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C Programming - Practice Session on Dynamic Memory

1 Introduction to Extended Practice Session

This 2-hour practice session builds on the fundamentals from the 1-hour session and adds
advanced topics including dynamic strings, structures with dynamic members, dynamic
arrays of structures, linked lists, and a complete project. Estimated completion time: 2

hours.

2 Review: Dynamic Arrays (15 minutes)

Practice Activity

Activity 1: Quick Review - Building a Dynamic Integer Array

a reusable dynamic array structure with basic operations.

Instructions:

Create a program that defines a DynamicArray structure and implements:
e create_array() - initializes a new dynamic array
o append() - adds an element, resizing if necessary
o get() - retrieves an element with bounds checking
o set() - sets an element at a specific index
o destroy_array() - frees all memory

Code Template:

Before diving into advanced topics, quickly review dynamic arrays by implementing

#include <stdio.h>

1

2|#include <stdlib.h>

3

1| typedef struct {

5 int *data; // Pointer to the array data

6 int size; // Current number of elements

7 int capacity; // Maximum elements before resizing

5|} DynamicArray;

10| // Create a new dynamic array with initial capacity
11| DynamicArray* create_array(int initial_capacity) {

13 if (arr == NULL) return NULL;

arr->data = (int*)malloc(initial_capacity * sizeof (int));
if (arr->data == NULL) {

free(arr);

return NULL;

=
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19 }
0
1 arr->size = 0;
arr->capacity = initial_capacity;

return arr;
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12 DynamicArray *arr = (DynamicArray*)malloc(sizeof (DynamicArray))

I
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27| // Append an element to the array
23| int append(DynamicArray *arr, int value) {
29 if (arr == NULL) return O;

31 // Check if we need to resize

32 if (arr->size >= arr->capacity) {

33 int new_capacity = arr->capacity * 2; // Double the capacity

34 int *temp = (int*)realloc(arr->data, new_capacity * sizeof (int
));

35

36 if (temp == NULL) return O; // Resize failed

37

38 arr->data = temp;

39 arr->capacity = new_capacity;

40 printf (" Resized to capacity %d\n", new_capacity);

41 }

42

43 arr->datalarr->size] = value;

44 arr->size++;

A5 return 1;

46| }

48| // Get element at index (with bounds checking)
10| int get(DynamicArray *arr, int index, int *value) {

50 if (arr == NULL || index < O || index >= arr->size) {
51 return 0; // Invalid index

52 }

515

54 *value = arr->datal[index];

55 return 1;

56 }

55| // Set element at index

50| int set(DynamicArray *arr, int index, int value) {

60 if (arr == NULL || index < O || index >= arr->size) {
61 return O;

62 }

64 arr->datal[index] = value;
65 return 1;

66 }

68| // Print the array
60| void print_array(DynamicArray *arr) {

70 if (arr == NULL || arr->size == 0) {

71 printf (" [1\n");

72 return;

73 }

74

75 printf (" [");

76 for (int i = 0; i < arr->size; i++) {

77 printf ("%d", arr->datali]);

78 if (i < arr->size - 1) printf(", ");
79 }

80 printf ("] (size=Yd, cap=%d)\n", arr->size, arr->capacity);
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g1 }
82
83| // Destroy the array and free all memory
s1|void destroy_array(DynamicArray *arr) {

85 if (arr == NULL) return;

86

87 free (arr->data);

88 free(arr);

89 }

90

91/ int main() {

92 printf ("=== Dynamic Array Review ===\n\n");
93

94 DynamicArray *arr = create_array(2);
95 if (arr == NULL) return 1;

96

97 printf ("Appending values 10, 20, 30, 40:\n");

98 append (arr, 10);
99 append (arr, 20);
100 append (arr, 30);

101 append (arr, 40);
102
103 printf ("Final array: ");
104 print_array(arr) ;

105
106 destroy_array(arr) ;
107 return O;

108| }

Take 10-15 minutes to complete this review before moving on.

3 Dynamic Strings (20 minutes)

Practice Activity

Activity 2: Working with Dynamically Allocated Strings
Learn how to allocate and manipulate strings dynamically, which allows handling
strings of any length without wasting memory.

Step-by-Step Instructions:

Create a new file named dynamic_strings.c

Write a function to duplicate a string dynamically

Write a function to concatenate two strings dynamically
Write a function to read a line of any length from user input
Always check for allocation failures and free properly

s 89 I =

Complete Example Code:

i|#include <stdio.h>
ol #include <stdlib.h>




C Programming - Practice Session on Dynamic Memory

3|#include <string.h>

g

// Function 1: Duplicate a string (like strdup but with error checking
)

6| char* string_duplicate(const char *src) {
7 if (src == NULL) return NULL;

9 // strlen returns length without null terminator, so add 1

10 size_t len = strlen(src) + 1;

11

12 char *dest = (char*)malloc(len * sizeof (char));
13 if (dest == NULL) {

14 printf ("Error: Failed to allocate memory for string copy\n");
15 return NULL;

16 }

17

18 // Copy the string (including null terminator)
19 strcpy(dest, src);

20

21 return dest;

22 }

24| // Function 2: Concatenate two strings into a new string
25| char* string_concatenate (const char *sl, const char *s2) {

26 if (s1 == NULL) s1 = "";

27 if (82 == NULL) s2 = "";

28

29 // Calculate total length needed (+1 for null terminator)
30 size_t lenl = strlen(sl);

31 size_t len2 = strlen(s2);

32 size_t total_len = lenl + len2 + 1;

B3

34 char *result = (char*)malloc(total_len * sizeof (char));
35 if (result == NULL) {

36 printf ("Error: Failed to allocate memory for concatenation\n")

37 return NULL;

38 }

39

40 // Build the result string

41 strcpy(result, s1); // Copy first string

42 strcat (result, s2); // Append second string

44 return result;

45| }

47| // Function 3: Read a line of any length from stdin
45| char* read_line(void) {

49 int capacity = 10; // Start with small capacity

50 int length = 0;

51 char *buffer = (charx*)malloc(capacity * sizeof (char));
52

53 if (buffer == NULL) return NULL;

54

55 int ch;

56 while ((ch = getchar()) != '\n' && ch != EOF) {
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57 // Add character to buffer

58 buffer[length] = (char)ch;

59 length++;

60

61 // Check if we need to expand buffer

62 if (length >= capacity) {

63 capacity *= 2; // Double capacity

64 char *temp = (charx*)realloc(buffer, capacity * sizeof (char
));

65

66 if (temp == NULL) {

67 printf ("Error: Failed to expand buffer\n");

68 free(buffer) ;

69 return NULL;

70 }

71

72 buffer = temp;

73 }

74 }

76 // Add null terminator

77 buffer[length] = '\0';

79 // Optional: Shrink to exact size (save memory)

80 char *final = (char*)realloc(buffer, (length + 1) * sizeof (char));
81 if (final != NULL) {

82 buffer = final;

83 }

84 // 1f shrink fails, keep original buffer

85

86 return buffer;

s7| }

s0lint main() {
90 printf ("=== Dynamic String Operations ===\n\n");

92 // Test string duplication

93 printf("1. String Duplication:\n");
94 char *original = "Hello, Dynamic Memory!";
95 char *copy = string_duplicate(original);

96

97 if (copy != NULL) {

98 printf (" Original: \"%s\" at %p\n", original, (voidx*)
original);

99 printf (" Copy: \"%s\" at %p\n", copy, (voidx)copy);

100 free(copy);

101 }

102 printf ("\n");

103

104 // Test string concatenation

105 printf("2. String Concatenation:\n");

106 char *first = "Hello, ";

107 char *second = "World!";

108 char *combined = string_concatenate(first, second);

109
110 if (combined != NULL) {
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111 printf (" First: \"%s\"\n", first);

112 printf (" Second: \"%s\"\n", second);

113 printf (" Result: \"%s\"\n", combined);
114 free(combined) ;

115 }

116 printf ("\n");

117

118 // Test reading a line

119 printf ("3. Reading a line of any length:\n");
120 printf (" Enter a line of text (can be very long): ");
121 char *line = read_line();

122

123 if (line !'= NULL) {

124 printf (" You entered: \"%s\"\n", line);
125 printf (" Length: Y%zu characters\n", strlen(line));
126 free(line) ;

127 T

128

129 return O;

130| }

Challenge:

Write a function that splits a string into words (like strtok) but returns a dynamically
allocated array of dynamically allocated strings. Don’t forget to free everything!

Tip/Note

String Allocation Tips:
« Always allocate strlen(s) + 1 bytes for a copy (include null terminator)
e strdup() is not standard C but common; better to write your own with error
checking
o When reading input dynamically, start with a small buffer and grow as needed
o Consider shrinking the buffer at the end to exact size to save memory

4 Structures with Dynamic Members (25 minutes)

Practice Activity

Activity 3: Dynamic Student Records
Create a structure that contains dynamically allocated members, demonstrating
proper allocation, deep copying, and cleanup of nested allocations.

Step-by-Step Instructions:

1. Define a Student structure with dynamic name and dynamic grades array
2. Write a function to create a new student

3. Write a function to add a grade to a student (resizing grades array)

4. Write a function to print student information
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5. Write a function to destroy a student (free all nested allocations)
6. Demonstrate deep copying vs shallow copying

Complete Example Code:

#include <stdio.h>
#include <stdlib.h>
3|#include <string.h>

§]

ot

typedef struct {

6 char *name; // Dynamically allocated string

7 int id;

8 int *grades; // Dynamically allocated array of grades
9 int grade_count; // Number of grades

10 int grade_capacity; // Allocated capacity for grades

11|} Student;

13| // Create a new student
11| Student* create_student (const char *name, int id) {

15 if (name == NULL) return NULL;

16

17 // Allocate the student structure itself

18 Student *s = (Student*)malloc(sizeof (Student));
19 if (s == NULL) {

20 printf ("Error: Failed to allocate student structure\n");
21 return NULL;

22 }

23

24 // Allocate memory for the name

25 s->name = (char*)malloc(strlen(name) + 1);

26 if (s->name == NULL) {

27 printf ("Error: Failed to allocate student name\n");
28 free(s);

29 return NULL;

30 }

31 strcpy (s->name, name) ;

32

33 // Initialize other members

34 s->id = id;

35 s->grades = NULL; // Start with no grades
36 s->grade_count = O0;

37 s->grade_capacity = O0;

39 return s;

10| }

12| // Add a grade to a student
13l int add_grade (Student *s, int grade) {
44 if (s == NULL) return O;

46 // Check if we need to resize grades array

a7 if (s->grade_count >= s->grade_capacity) {

48 int new_capacity = s->grade_capacity == 0 7 4 : s->
grade_capacity * 2;

49
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50

90

99

100

101
102

103

int *temp = (int*)realloc(s->grades, new_capacity * sizeof (int
));
if (temp == NULL) {
printf ("Error: Failed to expand grades array\n");
return O;
}
s->grades = temp;
s->grade_capacity = new_capacity;
}

// Add the new grade
s->grades [s->grade_count] = grade;
s->grade_count++;

return 1;

}

// Print student information
void print_student(const Student *s) {
if (s == NULL) {
printf ("NULL student\n");

return;
+
printf ("Student: %s (ID: %d)\n", s->name, s->id);
printf (" Grades (%d): ", s->grade_count);
if (s->grade_count == 0) {
printf ("No grades recorded");
} else {
for (int i = 0; i < s->grade_count; i++) {
printf ("%d", s->grades[i]);
if (i < s->grade_count - 1) printf(", ");
+
}

printf ("\n");
printf (" Name at: %p, Grades at: %p\n",
(void*)s->name, (voidx*)s->grades);

3

// Deep copy a student
Student* deep_copy_student (const Student #*src) {
if (src == NULL) return NULL;

// Create new student with same name and id
Student *dest = create_student (src->name, src->id);
if (dest == NULL) return NULL;

// Copy grades if any
if (src->grade_count > 0) {
dest->grades = (int*)malloc(src->grade_capacity * sizeof (int))

if (dest->grades == NULL) {
destroy_student (dest);
return NULL;
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108
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143

}

// Copy grade data

memcpy (dest->grades, src->grades, src->grade_count * sizeof (
int));

dest->grade_count = src->grade_count;

dest->grade_capacity = src->grade_capacity;

return dest;

}

5| // Destroy a student and free all memory

void destroy_student (Student *s) {
if (s == NULL) return;

printf ("Destroying student %s...\n", s->name) ;

// Free in reverse order of allocation

free(s->grades); // Free grades array first
free(s->name) ; // Free name next
free(s); // Finally free the structure itself

printf (" Memory freed\n");
}

int main() {
printf ("=== Dynamic Student Records ===\n\n");

// Create a student

printf("1. Creating student Alice:\n");

Student *alice = create_student("Alice Johnson", 1001);
if (alice == NULL) return 1;

// Add some grades

printf (" Adding grades: 85, 90, 78, 92\n");
add_grade (alice, 85);

add_grade(alice, 90);

add_grade(alice, 78);

add_grade (alice, 92);

print_student (alice);
printf ("\n");

// Create a deep copy
printf("2. Creating deep copy (Bob):\n");
Student *bob = deep_copy_student (alice) ;
if (bob != NULL) {
// Modify Bob's name and a grade
free(bob->name) ;
bob->name = string_duplicate("Bob Smith"); // Using our
function from earlier
bob->grades [0] = 95; // Change first grade

printf (" Alice after Bob modifications (unchanged) :\n");
print_student (alice);
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158 printf ("\n Bob after modifications:\n");
159 print_student (bob) ;

160 3

161 printf ("\n");

162
163 // Demonstrate shallow copy problem
164 printf ("3. Shallow copy danger:\n");
165 Student *shallow = alice; // Just copies the pointer, not the

data!

166 printf (" shallow points to same memory as alice\n");

167 printf (" If we free alice, shallow becomes a DANGLING POINTER!'\n
\n");

168

169 // Clean up properly

170 printf ("4. Cleaning up:\n");

171 destroy_student (alice) ;
172 destroy_student (bob) ;
173 // DON'T destroy_student(shallow) - would be double free!

174

175 printf ("\nAll memory properly managed!\n");
176

177 return 0;

178| F

Challenge:

Add a function to calculate the average grade for a student. Then create an array of
students (dynamically allocated) and find the student with the highest average.

Warning/Common Issue

Deep Copy vs Shallow Copy:
o Shallow copy: Just copies the pointer - both structures point to the same data
o Deep copy: Copies the actual data - each structure has its own copy
« Shallow copies lead to double-free bugs if both copies are destroyed
o Always implement proper deep copy functions for structures with dynamic mem-
bers

5 Dynamic Array of Structures (25 minutes)

Practice Activity

Activity 4: Dynamic Array of Students
Combine concepts from previous activities to create a dynamic array that stores Stu-
dent structures, demonstrating multiple levels of dynamic allocation.

Step-by-Step Instructions:

1. Create a StudentArray structure that contains:
e students - pointer to array of Student pointers
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e count - number of students

e capacity - allocated capacity
2. Implement functions to add, remove, and find students
3. Ensure proper cleanup of all nested allocations

Complete Example Code:

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

// Student structure (same as before)

i| typedef struct {

char *name;

int id;

int *grades;

int grade_count;

int grade_capacity;
} Student;

// StudentArray structure - stores pointers to Student objects
typedef struct {

Student **xstudents; // Array of pointers to Student

int count;

int capacity;
} StudentArray;

// Create a new student (reusing from previous activity)
Student* create_student (const char *name, int id) {
if (name == NULL) return NULL;

Student *s = (Student*)malloc(sizeof (Student));
if (s == NULL) return NULL;

s->name = (char*)malloc(strlen(name) + 1);
if (s->name == NULL) {

free(s);

return NULL;
}

strcpy (s->name, name) ;

s->id = id;

s->grades = NULL;
s->grade_count = O0;
s->grade_capacity = O0;

return s;

}

// Add grade to student

int add_grade(Student *s, int grade) {
if (s == NULL) return O;

if (s->grade_count >= s->grade_capacity) {
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96
97
98
99
100

101

int new_cap = s->grade_capacity == 0 ? 4 : s->grade_capacity *

int *temp (int*)realloc(s->grades, new_cap * sizeof (int));
if (temp == NULL) return O;

s->grades = temp;
s->grade_capacity = new_cap;

3

s->grades [s->grade_count] = grade;
s->grade_count++;
return 1;

3

// Destroy a student

void destroy_student (Student *s) {
if (s == NULL) return;
free(s->grades);
free(s->name) ;
free(s);

|

// Create a new student array

StudentArray* create_student_array(int initial_capacity) {
StudentArray *sa = (StudentArray*)malloc(sizeof (StudentArray));
if (sa == NULL) return NULL;

sa->students = (Student**)malloc(initial_capacity * sizeof (Student
*));
if (sa->students == NULL) {

free(sa);

return NULL;

sa->count = 0;
sa->capacity = initial_capacity;

return sa;

}

5| // Add a student to the array
7| int add_student (StudentArray *sa, Student *s) {

if (sa == NULL || s == NULL) return O;

// Resize if needed
if (sa->count >= sa->capacity) {

int new_cap = sa->capacity * 2;
Student **temp = (Student**)realloc(sa->students,
new_cap * sizeof (Student*)) ;
if (temp == NULL) return O;
sa->students = temp;
sa->capacity = new_cap;

}

sa->students[sa->count] = s;
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102 sa->count++;
103 return 1;
104 }

105
06| // Find student by ID
07| Student* find_student_by_id(const StudentArray *sa, int id) {

108 if (sa == NULL) return NULL;

109

110 for (int i = 0; i < sa->count; i++) {
111 if (sa->students[i]->id == id) {
112 return sa->students[i];

113 }

114 }

115 return NULL;

116 }

18| // Remove student by ID
19| int remove_student_by_id (StudentArray *sa, int id) {

120 if (sa == NULL) return O;

121

122 for (int i = 0; i < sa->count; i++) {

123 if (sa->students[i]->id == id) {

124 // Destroy the student first

125 destroy_student (sa->students[i]);

126

127 // Shift remaining students left

128 for (int j = i; j < sa->count - 1; j++) {
129 sa->students[j] = sa->students[j + 1];
130 }

131

132 sa->count --;

133 return 1;

134 }

135 }

136 return O;

137| }

130 // Print all students
140 void print_all_students(const StudentArray *sa) {

141 if (sa == NULL || sa->count == 0) {

142 printf ("No students in array.\n");

143 return;

144 }

145

146 printf ("\n=== All Students (%d) ===\n", sa->count);
147 for (int i = 0; i < sa->count; i++) {

148 Student *s = sa->students[i];

149 printf ("%d. %s (ID: %d) - Grades: ", i+l, s->name, s->id);

151 if (s->grade_count == 0) {

152 printf ("none");

153 } else {

154 for (int g = 0; g < s->grade_count; g++) {
155 printf ("%d", s->grades[gl);

156 if (g < s->grade_count - 1) printf(", ");
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198
199
200
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202
203

204

3

by
printf ("\n");

// Destroy the entire student array (including all students)
void destroy_student_array(StudentArray *sa) {

3

if (sa == NULL) return;

// First destroy all students
for (int i = 0; i < sa->count; i++) {
destroy_student (sa->students[i]);

3

// Then free the array of pointers
free(sa->students) ;

// Finally free the structure itself
free(sa);

int main() {

printf ("=== Dynamic Array of Students ===\n\n");

// Create student array
StudentArray #*sa = create_student_array(3);
if (sa == NULL) return 1;

// Create and add some students
printf ("Adding students...\n");

Student *sl1 = create_student("Alice", 1001);
add_grade(sl, 85);

add_grade(sl, 90);

add_student (sa, s1);

Student *s2 = create_student ("Bob", 1002);
add_grade(s2, 75);

add_grade(s2, 82);

add_grade(s2, 88);

add_student (sa, s2);

Student *s3 = create_student ("Charlie", 1003);
add_grade (83, 92);
add_student (sa, s3);

Student *s4 = create_student("Diana", 1004); // This will trigger

resize

add_grade(s4, 95);
add_grade (s4, 87);
add_grade (s4, 91);
add_grade (s4, 89);
add_student (sa, s4);

// Print all students
print_all_students(sa);
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214 // Find a student

215 printf ("\nSearching for student ID 1002:\n");
216 Student *found = find_student_by_id(sa, 1002);
217 if (found) {

218 printf (" Found: %s\n", found->name);

219 T

220

221 // Remove a student

222 printf ("\nRemoving student ID 1003...\n");

3 remove_student_by_id(sa, 1003);
1

// Print again
6 print_all_students(sa);

228 // Clean up everything
229 printf ("\nCleaning up...\n");
230 destroy_student_array(sa);

232 return O;

Challenge:

Add functions to:
o (Calculate the average grade for each student
o Find the student with the highest average
o Sort students by name or ID
« Save the array to a file and load it back

Multiple Levels of Allocation: This example has THREE levels of dynamic allo-
cation:

1. The StudentArray structure itself

2. The array of Student pointers (students)

3. Each Student structure (with its own nested allocations)
When destroying, free in REVERSE order of allocation!

6 Linked List with Dynamic Nodes (25 minutes)

Practice Activity

Activity 5: Singly Linked List of Integers
Implement a linked list data structure where each node is dynamically allocated. This
demonstrates self-referential structures and pointer manipulation.
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Step-by-Step Instructions:

Define a Node structure with data and next pointer

Implement functions to insert at beginning, end, and specific position
Implement function to delete nodes

Implement function to traverse and print the list

Ensure proper cleanup of all nodes

s 89 I =

Complete Example Code:

#include <stdio.h>
#include <stdlib.h>

N

i|// Node structure - self-referential

5| typedef struct Node {

6 int data;

7 struct Node *next; // Pointer to next node
¢|} Node;

10| // Create a new node
11| Node*x create_node(int value) {

12 Node *new_node = (Node*)malloc(sizeof (Node));

13 if (new_node == NULL) {

14 printf ("Error: Failed to create node\n");

15 return NULL;

16 }

17

18 new_node->data = value;

19 new_node->next = NULL; // New node points to nothing yet
20

21 return new_node;

22| }

24| // Insert at the beginning
25| Node* insert_beginning(Node *head, int value) {

26 Node *new_node = create_node(value) ;

27 if (new_node == NULL) return head; // Creation failed
28

29 new_node->next = head; // New node points to old head
30 return new_node; // New node becomes new head

31| }

33| // Insert at the end

34| Node* insert_end(Node *head, int value) {
35 Node *new_node = create_node(value);
36 if (new_node == NULL) return head;

38 // If list is empty, new node becomes head
39 if (head == NULL) {
40 return new_node;

41 }

43 // Find the last node
44 Node *current = head;
45 while (current->next != NULL) {
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46 current = current->next;

a7 }

48

49 // current now points to last node
50 current->next = new_node;

51 return head; // Head unchanged

52| }

54 // Insert at a specific position (O-based index)
55| Node* insert_at_position(Node x*head, int value, int position) {
56 if (position < 0) return head;

58 // Insert at beginning

59 if (position == 0) {

60 return insert_beginning(head, value);
61 }

62

63 Node *new_node = create_node(value);

64 if (new_node == NULL) return head;

66 // Find node before the insertion position

67 Node *current = head;

68 int i = 0;

69 while (current != NULL && i < position - 1) {
70 current = current->next;

71 i++;

72 }

73

74 // If position is valid (current not NULL)

75 if (current !'= NULL) {

76 new_node->next = current->next;

77 current->next = new_node;

78 } else {

79 // Position out of bounds

80 printf ("Error: Position %d out of range\n", position);
81 free(new_node) ;

82 }

83

84 return head;

85| }

87| // Delete first occurrence of value
ss| Node* delete_value(Node *head, int value) {

89 if (head == NULL) return NULL;

90

91 // Special case: deleting head node

92 if (head->data == value) {

93 Node *temp = head->next;

94 printf ("Deleting head node with value %d\n", value);
95 free (head) ;

96 return temp; // New head is the next node
97 }

98

99 // Search for node to delete

100 Node *current = head;

101 while (current->next != NULL && current->next->data != value)
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102 current = current->next;

103 }

104

105 // 1f found

106 if (current->next != NULL) {

107 Node *to_delete = current->next;

108 current->next = to_delete->next; // Bypass the node
109 printf ("Deleting node with value %d\n", value);
110 free(to_delete);

111 } else {

112 printf ("Value %d not found in list\n", value);
113 }

114

115 return head;

116 }

118/ // Print the list
119/ void print_list(Node *head) {

120 if (head == NULL) {

121 printf (" (empty list)\n");

122 return;

123 T

124

125 Node *current = head;

126 while (current !'= NULL) {

127 printf ("%d", current->data);
128 if (current->next != NULL) {
129 printf (" -> ");

130 T

131 current = current->next;

132 }

133 printf (" -> NULL\n");
134| }

136| // Get length of list
137/ int list_length(Node *head) {

138 int count = 0;

139 Node *current = head;

140 while (current !'= NULL) {

141 count++;

142 current = current->next;
143 }

144 return count;

145(

147 // Search for a value
113| Node* search(Node *head, int value) {

149 Node *current = head;

150 while (current !'= NULL) {

151 if (current->data == value) {
152 return current;

153 }

154 current = current->next;

155 }

156 return NULL; // Not found
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158
159 // Free the entire list

160 void free_list(Node *head) {

161 Node *current = head;

162 while (current != NULL) {

163 Node *next = current->next; // Remember next node
164 printf ("Freeing node with data %d\n", current->data);
165 free(current);

166 current = next;

167 }

168 }

169

170/ int main() {

171 printf ("=== Singly Linked List ===\n\n");

172

173 Node *head = NULL;

174

175 // Insert at beginning

176 printf("1. Inserting at beginning: 30, 20, 10\n");
177 head = insert_beginning(head, 30);

178 head = insert_beginning(head, 20);

179 head = insert_beginning(head, 10);

180 printf (" List: ");

181 print_list (head);

182 printf (" Length: %d\n\n", list_length(head));

183

184 // Insert at end

185 printf("2. Inserting at end: 40, 50\n");

186 head = insert_end(head, 40);

187 head = insert_end(head, 50);

188 printf (" List: ");

189 print_list (head);

190 printf (" Length: %d\n\n", list_length(head));

191

192 // Insert at position

193 printf("3. Inserting at position 2: 25\n");

194 head = insert_at_position(head, 25, 2);

195 printf (" List: ");

196 print_list (head);

197

198 printf (" Inserting at position 0O: 5\n");

199 head = insert_at_position(head, 5, 0);

200 printf (" Ligss ©)s

201 print_list (head);

202

203 printf (" Inserting at position 10 (invalid): 99\n");
204 head = insert_at_position(head, 99, 10);

205 printf (" List: ");

206 print_list (head);

207 printf ("\n");

208

209 // Search

210 printf ("4. Searching for 25:\n");

211 Node *found = search(head, 25);

212 if (found) {

213 printf (" Found node with value %d at address %p\n",
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214 found->data, (voidx*) found) ;
215 } else {

216 printf (" Not found\n");

217 }

218 printf ("\n");

219

220 // Delete

221 printf("5. Deleting values:\n");
222 head = delete_value(head, 10);

223 printf (" After deleting 10: ");
224 print_list (head);

226 head = delete_value(head, 40);

227 printf (" After deleting 40: ");

228 print_list (head);

229

230 head = delete_value(head, 99); // Not in list
231 printf (" After trying to delete 99: ");

232 print_list (head);

233 printf ("\n");

235 // Free list

236 printf ("6. Freeing entire list:\n");
237 free_list (head);

238 head = NULL;

239

240 return O;

241| }

Challenge:

Add functions to:
e Reverse the linked list
o Remove duplicates
e Merge two sorted lists
 Detect if the list has a cycle (advanced)

Linked List Memory Management:
« FEach node is a separate allocation (many small allocations)
o When deleting a node, you must free it AFTER updating pointers
o Always keep a pointer to the next node before freeing current
o The list’s head pointer may change during operations
o Free the entire list by iterating and freeing each node
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7 Complete Project: Grade Management System (30
minutes)

Practice Activity

Activity 6: Putting It All Together - Grade Management System

Create a complete grade management system that integrates all concepts: dynamic
arrays, dynamic strings, structures with dynamic members, and proper memory man-
agement.

Requirements:

o Use dynamic structures for students and courses
» Allow adding/removing students

o Allow adding grades to students

o Calculate statistics (averages, highest/lowest)

e Provide a menu-driven interface

o Ensure no memory leaks

Complete Code:

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>

B W N e

6 // ========== DATA STRUCTURES ==========

s|// Student structure
9| typedef struct {
10 char *name;

11 int id;

12 int *grades;

13 int grade_count;

14 int grade_capacity;

15|} Student;

17| // Course structure - contains dynamic array of students
15| typedef struct {

19 char *course_name;

20 Student **students;

21 int student_count;

22 int student_capacity;

23|} Course;
2

o7| Student* create_student (const char *name, int id) {
28 if (name == NULL) return NULL;

30 Student *s = (Student*)malloc(sizeof (Student));
31 if (s == NULL) return NULL;
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75 for (int i 0; i < s->grade_count; i++) {
76 sum += s->grades[i];

T }

78 return (double)sum / s->grade_count;

79| }

80

si|void print_student (const Student *s) {

82 if (s == NULL) return;

84 printf ("ID: %d, Name: %s\n", s->id, s->name);
85 printf (" Grades (%d): ", s->grade_count);

86 if (s->grade_count == 0) {

33 s->name = (char*)malloc(strlen(name) + 1);

34 if (s->name == NULL) {

35 free(s);

36 return NULL;

37 }

38 strcpy (s->name, name) ;

39

40 s->id = id;

41 s->grades = NULL;

42 s->grade_count = 0;

13 s->grade_capacity = O0;

4

45 return s;

46 }

17

15| int add_grade (Student *s, int grade) {

49 if (s == NULL) return O;

50 if (grade < 0 || grade > 100) {

51 printf ("Grade must be between 0 and 100\n");

52 return 0;

53 }

54

55 if (s->grade_count >= s->grade_capacity) {

56 int new_cap = s->grade_capacity == 0 ? 4 : s->grade_capacity *
2;

57 int *temp = (int*)realloc(s->grades, new_cap * sizeof (int));

58 if (temp == NULL) {

59 printf ("Error: Failed to expand grades array\n");

60 return O;

61 }

62 s->grades = temp;

63 s->grade_capacity = new_cap;

64 }

65

66 s->grades [s->grade_count] = grade;

67 s->grade_count++;

68 return 1;

69| }

70

71| double calculate_average(const Student *s) {

72 if (s == NULL || s->grade_count == 0) return 0.0;

73

74 int sum = 0
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87 printf ("none");

88 } else {

89 for (int i = 0; i < s->grade_count; i++) {

90 printf ("%d", s->grades[i]);

91 if (i < s->grade_count - 1) printf(", ");
92 }

03 }

94 printf ("\n");

95 printf (" Average: %.2f\n", calculate_average(s));
96 }

97

os| void destroy_student (Student *s) {

99 if (s == NULL) return;

100 free(s->grades);

101 free(s->name) ;

102 free(s);

103| }

104

105| // ========== COURSE FUNCTIONS ==========

106
107| Course* create_course(const char *name) {
108 if (name == NULL) return NULL;

109
110 Course *c = (Coursex*)malloc(sizeof (Course)) ;
111 if (¢ == NULL) return NULL;

113 c->course_name = (char*)malloc(strlen(name) + 1);
114 if (c->course_name == NULL) {

115 free(c);

116 return NULL;

117 }

118 strcpy(c->course_name, name) ;

120 // Start with capacity for 5 students

121 c->student_capacity = 5;

122 c->students = (Student#**)malloc(c->student_capacity * sizeof (
Studentx*)) ;

123 if (c->students == NULL) {

124 free(c->course_name) ;

125 free(c);

126 return NULL;

129 c->student_count = 0;

131 return c;

134 int add_student_to_course(Course *c, Student *s) {
135 if (¢ == NULL || s == NULL) return O;

136
137 // Check if student already in course

138 for (int i = 0; i < c->student_count; i++) {

139 if (c->students[i]->id == s->id) {

140 printf ("Student already enrolled in this course\n");
141 return O;
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142 }

143 }

144

145 // Resize if needed

146 if (c->student_count >= c->student_capacity) {

147 int new_cap = c->student_capacity * 2;

148 Student **temp = (Student**)realloc(c->students,

149 new_cap * sizeof (Studentx));
150 if (temp == NULL) {

151 printf ("Error: Failed to expand course capacity\n");
152 return O;

153 }

154 c->students = temp;

155 c->student_capacity = new_cap;

156 }

157

158 c->students [c->student_count] = s;

159 c->student_count++;
160 return 1;

161| }

162

163 Student* find_student_in_course(const Course *c, int id) {

164 if (¢ == NULL) return NULL;

165

166 for (int i = 0; i < c->student_count; i++) {

167 if (c->students[i]->id == id) {

168 return c->students[i];

169 }

170 }

171 return NULL;

172 }

173

74| int remove_student_from_course(Course *c, int id) {

175 if (¢ == NULL) return O;

176

177 for (int i = 0; i < c->student_count; i++) {

178 if (c->students[i]->id == id) {

179 // Note: We don't destroy the student here, just remove
from course

180 // Shift remaining students left

181 for (int j = i; j < c->student_count - 1; j++) {

182 c->students[j] = c->students[j + 1];

183 }

184 c->student_count--;

185 return 1;

186 }

187 }

188 return O;

189| }

190

01| void print_course_summary(const Course *c) {

192 if (¢ == NULL) return;

193

194 printf ("\n=== Course: %s ===\n", c->course_name);

195 printf ("Enrolled students: %d\n", c->student_count);

196 printf ("Course capacity: %d\n", c->student_capacity);
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198 if (c->student_count == 0) {

199 printf ("No students enrolled.\n");

200 return;

201 }

202

203 double total_avg = O0;

204 int total_grades = 0;

205 int highest_grade = -1;

206 int lowest_grade = 101;

207

208 for (int i = 0; i < c->student_count; i++) {

209 Student *s = c->students[i];

210 double avg = calculate_average(s);

211 total_avg += avg;

212

213 for (int g = 0; g < s->grade_count; g++) {

214 int grade = s->grades(g];

215 total_grades++;

216 if (grade > highest_grade) highest_grade = grade;
217 if (grade < lowest_grade) lowest_grade = grade;
218 }

219 T

220

221 printf ("Course average: %.2f\n", total_avg / c->student_count);
222 printf ("Total grades recorded: %d\n", total_grades);
223 if (total_grades > 0) {

224 printf ("Highest grade: %d\n", highest_grade);

225 printf ("Lowest grade: %d\n", lowest_grade);

226 }

227 }

228

220 void print_all_students(const Course *c) {

230 if (¢ == NULL) return;

231

232 printf ("\n--- Students in %s ---\n", c->course_name);
233 if (c->student_count == 0) {

234 printf ("No students enrolled.\n");

235 return;

236 }

237

238 for (int i = 0; i < c->student_count; i++) {

239 printf ("\nStudent #Jd:\n", i+1);

240 print_student (c->students[i]) ;

241 }

242 }

243

244/ void destroy_course(Course *c) {

245 if (c == NULL) return;

246

247 // First destroy all students (course owns the students)
248 for (int i = 0; i < c->student_count; i++) {

249 destroy_student (c->students[i]);

250 }

252 // Then free the array of student pointers
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303

304
305
306

307

free(c->students) ;

// Free the course name
free(c->course_name) ;

// Finally free the course structure

free(c);

========== MAIN PROGRAM ==========

main() {

printf ( n ========================================\n" ) 2
printf (" GRADE MANAGEMENT SYSTEM\n");

Prlntf ( " ========================================\n\:n'I ) ;

// Create a course
Course *course = create_course("C Programming 101");
if (course == NULL) {

printf ("Failed to create course!\n");

return 1;

int choice;
int next_id = 1001;

do {
printf ("\n--- MENU ---\n");
printf("1. Add a student\n");
printf("2. Add grade to student\n");
printf ("3. Display all students\n");
printf ("4. Display course summary\n");
printf ("5. Find student by ID\n");
printf ("6. Remove student\n");
printf ("7. Exit\n");
printf ("Choice: ");
scanf ("%d", &choice);

switch(choice) {
case 1: {
// Add a student
char name[100];
printf ("Enter student name: ");
while (getchar() !'= '\n'); // Clear buffer
fgets(name, sizeof (name), stdin);
name [strcspn(name, "\n")] = '\0'; // Remove newline

Student *s = create_student (name, next_id);
if (s !'= NULL) {
if (add_student_to_course(course, s)) {
printf ("Student added with ID: %d\n", next_id)

next_id++;
} else {

destroy_student(s); // Clean up if add failed
}
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308
309
310

311

316

332
333
334
335
336
337
338
339
340
341
342

343

346

359
360
361
362

363

}

break;

case 2: {
// Add grade
int id, grade;
printf ("Enter student ID: ");
scanf ("%d", &id);

Student *s = find_student_in_course (course,
if (s == NULL) {

printf ("Student not found!\n");

break;

3

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

if (add_grade(s, grade)) {
printf ("Grade added successfully!\n");

¥
break;

}

case 3:
// Display all students
print_all_students(course);
break;

case 4:

// Display course summary
print_course_summary (course) ;
break;

case 5: {
// Find student
int id;
printf ("Enter student ID: ");
scanf ("%d4d", &id);

Student *s = find_student_in_course(course,
if (s !'= NULL) {
print_student (s);
} else {
printf ("Student not found!\n");
}

break;

case 6: {
// Remove student
int id;
printf ("Enter student ID to remove: ");
scanf ("%d", &id);

id);

id);
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364 Student *s = find_student_in_course(course, id);
365 if (s !'= NULL) {

366 destroy_student(s); // Free the student's memory
367 remove_student_from_course (course, id);
368 printf ("Student removed.\n");

369 } else {

370 printf ("Student not found!\n");

371 }

372 break;

B }

374

375 case T:

376 printf ("\nExiting system...\n");

377 break;

378

379 default:

380 printf ("Invalid choice!\n");

381 }

382 } while (choice !'= 7);

383

384 // Clean up everything

385 destroy_course (course) ;

386 printf ("All memory freed. Goodbye!\n");

387

388 return O;

389 }

Challenge Extensions:

Add file I/O to save/load the course data

Add multiple courses and allow transferring students

Add assignment categories (homework, exams, etc.) with different weights
Generate a grade report with letter grades

Add statistics like median, mode, standard deviation

oo 89 e =

8 Memory Debugging with Valgrind (10 minutes)

Practice Activity

Activity 7: Using Valgrind to Detect Memory Leaks
Learn how to use Valgrind to find memory leaks and other memory errors in your
programs.

Step-by-Step Instructions:

Take one of your programs (e.g., the Grade Management System)
Compile with debugging symbols: gcc -g program.c -o program
Run with Valgrind: valgrind --leak-check=full ./program
Analyze the output

Fix any reported leaks

s 89 e =
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Example Valgrind Output:

1|==12345== Memcheck, a memory error detector
2|==12345== Command: ./program
3| ==12345==

4 ... (program output)

| ==12345== HEAP SUMMARY:

7|==12345== in use at exit: O bytes in O blocks

g ==1234b6== total heap usage: 15 allocs, 15 frees, 2,345 bytes
allocated

9| ==12345==

10|==12345== A1l heap blocks were freed -- no leaks are possible

11| ==12345==

12| ==12345== For lists of detected and suppressed errors, rerun
with: -s

If you see "definitely lost” or ”indirectly lost”, you have memory leaks!

Common Valgrind Messages:

o 7definitely lost”: You forgot to free memory - fix by adding missing free
o Vindirectly lost”: Leak in nested structure - free inner allocations first

« 7still reachable”: Memory still referenced but not freed - still a leak

« ”Invalid read/write”: Using memory after free or out of bounds

Tip/Note

Valgrind Best Practices:
o Always compile with -g for line numbers in errors
e Run Valgrind on all test cases
o Fix all leaks, even small ones - they add up!
o Use --leak-check=full for detailed reports
o The goal: ”"All heap blocks were freed — no leaks are possible”

9 Time Management Guide

Tip/Note

2-Hour Practice Session Schedule:

e 0:00-0:15: Activity 1 (Review - Dynamic Array)
0:15-0:35: Activity 2 (Dynamic Strings)
0:35-1:00: Activity 3 (Structures with Dynamic Members)
1:00-1:25: Activity 4 (Dynamic Array of Structures)
1:25-1:50: Activity 5 (Linked List)
(
(

1:50—2:20: Activity 6 (Grade Management Project)
2:20-2:30: Activity 7 (Valgrind) and cleanup
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Warning/Common Issue

Final Memory Management Checklist:
1. Does every malloc/calloc have a matching free?
Do you check for NULL after every allocation?
Do you use temporary pointers with realloc?
Do you free nested allocations in reverse order?
Do you set pointers to NULL after freeing?
Have you run Valgrind and fixed all leaks?
Have you tested edge cases (empty list, allocation failure)?

NS

10 Conclusion and Next Steps

Congratulations! You’ve Completed Both Practice
Sessions on Dynamic Memory Management!
What You’ve Learned:
« Basic allocation with malloc(), calloc(), realloc()
o Proper deallocation with free()
e Dynamic arrays and resizing strategies
e Dynamic strings and string manipulation
o Structures with dynamically allocated members
 Arrays of structures (multiple levels of allocation)
o Linked lists and other dynamic data structures
o Memory leak detection and prevention
o Building complete applications with proper memory management

Next Week: File Input/Output - you’ll learn to read from and write to files, making
your programs persistent.

Dynamic memory management is what separates novice C' programmers from experts.
Master it, and you can build any data structure your algorithms require!
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