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1 Introduction to Extended Practice Session
This 2-hour practice session builds on the concepts from the 1-hour session and adds ad-
vanced topics including typedef, dynamic structure allocation, self-referential structures,
unions, enums, and a complete project. Estimated completion time: 2 hours.

2 Review of Basic Structures (15 minutes)

Practice Activity
Activity 1: Quick Review - Building on Previous Knowledge
Before diving into advanced topics, quickly review the basics by creating a simple
structure and functions. This ensures you’re ready for the more complex material.

Instructions:
Create a program that defines a struct Time with hours, minutes, and seconds.
Write functions to:

• Print time in format HH:MM:SS
• Add two times together
• Check if one time is later than another

Quick Code Template:
1 #include <stdio.h>
2

3 struct Time {
4 int hours;
5 int minutes;
6 int seconds;
7 };
8

9 // Function to print time
10 void printTime(struct Time t) {
11 printf("%02d:%02d:%02d", t.hours, t.minutes, t.seconds);
12 }
13

14 // Function to add two times
15 struct Time addTimes(struct Time t1, struct Time t2) {
16 struct Time result;
17

18 // Add seconds and handle carry
19 result.seconds = t1.seconds + t2.seconds;
20 result.minutes = t1.minutes + t2.minutes + result.seconds / 60;
21 result.seconds %= 60;
22

23 // Add minutes and handle carry
24 result.hours = t1.hours + t2.hours + result.minutes / 60;
25 result.minutes %= 60;
26

27 // Hours can go beyond 24 - we'll keep them as is
28 return result;
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29 }
30

31 int main() {
32 struct Time t1 = {2, 45, 30};
33 struct Time t2 = {1, 30, 45};
34

35 printf("Time 1: ");
36 printTime(t1);
37 printf("\nTime 2: ");
38 printTime(t2);
39

40 struct Time sum = addTimes(t1, t2);
41 printf("\nSum: ");
42 printTime(sum);
43 printf("\n");
44

45 return 0;
46 }

Take 5-10 minutes to complete this review before moving on.

3 Using typedef with Structures (20 minutes)

Practice Activity
Activity 2: Simplifying Code with typedef
Learn how to use typedef to create shorter, cleaner type names for your structures,
making code more readable.

Step-by-Step Instructions:
1. Create a new file named typedef_demo.c
2. Define structures with and without typedef to see the difference
3. Compare the syntax for declaring variables
4. See how typedef makes code cleaner, especially with pointers

Complete Example Code:

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

4 // ===== WITHOUT typedef =====
5 // You must always write 'struct' before the tag name
6 struct StudentWithoutTypedef {
7 char name[50];
8 int id;
9 float gpa;

10 };
11

12 // ===== WITH typedef =====
13 // Method 1: Define structure then create typedef
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14 typedef struct StudentWithTypedef {
15 char name[50];
16 int id;
17 float gpa;
18 } Student; // Now 'Student' is an alias for 'struct

StudentWithTypedef'
19

20 // Method 2: Combined typedef (most common)
21 typedef struct {
22 char street[100];
23 char city[50];
24 int zip;
25 } Address; // This creates a type called 'Address' (no struct tag

needed)
26

27 // Method 3: Typedef for a structure that contains another typedef'd
structure

28 typedef struct {
29 char name[50];
30 Address address; // Using the Address type we just defined
31 Student courses[10]; // Array of Student structures
32 int num_courses;
33 } UniversityPerson;
34

35 int main() {
36 printf("=== typedef Demonstration ===\n\n");
37

38 // WITHOUT TYPEDEF - must write 'struct' every time
39 printf("1. Without typedef:\n");
40 struct StudentWithoutTypedef s1;
41 strcpy(s1.name, "Alice");
42 s1.id = 1001;
43 s1.gpa = 3.8;
44 printf(" Student: %s, ID: %d\n", s1.name, s1.id);
45

46 // WITH TYPEDEF - cleaner syntax
47 printf("\n2. With typedef:\n");
48 Student s2; // No 'struct' keyword needed!
49 strcpy(s2.name, "Bob");
50 s2.id = 1002;
51 s2.gpa = 3.5;
52 printf(" Student: %s, ID: %d\n", s2.name, s2.id);
53

54 // Array of typedef'd structures
55 printf("\n3. Array of Students:\n");
56 Student class[3] = {
57 {"Charlie", 1003, 3.2},
58 {"Diana", 1004, 3.9},
59 {"Eve", 1005, 3.7}
60 };
61

62 for (int i = 0; i < 3; i++) {
63 printf(" %s (ID: %d, GPA: %.2f)\n",
64 class[i].name, class[i].id, class[i].gpa);
65 }
66
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67 // Using the Address type
68 printf("\n4. Using multiple typedef'd types:\n");
69 Address home = {"123 Main St", "Springfield", 12345};
70 printf(" Address: %s, %s, %d\n",
71 home.street, home.city, home.zip);
72

73 // Pointer to typedef'd structure
74 printf("\n5. Pointer with typedef:\n");
75 Student *ptr = &s2;
76 printf(" Via pointer: %s (GPA: %.2f)\n",
77 ptr->name, ptr->gpa); // Arrow operator still used
78

79 return 0;
80 }

Typedef for Function Pointers (Advanced):

1 // typedef can also simplify complex declarations like function
pointers

2 typedef int (*CompareFunction)(const void*, const void*);
3

4 // Now we can use 'CompareFunction' as a type
5 int compareInts(const void *a, const void *b) {
6 return *(int*)a - *(int*)b;
7 }
8

9 // Function that takes a comparison function as parameter
10 void sortWithCompare(int *arr, int size, CompareFunction cmp) {
11 // In real code, you'd implement sorting here
12 printf("Sorting with provided compare function\n");
13 }

Challenge:
Create a typedef for a structure representing a book (title, author, ISBN, year). Then
create an array of books and write a function to print all books.

Tip/Note

Best Practices with typedef:
• Use typedef for structures to avoid writing ’struct’ repeatedly
• Choose meaningful type names (usually singular nouns: Student, Book, Point)
• Be consistent - either always use typedef or never use it
• Remember that typedef creates an alias, not a new type
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4 Dynamic Allocation of Structures (25 minutes)

Practice Activity
Activity 3: Structures on the Heap with malloc() and free()
Learn how to dynamically allocate structures at runtime, which is essential for creating
data structures that can grow and shrink as needed.

Step-by-Step Instructions:
1. Create a new file named dynamic_structures.c
2. Include <stdlib.h> for malloc and free
3. Use typedef to define a structure
4. Dynamically allocate a single structure
5. Dynamically allocate an array of structures
6. Always check for allocation failure
7. Properly free all allocated memory

Complete Example Code:

1 #include <stdio.h>
2 #include <stdlib.h> // For malloc(), free()
3 #include <string.h> // For strcpy()
4

5 // Define a Product structure using typedef
6 typedef struct {
7 char name[50];
8 int id;
9 double price;

10 int quantity;
11 } Product;
12

13 // Function to create a new product dynamically
14 Product* createProduct(const char *name, int id, double price, int

quantity) {
15 // Allocate memory for the Product structure
16 Product *new_product = (Product*)malloc(sizeof(Product));
17

18 // ALWAYS check if malloc succeeded!
19 if (new_product == NULL) {
20 printf("Error: Failed to allocate memory for product!\n");
21 return NULL; // Return NULL to indicate failure
22 }
23

24 // Initialize the structure members
25 strcpy(new_product ->name, name);
26 new_product ->id = id;
27 new_product ->price = price;
28 new_product ->quantity = quantity;
29

30 printf("Created product: %s (ID: %d)\n", name, id);
31 return new_product;
32 }
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33

34 // Function to display a product
35 void printProduct(const Product *p) {
36 if (p == NULL) {
37 printf("NULL product pointer\n");
38 return;
39 }
40

41 printf("Product: %s\n", p->name);
42 printf(" ID: %d\n", p->id);
43 printf(" Price: $%.2f\n", p->price);
44 printf(" Quantity: %d\n", p->quantity);
45 }
46

47 // Function to delete/destroy a product (free memory)
48 void deleteProduct(Product *p) {
49 if (p == NULL) return;
50

51 printf("Deleting product: %s\n", p->name);
52 free(p); // Free the memory
53 // Note: We don't set p to NULL here because p is a copy of the

pointer
54 }
55

56 // Function to create an array of products dynamically
57 Product* createProductArray(int size) {
58 if (size <= 0) return NULL;
59

60 // Allocate memory for an array of Product structures
61 Product *array = (Product*)malloc(size * sizeof(Product));
62

63 if (array == NULL) {
64 printf("Error: Failed to allocate array of %d products\n",

size);
65 return NULL;
66 }
67

68 printf("Created array for %d products\n", size);
69 return array;
70 }
71

72 // Function to free an array of products
73 void deleteProductArray(Product *array) {
74 if (array == NULL) return;
75

76 free(array);
77 printf("Product array freed\n");
78 }
79

80 int main() {
81 printf("=== Dynamic Structure Allocation ===\n\n");
82

83 // PART 1: Single dynamic structure
84 printf("--- Part 1: Single Product ---\n");
85 Product *p1 = createProduct("Laptop", 1001, 899.99, 10);
86
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87 if (p1 != NULL) {
88 printProduct(p1);
89

90 // Modify through pointer
91 p1->quantity -= 2; // Sold 2 laptops
92 printf("\nAfter selling 2:\n");
93 printProduct(p1);
94

95 // Free the memory
96 deleteProduct(p1);
97 }
98 printf("\n");
99

100 // PART 2: Array of structures
101 printf("--- Part 2: Array of Products ---\n");
102 int array_size = 3;
103 Product *inventory = createProductArray(array_size);
104

105 if (inventory != NULL) {
106 // Initialize the array elements
107 strcpy(inventory[0].name, "Mouse");
108 inventory[0].id = 2001;
109 inventory[0].price = 29.99;
110 inventory[0].quantity = 50;
111

112 strcpy(inventory[1].name, "Keyboard");
113 inventory[1].id = 2002;
114 inventory[1].price = 59.99;
115 inventory[1].quantity = 30;
116

117 strcpy(inventory[2].name, "Monitor");
118 inventory[2].id = 2003;
119 inventory[2].price = 249.99;
120 inventory[2].quantity = 15;
121

122 // Print all products
123 printf("\nInventory:\n");
124 for (int i = 0; i < array_size; i++) {
125 printf("Item %d:\n", i+1);
126 printProduct(&inventory[i]); // Pass address of array

element
127 }
128

129 // Free the array
130 deleteProductArray(inventory);
131 }
132 printf("\n");
133

134 // PART 3: Common mistake demonstration
135 printf("--- Part 3: Common Mistakes ---\n");
136

137 // Mistake 1: Forgetting to check malloc return
138 Product *p2 = (Product*)malloc(sizeof(Product) * 1000000000); //

Very large!
139 // Should check if p2 == NULL!
140 if (p2 == NULL) {
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141 printf("Mistake 1 caught: malloc failed (good we checked!)\n")
;

142 } else {
143 free(p2);
144 }
145

146 // Mistake 2: Using memory after freeing
147 Product *p3 = createProduct("Temporary", 999, 1.99, 1);
148 if (p3 != NULL) {
149 deleteProduct(p3); // Memory freed
150 // p3->id = 123; // DON'T DO THIS! Using memory after free (

undefined behavior)
151 printf("Mistake 2: Don't use p3 after freeing!\n");
152 p3 = NULL; // Good practice: set to NULL after freeing
153 }
154

155 // Mistake 3: Memory leak - forgetting to free
156 for (int i = 0; i < 5; i++) {
157 Product *temp = createProduct("Leaky", i, 10.0, 1);
158 // Forgot to free temp! Memory leak!
159 // Should have: deleteProduct(temp);
160 }
161 printf("Mistake 3: Created 5 products without freeing them (memory

leak!)\n");
162 printf("In real code, always free what you allocate!\n");
163

164 return 0;
165 }

Challenge:
Create a function that expands an array of products when it becomes full (like a
dynamic array). Use realloc() to resize the array.

Tip/Note

Dynamic Allocation Rules:
• Always check if malloc returned NULL (allocation failure)
• Always free what you allocate (one free per malloc)
• Set pointers to NULL after freeing to avoid accidental use
• Use sizeof with the type name, not hardcoded sizes
• For arrays: malloc(n * sizeof(MyType))

Warning/Common Issue

Memory Management Dangers:
• Memory leak: Forgetting to free memory - program uses more and more

memory
• Dangling pointer: Using memory after freeing it - undefined behavior, crashes
• Double free: Calling free twice on same pointer - crashes
• Buffer overflow: Writing beyond allocated memory - corrupts data
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5 Self-Referential Structures - Introduction to Linked
Lists (30 minutes)

Practice Activity
Activity 4: Building a Simple Linked List
Self-referential structures contain pointers to structures of the same type. This is the
foundation of linked lists, trees, and other dynamic data structures.

Step-by-Step Instructions:
1. Create a new file named linked_list_intro.c
2. Define a Node structure that contains data and a pointer to the next node
3. Create a few nodes and link them together
4. Write a function to traverse and print the list
5. Write a function to insert a new node at the beginning
6. Write a function to free all nodes in the list

Complete Example Code:

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

4 // Self-referential structure: a Node that points to another Node
5 typedef struct Node {
6 int data; // The data stored in this node
7 struct Node *next; // Pointer to the next node (self-

referential!)
8 } Node;
9

10 // Function to create a new node
11 Node* createNode(int value) {
12 // Allocate memory for the new node
13 Node *new_node = (Node*)malloc(sizeof(Node));
14

15 if (new_node == NULL) {
16 printf("Error: Failed to create node\n");
17 return NULL;
18 }
19

20 // Initialize the node
21 new_node ->data = value;
22 new_node ->next = NULL; // Important! New node points to nothing

yet
23

24 return new_node;
25 }
26

27 // Function to insert a node at the beginning of the list
28 Node* insertAtBeginning(Node *head, int value) {
29 Node *new_node = createNode(value);
30 if (new_node == NULL) return head; // Creation failed
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31

32 // New node points to the old head
33 new_node ->next = head;
34

35 // New node becomes the new head
36 return new_node; // Return the new head of the list
37 }
38

39 // Function to insert a node at the end of the list
40 Node* insertAtEnd(Node *head, int value) {
41 Node *new_node = createNode(value);
42 if (new_node == NULL) return head;
43

44 // If list is empty, new node becomes the head
45 if (head == NULL) {
46 return new_node;
47 }
48

49 // Find the last node
50 Node *current = head;
51 while (current->next != NULL) {
52 current = current->next; // Move to next node
53 }
54

55 // current now points to the last node
56 current->next = new_node; // Last node now points to new node
57

58 return head; // Head hasn't changed
59 }
60

61 // Function to print the entire list
62 void printList(Node *head) {
63 if (head == NULL) {
64 printf("List is empty\n");
65 return;
66 }
67

68 printf("List: ");
69 Node *current = head;
70

71 while (current != NULL) {
72 printf("%d", current->data);
73

74 if (current->next != NULL) {
75 printf(" -> "); // Arrow between nodes
76 }
77

78 current = current->next; // Move to next node
79 }
80 printf(" -> NULL\n"); // Indicate end of list
81 }
82

83 // Function to find a node with a specific value
84 Node* findNode(Node *head, int value) {
85 Node *current = head;
86
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87 while (current != NULL) {
88 if (current->data == value) {
89 return current; // Found it!
90 }
91 current = current->next;
92 }
93

94 return NULL; // Not found
95 }
96

97 // Function to delete the first node with a specific value
98 Node* deleteNode(Node *head, int value) {
99 if (head == NULL) return NULL;

100

101 // Special case: deleting the head node
102 if (head->data == value) {
103 Node *temp = head->next; // Remember the rest of the list
104 free(head); // Free the old head
105 printf("Deleted node with value %d (was head)\n", value);
106 return temp; // New head is the old second node
107 }
108

109 // Search for the node to delete
110 Node *current = head;
111 while (current->next != NULL && current->next->data != value) {
112 current = current->next;
113 }
114

115 // If we found the node
116 if (current->next != NULL) {
117 Node *to_delete = current->next;
118 current->next = to_delete ->next; // Bypass the deleted node
119 free(to_delete);
120 printf("Deleted node with value %d\n", value);
121 } else {
122 printf("Value %d not found in list\n", value);
123 }
124

125 return head;
126 }
127

128 // Function to free the entire list
129 void freeList(Node *head) {
130 Node *current = head;
131

132 while (current != NULL) {
133 Node *next = current->next; // Remember next node before

freeing
134 printf("Freeing node with data %d\n", current->data);
135 free(current);
136 current = next; // Move to next node
137 }
138 }
139

140 int main() {
141 printf("=== Self-Referential Structures: Linked List ===\n\n");
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142

143 // Start with an empty list
144 Node *head = NULL;
145 printList(head);
146

147 // Insert some nodes at the beginning
148 printf("\n--- Inserting at beginning ---\n");
149 head = insertAtBeginning(head, 30);
150 head = insertAtBeginning(head, 20);
151 head = insertAtBeginning(head, 10);
152 printList(head);
153

154 // Insert at the end
155 printf("\n--- Inserting at end ---\n");
156 head = insertAtEnd(head, 40);
157 head = insertAtEnd(head, 50);
158 printList(head);
159

160 // Find a node
161 printf("\n--- Searching ---\n");
162 int search_value = 30;
163 Node *found = findNode(head, search_value);
164 if (found != NULL) {
165 printf("Found node with value %d at address %p\n",
166 search_value , (void*)found);
167 } else {
168 printf("Value %d not found\n", search_value);
169 }
170

171 // Delete a node
172 printf("\n--- Deleting ---\n");
173 head = deleteNode(head, 30);
174 printList(head);
175

176 head = deleteNode(head, 10);
177 printList(head);
178

179 head = deleteNode(head, 99); // Try to delete non-existent value
180 printList(head);
181

182 // Free all memory
183 printf("\n--- Freeing list ---\n");
184 freeList(head);
185 head = NULL; // Good practice
186

187 return 0;
188 }

Visual Representation:
When you run this program, you’ll see output that shows the list structure:
1 List: 10 -> 20 -> 30 -> NULL
2 After inserting 40 at end: 10 -> 20 -> 30 -> 40 -> NULL
3 After deleting 20: 10 -> 30 -> 40 -> NULL
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Challenge:
Add functions to:

• Insert a node at a specific position
• Reverse the linked list
• Count the number of nodes in the list
• Find the middle node of the list

Tip/Note

Linked List Key Concepts:
• Each node contains data and a pointer to the next node
• The last node’s next pointer is NULL (terminates the list)
• The head pointer points to the first node (or NULL if empty)
• Always update pointers carefully when inserting/deleting
• Always free nodes when removing them from the list

6 Unions and Enumerations (20 minutes)

Practice Activity
Activity 5: Unions and Enums - Special Types
Learn about unions (shared memory space) and enumerations (named constants)
which complement structures in C.

Part A: Unions - Sharing Memory
1 #include <stdio.h>
2 #include <string.h>
3

4 // A union shares memory among all its members
5 // Size = size of largest member
6 typedef union {
7 int i;
8 float f;
9 char str[20];

10 } DataUnion;
11

12 // A structure with a union and a type tag to track what's stored
13 typedef struct {
14 int type; // 0=int, 1=float, 2=string
15 DataUnion value;
16 } Variant;
17

18 void printVariant(Variant v) {
19 switch(v.type) {
20 case 0:
21 printf("Integer: %d\n", v.value.i);
22 break;
23 case 1:
24 printf("Float: %.2f\n", v.value.f);
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25 break;
26 case 2:
27 printf("String: %s\n", v.value.str);
28 break;
29 default:
30 printf("Unknown type\n");
31 }
32 }
33

34 int main() {
35 printf("=== Unions Demonstration ===\n\n");
36

37 // Create a union - all members share same memory
38 DataUnion data;
39

40 // Store an integer
41 data.i = 42;
42 printf("As integer: %d\n", data.i);
43

44 // Now store a float - overwrites the integer!
45 data.f = 3.14159;
46 printf("As float: %f\n", data.f);
47 printf("Now integer is corrupted: %d\n", data.i); // Garbage!
48

49 // Using union with type tag to track what's stored
50 printf("\n--- Safe Union Usage with Type Tag ---\n");
51

52 Variant v1;
53 v1.type = 0;
54 v1.value.i = 100;
55 printVariant(v1);
56

57 Variant v2;
58 v2.type = 1;
59 v2.value.f = 98.6;
60 printVariant(v2);
61

62 Variant v3;
63 v3.type = 2;
64 strcpy(v3.value.str, "Hello Union!");
65 printVariant(v3);
66

67 return 0;
68 }

Part B: Enumerations - Named Constants

1 #include <stdio.h>
2

3 // Enumeration - defines named integer constants
4 typedef enum {
5 MONDAY, // 0
6 TUESDAY, // 1
7 WEDNESDAY , // 2
8 THURSDAY , // 3
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9 FRIDAY, // 4
10 SATURDAY , // 5
11 SUNDAY // 6
12 } WeekDay;
13

14 // Enum with custom values
15 typedef enum {
16 JAN = 1, FEB = 2, MAR = 3, APR = 4,
17 MAY = 5, JUN = 6, JUL = 7, AUG = 8,
18 SEP = 9, OCT = 10, NOV = 11, DEC = 12
19 } Month;
20

21 // Enum as flags (powers of 2)
22 typedef enum {
23 READ = 1, // 001 in binary
24 WRITE = 2, // 010 in binary
25 EXECUTE = 4 // 100 in binary
26 } Permission;
27

28 // Structure using enums
29 typedef struct {
30 char task[100];
31 WeekDay day;
32 Priority priority;
33 } ScheduleItem;
34

35 // Function with enum parameter
36 void printDay(WeekDay day) {
37 switch(day) {
38 case MONDAY: printf("Monday\n"); break;
39 case TUESDAY: printf("Tuesday\n"); break;
40 case WEDNESDAY: printf("Wednesday\n"); break;
41 case THURSDAY: printf("Thursday\n"); break;
42 case FRIDAY: printf("Friday\n"); break;
43 case SATURDAY: printf("Saturday\n"); break;
44 case SUNDAY: printf("Sunday\n"); break;
45 default: printf("Invalid day\n");
46 }
47 }
48

49 const char* getMonthName(Month m) {
50 switch(m) {
51 case JAN: return "January";
52 case FEB: return "February";
53 case MAR: return "March";
54 case APR: return "April";
55 case MAY: return "May";
56 case JUN: return "June";
57 case JUL: return "July";
58 case AUG: return "August";
59 case SEP: return "September";
60 case OCT: return "October";
61 case NOV: return "November";
62 case DEC: return "December";
63 default: return "Unknown";
64 }



C Programming - Practice Session on Structures 17

65 }
66

67 int main() {
68 printf("=== Enumerations Demonstration ===\n\n");
69

70 // Using enum variables
71 WeekDay today = WEDNESDAY;
72 printf("Today is: ");
73 printDay(today);
74

75 // Enums are integers
76 printf("Numeric value: %d\n\n", today);
77

78 // Loop through enum values
79 printf("Days of week:\n");
80 for (WeekDay day = MONDAY; day <= SUNDAY; day++) {
81 printf(" %d: ", day);
82 printDay(day);
83 }
84 printf("\n");
85

86 // Using enum with custom values
87 Month birthday_month = MAY;
88 printf("Birthday month: %s (%d)\n",
89 getMonthName(birthday_month), birthday_month);
90

91 // Using enum as flags
92 printf("\n--- Permissions as Flags ---\n");
93 Permission my_perms = READ | WRITE; // Bitwise OR to combine
94

95 if (my_perms & READ) {
96 printf("Has READ permission\n");
97 }
98 if (my_perms & WRITE) {
99 printf("Has WRITE permission\n");

100 }
101 if (my_perms & EXECUTE) {
102 printf("Has EXECUTE permission\n");
103 }
104

105 // Structure with enum member
106 printf("\n--- Schedule Item ---\n");
107 ScheduleItem meeting = {
108 .task = "Team Meeting",
109 .day = FRIDAY,
110 .priority = HIGH
111 };
112

113 printf("Task: %s\n", meeting.task);
114 printf("Day: ");
115 printDay(meeting.day);
116 printf("Priority: %d (%s)\n", meeting.priority,
117 meeting.priority == HIGH ? "High" :
118 meeting.priority == MEDIUM ? "Medium" : "Low");
119

120 return 0;
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121 }

Challenge:
Create a program that uses an enum for traffic light states (RED, YELLOW, GREEN)
and a structure that contains the current state and the time until next change. Sim-
ulate the light changing over time.

Tip/Note

Unions vs Enums vs Structures:
• Structures: Multiple members, all can be used simultaneously
• Unions: Multiple members, only one used at a time (saves memory)
• Enums: Named constants, make code more readable

7 Complete Project: Library Management System
(30 minutes)

Practice Activity
Activity 6: Putting It All Together - Library System
Create a complete library management system that uses structures, typedef, dynamic
allocation, and enums. This project integrates everything you’ve learned.

Requirements:
• Use typedef for all structures
• Use enum for book status (AVAILABLE, CHECKED_OUT)
• Use nested structures (Book contains Date)
• Use dynamic allocation for the library (array of books that can grow)
• Implement functions to add, remove, search, and display books
• Properly manage memory (no leaks!)

Complete Code:

1 #include <stdio.h>
2 #include <stdlib.h>
3 #include <string.h>
4 #include <ctype.h>
5

6 // ========== ENUMS ==========
7 typedef enum {
8 AVAILABLE ,
9 CHECKED_OUT

10 } BookStatus;
11

12 typedef enum {
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13 FICTION,
14 NON_FICTION ,
15 SCIENCE,
16 HISTORY,
17 BIOGRAPHY ,
18 OTHER
19 } BookGenre;
20

21 // ========== STRUCTURES ==========
22 typedef struct {
23 int day;
24 int month;
25 int year;
26 } Date;
27

28 typedef struct {
29 char title[100];
30 char author[100];
31 char isbn[20];
32 BookGenre genre;
33 Date publish_date;
34 BookStatus status;
35 } Book;
36

37 // Dynamic library structure
38 typedef struct {
39 Book *books; // Dynamic array of books
40 int count; // Current number of books
41 int capacity; // Maximum capacity before resize
42 } Library;
43

44 // ========== HELPER FUNCTIONS ==========
45 const char* getGenreName(BookGenre genre) {
46 switch(genre) {
47 case FICTION: return "Fiction";
48 case NON_FICTION: return "Non-Fiction";
49 case SCIENCE: return "Science";
50 case HISTORY: return "History";
51 case BIOGRAPHY: return "Biography";
52 default: return "Other";
53 }
54 }
55

56 const char* getStatusName(BookStatus status) {
57 return status == AVAILABLE ? "Available" : "Checked Out";
58 }
59

60 void printDate(Date d) {
61 printf("%02d/%02d/%04d", d.day, d.month, d.year);
62 }
63

64 // ========== LIBRARY FUNCTIONS ==========
65 // Initialize a new library
66 Library* createLibrary(int initial_capacity) {
67 Library *lib = (Library*)malloc(sizeof(Library));
68 if (lib == NULL) {
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69 printf("Error: Failed to allocate library structure\n");
70 return NULL;
71 }
72

73 lib->books = (Book*)malloc(initial_capacity * sizeof(Book));
74 if (lib->books == NULL) {
75 printf("Error: Failed to allocate book array\n");
76 free(lib);
77 return NULL;
78 }
79

80 lib->count = 0;
81 lib->capacity = initial_capacity;
82

83 printf("Library created with capacity %d\n", initial_capacity);
84 return lib;
85 }
86

87 // Resize the library when it gets full
88 int resizeLibrary(Library *lib) {
89 if (lib == NULL) return 0;
90

91 int new_capacity = lib->capacity * 2;
92 Book *temp = (Book*)realloc(lib->books, new_capacity * sizeof(Book

));
93

94 if (temp == NULL) {
95 printf("Error: Failed to resize library\n");
96 return 0;
97 }
98

99 lib->books = temp;
100 lib->capacity = new_capacity;
101 printf("Library resized to capacity %d\n", new_capacity);
102 return 1;
103 }
104

105 // Add a new book to the library
106 int addBook(Library *lib) {
107 if (lib == NULL) return 0;
108

109 // Check if we need to resize
110 if (lib->count >= lib->capacity) {
111 if (!resizeLibrary(lib)) {
112 return 0; // Resize failed
113 }
114 }
115

116 Book *new_book = &lib->books[lib->count];
117

118 printf("\n--- Add New Book ---\n");
119

120 // Clear input buffer
121 while (getchar() != '\n');
122

123 printf("Enter title: ");
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124 fgets(new_book ->title, sizeof(new_book ->title), stdin);
125 new_book ->title[strcspn(new_book->title, "\n")] = '\0';
126

127 printf("Enter author: ");
128 fgets(new_book ->author, sizeof(new_book ->author), stdin);
129 new_book ->author[strcspn(new_book->author, "\n")] = '\0';
130

131 printf("Enter ISBN: ");
132 fgets(new_book ->isbn, sizeof(new_book ->isbn), stdin);
133 new_book ->isbn[strcspn(new_book->isbn, "\n")] = '\0';
134

135 printf("Genre (0=Fiction, 1=Non-Fiction, 2=Science, 3=History, 4=
Biography , 5=Other): ");

136 int genre_choice;
137 scanf("%d", &genre_choice);
138 new_book ->genre = (BookGenre)genre_choice;
139

140 printf("Publish Date:\n");
141 printf(" Day: ");
142 scanf("%d", &new_book->publish_date.day);
143 printf(" Month: ");
144 scanf("%d", &new_book->publish_date.month);
145 printf(" Year: ");
146 scanf("%d", &new_book->publish_date.year);
147

148 new_book ->status = AVAILABLE;
149

150 lib->count++;
151 printf("Book added successfully! (Total books: %d)\n", lib->count)

;
152 return 1;
153 }
154

155 // Display all books
156 void displayBooks(const Library *lib) {
157 if (lib == NULL || lib->count == 0) {
158 printf("\nNo books in library.\n");
159 return;
160 }
161

162 printf("\n=== Library Catalog (%d books) ===\n", lib->count);
163 for (int i = 0; i < lib->count; i++) {
164 const Book *b = &lib->books[i];
165 printf("\n--- Book #%d ---\n", i+1);
166 printf("Title: %s\n", b->title);
167 printf("Author: %s\n", b->author);
168 printf("ISBN: %s\n", b->isbn);
169 printf("Genre: %s\n", getGenreName(b->genre));
170 printf("Published: ");
171 printDate(b->publish_date);
172 printf("\n");
173 printf("Status: %s\n", getStatusName(b->status));
174 }
175 }
176

177 // Search for books by title (case-insensitive substring search)
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178 void searchBooks(const Library *lib) {
179 if (lib == NULL || lib->count == 0) {
180 printf("\nNo books to search.\n");
181 return;
182 }
183

184 char query[100];
185 printf("\nEnter search term (in title): ");
186 while (getchar() != '\n');
187 fgets(query, sizeof(query), stdin);
188 query[strcspn(query, "\n")] = '\0';
189

190 // Convert query to lowercase for case-insensitive search
191 for (int i = 0; query[i]; i++) {
192 query[i] = tolower(query[i]);
193 }
194

195 int found = 0;
196 printf("\nSearch Results:\n");
197

198 for (int i = 0; i < lib->count; i++) {
199 const Book *b = &lib->books[i];
200

201 // Convert title to lowercase for comparison
202 char title_lower[100];
203 strcpy(title_lower , b->title);
204 for (int j = 0; title_lower[j]; j++) {
205 title_lower[j] = tolower(title_lower[j]);
206 }
207

208 if (strstr(title_lower , query) != NULL) {
209 printf(" %s by %s (%s)\n",
210 b->title, b->author, getStatusName(b->status));
211 found = 1;
212 }
213 }
214

215 if (!found) {
216 printf(" No books found matching '%s'\n", query);
217 }
218 }
219

220 // Check out a book (change status to CHECKED_OUT)
221 int checkoutBook(Library *lib) {
222 if (lib == NULL || lib->count == 0) {
223 printf("\nNo books to check out.\n");
224 return 0;
225 }
226

227 char isbn[20];
228 printf("\nEnter ISBN of book to check out: ");
229 while (getchar() != '\n');
230 fgets(isbn, sizeof(isbn), stdin);
231 isbn[strcspn(isbn, "\n")] = '\0';
232

233 for (int i = 0; i < lib->count; i++) {
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234 Book *b = &lib->books[i];
235 if (strcmp(b->isbn, isbn) == 0) {
236 if (b->status == AVAILABLE) {
237 b->status = CHECKED_OUT;
238 printf("Book '%s' checked out successfully.\n", b->

title);
239 return 1;
240 } else {
241 printf("Book '%s' is already checked out.\n", b->title

);
242 return 0;
243 }
244 }
245 }
246

247 printf("Book with ISBN %s not found.\n", isbn);
248 return 0;
249 }
250

251 // Return a book (change status to AVAILABLE)
252 int returnBook(Library *lib) {
253 if (lib == NULL || lib->count == 0) {
254 printf("\nNo books to return.\n");
255 return 0;
256 }
257

258 char isbn[20];
259 printf("\nEnter ISBN of book to return: ");
260 while (getchar() != '\n');
261 fgets(isbn, sizeof(isbn), stdin);
262 isbn[strcspn(isbn, "\n")] = '\0';
263

264 for (int i = 0; i < lib->count; i++) {
265 Book *b = &lib->books[i];
266 if (strcmp(b->isbn, isbn) == 0) {
267 if (b->status == CHECKED_OUT) {
268 b->status = AVAILABLE;
269 printf("Book '%s' returned successfully.\n", b->title)

;
270 return 1;
271 } else {
272 printf("Book '%s' was not checked out.\n", b->title);
273 return 0;
274 }
275 }
276 }
277

278 printf("Book with ISBN %s not found.\n", isbn);
279 return 0;
280 }
281

282 // Remove a book from the library
283 int removeBook(Library *lib) {
284 if (lib == NULL || lib->count == 0) {
285 printf("\nNo books to remove.\n");
286 return 0;
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287 }
288

289 char isbn[20];
290 printf("\nEnter ISBN of book to remove: ");
291 while (getchar() != '\n');
292 fgets(isbn, sizeof(isbn), stdin);
293 isbn[strcspn(isbn, "\n")] = '\0';
294

295 for (int i = 0; i < lib->count; i++) {
296 if (strcmp(lib->books[i].isbn, isbn) == 0) {
297 // Found the book to remove
298 printf("Removing book: %s\n", lib->books[i].title);
299

300 // Shift all subsequent books left
301 for (int j = i; j < lib->count - 1; j++) {
302 lib->books[j] = lib->books[j + 1];
303 }
304

305 lib->count--;
306 printf("Book removed. Total books: %d\n", lib->count);
307 return 1;
308 }
309 }
310

311 printf("Book with ISBN %s not found.\n", isbn);
312 return 0;
313 }
314

315 // Destroy library and free all memory
316 void destroyLibrary(Library *lib) {
317 if (lib == NULL) return;
318

319 if (lib->books != NULL) {
320 free(lib->books);
321 lib->books = NULL;
322 }
323

324 free(lib);
325 printf("Library destroyed , all memory freed.\n");
326 }
327

328 // ========== MAIN PROGRAM ==========
329 int main() {
330 printf("========================================\n");
331 printf(" LIBRARY MANAGEMENT SYSTEM\n");
332 printf("========================================\n");
333

334 // Create library with initial capacity of 5
335 Library *my_library = createLibrary(5);
336 if (my_library == NULL) {
337 return 1;
338 }
339

340 int choice;
341

342 do {
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343 printf("\n--- MENU ---\n");
344 printf("1. Add a book\n");
345 printf("2. Display all books\n");
346 printf("3. Search for a book\n");
347 printf("4. Check out a book\n");
348 printf("5. Return a book\n");
349 printf("6. Remove a book\n");
350 printf("7. Exit\n");
351 printf("Choice: ");
352 scanf("%d", &choice);
353

354 switch(choice) {
355 case 1:
356 addBook(my_library);
357 break;
358 case 2:
359 displayBooks(my_library);
360 break;
361 case 3:
362 searchBooks(my_library);
363 break;
364 case 4:
365 checkoutBook(my_library);
366 break;
367 case 5:
368 returnBook(my_library);
369 break;
370 case 6:
371 removeBook(my_library);
372 break;
373 case 7:
374 printf("\nThank you for using the Library System!\n");
375 break;
376 default:
377 printf("Invalid choice. Please try again.\n");
378 }
379 } while (choice != 7);
380

381 // Clean up
382 destroyLibrary(my_library);
383

384 return 0;
385 }

Challenge Extensions:
1. Add a function to save the library to a file and load it back
2. Add statistics (most books by author, books by genre, etc.)
3. Add a due date for checked out books and calculate fines
4. Implement a patron system with multiple libraries
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8 Time Management Guide
Tip/Note

2-Hour Practice Session Schedule:
• 0:00–0:15: Activity 1 (Review - Time Structure)
• 0:15–0:35: Activity 2 (typedef)
• 0:35–1:00: Activity 3 (Dynamic Allocation)
• 1:00–1:30: Activity 4 (Linked Lists)
• 1:30–1:50: Activity 5 (Unions and Enums)
• 1:50–2:20: Activity 6 (Library Project)
• 2:20–2:30: Review and cleanup

Warning/Common Issue

Final Checklist:
1. Did you use typedef to simplify your structure declarations?
2. Are all dynamically allocated structures properly freed?
3. Do your linked list operations correctly update all pointers?
4. Did you use enums to make your code more readable?
5. Is your library project free of memory leaks?
6. Have you tested all functions with edge cases (empty list, full library, etc.)?

9 Conclusion and Next Steps

Congratulations! You’ve Completed Both Practice
Sessions on Structures!

What You’ve Learned:

• Defining and using basic structures

• Initializing structures in multiple ways

• Passing structures to functions (by value and by pointer)

• Arrays of structures

• Nested structures

• Using typedef for cleaner code

• Dynamic allocation of structures

• Self-referential structures and linked lists

• Unions and enumerations

• Building a complete application with structures

Next Week: Dynamic Memory Management - you’ll learn more about malloc, calloc,
realloc, and building dynamic data structures.
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Structures are the foundation of data organization in C. Master them, and you’ll be able
to model any real-world entity in your programs!
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