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Review and Introduction



What We’ve Learned & What’s Next

Last Week Recap:
Function definition and calling
Parameters and return values
Variable scope (local vs. global)
Recursion basics
Building modular programs

Limitation:
Variables store single values
Need collections for related data
Example: 100 student grades
Individual variables impractical

Today’s Focus: Arrays
Store multiple values of same type
Access elements using indices
Process collections efficiently
Multi-dimensional arrays
(matrices)
Arrays as function parameters

Goal Today

Organize data
into collections

Process data
efficiently with loops
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What are Arrays?



Arrays: Collections of Data

What are arrays?
Contiguous memory locations
Same data type (all int, all
double, etc.)
Single name, multiple values
Elements accessed by index
Index starts at 0 (important!)

Analogy:
Like a row of mailboxes
Same building (array name)
Numbered boxes (indices)
Each holds one item (value)
All boxes same size (type)

Why use arrays?
Organization: Group related data
Efficiency: Process with loops
Memory: Contiguous allocation
Flexibility: Handle variable
amounts
Standard: Foundation for data
structures

Examples
Student grades

Temperature readings
Pixel values in image
Characters in string
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Array Declaration and Initialization (1/4)

Array Declaration:
1 // Syntax : type name[size ];
2 int scores [10]; // 10

integers
3 double temps [365]; // 365

doubles
4 char letters [26]; // 26

characters

Array Initialization:
1 // At declaration with values
2 int primes [5] = {2, 3, 5, 7, 11};
3
4 // Partial initialization
5 int numbers [10] = {1, 2, 3};
6 // Rest are 0

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

Key Points:
Size must be constant expression
Cannot change size after
declaration
Uninitialized arrays contain
garbage values
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Array Declaration and Initialization (2/4)

Memory Layout Visualization:

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)

Arrays occupy contiguous memory locations
Element i address = base address + i × sizeof(type)
All elements have same data type
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Array Declaration and Initialization (3/4)

Common Errors:
1 // ERROR : Variable size (C89)
2 int n = 10;
3 int arr[n]; // Not allowed in

standard C89
4
5 // ERROR : Too many initializers
6 int nums [3] = {1, 2, 3, 4};
7 // Compiler error
8
9 // WARNING : No size specified

10 int values [];
11 // Error : incomplete type

Correct Examples:
1 // Using symbolic constants
2 # define MAX 100
3 int data[MAX ];
4
5 // Using const
6 const int SIZE = 50;
7 float measurements [SIZE ];
8
9 // Zero initialization

10 int zeros [10] = {0};
11 // All elements 0

Key Rule: Array sizes must be constant expressions at compile time
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Array Declaration and Initialization (4/4)

Best Practices:
Use symbolic constants for sizes
Initialize arrays when possible
Comment array purposes
Choose meaningful names
Consider maximum needed size

Array Size with sizeof:
1 int arr [5];
2 printf ("Size in bytes : %lu\n",
3 sizeof (arr));
4 // 5 * sizeof (int)
5
6 printf (" Number of elements : %lu\n",
7 sizeof (arr) / sizeof (arr [0]));
8 // 5 elements

Important Notes about sizeof:
sizeof operator gives size in bytes
Divide by element size to get element count
Works only in the scope where array is declared
Arrays decay to pointers when passed to functions
sizeof on pointer gives pointer size, not array size
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Accessing Array Elements



Array Indices and Access (1/3)
Array Indices:

Start at 0 (not 1!)
End at size-1
Access with array[index]
Index must be integer
Out-of-bounds access: 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
10 scores [3] += 5; // Increment

fourth element

Critical: Out-of-Bounds
1 int arr [5];
2 arr [5] = 10; // ERROR : Index 5 doesn

't exist !
3 arr [ -1] = 20; // ERROR : Negative

index !

No bounds checking in C. Program
may crash or behave unpredictably.

Consequences:
Memory corruption
Program crashes
Security vulnerabilities
Unpredictable behavior
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Array Indices and Access (2/3)
Visual Representation of Array Indices:

scores[0]
85

Element 0

scores[1]
90

Element 1

scores[2]
78

Element 2

scores[3]
92

Element 3

scores[4]
88

Element 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)

Each element has a unique index starting from 0
Valid indices: 0 to (array size - 1)
Accessing outside this range causes undefined behavior
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Array Indices and Access (3/3)
Using Variables as Indices:

1 int data [100];
2 int index ;
3
4 // Get index from user
5 printf (" Enter index (0 -99): ");
6 scanf ("%d", & index );
7
8 // IMPORTANT : Validate index !
9 if ( index >= 0 && index < 100) {

10 printf (" Value : %d\n", data[ index ]);
11 } else {
12 printf (" Invalid index !\n");
13 }

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 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
16 // Using while loop
17 int i = 0;
18 while (i < n) {
19 process ( array [i]);
20 i++;
21 }

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

9 / 40



Arrays and Functions



Passing Arrays to Functions (1/3)
Key Concept:

Arrays "decay" to pointers
Function receives address of first
element
Not the entire array
Size must be passed separately
Modifications affect original array

Function Syntax:
1 // Array parameter (size unknown )
2 void process (int arr [], int size) {
3 for (int i = 0; i < size; i++) {
4 arr[i] *= 2; // Modify

original
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:
Array name = address of first
element
numbers = &numbers[0]
Don’t use & when passing arrays
Function can modify original array
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Passing Arrays to Functions (2/3)

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

Const Qualifier:
const prevents modification
Use when function shouldn’t
modify array
Compiler enforces this
Good practice for read-only access
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Passing Arrays to Functions (3/3)
Returning Arrays:

Cannot return entire array
Can return pointer to array
But don’t return pointer to local
array!
Better: pass array to be filled

Common Pattern:
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:
Always pass array size as separate
parameter
Use const for read-only arrays
Arrays decay to pointers when
passed
sizeof doesn’t work on array
parameters
Document who
allocates/deallocates memory

Bad Practice Example:
1 int* create_local_array (void) {
2 int arr [10]; // Local array
3 // ... fill array ...
4 return arr; // WRONG : arr

destroyed
5 } // when function

returns
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Multi-dimensional Arrays



Two-dimensional Arrays (1/3)

2D Arrays:
Arrays of arrays
Represent tables, matrices, grids
Two indices: row and column
Memory: row-major order

Declaration:
1 // Syntax : type name[rows ][ cols ];
2 int matrix [3][4]; // 3 rows , 4

columns
3 double grid [10][10]; // 10 x10 grid
4 char board [8][8]; // Chess

board

Initialization:
1 // Full initialization
2 int table [2][3] = {
3 {1, 2, 3}, // Row 0
4 {4, 5, 6} // Row 1
5 };
6
7 // Flattened (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
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Two-dimensional Arrays (2/3)
Memory Layout Visualization: Row-major Order

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

Co
nt

in
ui

ty

Row-major order: All elements of row 0 stored consecutively,
followed by all elements of row 1 (assuming int = 4 bytes)
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Two-dimensional Arrays (3/3)
Accessing Elements:

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 // Partial initialization
8 int scores [4][5] = {0}; // All zeros

Passing 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: Must specify column size
in function parameter. Row size can be
variable.
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Higher-dimensional Arrays (1/2)

3D Arrays:
1 // 3D: like a cube
2 int cube [3][3][3];
3
4 // Access
5 cube [0][1][2] = 10;
6
7 // Initialization
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:
Memory grows exponentially
Access patterns complex
Cache unfriendly
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Higher-dimensional Arrays (2/2)

Use Cases:
3D: Volumetric data, RGB images
4D+: Time series of 3D data
Rare beyond 3D in practice
Consider structures instead

Alternative Approach:
1 // 1D array as 3D
2 int data [27]; // 3x3x3 = 27
3 // Access : data[i*9 + j*3 + k]

Key Points:
2D arrays are common
3D appear in scientific computing
4D+ are rare
Manual indexing can be more
efficient
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Array Applications



Example 1: Statistical Analysis (1/3)

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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Example 1: Statistical Analysis (2/3)

1 // Read array data
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 // Compute variance
19 double compute_variance ( const double

data [],
20 int n, double

mean) {
21 double sum_sq = 0.0;
22 for (int i = 0; i < n; i++) {
23 double diff = data[i] - mean;
24 sum_sq += diff * diff;
25 }
26 return sum_sq / n;
27 }
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Example 1: Statistical Analysis (3/3)

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:
Array stores dataset
Functions process entire array
const for read-only access
Multiple results via pointers
Modular design

Extensible:
Add median calculation
Add standard deviation
Add sorting
Add histogram

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
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Example 2: Matrix Operations (1/4)

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);
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Example 2: Matrix Operations (2/4)

24 printf (" Enter matrix B (% dx%d):\n
",

25 ROWS , COLS);
26 read_matrix (B, ROWS);
27
28 // Matrix addition
29 add_matrices (A, B, sum , ROWS);
30 printf ("\nA + B:\n");
31 print_matrix (sum , ROWS);
32
33 // Matrix multiplication
34 multiply_matrices (A, B, product ,

ROWS);
35 printf ("\nA * B:\n");
36 print_matrix (product , ROWS);
37
38 return 0;
39 }

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 }

22 / 40



Example 2: Matrix Operations (3/4)

1 // Matrix addition
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
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
21 for (int k = 0; k < COLS; k

++) {

22 result [i][j] +=
a[i][k] * b[k][j];

23 }
24 }
25 }
26 }

Matrix Math:
Addition: element-wise
Multiplication: dot products
Result[i][j] = A[i][k] * B[k][j]
Triple nested loop for
multiplication

Extensions:
Matrix transpose
Determinant calculation
Matrix inversion
Identity matrix 23 / 40



Example 2: Matrix Operations (4/4)

Sample Input/Output:
1 Enter matrix A (3 x3):
2 Row 1: 1 2 3
3 Row 2: 4 5 6
4 Row 3: 7 8 9
5 Enter matrix B (3 x3):
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:
O(nš) for addition
O(nş) for multiplication
For large matrices:

Cache blocking
Parallel processing
Specialized libraries

Applications:
Graphics transformations
Scientific computing
Machine learning
Economics models
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Example 3: Searching and Sorting (1/5)

1 # include <stdio .h>
2 # define SIZE 10
3
4 // Function prototypes
5 void fill_random (int arr [], int n,

int max);
6 int linear_search ( const int arr [],

int n,
7 int key);
8 int binary_search ( const int arr [],

int n,
9 int key);

10 void bubble_sort (int arr [], int n);
11 void selection_sort (int arr [], int n)

;
12 void print_array ( const int arr [], int

n);

13 int main(void) {
14 int numbers [SIZE ];
15 int key , position ;
16
17 // Fill with random numbers 1 -100
18 fill_random (numbers , SIZE , 100);
19
20 printf (" Original array :\n");
21 print_array (numbers , SIZE);
22
23 // Linear search
24 printf ("\ nEnter number to search :

");
25 scanf ("%d", &key);
26 position = linear_search (numbers ,

SIZE , key);
27 if ( position != -1) {
28 printf (" Found at index %d\n",

position );
29 } else {
30 printf ("Not found \n");
31 }
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Example 3: Searching and Sorting (2/5)

32 // Sort and search again
33 printf ("\ nSorting array ...\n");
34 bubble_sort (numbers , SIZE);
35 printf (" Sorted array :\n");
36 print_array (numbers , SIZE);
37
38 // Binary search ( requires sorted

)
39 printf ("\ nEnter number to search :

");
40 scanf ("%d", &key);
41 position = binary_search (numbers ,

SIZE , key);
42 if ( position != -1) {
43 printf (" Found at index %d\n",

position );
44 } else {
45 printf ("Not found \n");
46 }
47
48 return 0;
49 }
50
51 // Fill array with random numbers
52 void fill_random (int arr [], int n,

int max) {

54 for (int i = 0; i < n; i++) {
55 arr[i] = rand () % max + 1;
56 }
57 }
58
59 // Print array
60 void print_array ( const int arr [], int

n) {
61 for (int i = 0; i < n; i++) {
62 printf ("%d ", arr[i]);
63 }
64 printf ("\n");
65 }
66
67 // Linear search : O(n)
68 int linear_search ( const int arr [],

int n,
69 int key) {
70 for (int i = 0; i < n; i++) {
71 if (arr[i] == key) {
72 return i; // Found
73 }
74 }
75 return -1; // Not found
76 }
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Example 3: Searching and Sorting (3/5)

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) {
12 low = mid + 1; // Search

right
13 } else {
14 high = mid - 1; // Search

left
15 }
16 }
17 return -1; // Not found
18 }

Search Algorithms:
Linear: Check each element
Works on any array
Simple but slow for large n

Binary: Divide and conquer
Requires sorted array
Much faster: O(log n)

1 // Bubble sort: O(nš)
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 int temp = arr[j];
7 arr[j] = arr[j+1];
8 arr[j+1] = temp;
9 }

10 }
11 }
12 }

Bubble Sort:
Compare adjacent elements
Swap if wrong order
Largest elements "bubble up"
O(n2) time complexity 27 / 40



Example 3: Searching and Sorting (4/5)

1 // Selection sort: O(nš)
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:
Find minimum, swap to front
Repeat for remaining elements
O(n2) but fewer swaps
Simple, good for small arrays

Algorithm Comparison:

Algorithm Time Space
Linear Search O(n) O(1)
Binary Search O(log n) O(1)
Bubble Sort O(n2) O(1)
Selection Sort O(n2) O(1)

Advanced Sorting:
QuickSort: O(n log n) average
MergeSort: O(n log n) worst-case
HeapSort: O(n log n)
More efficient but complex

28 / 40



Example 3: Searching and Sorting (5/5)
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

When to Use:
Small arrays: Bubble/Selection
OK
Medium arrays: Insertion Sort
Large arrays:
QuickSort/MergeSort
Nearly sorted: Insertion Sort
External data: MergeSort

Practical Notes:
Standard library has qsort()
For production, use library
functions
Learning algorithms helps
understand efficiency
Choose algorithm based on data
characteristics
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Common Errors and Pitfalls



Common Array Errors in C

Declaration Errors:
1 Variable-length array in C89
2 Missing size in declaration
3 Size too large for stack
4 Assuming initialization to zero

Index Errors:
5 Index out of bounds
6 Off-by-one errors (using <=

instead of <)
7 Negative indices
8 Using wrong index order in 2D

Function Errors:
9 Forgetting to pass size
10 Modifying const array
11 Returning pointer to local array
12 Wrong array dimensions in

parameters

Memory Errors:
Stack overflow with large arrays
Assuming contiguous allocation
Buffer overflow in string
operations
Not checking array bounds
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Array Error Examples

1 // 1. Out of bounds
2 int arr [5];
3 for (int i = 0; i <= 5; i++) { //

Should be <
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 // 5. Wrong 2D array parameter
25 void print (int mat [][]) { // ERROR :

need column size
26 }
27
28 // 6. Array size confusion
29 int main(void) {
30 int numbers [] = {1, 2, 3};
31 int size = sizeof ( numbers );
32 // Bytes , not elements !
33
34 // Correct :
35 int elements = sizeof ( numbers ) /
36 sizeof ( numbers [0])

;
37 }
38
39 // 7. Buffer overflow
40 char name [10];
41 scanf ("%s", name);
42 // User could enter more than 9 chars

!
43
44 // 8. Assuming row - major when column -

major needed
45 // (In some libraries /APIs)
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Debugging Array Problems

Debugging Techniques:
1 Print array contents after each

operation
2 Check indices with assertions
3 Use debugger watchpoints
4 Test with small, known arrays
5 Add boundary checks manually

Prevention:
Always validate indices
Use symbolic constants for sizes
Initialize arrays explicitly
Comment array purposes and sizes
Test edge cases (empty, single
element, full)

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

Tools:
Compiler with -Wall -Wextra
Static analyzers
Address sanitizers
Valgrind for memory errors
Debuggers with array visualization
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Character Arrays as Strings (1/2)
Strings in C:

Character arrays
Null-terminated (\0)
Last character must be \0
String length excludes null
terminator

Declaration:
1 // As character array
2 char name [20];
3 // Can hold up to 19 chars + null
4
5 // With initializer
6 char greeting [] = " Hello ";
7 // Size = 6 (5 chars + null)
8
9 // Equivalent to:

10 char greeting [] = {'H','e','l','l','o
','\0 '};

String Literals:
1 char *ptr = " Hello "; // Read -only!
2 ptr [0] = 'h'; // ERROR : Undefined

behavior

String literals are stored in read-only
memory.

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

10
11 // Best ( includes spaces )
12 fgets (name , sizeof (name), stdin );
13 // Keeps newline if space
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
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Character Arrays as Strings (2/2)
String Functions Preview:

1 # include <string .h>
2
3 char str1 [20] = " Hello ";
4 char str2 [20];
5
6 // Copy
7 strcpy (str2 , str1);
8 // str2 = " Hello "
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 "

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

5 // Safer :
6 strncpy (small , " Hello World ", sizeof (

small ) -1);
7 small [ sizeof ( small ) -1] = '\0 ';
8 // Ensure null termination

Array of Strings:
1 // 2D char array
2 char names [5][50];
3 // 5 names , each up to 49 chars
4
5 // Initialize
6 char days [7][10] = {
7 " Sunday ", " Monday ", " Tuesday ",
8 " Wednesday ", " Thursday ",
9 " Friday ", " Saturday "

10 };
11
12 // Access
13 printf (" First day: %s\n", days [0]);
14 printf (" Third character of second day

: %c\n",
15 days [1][2]) ;
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Array Best Practices (1/2)

Declaration:
Use symbolic constants for sizes
Choose meaningful array names
Comment array purpose
Consider maximum needed size
Initialize when possible

Access:
Always validate indices
Use for loops with i < n
Consider bounds checking
functions
Watch for off-by-one errors
Test with edge cases

Functions:
Pass size along with array
Use const for read-only arrays
Document array requirements
Consider error return values

Memory:
Be aware of stack limits
For large data, consider dynamic
allocation
Know your array sizes
Check sizeof when needed
Avoid buffer overflows
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Array Best Practices (2/2)
Multi-dimensional:

Use clear row/column names
Document array dimensions
Consider 1D with indexing for
large arrays
Be consistent with indexing order
Test with small matrices first

Testing:
Test empty arrays
Test single element arrays
Test full arrays
Test with invalid indices
Test boundary conditions

Key Principles:
Use #define for sizes, not magic
numbers
Always pass array size to functions
Use const to prevent accidental
modifications
Test edge cases thoroughly
Document array dimensions and
purposes

For Large Arrays:
Be aware of stack limits
Consider heap allocation
Monitor memory usage
Profile performance
Consider alternative data
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When to Use Arrays vs Other Structures
Use Arrays When:

Fixed number of elements
Same data type
Random access needed
Memory efficiency critical
Simple data structure suffices
Size known at compile time

Examples:
Days in month
Student grades
Image pixels
Matrix elements
Lookup tables
Game board

Consider Alternatives When:
Variable number of elements
Linked list
Mixed data types Structure
Frequent insertions/deletions
Linked list
Unknown size at compile time
Dynamic allocation
Key-value pairs Hash table
Hierarchical data Tree

Limitations of Arrays:
Fixed size (in standard C)
Insertion/deletion expensive
Memory waste if underutilized
Contiguous memory requirement
No bounds checking

Next Week: Pointers enable dynamic
arrays and more flexible data
structures.
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What We’ve Learned Today
Array Fundamentals:

Declaration and initialization
Indexing (starting at 0)
Memory layout (contiguous)
Array size and sizeof
Out-of-bounds dangers

Array Processing:
Looping through arrays
Passing arrays to functions
Array decay to pointers
const qualifier
Modifying arrays in functions

Multi-dimensional Arrays:
2D arrays as tables/matrices
Row-major memory order
Nested loops for processing

Passing to functions (column size
needed)
Higher dimensions (3D+)

Applications:
Statistical calculations
Matrix operations
Searching algorithms
Sorting algorithms
Character arrays (strings)

Programming Skills:
Handling data collections
Writing array-processing functions
Debugging array errors
Choosing appropriate data structures
Writing efficient array code
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Practice Exercises for Next Week

Beginner:
1 Array input/output with validation
2 Find min, max, average of array
3 Reverse an array
4 Count occurrences of value in

array

Intermediate:
5 Matrix addition and multiplication
6 Bubble sort implementation
7 Linear and binary search
8 Remove duplicates from sorted

array

Advanced:
9 Matrix transpose and determinant
10 Merge two sorted arrays
11 Find missing number in array 1..n
12 Implement simple histogram

Next Lecture:
Pointers
Memory addresses
Pointer arithmetic
Pointers and arrays
Dynamic memory
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Final Thoughts and Resources
Common Pitfalls:

Off-by-one errors
Forgetting null terminator in
strings
Out-of-bounds access
Assuming array initialization
Passing arrays without size
Modifying string literals

Debugging Tips:
Print array after each operation
Check indices with assertions
Test with small arrays first
Use debugger watchpoints
Add manual bounds checks

Further Resources:
Course website: Slides, examples
K&R "The C Programming
Language" (Chapter 5)
Array visualization tools
Online practice platforms
Algorithm visualization sites

Key Takeaways:
Arrays organize related data
Loops process arrays efficiently
Functions can modify array
contents
Multi-dimensional arrays for
tables/grids
Always be aware of array bounds
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