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1 Review and Introduction

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

Purpose: This opening slide connects the previous lecture on functions with today’s fo-
cus on data organization using arrays. It highlights the limitations of individual variables
and sets the stage for learning about collections.

Last Week Recap Explained:

• Function definition and calling: Learned to create reusable blocks of code.

• Parameters and return values: Passed data into functions and received results
back.

• Variable scope (local vs global): Understood where variables are accessible.

• Recursion basics: Explored functions calling themselves.

• Building modular programs: Structured code into logical functions.

Key Limitation of Individual Variables:

• Store single values only: Each variable holds one piece of data.

• Impractical for related data sets: Example: 100 student grades would require
100 separate variables.

• No natural grouping: Difficult to process related data together.

• Inefficient processing: Cannot use loops to process many individual variables.

Today’s Focus – Arrays:

• Store multiple values of same type: Group related data under one name.

• Access elements using indices: Use numerical positions to retrieve values.

• Process collections efficiently: Use loops to iterate through all elements.

• Multi-dimensional arrays: Store tables/matrices (2D, 3D, etc.).

• Arrays as function parameters: Pass entire collections to functions.

Why This Matters:

• Data Organization: Structure related data logically.

• Efficiency: Process hundreds or thousands of values with simple loops.

• Foundation for Data Structures: Arrays are building blocks for lists, stacks,
queues, etc.

• Real-world Applications: Grades, temperatures, image pixels, strings—all use
arrays.
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Teaching Strategy: We’ll start with basic array declaration and initialization, then
explore element access, passing arrays to functions, multi-dimensional arrays, practical
applications, and common pitfalls.

Student Mindset: This is where you learn to handle real datasets in programs. Arrays
are fundamental to almost every non-trivial program.
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2 What are Arrays?

2.1 Slide 2: Arrays: Collections of Data

Core Concept: ”Arrays are contiguous blocks of memory that store multiple values
of the same data type under a single name. They provide organized, efficient access to
collections of related data.”

What are Arrays?

• Contiguous memory locations: Elements are stored sequentially in memory.

• Same data type: All elements must be int, all double, etc.

• Single name, multiple values: One identifier references the entire collection.

• Elements accessed by index: Position number starting at 0.

• Index starts at 0: First element is at index 0, not 1 (critical in C).

Analogy: Row of Mailboxes

• Same building (array name): The array identifier.

• Numbered boxes (indices): Each element has a unique index (0, 1, 2, ...).

• Each holds one item (value): Each mailbox/array element stores one value.

• All boxes same size (type): Consistent data type ensures predictable memory
layout.

Why Use Arrays?

• Organization: Group related data logically (e.g., all student grades).

• Efficiency: Process all elements with simple loops instead of repetitive code.

• Memory: Contiguous allocation allows fast access via pointer arithmetic.

• Flexibility: Can handle variable amounts of data within fixed maximum.

• Standard Foundation: Essential for understanding strings, matrices, and ad-
vanced data structures.

Examples of Array Usage:

• Student grades: Store 100 test scores.

• Temperature readings: Store 365 daily temperatures.

• Pixel values in image: Store RGB values for each pixel.

• Characters in string: Strings are arrays of char.

Key Insight: Arrays let you write generic code that works for any number of elements.
Without arrays, you’d need separate code for each data item.
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Student Takeaway: Think of arrays as numbered lists where you can access any item
by its position (starting from 0).
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2.2 Slide 3: Array Declaration and Initialization (1/4)

Core Concept: ”Array declaration specifies the type, name, and size. Initialization
provides initial values. Understanding syntax and rules is essential.”

Array Declaration Syntax:
1 // Syntax: type name[size];
2 int scores[10]; // Array of 10 integers
3 double temps[365]; // Array of 365 doubles
4 char letters[26]; // Array of 26 characters

Array Initialization at Declaration:
1 // Full initialization with values
2 int primes[5] = {2, 3, 5, 7, 11};
3

4 // Partial initialization
5 int numbers[10] = {1, 2, 3}; // First 3 elements set, rest become 0
6

7 // Size determined by initializer
8 int days[] = {31, 28, 31, 30}; // Compiler calculates size = 4

Key Points:

• Size must be constant expression: The size must be known at compile time
(e.g., number, #define, const).

• Cannot change size after declaration: Arrays are fixed-size in C.

• Uninitialized arrays contain garbage: If not initialized, elements have unpre-
dictable values.

• Partial initialization zeros the rest: Unspecified elements are set to 0 (or 0.0,
'\0').

Memory Layout Concept:

• Arrays occupy contiguous memory blocks.

• Element i address = base address + i * sizeof(type).

• This enables fast random access via index calculation.

Common Mistake: Declaring arrays with variable size in standard C89 is not allowed
(though C99 supports VLAs - Variable Length Arrays, but with limitations).

Student Practice:

1. Declare an array of 7 doubles named temperature.

2. Initialize an array even with the first 5 even numbers.

3. Declare and initialize an array months with days in each month (size determined
automatically).



2.3 Slide 4: Array Declaration and Initialization (2/4) 8

2.3 Slide 4: Array Declaration and Initialization (2/4)

Core Concept: ”Visualizing memory layout helps understand how arrays are stored
and accessed. This slide shows a memory diagram for int primes[5] = {2, 3, 5, 7,
11}.”

Memory Layout Visualization Explained:

primes[0]
2

Address:
base

primes[1]
3

base + 4

primes[2]
5

base + 8

primes[3]
7

base + 12

primes[4]
11

base + 16

Contiguous Memory Blocks

Each int element = 4 bytes (typical)

Key Observations:

• Contiguous storage: Elements are stored one after another.

• Address calculation: primes[i] is at address base + i*4 (assuming 4-byte
int).

• Same type ensures equal size: All elements have identical size, enabling simple
pointer arithmetic.

Why This Matters:

• Efficient access: The CPU can compute element address quickly.

• Cache friendliness: Contiguous memory improves cache performance.

• Predictable layout: Essential for low-level programming and interfacing with
hardware.

Student Insight: The index is essentially an offset from the start of the array. This is
why array access is O(1) time—constant time regardless of array size.
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2.4 Slide 5: Array Declaration and Initialization (3/4)

Core Concept: ”Common errors occur when array sizes are not constant expressions
or when initializers don’t match size. This slide shows incorrect vs correct patterns.”

Common Errors:
1 // ERROR: Variable size (not allowed in standard C89)
2 int n = 10;
3 int arr[n]; // Compiler error in C89
4

5 // ERROR: Too many initializers
6 int nums[3] = {1, 2, 3, 4}; // Compiler error
7

8 // WARNING: No size specified without initializer
9 int values[]; // Error: incomplete type

Correct Examples Using Constants:
1 // Using symbolic constants (#define)
2 #define MAX 100
3 int data[MAX];
4

5 // Using const (C99)
6 const int SIZE = 50;
7 float measurements[SIZE];
8

9 // Zero initialization
10 int zeros[10] = {0}; // All 10 elements set to 0

Key Rule: Array sizes must be constant expressions at compile time.

Best Practices for Array Sizes:

• Use #define for constants: Makes code more readable and maintainable.

• Use const in C99: Provides type safety.

• Document size expectations: Comment what the array size represents.

Important Note about sizeof:

• sizeof(array) returns total bytes occupied by the array.

• sizeof(array[0]) returns bytes per element.

• sizeof(array) / sizeof(array[0]) gives number of elements.

• Caution: This only works in the scope where array is declared. When array is
passed to function, it decays to pointer, and sizeof gives pointer size, not array
size.

Student Exercise:

1. Identify errors in: int x; float arr[x];
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2. Write correct declaration for array of 20 long using #define.

3. Write a statement to compute number of elements in array values.
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2.5 Slide 6: Array Declaration and Initialization (4/4)

Core Concept: ”Best practices for array usage include using symbolic constants, proper
initialization, and understanding sizeof behavior.”

Best Practices:

• Use symbolic constants for sizes: #define MAX_STUDENTS 100

• Initialize arrays when possible: Prevents garbage values.

• Comment array purposes: Explain what data the array holds.

• Choose meaningful names: scores not arr.

• Consider maximum needed size: Allocate enough but not excessive memory.

Array Size with sizeof:
1 int arr[5];
2 printf("Size in bytes: %lu\n", sizeof(arr));
3 // Output: 5 * sizeof(int) = 20 (typically)
4

5 printf("Number of elements: %lu\n",
6 sizeof(arr) / sizeof(arr[0]));
7 // Output: 5 elements

Important Notes about sizeof:

• sizeof is a compile-time operator (except VLAs).

• Returns size in bytes as size_t (unsigned long).

• Works only in same scope as array declaration.

• Arrays decay to pointers when passed to functions.

• sizeof on pointer gives pointer size (e.g., 8 bytes on 64-bit), not array size.

Common Pitfall with sizeof:
1 void print_size(int arr[]) {
2 // WRONG: sizeof(arr) is size of pointer, not array
3 printf("%lu\n", sizeof(arr)); // e.g., 8
4 }
5

6 int main(void) {
7 int numbers[10];
8 print_size(numbers); // Misleading!
9 return 0;

10 }

Correct Approach: Always pass array size as separate parameter.

Student Practice: Write a function that accepts an array and its size, and uses sizeof
correctly within main to compute size before passing.



12

3 Accessing Array Elements

3.1 Slide 7: Array Indices and Access (1/3)

Core Concept: ”Array indices start at 0 and go to size-1. Access uses array[index]
syntax. Out-of-bounds access causes undefined behavior—a critical concept in C.”

Array Indices Rules:

• Start at 0: First element is array[0], not array[1].

• End at size-1: For array of size n, valid indices are 0 through n-1.

• Access with array[index]: Use brackets with integer expression.

• Index must be integer: Can be variable, constant, or expression.

• Out-of-bounds: Accessing outside valid range leads to undefined behavior.

Access Examples:
1 int scores[5] = {85, 90, 78, 92, 88};
2

3 // Read elements
4 int first = scores[0]; // 85
5 int third = scores[2]; // 78
6 int last = scores[4]; // 88
7

8 // Modify elements
9 scores[1] = 95; // Change second element to 95

10 scores[3] += 5; // Increment fourth element by 5

Critical: Out-of-Bounds Access
1 int arr[5];
2 arr[5] = 10; // ERROR: Index 5 doesn't exist! (Valid: 0-4)
3 arr[-1] = 20; // ERROR: Negative index invalid!

Consequences of Out-of-Bounds Access:

• Memory corruption: Overwrites other variables or program data.

• Program crashes: Segmentation fault or access violation.

• Security vulnerabilities: Buffer overflow exploits.

• Unpredictable behavior: Program may appear to work but produce wrong re-
sults.

C’s Philosophy: C does not perform bounds checking for performance reasons. The
programmer is responsible for ensuring valid indices.

Student Practice: Given int data[8], list all valid indices. Write code to set each
element to its index squared.
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3.2 Slide 8: Array Indices and Access (2/3)

Core Concept: ”Visual representation clarifies index ranges and the dangers of out-of-
bounds access. This slide shows scores[5] with indices 0-4.”

Visual Representation Explained:

scores[0]
85Element 0

scores[1]
90Element 1

scores[2]
78Element 2

scores[3]
92Element 3

scores[4]
88Element 4

Index 0 Index 1 Index 2 Index 3 Index 4

Valid Range: indices 0 through 4

Out of Bounds:
scores[5] = Invalid (memory corruption risk)

scores[-1] = Invalid (negative index)
Array size: 5 elements (indices 0-4)

Key Observations:

• Each element has unique index starting from 0.

• Valid indices: 0 to (array size - 1).

• Accessing outside range is undefined behavior—C does not prevent it.

Common Off-by-One Errors:

• Using <= instead of < in loop condition.

• Starting loop at 1 instead of 0.

• Using array[size] instead of array[size-1] for last element.

Student Mental Model: Think of indices as positions, not counts. Position 0 is first,
position 4 is fifth in 5-element array.
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3.3 Slide 9: Array Indices and Access (3/3)

Core Concept: ”Variables can be used as indices, enabling dynamic access. Loops are
natural partners for array processing. Always validate indices from user input.”

Using Variables as Indices:
1 int data[100];
2 int index;
3

4 printf("Enter index (0-99): ");
5 scanf("%d", &index);
6

7 // IMPORTANT: Validate index!
8 if (index >= 0 && index < 100) {
9 printf("Value: %d\n", data[index]);

10 } else {
11 printf("Invalid index!\n");
12 }

Looping Through Arrays:
1 int numbers[10];
2 int sum = 0;
3

4 // Initialize with loop
5 for (int i = 0; i < 10; i++) {
6 numbers[i] = i * 2;
7 }
8

9 // Process with loop
10 for (int i = 0; i < 10; i++) {
11 sum += numbers[i];
12 }

Common Loop Patterns:
1 // Forward traversal
2 for (int i = 0; i < n; i++) {
3 process(array[i]);
4 }
5

6 // Backward traversal
7 for (int i = n-1; i >= 0; i--) {
8 process(array[i]);
9 }

10

11 // Every other element
12 for (int i = 0; i < n; i += 2) {
13 process(array[i]);
14 }
15
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16 // Using while loop
17 int i = 0;
18 while (i < n) {
19 process(array[i]);
20 i++;
21 }

Key Guidelines:

• Always use i < n, not i <= n-1, for clarity.

• Validate indices from user input or uncertain sources.

• Prefer for loops for counting through arrays.

• Use symbolic constant for n rather than hard-coded size.

Student Exercise: Write loop to print array in reverse, find sum of even-indexed ele-
ments, and count elements greater than average.
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4 Arrays and Functions

4.1 Slide 10: Passing Arrays to Functions (1/3)

Core Concept: ”Arrays decay to pointers when passed to functions. The function
receives the address of the first element, not a copy of the array. Therefore, functions can
modify the original array, and the array size must be passed separately.”

Key Concept: Array Decay

• Arrays ”decay” to pointers: When array name is used as argument, it becomes
pointer to first element.

• Function receives address: Not the entire array copy.

• Size must be passed separately: Because pointer doesn’t carry size information.

• Modifications affect original: Since function works on original memory.

Function Syntax with Array Parameters:
1 // Array parameter (size unknown)
2 void process(int arr[], int size) {
3 for (int i = 0; i < size; i++) {
4 arr[i] *= 2; // Modifies original array
5 }
6 }
7

8 // Equivalent pointer syntax
9 void process(int *arr, int size) {

10 // Same implementation
11 }

Calling Array Functions:
1 int main(void) {
2 int numbers[5] = {1, 2, 3, 4, 5};
3

4 // Pass array name (no &)
5 process(numbers, 5);
6

7 // numbers now: {2, 4, 6, 8, 10}
8 for (int i = 0; i < 5; i++) {
9 printf("%d ", numbers[i]);

10 }
11

12 return 0;
13 }

Important Notes:

• Array name = address of first element: numbers = &numbers[0].



4.1 Slide 10: Passing Arrays to Functions (1/3) 17

• Don’t use & when passing arrays: process(numbers, 5) not process(&numbers,
5).

• Function can modify original array: Because it receives pointer to actual data.

Student Practice: Write function zero_array(int arr[], int n) that sets all ele-
ments to 0.
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4.2 Slide 11: Passing Arrays to Functions (2/3)

Core Concept: ”Example functions for array statistics: average, max, reverse. Use
const qualifier to prevent modification when function should only read the array.”

Example: Array Statistics Functions
1 double average(const double arr[], int n) {
2 double sum = 0.0;
3 for (int i = 0; i < n; i++) {
4 sum += arr[i];
5 }
6 return sum / n;
7 }
8

9 int find_max(const int arr[], int n) {
10 int max = arr[0];
11 for (int i = 1; i < n; i++) {
12 if (arr[i] > max) {
13 max = arr[i];
14 }
15 }
16 return max;
17 }
18

19 void reverse(int arr[], int n) {
20 for (int i = 0; i < n/2; i++) {
21 // Swap arr[i] and arr[n-1-i]
22 int temp = arr[i];
23 arr[i] = arr[n-1-i];
24 arr[n-1-i] = temp;
25 }
26 }

const Qualifier Importance:

• const prevents modification: Compiler enforces read-only access.

• Use when function shouldn’t modify array: e.g., average, find_max.

• Good practice for safety: Prevents accidental modifications.

• Documents intent: Clearly shows function is observer, not mutator.

Why const Matters:

• Safety: Prevents bugs from unintended modifications.

• Clarity: Function signature communicates behavior.

• Optimization: Compiler may generate better code knowing data won’t change.

Student Exercise: Write find_min and count_occurrences functions with proper use
of const.
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4.3 Slide 12: Passing Arrays to Functions (3/3)

Core Concept: ”Functions cannot return entire arrays directly; they can return pointers
but must be careful about scope. Common pattern: pass array to be filled as parameter.”

Returning Arrays: Limitations

• Cannot return entire array: C functions return single values.

• Can return pointer to array: But dangerous if pointing to local array.

• Don’t return pointer to local array: Local array destroyed when function
returns.

• Better pattern: Pass array to be filled as parameter.

Common Pattern: Fill Array Function
1 void fill_array(int arr[], int n, int value) {
2 for (int i = 0; i < n; i++) {
3 arr[i] = value;
4 }
5 }

Key Guidelines for Array Functions:

• Always pass array size as separate parameter: Essential for loops.

• Use const for read-only arrays: Safety and documentation.

• Arrays decay to pointers when passed: Understand this for pointer arithmetic.

• sizeof doesn’t work on array parameters: Because they are pointers.

• Document who allocates/deallocates memory: Clear responsibility.

Bad Practice Example:
1 int* create_local_array(void) {
2 int arr[10]; // Local array (on stack)
3 // ... fill array ...
4 return arr; // WRONG: arr destroyed when function returns
5 } // Caller receives dangling pointer

Correct Approach: Either pass pre-allocated array, or use dynamic allocation (next
week with pointers).

Student Exercise: Write function copy_array(const int src[], int dest[], int
n) that copies source to destination.
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5 Multi-dimensional Arrays

5.1 Slide 13: Two-dimensional Arrays (1/3)

Core Concept: ”2D arrays are arrays of arrays, representing tables, matrices, or grids.
They use two indices: row and column. Memory is stored in row-major order.”

2D Arrays Overview:

• Arrays of arrays: Each element is itself an array.

• Represent tables/matrices/grids: Natural for spreadsheet-like data.

• Two indices: Row index first, then column index.

• Memory: row-major order: All elements of row 0, then row 1, etc.

Declaration:
1 // Syntax: type name[rows][cols];
2 int matrix[3][4]; // 3 rows, 4 columns
3 double grid[10][10]; // 10x10 grid
4 char board[8][8]; // Chess board

Initialization:
1 // Full initialization with nested braces (clear)
2 int table[2][3] = {
3 {1, 2, 3}, // Row 0
4 {4, 5, 6} // Row 1
5 };
6

7 // Flattened initialization (less clear)
8 int table[2][3] = {1, 2, 3, 4, 5, 6};

Accessing Elements:

• matrix[row][column]: Row index first, then column.

• Both indices start at 0.

• matrix[1][2] = row 1, column 2.

Memory Layout Insight:

• Row-major: matrix[0][0], matrix[0][1], ..., matrix[1][0], etc.

• Address calculation: &matrix[r][c] = base + (r * cols + c) * sizeof(type).

Student Practice: Declare 2D array for multiplication table (10x10), initialize using
nested loops.
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5.2 Slide 14: Two-dimensional Arrays (2/3)

Core Concept: ”Visualization of row-major memory layout for matrix[2][3]. Under-
standing this layout is key for efficient traversal and pointer arithmetic.”

Memory Layout Visualization Explained:

2D Array: matrix[2][3] (2 rows × 3 columns)

matrix[0][0]

1
Row 0, Col 0

Address:
base

matrix[0][1]

2
Row 0, Col 1

Address:
base + 4

matrix[0][2]

3
Row 0, Col 2

Address:
base + 8

matrix[1][0]

4
Row 1, Col 0

Address:
base + 12

matrix[1][1]

5
Row 1, Col 1

Address:
base + 16

matrix[1][2]

6
Row 1, Col 2

Address:
base + 20

Row 0

Row 1

M
em

or
y

C
on

tin
ui

ty

Row-major order: All elements of row 0 stored consecutively,
followed by all elements of row 1 (assuming int = 4 bytes)

Key Insight: Even though we think in rows and columns, memory is linear. The
compiler calculates offsets based on row size.

Student Exercise: Given int mat[4][5], calculate address of mat[2][3] assuming
base address 1000 and int = 4 bytes.
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5.3 Slide 15: Two-dimensional Arrays (3/3)

Core Concept: ”Accessing 2D array elements, nested loops for traversal, and passing
2D arrays to functions. Must specify column size in function parameters.”

Accessing and Traversing 2D Arrays:
1 int matrix[3][4];
2

3 // Individual access
4 matrix[0][0] = 1; // First row, first col
5 matrix[2][3] = 12; // Last row, last col
6

7 // Nested loops for traversal
8 for (int row = 0; row < 3; row++) {
9 for (int col = 0; col < 4; col++) {

10 printf("%d ", matrix[row][col]);
11 }
12 printf("\n");
13 }

Initialization Examples:
1 // Identity matrix
2 int identity[3][3] = {
3 {1, 0, 0},
4 {0, 1, 0},
5 {0, 0, 1}
6 };
7

8 // Partial initialization (all zeros)
9 int scores[4][5] = {0};

Passing 2D Arrays to Functions:
1 // Must specify columns
2 void print_matrix(int mat[][4], int rows) {
3 for (int i = 0; i < rows; i++) {
4 for (int j = 0; j < 4; j++) {
5 printf("%d ", mat[i][j]);
6 }
7 printf("\n");
8 }
9 }

10

11 int main(void) {
12 int matrix[3][4];
13 print_matrix(matrix, 3);
14 return 0;
15 }

Important Rule: Must specify column size in function parameter so compiler can
calculate memory offsets. Row size can be variable parameter.
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Why Column Size is Required: The compiler needs to know how many elements to
skip when moving to next row: offset = row * cols * sizeof(type).

Student Exercise: Write function to find sum of all elements in 2D array, and another
to transpose square matrix.
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5.4 Slide 16: Higher-dimensional Arrays (1/2)

Core Concept: ”3D arrays (and higher) are possible but less common. They represent
cubes or volumetric data. Access requires three indices and triple nested loops.”

3D Arrays Declaration and Access:
1 // 3D: like a cube
2 int cube[3][3][3];
3

4 // Access
5 cube[0][1][2] = 10;
6

7 // Initialization with nested braces
8 int tensor[2][2][2] = {
9 { // Layer 0

10 {1, 2}, // Row 0
11 {3, 4} // Row 1
12 },
13 { // Layer 1
14 {5, 6}, // Row 0
15 {7, 8} // Row 1
16 }
17 };

Processing 3D Arrays:
1 // Triple nested loop
2 for (int i = 0; i < DEPTH; i++) {
3 for (int j = 0; j < ROWS; j++) {
4 for (int k = 0; k < COLS; k++) {
5 process(cube[i][j][k]);
6 }
7 }
8 }

Limitations of Higher-dimensional Arrays:

• Memory grows exponentially: array[x][y][z] uses x*y*z*sizeof(type) bytes.

• Access patterns complex: Harder to reason about.

• Cache unfriendly: Large jumps in memory may cause cache misses.

Use Cases:

• 3D: Volumetric data (medical imaging), RGB images (3 channels).

• 4D+: Time series of 3D data (e.g., video).

• Rare beyond 3D in practice.

Student Insight: Each additional dimension adds another level of indirection and com-
plexity. Consider whether simpler data structure would suffice.
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5.5 Slide 17: Higher-dimensional Arrays (2/2)

Core Concept: ”For large multi-dimensional data, sometimes a 1D array with manual
indexing is more efficient and flexible than multi-dimensional syntax.”

Alternative Approach: 1D Array as Multi-dimensional
1 // 1D array as 3D (3x3x3 = 27 elements)
2 int data[27];
3

4 // Access: data[i*9 + j*3 + k]
5 // where i = depth, j = row, k = column

Key Points:

• 2D arrays are common in practice (matrices, tables).

• 3D appear in scientific computing (volumes, color images).

• 4D+ are rare and often indicate need for different data structure.

• Manual indexing can be more efficient: Avoids multiple pointer dereferences.

When to Use Multi-dimensional Arrays:

• Small to medium fixed-size grids/tables.

• When clarity of array[i][j] syntax outweighs performance concerns.

• When working with libraries that expect multi-dimensional arrays.

When to Consider Alternatives:

• Very large datasets (risk of stack overflow).

• Dynamic sizes (variable dimensions).

• Need for flexible memory layout.

• Performance-critical code where cache locality matters.

Student Exercise: Compare accessing cube[i][j][k] vs data[i*9 + j*3 + k]. Which
is clearer? Which might be faster?

Next Step: With pointers (next lecture), we can create dynamic multi-dimensional
arrays that are more flexible.
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6 Array Applications

6.1 Slide 18: Example 1: Statistical Analysis (1/3)

Core Concept: ”Complete program demonstrating array usage for statistical calcu-
lations: read data, compute mean, variance, min, max. Shows modular design with
functions.”

Program Overview:

• Read SIZE numbers into array.

• Functions for: reading data, computing mean, variance, min/max.

• Use const for read-only array parameters.

• Multiple results: some via return value, some via pointers.

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

4 // Function prototypes
5 void read_data(double data[], int n);
6 double compute_mean(const double data[], int n);
7 double compute_variance(const double data[],
8 int n, double mean);
9 void find_min_max(const double data[], int n,

10 double *min, double *max);
11

12 int main(void) {
13 double values[SIZE];
14 double mean, variance, min, max;
15

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

19 mean = compute_mean(values, SIZE);
20 variance = compute_variance(values,
21 SIZE, mean);
22 find_min_max(values, SIZE, &min, &max);
23

24 printf("\nStatistical Analysis:\n");
25 printf("Mean: %.2f\n", mean);
26 printf("Variance: %.2f\n", variance);
27 printf("Minimum: %.2f\n", min);
28 printf("Maximum: %.2f\n", max);
29

30 return 0;
31 }
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Design Notes:

• #define SIZE for easy configuration.

• Array values stores dataset.

• Functions process entire array.

• min/max returned via pointers (can’t return two values directly).
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6.2 Slide 19: Example 1: Statistical Analysis (2/3)

Function Definitions:
1 // Read array data from user
2 void read_data(double data[], int n) {
3 for (int i = 0; i < n; i++) {
4 printf("Value %d: ", i+1);
5 scanf("%lf", &data[i]);
6 }
7 }
8

9 // Compute mean (average)
10 double compute_mean(const double data[],
11 int n) {
12 double sum = 0.0;
13 for (int i = 0; i < n; i++) {
14 sum += data[i];
15 }
16 return sum / n;
17 }
18

19 // Compute variance
20 double compute_variance(const double data[],
21 int n, double mean) {
22 double sum_sq = 0.0;
23 for (int i = 0; i < n; i++) {
24 double diff = data[i] - mean;
25 sum_sq += diff * diff;
26 }
27 return sum_sq / n;
28 }

Key Implementation Details:

• read_data: Simple loop with prompt.

• compute_mean: Straightforward sum and division.

• compute_variance: Needs mean pre-computed (passed as parameter).

• Use const in compute_mean and compute_variance since they don’t modify array.

Student Exercise: Modify read_data to validate input (ensure numbers, not letters).
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6.3 Slide 20: Example 1: Statistical Analysis (3/3)

Function Definitions Continued:
1 // Find min and max
2 void find_min_max(const double data[], int n,
3 double *min, double *max) {
4 *min = data[0];
5 *max = data[0];
6 for (int i = 1; i < n; i++) {
7 if (data[i] < *min) *min = data[i];
8 if (data[i] > *max) *max = data[i];
9 }

10 }

Key Points from Example:

• Array stores dataset: Centralized data storage.

• Functions process entire array: Modular, testable.

• const for read-only access: Safety and clarity.

• Multiple results via pointers: min/max returned through parameters.

• Modular design: Each function has single responsibility.

Extensible Design:

• Add median calculation.

• Add standard deviation (sqrt of variance).

• Add sorting function.

• Add histogram display.

Sample Output:
1 Enter 10 numbers:
2 Value 1: 12.5
3 Value 2: 8.3
4 ...
5 Statistical Analysis:
6 Mean: 15.23
7 Variance: 25.67
8 Minimum: 8.30
9 Maximum: 24.10

Student Exercise: Add function to compute median and mode.
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6.4 Slide 21: Example 2: Matrix Operations (1/4)

Core Concept: ”2D arrays naturally represent matrices. This example implements
matrix addition and multiplication, demonstrating nested loops and function design for
2D arrays.”

Program Features:

• Read two matrices from user.

• Add matrices (element-wise).

• Multiply matrices (dot product).

• Print matrices nicely.

Complete Code (Part 1 – Prototypes and Main):
1 #include <stdio.h>
2 #define ROWS 3
3 #define COLS 3
4

5 // Function prototypes
6 void read_matrix(int mat[][COLS], int rows);
7 void print_matrix(const int mat[][COLS],
8 int rows);
9 void add_matrices(const int a[][COLS],

10 const int b[][COLS],
11 int result[][COLS], int rows);
12 void multiply_matrices(const int a[][COLS],
13 const int b[][COLS],
14 int result[][COLS],
15 int rows);
16

17 int main(void) {
18 int A[ROWS][COLS], B[ROWS][COLS];
19 int sum[ROWS][COLS], product[ROWS][COLS];
20

21 printf("Enter matrix A (%dx%d):\n",
22 ROWS, COLS);
23 read_matrix(A, ROWS);
24

25 printf("Enter matrix B (%dx%d):\n",
26 ROWS, COLS);
27 read_matrix(B, ROWS);
28

29 // Matrix addition
30 add_matrices(A, B, sum, ROWS);
31 printf("\nA + B:\n");
32 print_matrix(sum, ROWS);
33

34 // Matrix multiplication
35 multiply_matrices(A, B, product, ROWS);
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36 printf("\nA * B:\n");
37 print_matrix(product, ROWS);
38

39 return 0;
40 }

Design Note: Functions must specify column size (COLS) in parameters.
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6.5 Slide 22: Example 2: Matrix Operations (2/4)

Function Definitions (Input/Output):
1 // Read matrix from user
2 void read_matrix(int mat[][COLS], int rows) {
3 for (int i = 0; i < rows; i++) {
4 printf("Row %d: ", i+1);
5 for (int j = 0; j < COLS; j++) {
6 scanf("%d", &mat[i][j]);
7 }
8 }
9 }

10

11 // Print matrix
12 void print_matrix(const int mat[][COLS],
13 int rows) {
14 for (int i = 0; i < rows; i++) {
15 for (int j = 0; j < COLS; j++) {
16 printf("%d\t", mat[i][j]);
17 }
18 printf("\n");
19 }
20 }

Key Points:

• read_matrix: Nested loops for rows and columns.

• print_matrix: Uses \t for tab alignment.

• const in print_matrix since it doesn’t modify.

• Column size COLS must match declaration.

Student Exercise: Add validation to ensure matrix elements are within reasonable
range.
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6.6 Slide 23: Example 2: Matrix Operations (3/4)

Function Definitions (Matrix Operations):
1 // Matrix addition: element-wise
2 void add_matrices(const int a[][COLS],
3 const int b[][COLS],
4 int result[][COLS], int rows) {
5 for (int i = 0; i < rows; i++) {
6 for (int j = 0; j < COLS; j++) {
7 result[i][j] = a[i][j] + b[i][j];
8 }
9 }

10 }
11

12 // Matrix multiplication: dot product
13 void multiply_matrices(const int a[][COLS],
14 const int b[][COLS],
15 int result[][COLS],
16 int rows) {
17 for (int i = 0; i < rows; i++) {
18 for (int j = 0; j < COLS; j++) {
19 result[i][j] = 0;
20 // Dot product: sum of a[i][k] * b[k][j]
21 for (int k = 0; k < COLS; k++) {
22 result[i][j] += a[i][k] * b[k][j];
23 }
24 }
25 }
26 }

Matrix Math Explained:

• Addition: Element-wise: C[i][j] = A[i][j] + B[i][j].

• Multiplication: Dot product: C[i][j] = Σ A[i][k] * B[k][j].

• Triple nested loop for multiplication: O(n3) time complexity.

• For square matrices only in this example.

Extensions Possible:

• Matrix transpose.

• Determinant calculation.

• Matrix inversion (advanced).

• Identity matrix generation.

Student Exercise: Write function for matrix subtraction and scalar multiplication.
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6.7 Slide 24: Example 2: Matrix Operations (4/4)

Sample Input/Output and Performance Considerations

Sample Input/Output:
1 Enter matrix A (3x3):
2 Row 1: 1 2 3
3 Row 2: 4 5 6
4 Row 3: 7 8 9
5 Enter matrix B (3x3):
6 Row 1: 9 8 7
7 Row 2: 6 5 4
8 Row 3: 3 2 1
9

10 A + B:
11 10 10 10
12 10 10 10
13 10 10 10
14

15 A * B:
16 30 24 18
17 84 69 54
18 138 114 90

Performance Analysis:

• Addition: O(n2) – two nested loops.

• Multiplication: O(n3) – three nested loops.

• For large matrices:

– Cache blocking (tiling) for better cache usage.

– Parallel processing (multi-threading).

– Specialized libraries (BLAS, LAPACK).

Applications:

• Graphics transformations (rotation, scaling).

• Scientific computing (linear systems).

• Machine learning (neural networks).

• Economics models (input-output analysis).

Student Takeaway: 2D arrays are perfect for matrix operations. Understand time
complexity as matrix size grows.
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6.8 Slide 25: Example 3: Searching and Sorting (1/5)

Core Concept: ”Classic computer science algorithms: linear search, binary search,
bubble sort, selection sort. Demonstrates array processing for fundamental operations.”

Program Overview:

• Fill array with random numbers.

• Linear search (works on any array).

• Sort array using bubble sort.

• Binary search (requires sorted array).

• Compare algorithms.

Complete Code (Part 1 – Prototypes and Main):
1 #include <stdio.h>
2 #include <stdlib.h> // for rand()
3 #define SIZE 10
4

5 // Function prototypes
6 void fill_random(int arr[], int n, int max);
7 int linear_search(const int arr[], int n,
8 int key);
9 int binary_search(const int arr[], int n,

10 int key);
11 void bubble_sort(int arr[], int n);
12 void selection_sort(int arr[], int n);
13 void print_array(const int arr[], int n);
14

15 int main(void) {
16 int numbers[SIZE];
17 int key, position;
18

19 // Fill with random numbers 1-100
20 fill_random(numbers, SIZE, 100);
21

22 printf("Original array:\n");
23 print_array(numbers, SIZE);
24

25 // Linear search
26 printf("\nEnter number to search: ");
27 scanf("%d", &key);
28 position = linear_search(numbers, SIZE, key);
29 if (position != -1) {
30 printf("Found at index %d\n", position);
31 } else {
32 printf("Not found\n");
33 }
34
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35 // Sort and search again
36 printf("\nSorting array...\n");
37 bubble_sort(numbers, SIZE);
38 printf("Sorted array:\n");
39 print_array(numbers, SIZE);
40

41 // Binary search (requires sorted)
42 printf("\nEnter number to search: ");
43 scanf("%d", &key);
44 position = binary_search(numbers, SIZE, key);
45 if (position != -1) {
46 printf("Found at index %d\n", position);
47 } else {
48 printf("Not found\n");
49 }
50

51 return 0;
52 }

Design: Shows same array processed by multiple algorithms.
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6.9 Slide 26: Example 3: Searching and Sorting (2/5)

Utility Functions and Linear Search:
1 // Fill array with random numbers
2 void fill_random(int arr[], int n, int max) {
3 for (int i = 0; i < n; i++) {
4 arr[i] = rand() % max + 1;
5 }
6 }
7

8 // Print array
9 void print_array(const int arr[], int n) {

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

16 // Linear search: O(n)
17 int linear_search(const int arr[], int n,
18 int key) {
19 for (int i = 0; i < n; i++) {
20 if (arr[i] == key) {
21 return i; // Found
22 }
23 }
24 return -1; // Not found
25 }

Linear Search Characteristics:

• Time complexity: O(n) – worst case checks all elements.

• Works on any array: Sorted or unsorted.

• Simple implementation: Straightforward loop.

• Inefficient for large n: But fine for small arrays.

Binary Search (Requires Sorted Array):
1 // Binary search: O(log n)
2 int binary_search(const int arr[], int n,
3 int key) {
4 int low = 0, high = n - 1;
5

6 while (low <= high) {
7 int mid = (low + high) / 2;
8

9 if (arr[mid] == key) {
10 return mid; // Found
11 } else if (arr[mid] < key) {
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12 low = mid + 1; // Search right half
13 } else {
14 high = mid - 1; // Search left half
15 }
16 }
17 return -1; // Not found
18 }

Binary Search Characteristics:

• Time complexity: O(log n) – much faster than linear.

• Requires sorted array: Must be sorted ascending.

• Divide and conquer: Halves search space each step.

Student Exercise: Implement recursive binary search.
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Sorting Algorithms: Bubble Sort
1 // Bubble sort: O($n^2$)
2 void bubble_sort(int arr[], int n) {
3 for (int i = 0; i < n-1; i++) {
4 for (int j = 0; j < n-i-1; j++) {
5 if (arr[j] > arr[j+1]) {
6 // Swap arr[j] and arr[j+1]
7 int temp = arr[j];
8 arr[j] = arr[j+1];
9 arr[j+1] = temp;

10 }
11 }
12 }
13 }

Bubble Sort Explained:

• Compare adjacent elements: Pairwise comparison.

• Swap if wrong order: Larger elements ”bubble up” to end.

• Passes: After i passes, last i elements are sorted.

• Time complexity: O(n2) worst and average case.

• Space complexity: O(1) – in-place sorting.

Visualization:

Pass 1: [5, 3, 8, 1] → [3, 5, 1, 8] → [3, 1, 5, 8] → [1, 3, 5, 8]

Selection Sort:
1 // Selection sort: O($n^2$)
2 void selection_sort(int arr[], int n) {
3 for (int i = 0; i < n-1; i++) {
4 int min_idx = i;
5 for (int j = i+1; j < n; j++) {
6 if (arr[j] < arr[min_idx]) {
7 min_idx = j;
8 }
9 }

10 if (min_idx != i) {
11 int temp = arr[i];
12 arr[i] = arr[min_idx];
13 arr[min_idx] = temp;
14 }
15 }
16 }

Selection Sort Explained:
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• Find minimum: Scan unsorted portion for smallest element.

• Swap to front: Move minimum to sorted portion.

• Time complexity: O(n2) but fewer swaps than bubble sort.

• Good for small arrays or when writes are expensive.

Student Exercise: Implement insertion sort and compare.
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Algorithm Comparison and Advanced Sorting

Algorithm Comparison Table:
Algorithm Time Complexity Space Notes
Linear Search O(n) O(1) Works on any array
Binary Search O(log n) O(1) Requires sorted array
Bubble Sort O(n2) O(1) Simple, educational
Selection Sort O(n2) O(1) Fewer swaps

Advanced Sorting Algorithms (Mentioned):

• QuickSort: O(n log n) average, O(n2) worst-case. Divide and conquer, in-place.

• MergeSort: O(n log n) worst-case. Stable, requires extra memory.

• HeapSort: O(n log n). In-place, not stable.

• More efficient but more complex to implement.

When to Use Which:

• Small arrays (n < 50): Bubble/Selection/Insertion sort fine.

• Medium arrays: Insertion sort for nearly sorted data.

• Large arrays: QuickSort/MergeSort/HeapSort.

• External sorting (data on disk): MergeSort variants.

• Stability needed: MergeSort, Insertion sort.

Standard Library Function:
1 #include <stdlib.h>
2 // qsort - already available
3 void qsort(void *base, size_t nmemb, size_t size,
4 int (*compar)(const void *, const void *));

Student Advice: For production code, use library functions like qsort(). Implement
sorting algorithms for learning purposes.
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Sample Output and Practical Notes

Sample Output:
1 Original array:
2 42 17 89 23 56 91 34 78 12 65
3

4 Enter number to search: 56
5 Found at index 4
6

7 Sorting array...
8 Sorted array:
9 12 17 23 34 42 56 65 78 89 91

10

11 Enter number to search: 78
12 Found at index 7

Practical Notes:

• Standard library has qsort(): Use it for real programs.

• Learning algorithms helps understand efficiency: Important for choosing
right tool.

• Choose algorithm based on data characteristics: Size, already sortedness,
stability needs.

• Test with different data sets: Random, sorted, reverse sorted, nearly sorted.

Key Learning Points:

1. Arrays are ideal for storing data to be searched/sorted.

2. Linear search simple but slow for large n.

3. Binary search fast but requires sorted array.

4. Sorting enables efficient searching but has cost.

5. Trade-offs: time vs. space, simplicity vs. efficiency.

Student Exercise: Time different sorting algorithms on arrays of various sizes using
clock() from <time.h>.
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7 Common Errors and Pitfalls

7.1 Slide 30: Common Array Errors in C

Core Concept: ”Arrays have many pitfalls: declaration errors, index errors, function
errors, memory errors. Recognizing these helps prevent bugs.”

Declaration Errors:

1. Variable-length array in C89: int n=10; int arr[n]; not allowed in stan-
dard C89.

2. Missing size in declaration: int arr[]; without initializer.

3. Size too large for stack: May cause stack overflow.

4. Assuming initialization to zero: Uninitialized arrays contain garbage.

Index Errors:

5. Index out of bounds: Accessing array[size] or negative index.

6. Off-by-one errors: Using <= instead of < in loops.

7. Negative indices: Not allowed (unless using pointer trickery).

8. Using wrong index order in 2D: array[col][row] instead of array[row][col].

Function Errors:

9. Forgetting to pass size: Function can’t determine array size.

10. Modifying const array: Compiler error.

11. Returning pointer to local array: Dangling pointer.

12. Wrong array dimensions in parameters: Missing column size for 2D.

Memory Errors:

• Stack overflow with large arrays: Large local arrays exceed stack size.

• Assuming contiguous allocation: Usually true but not guaranteed for VLAs.

• Buffer overflow in string operations: strcpy without bounds check.

• Not checking array bounds: Leading to security vulnerabilities.

Student Exercise: For each error type, write an example that demonstrates the error.
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Concrete Examples of Common Errors
1 // 1. Out of bounds
2 int arr[5];
3 for (int i = 0; i <= 5; i++) { // Should be i < 5
4 arr[i] = i * 2; // arr[5] is invalid!
5 }
6

7 // 2. Wrong initialization assumption
8 int data[10];
9 printf("%d\n", data[0]);

10 // Garbage, not 0!
11

12 // 3. Missing size in parameter
13 void process(int arr[]) {
14 for (int i = 0; i < ???; i++) {
15 // How many elements?
16 }
17 }
18

19 // 4. Returning local array
20 int* bad_function(void) {
21 int local[10];
22 return local; // ERROR: local destroyed!
23 }
24

25 // 5. Wrong 2D array parameter
26 void print(int mat[][]) { // ERROR: need column size
27 }
28

29 // 6. Array size confusion
30 int main(void) {
31 int numbers[] = {1, 2, 3};
32 int size = sizeof(numbers);
33 // Bytes, not elements!
34

35 // Correct:
36 int elements = sizeof(numbers) /
37 sizeof(numbers[0]);
38 }
39

40 // 7. Buffer overflow
41 char name[10];
42 scanf("%s", name);
43 // User could enter more than 9 chars!
44

45 // 8. Assuming row-major when column-major needed
46 // (In some libraries/APIs)
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How to Fix These:

1. Change loop to i < 5.

2. Initialize array: int data[10] = {0};

3. Pass size parameter: void process(int arr[], int n).

4. Allocate dynamically or pass pre-allocated array.

5. Specify column size: void print(int mat[][COLS]).

6. Use sizeof(array)/sizeof(array[0]) for element count.

7. Use scanf("%9s", name) or fgets.

8. Know your library’s storage order.
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7.3 Slide 32: Debugging Array Problems

Core Concept: ”Systematic debugging techniques for array problems: printing, asser-
tions, testing, prevention.”

Debugging Techniques:

1. Print array contents after each operation: See how values change.

2. Check indices with assertions: assert(index >= 0 && index < size);

3. Use debugger watchpoints: Monitor specific memory addresses.

4. Test with small, known arrays: Easy to verify manually.

5. Add boundary checks manually: In development code, add extra validation.

Prevention Strategies:

• Always validate indices: Especially from user input.

• Use symbolic constants for sizes: #define MAX 100.

• Initialize arrays explicitly: Avoid garbage values.

• Comment array purposes and sizes: Documentation helps.

• Test edge cases: Empty array, single element, full array.

Common Fixes:

• Change <= to < in loops.

• Pass array size to functions.

• Use #define for array sizes.

• Add bounds checking code.

• Use const for read-only arrays.

• Consider dynamic allocation for large arrays (next week).

Tools for Debugging:

• Compiler warnings: -Wall -Wextra -Werror.

• Static analyzers: Clang Static Analyzer, Coverity.

• Address sanitizers: -fsanitize=address.

• Valgrind: Detects memory errors.

• Debuggers with array visualization: GDB, IDE debuggers.

Student Practice: Take buggy array code, apply these techniques to find and fix errors.
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8 Character Arrays (Strings)

8.1 Slide 33: Character Arrays as Strings (1/2)

Core Concept: ”Strings in C are character arrays terminated by null character \0.
Understanding this is crucial for string manipulation.”

Strings in C:

• Character arrays: Array of char.

• Null-terminated: Last character must be \0.

• String length excludes null: strlen("Hello") returns 5.

• Array size must accommodate null: For ”Hello”, need at least 6 chars.

Declaration and Initialization:
1 // As character array
2 char name[20];
3 // Can hold up to 19 chars + null
4

5 // With initializer (automatically null-terminated)
6 char greeting[] = "Hello";
7 // Size = 6 (5 chars + null)
8

9 // Equivalent character array
10 char greeting[] = {'H','e','l','l','o','\0'};

String Literals:
1 char *ptr = "Hello"; // String literal in read-only memory
2 ptr[0] = 'h'; // ERROR: Undefined behavior (modification attempt)

String literals are stored in read-only memory; attempting modification causes undefined
behavior.

String Input:
1 char name[50];
2

3 // Unsafe (no bounds check)
4 scanf("%s", name);
5 // Stops at whitespace
6

7 // Better (with limit)
8 scanf("%49s", name);
9 // Max 49 chars + null

10

11 // Best (includes spaces)
12 fgets(name, sizeof(name), stdin);
13 // Keeps newline if space
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14

15 // Remove newline if present
16 size_t len = strlen(name);
17 if (len > 0 && name[len-1] == '\n') {
18 name[len-1] = '\0';
19 }

String Output:
1 printf("Name: %s\n", name);
2 puts(name); // Adds newline automatically

Student Exercise: Write program to read full name (with spaces) and print it.
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8.2 Slide 34: Character Arrays as Strings (2/2)

Core Concept: ”String functions from string.h and array of strings (2D char array).
Emphasize buffer overflow dangers.”

String Functions Preview (from string.h):
1 #include <string.h>
2

3 char str1[20] = "Hello";
4 char str2[20];
5

6 // Copy
7 strcpy(str2, str1);
8 // str2 = "Hello" (including null)
9

10 // Length
11 int len = strlen(str1); // 5
12

13 // Compare
14 if (strcmp(str1, "Hello") == 0) {
15 // Equal
16 }
17

18 // Concatenate
19 strcat(str1, " World");
20 // str1 = "Hello World" (must have enough space)

Buffer Overflow Warning:
1 char small[5];
2 strcpy(small, "Hello World");
3 // OVERFLOW! Undefined behavior
4

5 // Safer:
6 strncpy(small, "Hello World", sizeof(small)-1);
7 small[sizeof(small)-1] = '\0';
8 // Ensure null termination

Array of Strings (2D char array):
1 // 2D char array: 5 names, each up to 49 chars
2 char names[5][50];
3

4 // Initialize array of strings
5 char days[7][10] = {
6 "Sunday", "Monday", "Tuesday",
7 "Wednesday", "Thursday",
8 "Friday", "Saturday"
9 };

10

11 // Access
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12 printf("First day: %s\n", days[0]);
13 printf("Third character of second day: %c\n",
14 days[1][2]);

Key Points:

• strcpy, strcat are dangerous without bounds checking.

• Use strncpy, strncat with explicit limits.

• Array of strings is 2D char array; each row is a string.

Student Exercise: Write function to find longest string in array of strings.
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9 Best Practices

9.1 Slide 35: Array Best Practices (1/2)

Core Concept: ”Following best practices makes array code safer, more readable, and
maintainable.”

Declaration Best Practices:

• Use symbolic constants for sizes: #define MAX_STUDENTS 100.

• Choose meaningful array names: scores not arr.

• Comment array purpose: Explain what data it holds.

• Consider maximum needed size: Allocate enough but avoid waste.

• Initialize when possible: Prevent garbage values.

Access Best Practices:

• Always validate indices: Especially from external input.

• Use for loops with i < n: Clear pattern.

• Consider bounds checking functions: Wrapper functions that validate.

• Watch for off-by-one errors: Test edge cases.

• Test with edge cases: Empty, single element, full array.

Function Best Practices:

• Pass size along with array: Essential for loops.

• Use const for read-only arrays: Safety and documentation.

• Document array requirements: Preconditions in comments.

• Consider error return values: E.g., -1 for not found.

Memory Best Practices:

• Be aware of stack limits: Large arrays may cause overflow.

• For large data, consider dynamic allocation: malloc (next week).

• Know your array sizes: Keep track of dimensions.

• Check sizeof when needed: But understand its limitations.

• Avoid buffer overflows: Use safe string functions.

Student Checklist: Review your array code against these practices.
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9.2 Slide 36: Array Best Practices (2/2)

Multi-dimensional Array Best Practices:

• Use clear row/column names: row, col not i, j if ambiguous.

• Document array dimensions: Comment /* 3x4 matrix */.

• Consider 1D with indexing for large arrays: May be more efficient.

• Be consistent with indexing order: matrix[row][col] always.

• Test with small matrices first: Verify logic before scaling.

Testing Best Practices:

• Test empty arrays: Size 0 edge case.

• Test single element arrays: Minimal case.

• Test full arrays: At capacity.

• Test with invalid indices: Ensure proper error handling.

• Test boundary conditions: 0, size-1, size.

Key Principles:

• Use #define for sizes, not magic numbers: #define SIZE 10 not int arr[10];.

• Always pass array size to functions: No exceptions.

• Use const to prevent accidental modifications: When function shouldn’t
change array.

• Test edge cases thoroughly: Bugs often at boundaries.

• Document array dimensions and purposes: Future you will thank you.

For Large Arrays:

• Be aware of stack limits: Typically 1MB for local variables.

• Consider heap allocation: malloc for large arrays.

• Monitor memory usage: Profile if needed.

• Profile performance: Ensure algorithms scale.

• Consider alternative data structures: Linked list, tree, hash table if appropri-
ate.

Student Exercise: Refactor a program using arrays to follow all these best practices.



9.3 Slide 37: When to Use Arrays vs Other Structures 53

9.3 Slide 37: When to Use Arrays vs Other Structures

Core Concept: ”Arrays are ideal for certain scenarios but have limitations. Know when
to use arrays and when to consider alternatives.”

Use Arrays When:

• Fixed number of elements: Size known at compile time or fixed maximum.

• Same data type: Homogeneous elements.

• Random access needed: Access any element in O(1) time.

• Memory efficiency critical: Arrays have minimal overhead.

• Simple data structure suffices: No complex relationships.

• Size known at compile time: For static allocation.

Examples Perfect for Arrays:

• Days in month: Fixed 12 elements.

• Student grades: Fixed class size.

• Image pixels: Fixed resolution.

• Matrix elements: Fixed dimensions.

• Lookup tables: Precomputed values.

• Game board: Fixed grid size.

Consider Alternatives When:

• Variable number of elements: Linked list, dynamic array.

• Mixed data types: Structure (struct).

• Frequent insertions/deletions: Linked list (arrays require shifting).

• Unknown size at compile time: Dynamic allocation (malloc).

• Key-value pairs: Hash table.

• Hierarchical data: Tree.

Limitations of Arrays:

• Fixed size (in standard C): Cannot grow/shrink easily.

• Insertion/deletion expensive: Require shifting elements.

• Memory waste if underutilized: Allocated but unused.

• Contiguous memory requirement: May not find large block.

• No bounds checking: Programmer responsibility.

Next Week Preview: Pointers enable dynamic arrays (malloc/realloc) and more flex-
ible data structures.
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Student Exercise: For each scenario, decide: array or other structure? a) Shopping
list, b) Dictionary, c) Family tree, d) Chess board.
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10 Summary and Next Steps

10.1 Slide 38: What We’ve Learned Today

Core Concept: ”Today we learned to organize data into collections using arrays, a
fundamental skill for handling real-world datasets.”

Array Fundamentals:

• Declaration and initialization: Syntax, rules, memory layout.

• Indexing (starting at 0): Critical C convention.

• Memory layout (contiguous): Enables efficient access.

• Array size and sizeof: How to determine size.

• Out-of-bounds dangers: Undefined behavior, security risks.

Array Processing:

• Looping through arrays: Natural partnership with for loops.

• Passing arrays to functions: Array decay to pointers.

• const qualifier: For read-only safety.

• Modifying arrays in functions: Functions can change original data.

Multi-dimensional Arrays:

• 2D arrays as tables/matrices: Row and column indices.

• Row-major memory order: Understanding storage layout.

• Nested loops for processing: Outer for rows, inner for columns.

• Passing to functions (column size needed): Compiler requirement.

• Higher dimensions (3D+): Possible but less common.

Applications:

• Statistical calculations: Mean, variance, min, max.

• Matrix operations: Addition, multiplication.

• Searching algorithms: Linear and binary search.

• Sorting algorithms: Bubble sort, selection sort.

• Character arrays (strings): Null-terminated arrays.

Programming Skills Gained:

• Handling data collections: Store and process multiple values.

• Writing array-processing functions: Modular, reusable code.

• Debugging array errors: Off-by-one, bounds checking.
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• Choosing appropriate data structures: Arrays vs alternatives.

• Writing efficient array code: Cache-aware, minimal overhead.

Student Self-Assessment:

1. Can you declare and initialize arrays of different types?

2. Can you write loops to process array elements?

3. Can you pass arrays to functions correctly?

4. Can you explain why array indices start at 0?

5. Can you identify and fix common array errors?
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10.2 Slide 39: Practice Exercises for Next Week

Core Concept: ”Practice is essential to master arrays. These exercises range from basic
to advanced and prepare for next topic: pointers.”

Beginner Exercises:

1. Array input/output with validation: Read N numbers, print them, validate
indices.

2. Find min, max, average of array: Implement functions.

3. Reverse an array: In-place reversal algorithm.

4. Count occurrences of value in array: Linear search counting.

Intermediate Exercises:

5. Matrix addition and multiplication: For NxN matrices.

6. Bubble sort implementation: Sort array of integers.

7. Linear and binary search: Compare performance.

8. Remove duplicates from sorted array: In-place removal.

Advanced Exercises:

9. Matrix transpose and determinant: For 3x3 matrix.

10. Merge two sorted arrays: Into third sorted array.

11. Find missing number in array 1..n: Using formula or XOR.

12. Implement simple histogram: Count frequency of values.

How to Approach Exercises:

• Start small: Write one function at a time.

• Use symbolic constants: #define SIZE 10.

• Test edge cases: Empty, single element, duplicates.

• Compare with known results: Verify manually.

• Use debug prints: Trace array state.

Next Lecture Preview: Pointers

• Memory addresses: Understanding where data lives.

• Pointer arithmetic: Relationship with arrays.

• Pointers and arrays: How they’re deeply connected.

• Dynamic memory: malloc, free for flexible arrays.

Student Preparation: Solid understanding of arrays makes pointers much easier.
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10.3 Slide 40: Final Thoughts and Resources

Core Concept: ”Arrays are foundational. Master them well, as they appear in virtually
every non-trivial program.”

Common Pitfalls Recap:

• Off-by-one errors: Using <= instead of <.

• Forgetting null terminator in strings: Leads to buffer overflows.

• Out-of-bounds access: Undefined behavior, crashes.

• Assuming array initialization: Uninitialized arrays contain garbage.

• Passing arrays without size: Functions can’t determine size.

• Modifying string literals: Undefined behavior.

Debugging Tips Summary:

1. Print array after each operation: See changes.

2. Check indices with assertions: assert(index >= 0 && index < size);

3. Test with small arrays first: Easy verification.

4. Use debugger watchpoints: Monitor memory.

5. Add manual bounds checks: In development code.

Further Resources:

• Course website: Slides, example code, exercises.

• Book: K&R ”The C Programming Language” – Chapter 5 (Pointers and Arrays)
is next.

• Array visualization tools: Online animators for sorting/searching.

• Online practice platforms: LeetCode, HackerRank (array problems).

• Algorithm visualization sites: VisuAlgo, Sorting.at.

Key Takeaways:

• Arrays organize related data: Essential for collections.

• Loops process arrays efficiently: Natural combination.

• Functions can modify array contents: Because arrays decay to pointers.

• Multi-dimensional arrays for tables/grids: 2D arrays for matrices.

• Always be aware of array bounds: C won’t check for you.

Continued Learning Path:

• Next: Pointers – memory addresses, dynamic arrays.

• Then: Structures – grouping different data types.
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• Then: File I/O – reading/writing arrays to files.

• Then: Advanced data structures – built on arrays.

Final Advice:

• Practice with arrays daily: Build intuition.

• Read code with arrays: See different patterns.

• Don’t fear pointers: They’re arrays’ close relatives.

• Ask questions: When confused about array behavior.

Congratulations on completing Lecture 4! You now can handle collections of
data efficiently—a major milestone.
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