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Introduction to This Practice Session
This 2-hour practice session builds on the 1-hour session and explores more advanced
array concepts: searching algorithms, sorting, working with character arrays (strings),
and building complete programs with arrays. You’ll implement classic algorithms and
learn to process real data.

1 Review and Quick Start (15 minutes)

Tip/Note

Quick Review: Before diving into new material, let’s recall the basics:
• Arrays store multiple values of the same type in contiguous memory
• Indices start at 0, end at size-1
• Use loops to process arrays efficiently
• Pass arrays to functions with the array and its size
• 2D arrays use two indices: matrix[row][col]

Practice Activity
Warm-up: Array Statistics Program
Create a program that reads 10 numbers into an array and computes various statistics.
This will refresh your skills.

Instructions:
1. Create a file named array_stats.c
2. Read 10 integers from the user into an array
3. Write functions to compute:

• Sum and average
• Minimum and maximum
• Range (max - min)

4. Print all results in a formatted way

Starter Code:

1 #include <stdio.h>
2 #define SIZE 10
3

4 // Function prototypes
5 void read_array(int arr[], int n);
6 void print_array(const int arr[], int n);
7 int calculate_sum(const int arr[], int n);
8 int find_min(const int arr[], int n);
9 int find_max(const int arr[], int n);

10

11 int main() {
12 int numbers[SIZE];
13
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14 printf("Enter %d integers:\n", SIZE);
15 read_array(numbers, SIZE);
16

17 printf("\nYou entered: ");
18 print_array(numbers, SIZE);
19

20 int sum = calculate_sum(numbers, SIZE);
21 int min = find_min(numbers, SIZE);
22 int max = find_max(numbers, SIZE);
23 double average = (double)sum / SIZE;
24 int range = max - min;
25

26 printf("\n=== Statistics ===\n");
27 printf("Sum: %d\n", sum);
28 printf("Average: %.2f\n", average);
29 printf("Minimum: %d\n", min);
30 printf("Maximum: %d\n", max);
31 printf("Range: %d\n", range);
32

33 return 0;
34 }
35

36 // TODO: Implement all functions

Challenge:
Add a function to calculate the median (requires sorting - you’ll learn that next!).

2 Searching Algorithms
Practice Activity
Activity 1: Linear Search vs Binary Search
Implement and compare two fundamental searching algorithms.

Part A: Linear Search

1 #include <stdio.h>
2 #include <stdlib.h> // for rand()
3 #include <time.h> // for time()
4

5 #define SIZE 20
6

7 // Linear search - works on any array
8 int linear_search(const int arr[], int n, int target) {
9 for (int i = 0; i < n; i++) {

10 if (arr[i] == target) {
11 return i; // Found at index i
12 }
13 }
14 return -1; // Not found
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15 }
16

17 // Fill array with random numbers
18 void fill_random(int arr[], int n, int max) {
19 for (int i = 0; i < n; i++) {
20 arr[i] = rand() % max + 1; // 1 to max
21 }
22 }
23

24 // Print array
25 void print_array(const int arr[], int n) {
26 for (int i = 0; i < n; i++) {
27 printf("%d ", arr[i]);
28 }
29 printf("\n");
30 }
31

32 int main() {
33 int numbers[SIZE];
34 int target, position;
35

36 // Seed random number generator
37 srand(time(NULL));
38

39 // Fill array with random numbers
40 fill_random(numbers, SIZE, 50);
41

42 printf("Array contents:\n");
43 print_array(numbers, SIZE);
44

45 printf("\nEnter number to search for: ");
46 scanf("%d", &target);
47

48 // Linear search
49 position = linear_search(numbers, SIZE, target);
50

51 if (position != -1) {
52 printf("Linear search: Found %d at index %d\n",
53 target, position);
54 } else {
55 printf("Linear search: %d not found\n", target);
56 }
57

58 return 0;
59 }

Part B: Binary Search (Requires Sorted Array)

1 // Binary search - requires sorted array
2 int binary_search(const int arr[], int n, int target) {
3 int left = 0;
4 int right = n - 1;
5 int steps = 0; // Count comparisons for comparison
6

7 while (left <= right) {
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8 steps++;
9 int mid = (left + right) / 2;

10

11 printf(" Step %d: checking index %d (value %d)\n",
12 steps, mid, arr[mid]);
13

14 if (arr[mid] == target) {
15 printf(" Found in %d steps!\n", steps);
16 return mid;
17 }
18 else if (arr[mid] < target) {
19 left = mid + 1; // Search right half
20 }
21 else {
22 right = mid - 1; // Search left half
23 }
24 }
25

26 printf(" Not found after %d steps\n", steps);
27 return -1;
28 }
29

30 // Bubble sort to sort the array
31 void bubble_sort(int arr[], int n) {
32 for (int i = 0; i < n-1; i++) {
33 for (int j = 0; j < n-i-1; j++) {
34 if (arr[j] > arr[j+1]) {
35 // Swap
36 int temp = arr[j];
37 arr[j] = arr[j+1];
38 arr[j+1] = temp;
39 }
40 }
41 }
42 }
43

44 // Add to main:
45 // Sort the array for binary search
46 printf("\nSorting array for binary search...\n");
47 int sorted[SIZE];
48 // Copy array
49 for (int i = 0; i < SIZE; i++) {
50 sorted[i] = numbers[i];
51 }
52 bubble_sort(sorted, SIZE);
53

54 printf("Sorted array:\n");
55 print_array(sorted, SIZE);
56

57 printf("\nBinary search for %d:\n", target);
58 position = binary_search(sorted, SIZE, target);
59

60 if (position != -1) {
61 printf("Binary search: Found %d at index %d\n",
62 target, position);
63 } else {
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64 printf("Binary search: %d not found\n", target);
65 }

Observations:
• Linear search: Simple, works on any array, O(n) time
• Binary search: Fast (O(log n)), but requires sorted array
• For large arrays, the difference is dramatic: searching 1 million items:

– Linear search: up to 1 million comparisons
– Binary search: about 20 comparisons!

Challenge:
Add code to count and print the number of comparisons made by linear search. Com-
pare with binary search for the same target.

Tip/Note

Time Complexity: Linear search = O(n), Binary search = O(log n). For
n=1,000,000, linear might check 500,000 on average, binary checks at most 20. This
is why algorithm choice matters!

3 Sorting Algorithms
Practice Activity
Activity 2: Implementing Sorting Algorithms
Implement two classic sorting algorithms: bubble sort and selection sort.

Bubble Sort Implementation:

1 #include <stdio.h>
2 #define SIZE 8
3

4 void bubble_sort(int arr[], int n) {
5 int swaps;
6

7 printf("\n--- Bubble Sort Steps ---\n");
8

9 for (int i = 0; i < n-1; i++) {
10 swaps = 0;
11 printf("Pass %d: ", i+1);
12

13 for (int j = 0; j < n-i-1; j++) {
14 if (arr[j] > arr[j+1]) {
15 // Swap
16 int temp = arr[j];
17 arr[j] = arr[j+1];
18 arr[j+1] = temp;
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19 swaps++;
20 }
21 }
22

23 // Print array after this pass
24 for (int k = 0; k < n; k++) {
25 printf("%d ", arr[k]);
26 }
27 printf(" (swaps: %d)\n", swaps);
28

29 // If no swaps, array is sorted - we can stop early
30 if (swaps == 0) {
31 printf("Array sorted early! Stopping.\n");
32 break;
33 }
34 }
35 }
36

37 void selection_sort(int arr[], int n) {
38 printf("\n--- Selection Sort Steps ---\n");
39

40 for (int i = 0; i < n-1; i++) {
41 int min_idx = i;
42

43 // Find minimum in unsorted portion
44 for (int j = i+1; j < n; j++) {
45 if (arr[j] < arr[min_idx]) {
46 min_idx = j;
47 }
48 }
49

50 // Swap if needed
51 if (min_idx != i) {
52 int temp = arr[i];
53 arr[i] = arr[min_idx];
54 arr[min_idx] = temp;
55 }
56

57 // Print array after this pass
58 printf("Pass %d: ", i+1);
59 for (int k = 0; k < n; k++) {
60 printf("%d ", arr[k]);
61 }
62 printf(" (swapped %d with %d)\n",
63 arr[i], min_idx == i ? arr[i] : arr[min_idx]);
64 }
65 }
66

67 void print_array(const int arr[], int n, const char *label) {
68 printf("%s: ", label);
69 for (int i = 0; i < n; i++) {
70 printf("%d ", arr[i]);
71 }
72 printf("\n");
73 }
74
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75 int main() {
76 int array1[SIZE] = {64, 34, 25, 12, 22, 11, 90, 45};
77 int array2[SIZE];
78

79 // Copy for second sort
80 for (int i = 0; i < SIZE; i++) {
81 array2[i] = array1[i];
82 }
83

84 printf("Original array: ");
85 print_array(array1, SIZE, "");
86

87 // Bubble sort
88 bubble_sort(array1, SIZE);
89 printf("\nAfter bubble sort: ");
90 print_array(array1, SIZE, "");
91

92 printf("\n" + "="*50 + "\n");
93

94 // Selection sort on copy
95 printf("Selection sort on copy:\n");
96 print_array(array2, SIZE, "Original");
97 selection_sort(array2, SIZE);
98 printf("\nAfter selection sort: ");
99 print_array(array2, SIZE, "");

100

101 return 0;
102 }

Algorithm Comparison:
Algorithm Time Swaps Best for
Bubble Sort O(n²) Many Learning, nearly sorted data
Selection Sort O(n²) Few (O(n)) When writes are expensive

Challenge:
Implement insertion sort and compare its performance with bubble and selection sort
on different types of input (random, already sorted, reverse sorted).

Warning/Common Issue

Sorting Performance Warning: These simple sorts (O(n²)) are fine for small arrays
(n < 1000). For larger data, use library functions like qsort() or implement more
efficient algorithms like merge sort or quick sort.
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4 Character Arrays (Strings)

Practice Activity
Activity 3: Working with Strings
In C, strings are character arrays terminated by null character \0. Learn to manipu-
late them safely.

Instructions:
1. Create a file named string_basics.c
2. Explore different ways to create strings
3. Implement your own string functions
4. Understand buffer overflow dangers

Example Code:

1 #include <stdio.h>
2 #include <string.h> // For string functions
3

4 // Custom string length function
5 int string_length(const char str[]) {
6 int length = 0;
7 while (str[length] != '\0') {
8 length++;
9 }

10 return length;
11 }
12

13 // Custom string copy function (safe version)
14 void string_copy(char dest[], const char src[], int dest_size) {
15 int i = 0;
16 // Copy until null or until we run out of space
17 while (src[i] != '\0' && i < dest_size - 1) {
18 dest[i] = src[i];
19 i++;
20 }
21 dest[i] = '\0'; // Ensure null termination
22 }
23

24 // Custom string uppercase function
25 void string_to_upper(char str[]) {
26 for (int i = 0; str[i] != '\0'; i++) {
27 if (str[i] >= 'a' && str[i] <= 'z') {
28 str[i] = str[i] - 'a' + 'A';
29 }
30 }
31 }
32

33 int main() {
34 printf("=== Strings in C ===\n\n");
35

36 // Different ways to create strings
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37 char str1[] = "Hello"; // Size automatically 6 (5 chars +
null)

38 char str2[20] = "World"; // Size 20, only first 6 used
39 char str3[10] = {'C', ' ', 'i', 's', ' ', 'f', 'u', 'n', '\0'};

// Explicit
40

41 printf("str1: \"%s\" (length: %lu)\n", str1, strlen(str1));
42 printf("str2: \"%s\" (length: %lu)\n", str2, strlen(str2));
43 printf("str3: \"%s\" (length: %lu)\n\n", str3, strlen(str3));
44

45 // Using our custom length function
46 printf("Custom string_length(str1) = %d\n", string_length(str1));
47 printf("Custom string_length(str2) = %d\n\n", string_length(str2))

;
48

49 // String concatenation (using library function)
50 char combined[50];
51 string_copy(combined, str1, sizeof(combined));
52 strcat(combined , " "); // Add space
53 strcat(combined , str2); // Add "World"
54 strcat(combined , "!!!"); // Add exclamations
55 printf("Combined: \"%s\"\n\n", combined);
56

57 // String comparison
58 char password[20] = "secret";
59 char input[20];
60

61 printf("Enter password: ");
62 scanf("%19s", input); // %19s prevents buffer overflow
63

64 if (strcmp(input, password) == 0) {
65 printf("Access granted!\n");
66 } else {
67 printf("Access denied!\n");
68 }
69 printf("\n");
70

71 // String transformation
72 char message[] = "Hello, World!";
73 printf("Original: %s\n", message);
74 string_to_upper(message);
75 printf("Uppercase: %s\n\n", message);
76

77 // DANGER ZONE - Buffer overflow demonstration
78 char small_buffer[10];
79 printf("DANGER: Attempting safe copy...\n");
80 string_copy(small_buffer , "This is a very long string that won't

fit",
81 sizeof(small_buffer));
82 printf("Safe copy result: \"%s\"\n\n", small_buffer);
83

84 // The following would be UNSAFE - DON'T UNCOMMENT
85 // strcpy(small_buffer , "This will overflow!");
86

87 return 0;
88 }
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Key Points:
• Strings must end with \0 (null character)
• Always allocate enough space for the null terminator
• Use safe functions like strncpy, strncat with size limits
• scanf("%19s", buffer) prevents overflow by limiting input

Challenge:
Write a function is_palindrome that checks if a string reads the same forwards and
backwards (e.g., ”radar”, ”madam”).

Warning/Common Issue

Buffer Overflow Warning: Functions like strcpy and strcat do NOT check buffer
sizes. They will happily write past the end of your array, corrupting memory and
creating security vulnerabilities. Always use bounded versions or check sizes manually!

5 Array of Strings
Practice Activity
Activity 4: Storing Multiple Strings
Learn to store collections of strings using 2D character arrays.

Example Code:

1 #include <stdio.h>
2 #include <string.h>
3

4 #define MAX_NAMES 10
5 #define NAME_LENGTH 50
6

7 // Function to print all names
8 void print_names(const char names[][NAME_LENGTH], int count) {
9 printf("\n%-3s %-30s %s\n", "#", "Name", "Length");

10 printf("----------------------------------------\n");
11 for (int i = 0; i < count; i++) {
12 printf("%-3d %-30s %lu\n", i+1, names[i], strlen(names[i]));
13 }
14 printf("\n");
15 }
16

17 // Find longest name
18 int find_longest_name(const char names[][NAME_LENGTH], int count) {
19 int max_len = 0;
20 int max_index = 0;
21

22 for (int i = 0; i < count; i++) {
23 int len = strlen(names[i]);
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24 if (len > max_len) {
25 max_len = len;
26 max_index = i;
27 }
28 }
29 return max_index;
30 }
31

32 // Sort names alphabetically (bubble sort)
33 void sort_names(char names[][NAME_LENGTH], int count) {
34 for (int i = 0; i < count -1; i++) {
35 for (int j = 0; j < count-i-1; j++) {
36 if (strcmp(names[j], names[j+1]) > 0) {
37 // Swap names[j] and names[j+1]
38 char temp[NAME_LENGTH];
39 strcpy(temp, names[j]);
40 strcpy(names[j], names[j+1]);
41 strcpy(names[j+1], temp);
42 }
43 }
44 }
45 }
46

47 int main() {
48 char names[MAX_NAMES][NAME_LENGTH];
49 int count = 0;
50 char input[NAME_LENGTH];
51

52 printf("=== Name Database ===\n");
53 printf("Enter names (one per line, empty line to stop):\n");
54

55 // Read names until empty line or max reached
56 while (count < MAX_NAMES) {
57 printf("Name %d: ", count + 1);
58 fgets(input, NAME_LENGTH , stdin);
59

60 // Remove trailing newline
61 int len = strlen(input);
62 if (len > 0 && input[len-1] == '\n') {
63 input[len-1] = '\0';
64 }
65

66 // Stop if empty line
67 if (strlen(input) == 0) {
68 break;
69 }
70

71 // Copy to array
72 strcpy(names[count], input);
73 count++;
74 }
75

76 printf("\nYou entered %d names:\n", count);
77 print_names(names, count);
78

79 // Find longest name
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80 if (count > 0) {
81 int longest = find_longest_name(names, count);
82 printf("Longest name: \"%s\" (%lu characters)\n",
83 names[longest], strlen(names[longest]));
84 }
85

86 // Sort names
87 printf("\nSorting names alphabetically...\n");
88 sort_names(names, count);
89 print_names(names, count);
90

91 // Search for a name
92 char search[NAME_LENGTH];
93 printf("Enter name to search: ");
94 fgets(search, NAME_LENGTH , stdin);
95 len = strlen(search);
96 if (len > 0 && search[len-1] == '\n') {
97 search[len-1] = '\0';
98 }
99

100 int found = 0;
101 for (int i = 0; i < count; i++) {
102 if (strcmp(names[i], search) == 0) {
103 printf("Found \"%s\" at position %d\n", search, i+1);
104 found = 1;
105 break;
106 }
107 }
108 if (!found) {
109 printf("\"%s\" not found in database\n", search);
110 }
111

112 return 0;
113 }

Challenge:
Add functions to delete a name by index and insert a name at a specific position
(shifting others as needed).

Tip/Note

Array of Strings Memory: A 2D char array like char names[10][50] uses 500
bytes regardless of actual string lengths. For memory efficiency, consider arrays of
pointers (covered in next lecture on pointers).
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6 Complete Program: Student Grade System
Practice Activity
Activity 5: Building a Complete Array-Based Application
Combine everything you’ve learned into a comprehensive student grade management
system.

Program Requirements:
• Store student names (array of strings) and scores (integer array)
• Add new students (with input validation)
• Display all students with letter grades
• Calculate class statistics (average, min, max)
• Show grade distribution
• Search for a student by name
• Sort students by score (highest to lowest)

Complete Solution:

1 #include <stdio.h>
2 #include <string.h>
3

4 #define MAX_STUDENTS 50
5 #define NAME_LENGTH 50
6

7 // Function prototypes
8 void display_menu(void);
9 int get_choice(void);

10 void add_student(char names[][NAME_LENGTH], int scores[], int *count);
11 void display_all(const char names[][NAME_LENGTH], const int scores[],

int count);
12 char score_to_grade(int score);
13 void show_statistics(const int scores[], int count);
14 void show_grade_distribution(const int scores[], int count);
15 int search_student(const char names[][NAME_LENGTH], int count, const

char *target);
16 void sort_by_score(char names[][NAME_LENGTH], int scores[], int count)

;
17 void clear_input(void);
18

19 int main() {
20 char names[MAX_STUDENTS][NAME_LENGTH];
21 int scores[MAX_STUDENTS];
22 int count = 0;
23 int choice;
24

25 do {
26 display_menu();
27 choice = get_choice();
28

29 switch(choice) {
30 case 1:
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31 add_student(names, scores, &count);
32 break;
33 case 2:
34 display_all(names, scores, count);
35 break;
36 case 3:
37 show_statistics(scores, count);
38 break;
39 case 4:
40 show_grade_distribution(scores, count);
41 break;
42 case 5: {
43 char search[NAME_LENGTH];
44 printf("Enter name to search: ");
45 clear_input();
46 fgets(search, NAME_LENGTH , stdin);
47 search[strcspn(search, "\n")] = '\0'; // Remove

newline
48

49 int pos = search_student(names, count, search);
50 if (pos != -1) {
51 printf("Found: %s (Score: %d, Grade: %c)\n",
52 names[pos], scores[pos], score_to_grade(

scores[pos]));
53 } else {
54 printf("Student not found.\n");
55 }
56 break;
57 }
58 case 6:
59 sort_by_score(names, scores, count);
60 printf("Students sorted by score.\n");
61 display_all(names, scores, count);
62 break;
63 case 7:
64 printf("Goodbye!\n");
65 break;
66 default:
67 printf("Invalid choice. Try again.\n");
68 }
69 printf("\n");
70

71 } while (choice != 7);
72

73 return 0;
74 }
75

76 void display_menu(void) {
77 printf("=== Student Grade System ===\n");
78 printf("1. Add Student\n");
79 printf("2. Display All Students\n");
80 printf("3. Show Statistics\n");
81 printf("4. Show Grade Distribution\n");
82 printf("5. Search Student\n");
83 printf("6. Sort by Score\n");
84 printf("7. Exit\n");
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85 printf("Choice: ");
86 }
87

88 int get_choice(void) {
89 int choice;
90 scanf("%d", &choice);
91 return choice;
92 }
93

94 void clear_input(void) {
95 int c;
96 while ((c = getchar()) != '\n' && c != EOF);
97 }
98

99 void add_student(char names[][NAME_LENGTH], int scores[], int *count)
{

100 if (*count >= MAX_STUDENTS) {
101 printf("Database full! Cannot add more students.\n");
102 return;
103 }
104

105 clear_input(); // Clear any leftover newline
106

107 printf("Enter student name: ");
108 fgets(names[*count], NAME_LENGTH , stdin);
109 // Remove trailing newline
110 names[*count][strcspn(names[*count], "\n")] = '\0';
111

112 printf("Enter score (0-100): ");
113 scanf("%d", &scores[*count]);
114

115 // Validate score
116 while (scores[*count] < 0 || scores[*count] > 100) {
117 printf("Invalid score! Enter score (0-100): ");
118 scanf("%d", &scores[*count]);
119 }
120

121 (*count)++;
122 printf("Student added successfully.\n");
123 }
124

125 char score_to_grade(int score) {
126 if (score >= 90) return 'A';
127 if (score >= 80) return 'B';
128 if (score >= 70) return 'C';
129 if (score >= 60) return 'D';
130 return 'F';
131 }
132

133 void display_all(const char names[][NAME_LENGTH], const int scores[],
int count) {

134 if (count == 0) {
135 printf("No students in database.\n");
136 return;
137 }
138
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139 printf("\n%-5s %-30s %-10s %s\n", "ID", "Name", "Score", "Grade");
140 printf("------------------------------------------------\n");
141

142 for (int i = 0; i < count; i++) {
143 printf("%-5d %-30s %-10d %c\n",
144 i+1, names[i], scores[i], score_to_grade(scores[i]));
145 }
146 }
147

148 void show_statistics(const int scores[], int count) {
149 if (count == 0) {
150 printf("No students in database.\n");
151 return;
152 }
153

154 int sum = 0;
155 int max = scores[0];
156 int min = scores[0];
157

158 for (int i = 0; i < count; i++) {
159 sum += scores[i];
160 if (scores[i] > max) max = scores[i];
161 if (scores[i] < min) min = scores[i];
162 }
163

164 double average = (double)sum / count;
165

166 printf("\n=== Class Statistics ===\n");
167 printf("Number of students: %d\n", count);
168 printf("Average score: %.2f\n", average);
169 printf("Highest score: %d\n", max);
170 printf("Lowest score: %d\n", min);
171 }
172

173 void show_grade_distribution(const int scores[], int count) {
174 if (count == 0) {
175 printf("No students in database.\n");
176 return;
177 }
178

179 int grade_counts[5] = {0}; // A, B, C, D, F
180

181 for (int i = 0; i < count; i++) {
182 char grade = score_to_grade(scores[i]);
183 switch(grade) {
184 case 'A': grade_counts[0]++; break;
185 case 'B': grade_counts[1]++; break;
186 case 'C': grade_counts[2]++; break;
187 case 'D': grade_counts[3]++; break;
188 case 'F': grade_counts[4]++; break;
189 }
190 }
191

192 printf("\n=== Grade Distribution ===\n");
193 printf("A: %d\n", grade_counts[0]);
194 printf("B: %d\n", grade_counts[1]);
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195 printf("C: %d\n", grade_counts[2]);
196 printf("D: %d\n", grade_counts[3]);
197 printf("F: %d\n", grade_counts[4]);
198

199 // Simple histogram
200 printf("\nVisual Distribution:\n");
201 char grades[] = {'A', 'B', 'C', 'D', 'F'};
202 for (int i = 0; i < 5; i++) {
203 printf("%c: ", grades[i]);
204 for (int j = 0; j < grade_counts[i]; j++) {
205 printf("*");
206 }
207 printf("\n");
208 }
209 }
210

211 int search_student(const char names[][NAME_LENGTH], int count, const
char *target) {

212 for (int i = 0; i < count; i++) {
213 if (strcmp(names[i], target) == 0) {
214 return i;
215 }
216 }
217 return -1;
218 }
219

220 void sort_by_score(char names[][NAME_LENGTH], int scores[], int count)
{

221 // Bubble sort by score (descending)
222 for (int i = 0; i < count -1; i++) {
223 for (int j = 0; j < count-i-1; j++) {
224 if (scores[j] < scores[j+1]) {
225 // Swap scores
226 int temp_score = scores[j];
227 scores[j] = scores[j+1];
228 scores[j+1] = temp_score;
229

230 // Swap corresponding names
231 char temp_name[NAME_LENGTH];
232 strcpy(temp_name , names[j]);
233 strcpy(names[j], names[j+1]);
234 strcpy(names[j+1], temp_name);
235 }
236 }
237 }
238 }

Extensions:
1. Add ability to edit or delete students
2. Save data to a file and load it back
3. Add more statistics (median, mode, standard deviation)
4. Implement different sorting options (by name, by grade)
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7 Debugging Array Code
Practice Activity
Activity 6: Finding and Fixing Array Bugs
Practice debugging common array errors.

Buggy Code to Fix:

1 #include <stdio.h>
2

3 // BUGGY CODE - FIND THE ERRORS!
4

5 int main() {
6 // Bug 1: Array size and initialization
7 int scores[5];
8 scores[5] = 100; // What's wrong here?
9

10 // Bug 2: Loop bounds
11 int numbers[10] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};
12 for (int i = 0; i <= 10; i++) {
13 printf("%d ", numbers[i]);
14 }
15 printf("\n");
16

17 // Bug 3: Uninitialized variable
18 int sum;
19 for (int i = 0; i < 10; i++) {
20 sum += numbers[i];
21 }
22 printf("Sum = %d\n", sum);
23

24 // Bug 4: Wrong index order in 2D
25 int matrix[3][3] = {
26 {1, 2, 3},
27 {4, 5, 6},
28 {7, 8, 9}
29 };
30 printf("Element [1][2] = %d\n", matrix[2][1]); // Is this correct

?
31

32 // Bug 5: String without null terminator
33 char str[5] = {'H', 'e', 'l', 'l', 'o'};
34 printf("String: %s\n", str); // What will happen?
35

36 // Bug 6: Array size in function
37 print_array(numbers); // Missing size!
38

39 return 0;
40 }
41

42 void print_array(int arr[]) {
43 // Can't determine size here!
44 for (int i = 0; i < ???; i++) {
45 printf("%d ", arr[i]);
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46 }
47 }

Fixed Version:

1 #include <stdio.h>
2

3 // Fixed: Added prototype with size parameter
4 void print_array(const int arr[], int size);
5

6 int main() {
7 // Bug 1 fixed: Valid index (0-4)
8 int scores[5];
9 scores[4] = 100; // Last element

10

11 // Bug 2 fixed: i < 10, not i <= 10
12 int numbers[10] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10};
13 for (int i = 0; i < 10; i++) {
14 printf("%d ", numbers[i]);
15 }
16 printf("\n");
17

18 // Bug 3 fixed: Initialize sum to 0
19 int sum = 0;
20 for (int i = 0; i < 10; i++) {
21 sum += numbers[i];
22 }
23 printf("Sum = %d\n", sum);
24

25 // Bug 4 fixed: matrix[row][col] - [1][2] means row 1, col 2
26 int matrix[3][3] = {
27 {1, 2, 3},
28 {4, 5, 6},
29 {7, 8, 9}
30 };
31 printf("Element [1][2] = %d\n", matrix[1][2]); // Should be 6
32

33 // Bug 5 fixed: Add null terminator
34 char str[6] = {'H', 'e', 'l', 'l', 'o', '\0'};
35 printf("String: %s\n", str);
36

37 // Bug 6 fixed: Pass size
38 print_array(numbers, 10);
39

40 return 0;
41 }
42

43 void print_array(const int arr[], int size) {
44 for (int i = 0; i < size; i++) {
45 printf("%d ", arr[i]);
46 }
47 printf("\n");
48 }
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Common Bugs Checklist:
• Off-by-one errors in loop conditions
• Uninitialized variables (sum, max, etc.)
• Forgetting to pass array size to functions
• Missing null terminator in strings
• Confusing row and column indices in 2D arrays
• Accessing index = size (out of bounds)

8 Time Management Guide
Tip/Note

2-Hour Practice Session Schedule:
• 0:00–0:15: Warm-up (Array Statistics Review)
• 0:15–0:40: Activity 1 (Searching Algorithms)
• 0:40–1:00: Activity 2 (Sorting Algorithms)
• 1:00–1:20: Activity 3 (Character Arrays/Strings)
• 1:20–1:35: Activity 4 (Array of Strings)
• 1:35–1:55: Activity 5 (Student Grade System)
• 1:55–2:00: Activity 6 (Debugging) and wrap-up

If you have extra time:
• Implement additional features in the grade system
• Try implementing merge sort or quick sort
• Create a program that finds duplicate elements in an array
• Experiment with 3D arrays (like a 3x3x3 cube)

9 Conclusion
Tip/Note

What You’ve Learned:
• Array declaration, initialization, and element access
• Processing arrays with loops (forward, backward, every other)
• Passing arrays to functions with size parameters
• Using const for read-only array parameters
• 2D arrays for tables and matrices
• Searching algorithms (linear, binary)
• Sorting algorithms (bubble, selection)
• Character arrays as strings and safe string handling
• Arrays of strings (2D char arrays)
• Building complete applications with arrays
• Debugging common array errors

Next Steps:
• Practice with more array problems
• Study how pointers relate to arrays (next lecture)
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• Learn dynamic memory allocation for flexible-sized arrays
• Explore more efficient sorting algorithms

Warning/Common Issue

Final Array Checklist:
1. Are all indices within 0 to size-1?
2. Are loops using < size not <= size?
3. Do functions receive the array size as a parameter?
4. Are strings properly null-terminated?
5. Have you initialized variables before use?
6. Is const used when functions shouldn’t modify?
7. Have you tested edge cases (empty array, single element)?

Arrays mastered? Great! Pointers await...
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