOOD: Check regular user first

w0 if (!'isAdmin) {

11 // Regular user code (90% of cases - checked first)
12 } else {

13 // Admin-specific code (10% of cases)

1}

Practice 11: Use switch for many constant comparisons

1 // BAD: Long if-else if chain

2 if (code == 100) {

3 //

1+ } else if (code == 101) {
5 //

6} else if (code == 102) {
7 //

&}y // ... 20 more

10 // GOOD: switch is cleaner and can be optimized
11 switch (code) {

12 case 100: // ... break;
13 case 101: // ... break;
14 case 102: // ... break;
15 // ... 20 more

Practice 12: Avoid repeated calculations in conditions

1 // BAD: sqrt() called every iteration
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for (int i = 0; i < sqrt(n); i++) {

//

// GOOD: Calculate once

int limit = sqrt(n);

for (int i = 0; i < limit; i++) {
//

+

Practice 13: Consider loop unrolling for small, tight loops

// Original loop
for (int i = 0; i < 4; i+H) {
process (datal[i]);

// Unrolled (can be faster)
process (data[0]) ;
process (data[1]);
process (data[2]) ;
process (data[3]);

Note: Modern compilers often do this automatically. Only consider for performance-
critical code.

Category 4: Error Prevention Best Practices

Practice 14: Initialize all variables

// BAD: Uninitialized
int sum;

5 for (int i = 0; i < 10; i++) {

sum += i; // UNDEFINED BEHAVIOR!

}

// GOOD: Initialized

int sum = O0;

for (int 1 = 0; i < 10; i++) {
sum += i; // Correct

}

Practice 15: Check array bounds in loops

// BAD: Potential buffer overflow

int arr [10];

for (int i = 0; i <= 10; i++) { // arr[10] is out of bounds'
arr [i] i * i

// GOOD: Correct bounds

int arr [10];

for (int 1 = 0; i < 10; i++) { // i < 10, not i <= 10
arr [i]

i *x i
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3

3

Practice 16: Use defensive programming

// BAD: Assumes input is valid

if (x == 5) A
//

// GOOD: Defensive check

if (x '= NULL && x->value == 5) {
//

}

// BAD: Assumes pointer is valid
int result = *ptr + 5;

// GOOD: Check first

s if (ptr != NULL) {

int result = *xptr + 5;

+} else {

// Handle error

}

Student Checklist for Good Control Flow:
1. Are braces used consistently?
. Is indentation consistent (2-4 spaces)?
. Are conditions clear and commented if complex?
. Is nesting depth reasonable (j 4 levels)?

. Are magic numbers replaced with named constants?

2
3
4
5
6. Are variables initialized before use?
7. Are array bounds checked?

8. Are edge cases handled?

9. Is the most common case checked first?

10. Would extracting logic to a function improve readability?

Remember: Code is read much more often than it’s written. Write for the reader

(including future you!).
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9.2 Slides 45-46: Common Programming Patterns

Core Concept: "Programming patterns are reusable solutions to common problems.
Learning these patterns helps you write better code faster and recognize how to structure
your programs.”

Pattern 1: Input Validation Loop

1 // Purpose: Get valid input from user

> int value;

3 int validInput = O;

1

5 while (!validInput) {

6 printf ("Enter a number (1-100): ");

-
7

8 if (scanf ("%d", &value) !'= 1) {

9 // Not a number

10 printf ("Invalid input! Please enter a number.\n");
1 while (getchar() != '\n'); // Clear input buffer
12 continue;

13 }

14

15 if (value < 1 || value > 100) {

16 // Number out of range

17 printf ("Number must be between 1 and 100.\n");
18 continue;

19 }

20

21 // Input is valid
22 validInput = 1;

25 // Now value is guaranteed valid
oo printf ("You entered: %d\n", value);
Variations: Different validation rules, different input types.

Pattern 2: Menu System

1 // Purpose: Repeated menu until user quits
> char choice;

1+ do {

5 // Display menu

6 printf ("\n=== MAIN MENU ===\n");
7 printf("1. Option 1\n");

8 printf ("2. Option 2\n");

9 printf ("3. Option 3\n");

10 printf ("Q. Quit\n");

11 printf ("Enter choice: ");

13 scanf (" %c", &choice); // Space before Yc skips whitespace
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// Process choice
switch (choice) {
case '1':
optionl () ;
break;
case '2':
option2 () ;
break;
case '3':
option3();
break;
case 'Q':
case 'q':
printf ("Goodbye!\n") ;
break;
default:
printf ("Invalid choice. Try again.\n");

31 } while (choice != 'Q' && choice != 'q');

V]

Variations: Numbered menus, hierarchical menus, hotkeys.

Pattern 3: Counting Loop

// Purpose: Execute code N times
int n = 10;

// Standard counting loop

for

(int 1 = 0; i < n; i++) {
printf ("Iteration %d\n", i + 1);

// Counting with step

for

(int 1 = 0; i < n; i += 2) {
printf ("Even index: %d\n", 1i);

// Counting down

5 for

3

(int i = n - 1; i >= 0; i--) {
printf ("Countdown: %d\n", i + 1);

Variations: Different step sizes, different starting points.

Pattern 4: Search Loop

// Purpose: Find item in collection

int
int
int
int

numbers [] = {10, 20, 30, 40, 50};
target = 30;

found = 0; // Flag

position -1;

n o~
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int n = 5;

// Search with flag
for (int 1 = 0; i < n && !'found; i++) {

if (numbers[i] == target) {
found = 1;
position = 1i;

}

if (found) A

printf ("Found %d at position %d\n", target,
} else {

printf ("%d not found\n", target);

// Alternative with break

25 for (int i = 0; i < n; i++) {

if (numbers[i] == target) {
printf ("Found at position %d\n", i);
break; // Exit early

¥

Variations: Find all occurrences, find maximum/minimum.

Pattern 5: Accumulation Loop

// Purpose: Compute sum, product, average, etc.
int numbers([] = {1, 2, 3, 4, 5};
int n = 5;

// Sum

int sum = O0;

for (int i = 0; i < n; i++) {
sum += numbers[il];

for (int i = 0; i < n; i++) {
product *= numbers[i];

 }

; printf ("Product: %d\n", product);
// Average
double average = O0;

for (int i = 0; i < n; i+4) {
average += numbers[i];

s }

average /= n;

position) ;

+
printf ("Sum: %d\n", sum);
// Product
; int product = 1; // Start with 1 for multiplication
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printf ("Average: %.2f\n", average);

Variations: Weighted average, running totals.

Pattern 6: Sentinel-Controlled Loop

// Purpose: Process input until special value
int value;
int sum = O0;

printf ("Enter numbers (-1 to stop):\n");

// Priming read
scanf ("%d", &value) ;

while (value != -1) { // -1 is sentinel value
sum += value;

// Get next value
printf ("Enter next number: ");
scanf ("%d", &value) ;

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

Variations: Different sentinel values, multiple sentinels.

Pattern 7: Flag-Controlled Loop

// Purpose: Continue until condition met
int done = 0; // Flag

; int attempts = O;

const int MAX_ATTEMPTS = 5;

, while (!'done && attempts < MAX_ATTEMPTS) A

attempts—++;

// Try something
printf ("Attempt %d: Trying...\n", attempts);

// Check if we succeeded

if (/* success condition */) {
done = 1;
printf ("Success!\n");

if (!done) {
printf ("Failed after %d attempts\n", attempts);
}

Variations: Multiple flags, complex conditions.

Pattern 8: Nested Loop Patterns
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Matrix Traversal:

int matrix[3]1[3] = {{1,2,3}, {4,5,6}, {7,8,9}};

s // Row-major order (standard)
for (int row = 0; row < 3; rowtt+) {

for (int col = 0;
printf ("%d ",

}
printf ("\n");
}
// Column-major order
for (int col = 0; col
for (int row = 0;

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

Triangle Patterns:

int n = 5;

// Increasing triangle

col < 3; cold++) {
matrix[row] [coll);

< 3; colt++) {
row < 3; row++t) {
matrix[row] [col]l) ;

for (int i1 = 1; i <= n; i++) {

for (int j = 1; j

printf ("*"
}
printf ("\n");
+
// Decreasing triangle
for (int i = n; i >=
for (int j = 1; j
printf ("x"
}

printf ("\n");

<= i; j++H) {

1; i--) {

<= i; j++H) {

Pattern 9: Loop with Early Exit

// Purpose: Exit loop when condition met

int found = O0;

for (int i = 0; i < 100; i++) {

// Do some work

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

// Check for early exit condition
if (/* should exit early */) {
printf ("Exiting early at %d\n",

break;

i)
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// More work

// Alternative with while
int i = 0;
while (i < 100) {
// Check condition at start
if (/* should skip */) {
i++;
continue; // Skip rest of iteration

// Normal processing
printf ("Processing %d\n", i);
id+;

Pattern 10: State Machine Loop

// Purpose: Process based on current state
typedef enum {START, READING, PROCESSING, DONE} State;

State currentState = START;
char input;

while (currentState != DONE) {
switch (currentState) {
case START:

printf ("Starting...\n");
currentState = READING;
break;

case READING:
printf ("Enter character (q to quit): ");
scanf (" %c", &input);

if (input == 'q') {
currentState = DONE;
} else {
currentState = PROCESSING;
}
break;

case PROCESSING:

printf ("Processing '%c'...\n", input);
currentState = READING;
break;

case DONE:

// Loop will exit
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break;

%}

o

How to Use These Patterns:

1. Recognize: Identify which pattern fits your problem

2. Adapt: Modify the pattern to your specific needs

3. Combine: Use multiple patterns together

4. Practice: Implement each pattern until it’s familiar
Student Practice:

1. Implement each pattern with your own data

2. Modify patterns to solve slightly different problems

3. Combine patterns (e.g., menu with validation)

4. Create your own patterns for common tasks in your programs

Remember: Patterns are templates, not rigid rules. Adapt them as needed for your
specific situation.
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10 Summary and Next Steps

10.1 Slide 47: What We’ve Learned Today

Core Concept: "Today we transformed from writing linear programs to creating intel-
ligent, interactive applications. Let’s review what we’ve accomplished.”

Category 1: Decision Making Foundations
Relational Operators (The Questions We Can Ask):
e == Are these equal?
e !=: Are these different?
e < > Which is smaller/larger?
e <= >=: Is this less/greater than or equal?
e Key insight: These return 1 (true) or 0 (false) in C
Logical Operators (Combining Questions):
e && (AND): Are both true?
e || (OR): Is at least one true?
e ! (NOT): Is this false?
e Critical: Short-circuit evaluation makes code safe and efficient
Decision Structures (Making Choices):
The if Statement:
e Basic decision: ”If this is true, do that”
e Always use braces, even for single statements
e Checks condition, executes block if true
The if-else Statement:
e Two-way choice: ”If this, do that; otherwise, do something else”
e Mutually exclusive paths
The if-else if Chain:
e Multi-way choice: ”If this, do that; else if that, do this; else...”
e Checks conditions in order, first true wins
e Else block catches everything else
The switch Statement:
e (Clean multi-way branching based on exact values

e Works with integers and characters
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e Requires break to prevent fall-through
e default case for unmatched values
Category 2: Repetition and Loops
The while Loop:
e "While this is true, keep doing that”
e Pre-test: Condition checked before each iteration
e May execute zero times
e Must update condition inside loop
The do-while Loop:
e ”"Do this, then check if we should continue”
e Post-test: Condition checked after each iteration
e Always executes at least once
e Perfect for menus and input validation
The for Loop:
e "For i from 0 to N, do this”
e Compact: initialization, condition, update in one line
e Perfect for counting and known iterations
e Most common loop in practice
Loop Control Statements:
e break: Exit loop immediately
e continue: Skip to next iteration
e Use sparingly - can make code harder to follow
Nested Loops:
e Loop inside another loop
e Outer x inner total iterations
e Essential for 2D data, tables, patterns
Category 3: Practical Applications
We Built:
e Number guessing game with random numbers and feedback
e Calculator with menu, validation, and error handling
e Prime number checker with algorithmic optimizations

We Learned to Debug:
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e Common errors and how to fix them
e Debugging techniques: print statements, manual tracing
e Using compiler warnings effectively
We Learned Best Practices:
e Code readability and maintainability
e Performance considerations
e Common programming patterns
e Defensive programming
Key Transformations:

From: Programs that always do the same thing To: Programs that adapt based on
input

From: Simple calculators To: Interactive games and tools
From: Writing code line by line To: Thinking in terms of patterns and structures
Most Important Concepts:
1. Control flow is fundamental: Every non-trivial program needs it
2. Understand before coding: Trace execution, think through logic
3. Test thoroughly: All branches, edge cases, invalid input
4. Write readable code: Future you (and others) will thank you
Student Self-Assessment:
1. Can you explain the difference between = and ==7
2. Can you convert a for loop to a while loop and vice versa?
3. Can you trace through nested loops and predict output?
4. Can you write input validation for user input?
5. Can you choose between if-else if and switch appropriately?

If you can do these, you’re ready for next week!
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10.2 Slide 48: Practice Exercises for Next Week

Core Concept: ”Practice is essential for mastering programming. These exercises rein-
force today’s concepts and prepare you for next week’s topic: functions.”

Exercise Categories:
Category A: Beginner Exercises (Build Confidence)
Exercise 1: FizzBuzz (Classic Interview Question)

e Print numbers 1 to 100

For multiples of 3, print "Fizz” instead of the number

For multiples of 5, print "Buzz” instead

For multiples of both 3 and 5, print ”FizzBuzz”

e Learning: Conditionals, modulus operator, output formatting

e Extension: Make it configurable (any two numbers)
Exercise 2: Multiplication Table Generator

e Ask user for size N (e.g., 10 for 10x10 table)

e Generate a nicely formatted multiplication table

e Include row and column headers

e Learning: Nested loops, formatting with printf

e Extension: Allow user to specify range (e.g., 5-15 instead of 1-N)
Exercise 3: Number Guessing Game Improvements

e Add difficulty levels (easy: 1-50, medium: 1-100, hard: 1-1000)

e Implement scoring system (more points for fewer attempts)

e Add "hint” system that costs points

e Learning: Game design, user experience, state management
Exercise 4: Simple Calculator with Memory

e Add memory functions: M+ (add to memory), M- (subtract), MR (recall), MC
(clear)

e Support for parentheses (simple version)

e History of last 5 calculations

e Learning: State variables, more complex control flow
Category B: Intermediate Exercises (Apply Concepts)
Exercise 5: Prime Number Generator

e Find all prime numbers up to N
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Use the optimized algorithm from today

Format output (10 numbers per line)

e Count how many primes found

e Learning: Algorithm optimization, output formatting

e Extension: Implement Sieve of Eratosthenes for better performance
Exercise 6: Fibonacci Sequence Generator

e Generate first N Fibonacci numbers

Option 1: 0, 1, 1, 2, 3, 5, 8, ...

Option 2: 1, 1, 2, 3, 5, 8, ... (choose one definition)

Handle large N (consider integer overflow)

e Learning: Sequence generation, variable swapping

e Extension: Find Fibonacci numbers up to a maximum value
Exercise 7: Pattern Printer

e Create functions to print different patterns:
— Right triangle

— Isosceles triangle

Diamond
— Square with diagonal

e Let user choose pattern and size

e Learning: Nested loops, pattern recognition

e Extension: Hollow patterns (only border)
Exercise 8: Statistics Calculator

e Read numbers until user enters sentinel value

e Calculate: mean, minimum, maximum, range

e Optional: standard deviation, median

e Learning: Accumulation, sentinel-controlled loops

e Extension: Read from file instead of keyboard
Category C: Advanced Exercises (Challenge Yourself)
Exercise 9: Tic-Tac-Toe Game (Text-Based)

e Two-player game on 3x3 grid

e Display board after each move

e Check for win/draw after each move
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e Input validation (valid moves only)
e Learning: 2D arrays, game state, win condition checking
¢ Extension: Add simple Al for single-player mode
Exercise 10: Decimal to Binary Converter
e Convert decimal numbers to binary
e Handle positive integers only (to start)
e Display binary representation
e Learning: Number systems, algorithm development
e Extension: Add other bases (octal, hexadecimal)
Exercise 11: Collatz Sequence Calculator
e For a given number N, generate Collatz sequence:
— IfNiseven: N=N /2
— If Nisodd: N = 3*N + 1
— Repeat until N = 1
e Count steps to reach 1
e Find which number (1-100) has longest sequence
e Learning: Mathematical sequences, loop termination
e Extension: Visualize sequence lengths
Exercise 12: Simple Encryption/Decryption
e Caesar cipher: Shift letters by N positions

Handle both encryption and decryption

Preserve case (A-Z, a-z)
e Ignore non-letters
e Learning: Character manipulation, modular arithmetic
e Extension: More complex ciphers
How to Approach These Exercises:
Step 1: Understand the Problem
e Read requirements carefully
e Write examples of input/output
e Break into smaller parts
Step 2: Plan Your Solution

e Write pseudocode or flowchart
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e Choose appropriate control structures
e Plan test cases
Step 3: Implement Incrementally
e Start with simplest version
e Add features one at a time
e Test after each addition
Step 4: Test Thoroughly
e Test with normal input
e Test edge cases
e Test invalid input
e Verify all code paths
Step 5: Refactor and Improve
e Make code more readable
e Add comments
e Consider efficiency
Time Management Tips:
e Start with easier exercises to build confidence
e Spend 1-2 hours per exercise maximum
o If stuck, take a break or work on different exercise
e Ask for help if stuck for more than 30 minutes
Learning Objectives for Each Exercise:
e Reinforce specific concepts from today
e Practice problem-solving skills
e Build programming intuition
e Prepare for more complex topics

Remember: The goal is learning, not just completion. Understanding why your solution
works is more important than getting it to work.

Next Week Preview: Functions
e Breaking programs into reusable pieces
e Parameter passing and return values
e Scope and lifetime of variables

e Building libraries of useful functions
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10.3 Slide 49: Final Thoughts and Resources

Core Concept: ”Congratulations on completing a major step in your programming
journey! Let’s consolidate what we’ve learned and look at resources for continued learn-

b}

ing.

Common Pitfalls Recap (Watch Out For These!):

1. Infinite Loops:
e Symptom: Program never ends, uses 100% CPU
e Common causes: Wrong condition, missing update, always true condition
e Prevention: Ensure condition can become false, test with small limits
2. Off-by-One Errors:
e Symptom: Wrong number of iterations, array bounds issues
e Common causes: i <= n vs i < n, wrong starting value
e Prevention: Test with small n, check array indices carefully
3. Missing break in switch:
e Symptom: Multiple cases execute unexpectedly
e Common causes: Forgetting break, intentional but uncommented fall-through
e Prevention: Always add break, comment intentional fall-through
4. = instead of ==:
e Symptom: Wrong branch executes, variables change unexpectedly
e Common causes: Typo, muscle memory from assignment
e Prevention: Write if (CONSTANT == variable), use compiler warnings
5. Uninitialized Variables:
e Symptom: Random values, unpredictable behavior
e Common causes: Forgetting to initialize loop counters, accumulators
e Prevention: Initialize all variables, use -Wuninitialized flag
6. Not Updating Loop Counters:
e Symptom: Infinite loop (specific case of #1)
e Common causes: Forgetting i++ in while loops
e Prevention: Double-check update in loop body
Debugging Tips Summary:
When Your Program Doesn’t Work:

1. Read compiler warnings: They often point to the problem
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2. Add print statements: Show variable values at key points
3. Test with simple input: Use 0, 1, small numbers first
4. Trace execution: Write down variable values as code runs
5. Isolate the problem: Comment out code until it works, then add back

6. Check edge cases: Minimum, maximum, empty input

7. Use a debugger: Learn gdb basics for complex problems
When Your Program Works But Seems Wrong:

1. Verify algorithm: Step through logic carefully

2. Check assumptions: Are you sure about input format, ranges, etc.?

3. Test boundary conditions: What happens at 0, at maximum, at transition
points?

4. Compare with examples: Manual calculation for small cases
5. Rubber duck debugging: Explain your code to someone (or something)
Learning Resources:
Online Compilers (Quick Testing):
e OnlineGDB: gcec compiler with debugger online
e Compiler Explorer: See assembly output, multiple compilers
e Replit: Full IDE in browser, collaboration features
e Codepad: Simple paste-and-run for quick tests
Practice Platforms:
e HackerRank: Coding challenges with automatic grading
e LeetCode: Interview preparation, algorithm practice
e CodeWars: Community-driven challenges, ranked by difficulty
e Exercism: Language tracks with mentor feedback
Reference Materials:
e cppreference.com: Comprehensive C and C++ reference
e C Standard Documentation: Official but technical
¢ GNU C Manual: Good for GCC-specific features
e C FAQ: Common questions and answers
Debugging Tools:
e gdb: GNU Debugger (command line)

e Valgrind: Memory error detector
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e gcc -Wall -Wextra: Enable all warnings

¢ printf debugging: Simple but effective

Community and Support:

Where to Ask Questions:

e Stack Overflow: Search first, then ask well-formulated questions

e Course discussion forum: Get help from peers and instructors

e Programming Discord servers: Real-time help

e Office hours: Individual help from instructor

How to Ask Good Questions:

1.

Describe the problem: What should happen vs what actually happens

. Show your code: Minimal reproducible example
. Show error messages: Copy-paste exact messages

2
3
4.
)

Explain what you’ve tried: Show your debugging efforts

. Be specific: 71t doesn’t work” is not helpful

Continued Learning Path:
Next Week: Functions

e Breaking programs into manageable pieces

e Code reuse and modularity

e Parameter passing mechanisms

e Scope and lifetime concepts

Coming Soon:

e Arrays and strings

e Pointers (powerful but challenging)

e Structures and data organization

e File I/O and persistence

e Dynamic memory allocation

Long-Term Goals:

e Complete small projects: Build portfolio pieces

e Learn version control: Git for code management

e Study algorithms: Efficiency and problem-solving

¢ Explore specializations: Systems, embedded, game, etc.
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Final Advice:

1.

Code Every Day:
e Consistency beats intensity
e Even 30 minutes daily builds skill

e Small, regular practice is better than marathon sessions

. Learn by Doing:

e Reading about code # writing code
e Type examples yourself, don’t just copy-paste

e Modify examples to see what happens

. Embrace Challenges:

e Struggling means you're learning
e Debugging is normal, not failure

e Each bug fixed makes you better

. Help Others:

e Teaching reinforces your own understanding
e Peer support builds community

e Explaining problems often reveals solutions

. Take Breaks:

e Step away when frustrated
e Eresh eyes see new solutions

e Programming is a marathon, not a sprint

Remember: Every programmer started where you are now. The concepts you learned
today are used in every programming language and every significant software project.
You've built a solid foundation!

Congratulations on completing Lecture 2!

e You can now write programs that make decisions

e You can create programs that repeat actions efficiently

e You've built real applications (games, calculators, utilities)

e You're ready for the next step: functions and modular programming

See you next week! Keep coding!
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