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1 Review and Introduction

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

Purpose: This slide transitions from last week’s strings to today’s topic: structures.
It shows how structures naturally extend the idea of grouping data, building on our
knowledge of arrays and pointers.

Last Week Recap Explained:

• Strings as null-terminated char arrays: The fundamental representation of
text in C.

• String input/output safety: Using fgets and avoiding gets.

• String library functions: From <string.h> for manipulation.

• Character processing: Using <ctype.h> for classification and conversion.

• String/number conversion: Safe methods with error checking.

Connection to Today:

• Arrays group same-type data: But real-world entities have attributes of differ-
ent types.

• Strings are char arrays: Often a member within a larger data grouping.

• Need to group different types: Structures solve this problem.

• Enter: structures: The C mechanism for creating custom composite types.

Today’s Focus – Structures:

• Defining and using structures: Syntax and semantics.

• Arrays of structures: Modeling collections of records.

• Pointers to structures: Efficient passing and dynamic allocation.

• Structure memory layout: Understanding padding and alignment.

• Modeling complex data: Practical examples and patterns.

Why This Matters:

• Real-world data modeling: Programs deal with entities like students, accounts,
dates, etc.

• Code organization: Structures group related data, improving readability and
maintainability.

• Efficient parameter passing: Passing pointers to structures avoids copying large
amounts of data.

• Foundation for data structures: Linked lists, trees, and graphs are built using
structures.
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Teaching Strategy: We will start with the need for structures, then cover definition,
initialization, member access, functions, arrays, pointers, memory layout, and related
types (unions, enums). Practical examples will reinforce concepts.

Student Mindset: Think of structures as ”bundles” or ”records” that group different
pieces of data together. This is how C represents complex real-world entities. Focus on
the syntax for defining, accessing, and passing structures.

Structures allow grouping of different data types into a single unit. They are essential
for modeling real-world entities in C programs.
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2 Why Structures?

2.1 Slide 2: The Need for Structures

Core Concept: ”Simple data types and arrays are insufficient for modeling real-world
entities that have multiple attributes of different types. Structures provide a way to group
related data into a single unit.”

Limitations of Simple Types:

• Single variables store one value: Each variable holds one piece of data.

• Arrays store multiple values of same type: Good for lists but not for hetero-
geneous data.

• Real-world entities have multiple attributes: A student has a name (string),
ID (integer), GPA (float), etc.

• Need to group related data of different types: This is where structures come
in.

Example: Student Record

• Name: string (char array)

• ID: integer

• GPA: floating-point

• Courses: array of strings

Without Structures:

• Separate variables: char name[50]; int id; double gpa; char courses[10][50];

• Hard to manage relationships: Which ID goes with which name?

• P passing multiple parameters: Functions need many arguments.

• No logical grouping: Data is scattered, making code harder to understand and
maintain.

Structures Provide:

• Logical grouping of related data: All student data in one place.

• Single unit representing an entity: A struct student variable represents one
student.

• Easier parameter passing: Pass one structure instead of many separate vari-
ables.

• Better code organization: Related data is kept together.

• Natural data modeling: Mirrors real-world entities directly.

Real-World Examples:
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• Student: name, id, gpa, courses

• Bank account: number, balance, owner

• Date: day, month, year

• Point in 2D: x, y coordinates

• Employee: name, salary, department

Pitfall: Trying to manage related data with separate variables leads to code that is
difficult to read, debug, and maintain. Passing many parameters to functions is error-
prone.

Student Takeaway: Whenever you have data that naturally belongs together (like the
attributes of a person, account, or geometric shape), use a structure to group it.

Visual Example: The slide shows a box labeled ”Structures” with the text ”Group
related data of different types.” This visual reinforces the core idea.

Structures solve the problem of grouping heterogeneous data. They make programs more
organized, readable, and easier to maintain.
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3 Defining and Using Structures

3.1 Slide 3: Defining Structures (1/2)

Core Concept: ”A structure definition creates a new data type by specifying its member
variables. It is a template; memory is allocated only when variables of that type are
declared.”

Structure Definition:

• Creates a new data type: Like int or char, but user-defined.

• Specifies member variables: The pieces of data that make up the structure.

• Template for creating variables: The definition itself does not allocate memory.

• Definition doesn’t allocate memory: It only tells the compiler what the struc-
ture looks like.

Syntax:
1 struct tag_name {
2 type1 member1;
3 type2 member2;
4 // ... more members
5 };

Note the semicolon after the closing brace! This is a common source of errors.

Example:
1 struct student {
2 char name[50];
3 int id;
4 double gpa;
5 };

This defines a new type called struct student with three members.

Structure Members:

• Can be any data type: Basic types, arrays, pointers, other structures.

• Arrays, pointers, other structures: Members can themselves be complex.

• No functions inside (unlike C++): C structures only contain data.

• Members are independent variables: Each member has its own type and name.

More Examples:
1 struct point {
2 double x, y; // Two members of same type
3 };
4
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5 struct date {
6 int day, month, year;
7 };
8

9 struct rectangle {
10 struct point top_left;
11 struct point bottom_right;
12 double area;
13 };

The last example shows nesting: a structure can contain other structures as members.

Pitfall: Forgetting the semicolon after the structure definition is a syntax error. Also,
the structure tag (student, point, etc.) is not a type name by itself; you must use
struct tag together.

Student Exercise: Define a structure for a book with title, author, ISBN, and publi-
cation year.

A structure definition is a blueprint. It specifies what members the structure has, but
doesn’t create any variables.
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3.2 Slide 4: Defining Structures (2/2)

Core Concept: ”Structure variables can be declared in several ways. Memory is allo-
cated contiguously for all members, with possible padding for alignment.”

Declaring Structure Variables:

• After definition, declare variables: The structure type can be used like any
other type.

• Each variable gets its own copy of members: Changes to one variable don’t
affect others.

• Memory allocated for entire structure: Typically on the stack for local vari-
ables.

Ways to Declare:
1 // Method 1: Separate definition and declaration
2 struct student {
3 char name[50];
4 int id;
5 double gpa;
6 };
7 struct student s1, s2; // Declare two variables
8

9 // Method 2: Definition with declaration
10 struct point {
11 double x, y;
12 } p1, p2; // p1 and p2 are variables of type struct point
13

14 // Method 3: Anonymous structure (rare)
15 struct {
16 int width, height;
17 } screen_size; // One variable of an unnamed struct type

Method 3 is uncommon because you cannot create more variables of the same type later.

Memory Allocation:

• Contiguous memory for all members: Members are stored one after another.

• Size = sum of member sizes (plus padding): Due to alignment requirements.

• Members stored in declaration order: The first member is at the lowest ad-
dress.

Visualization: The diagram shows struct student with three colored blocks:

• name[50]: 50 bytes (blue)

• id: 4 bytes (green)

• gpa: 8 bytes (yellow)
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Total size is at least 62 bytes, but likely more due to padding.

Pitfall: Assuming the size of a structure is exactly the sum of its members’ sizes. Com-
pilers may insert padding between members to align them to memory boundaries for
performance. Use sizeof(struct student) to get the actual size.

Student Exercise: Declare a variable of type struct point and a variable of type
struct date.

Structure variables are declared like any other variables. Memory is allocated contigu-
ously, with possible padding.
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3.3 Slide 5: Initializing Structures

Core Concept: ”Structures can be initialized at declaration using braces, similar to
arrays. Designated initializers (C99) allow initialization in any order and improve clarity.”

Initialization at Declaration:

• Similar to array initialization: Use braces with comma-separated values.

• Values assigned in member order: First value to first member, etc.

• Can omit some values (others set to 0): Unspecified members are zero-
initialized.

• Designated initializers (C99): Use .member = value syntax for clarity and
flexibility.

Examples:
1 struct student {
2 char name[50];
3 int id;
4 double gpa;
5 };
6

7 // Full initialization
8 struct student s1 = {"Alice", 1001, 3.8};
9

10 // Partial initialization (rest = 0)
11 struct student s2 = {"Bob"}; // id=0, gpa=0.0
12

13 // All zeros
14 struct student s3 = {0}; // name="", id=0, gpa=0.0
15

16 // Designated initializers (C99)
17 struct student s4 = {.id = 1002,
18 .name = "Charlie",
19 .gpa = 3.5};

Designated initializers can appear in any order and make the code self-documenting.

Initializing Nested Structures:
1 struct date {
2 int day, month, year;
3 };
4

5 struct person {
6 char name[50];
7 struct date birthdate;
8 double salary;
9 };

10

11 // Nested initialization
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12 struct person p1 = {
13 "David",
14 {15, 3, 1990}, // birthdate
15 55000.0
16 };
17

18 // Designated with nesting
19 struct person p2 = {
20 .name = "Eve",
21 .birthdate = {.year = 1995,
22 .month = 7,
23 .day = 22},
24 .salary = 60000.0
25 };

Nested structures can be initialized with inner braces or designated initializers.

Pitfall: Using the wrong order in non-designated initializers can lead to subtle bugs. For
example, swapping id and gpa values accidentally. Designated initializers prevent this.

Student Exercise: Initialize a struct point with coordinates (3.5, 4.2) using both
regular and designated initializers.

Always initialize structures. Use designated initializers for clarity and safety, especially
with many members or nested structures.
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3.4 Slide 6: Accessing Structure Members

Core Concept: ”Structure members are accessed using the dot operator (.) for vari-
ables, and the arrow operator (->) for pointers to structures.”

Dot Operator ( . ):

• Access members of structure variables: Used when you have a structure
variable (not a pointer).

• Syntax: variable.member: Simple and intuitive.

Examples:
1 struct student {
2 char name[50];
3 int id;
4 double gpa;
5 };
6

7 struct student s1 = {"Alice", 1001, 3.8};
8

9 // Access and modify
10 printf("Name: %s\n", s1.name);
11 printf("ID: %d\n", s1.id);
12 printf("GPA: %.2f\n", s1.gpa);
13

14 s1.id = 2001; // Modify ID
15 s1.gpa = 3.9; // Modify GPA
16

17 // For string members, use strcpy
18 strcpy(s1.name, "Alice Smith");

Note: To modify a string member, you must use strcpy (or similar) because arrays
cannot be assigned with =.

Accessing Nested Members:
1 struct date {
2 int day, month, year;
3 };
4

5 struct person {
6 char name[50];
7 struct date birthdate;
8 double salary;
9 };

10

11 struct person p1 = {"Frank", {10, 5, 1985}, 50000};
12

13 // Access nested members
14 printf("Name: %s\n", p1.name);
15 printf("Birth year: %d\n", p1.birthdate.year);
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16 printf("Birth month: %d\n", p1.birthdate.month);
17 printf("Birth day: %d\n", p1.birthdate.day);
18

19 // Modify nested members
20 p1.birthdate.year = 1986;
21 p1.salary = 52000.0;

Use multiple dots to drill down into nested structures.

Pitfall: Confusing the dot and arrow operators. Use dot for variables, arrow for pointers.
Also, remember that string members are arrays and cannot be assigned with =; use
strcpy.

Student Exercise: Create a struct rectangle with two struct point members and
access/modify its coordinates.

Use the dot operator to access members of structure variables. For nested structures,
chain multiple dots.
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4 Structures and Functions

4.1 Slide 7: Passing Structures to Functions (1/3)

Core Concept: ”Structures can be passed to functions by value (default) or by pointer.
Pass by value is safe but inefficient for large structures; pass by pointer is efficient but
allows modification.”

Pass by Value:

• Default in C for structures: Like basic types, structures are copied when passed.

• Function gets a copy of structure: Changes inside the function do not affect
the original.

• Safe but can be inefficient for large structures: Copying many bytes takes
time and memory.

Example:
1 #include <stdio.h>
2

3 struct point {
4 double x, y;
5 };
6

7 // Function takes structure by value
8 void print_point(struct point p) {
9 printf("(%.2f, %.2f)\n", p.x, p.y);

10 }
11

12 // Function modifies local copy
13 void move_point(struct point p,
14 double dx, double dy) {
15 p.x += dx; // Modifies copy
16 p.y += dy; // Original unchanged
17 }
18

19 int main(void) {
20 struct point pt = {1.0, 2.0};
21 print_point(pt); // (1.00, 2.00)
22 move_point(pt, 3.0, 4.0);
23 print_point(pt); // Still (1.00, 2.00)
24 return 0;
25 }

The move_point function modifies its local copy, so the original pt remains unchanged.

Returning Structures:

• Functions can return structures: The return type is the structure type.

• Returns a copy of the structure: Like pass by value, a copy is made.
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Example:
1 struct point create_point(double x, double y) {
2 struct point p;
3 p.x = x;
4 p.y = y;
5 return p; // Return structure by value
6 }
7

8 struct point midpoint(struct point a,
9 struct point b) {

10 struct point mid;
11 mid.x = (a.x + b.x) / 2.0;
12 mid.y = (a.y + b.y) / 2.0;
13 return mid;
14 }
15

16 int main(void) {
17 struct point p1 = create_point(0.0, 0.0);
18 struct point p2 = create_point(4.0, 4.0);
19 struct point center = midpoint(p1, p2);
20 print_point(center); // (2.00, 2.00)
21 return 0;
22 }

Returning structures is fine for small structures but can be inefficient for large ones.

Pitfall: Passing or returning large structures by value can degrade performance. Use
pointers for large structures.

Student Exercise: Write a function that takes a struct date by value and returns the
next day.

Pass by value is safe but may be slow for large structures. Functions can return structures.
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4.2 Slide 8: Passing Structures to Functions (2/3)

Core Concept: ”Passing structures by pointer is more efficient and allows the function
to modify the original structure. Use the arrow operator (->) to access members through
a pointer.”

Pass by Pointer (Efficient):

• Pass address of structure: Only the pointer (typically 4 or 8 bytes) is passed.

• Function can modify original: Since it has the address, it can change the
contents.

• More efficient for large structures: No copying of the entire structure.

• Use arrow operator (->) to access: Cleaner than dereferencing and using dot.

Syntax:
1 void function(struct type *ptr) {
2 // Access members:
3 (*ptr).member // Method 1
4 ptr->member // Method 2 (preferred)
5 }

The arrow operator is a shorthand: ptr->member means (*ptr).member.

Arrow Operator (->):

• Shorthand for (*ptr).member: Combines dereference and member access.

• Cleaner and more readable: Reduces parentheses and clarifies intent.

• Commonly used in practice: Almost always preferred over the explicit method.

Example:
1 struct point {
2 double x, y;
3 };
4

5 // Pass by pointer for efficiency
6 void move_point(struct point *p,
7 double dx, double dy) {
8 if (p == NULL) return; // Safety check
9

10 p->x += dx; // Modify original
11 p->y += dy; // Arrow operator
12

13 // Equivalent to:
14 // (*p).x += dx;
15 // (*p).y += dy;
16 }
17

18 int main(void) {
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19 struct point pt = {1.0, 2.0};
20

21 printf("Before: (%.2f, %.2f)\n", pt.x, pt.y);
22

23 move_point(&pt, 3.0, 4.0); // Pass address
24

25 printf("After: (%.2f, %.2f)\n", pt.x, pt.y);
26 // Output: After: (4.00, 6.00)
27

28 return 0;
29 }

Note the safety check for NULL pointer. Always check pointers before dereferencing.

Pitfall: Forgetting to pass the address with & when calling a function that expects a
pointer. Also, not checking for NULL pointers can lead to crashes.

Student Exercise: Write a function that takes a pointer to a struct student and
increases the GPA by 0.1.

Pass structures by pointer for efficiency and modification. Use the arrow operator to
access members.
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4.3 Slide 9: Passing Structures to Functions (3/3)

Core Concept: ”Use const with structure pointers to indicate read-only access. Com-
pare pass by value vs pass by pointer to choose the appropriate method.”

const with Structure Pointers:

• Prevent modification in function: The function promises not to modify the
structure.

• Read-only access to structure: The structure’s contents cannot be changed.

• Safety guarantee: The compiler enforces this, catching accidental modifications.

• Compiler enforces no modification: Attempts to modify will cause a compila-
tion error.

Example:
1 // Read-only function
2 void print_student(const struct student *s) {
3 if (s == NULL) return;
4

5 printf("Name: %s\n", s->name);
6 printf("ID: %d\n", s->id);
7 printf("GPA: %.2f\n", s->gpa);
8

9 // These would cause compiler error:
10 // s->id = 9999; // Error: s is const
11 // s->gpa = 4.0; // Error: s is const
12 }
13

14 // Can still modify if not const
15 void update_gpa(struct student *s, double new_gpa) {
16 if (s == NULL) return;
17 s->gpa = new_gpa; // OK: s not const
18 }

Using const clarifies the function’s intent and protects the data.

Comparison: Value vs Pointer
Aspect By Value By Pointer
Memory Copy made Only address passed
Speed Slower (copy) Faster (no copy)
Modification Local copy only Affects original
Safety Safe Need to check NULL
Syntax var.member ptr->member
Use when Small structures Large structures

Don’t need modification Need modification

Best Practices:

• Use pointers for large structures (more than a few members).
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• Use const for read-only access to prevent accidental modification.

• Always check for NULL pointers before dereferencing.

• Document whether a function modifies the structure or not.

Pitfall: Passing a large structure by value when performance matters. Also, not using
const when the function shouldn’t modify the data, missing an opportunity for compiler
checks.

Student Exercise: Write a function that calculates the distance between two points,
taking const pointers.

Use const pointers for read-only access. Choose pass by value for small, immutable data;
pass by pointer for large or modifiable data.
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5 Arrays of Structures

5.1 Slide 10: Declaring Arrays of Structures

Core Concept: ”An array of structures models a collection of records, like a database
table. Memory is allocated contiguously for all structures in the array.”

Concept:

• Array where each element is a structure: Each array element is a complete
structure.

• Models collections of records: e.g., student database, inventory list.

• Common in real-world applications: Many programs deal with collections of
similar entities.

• Memory: contiguous structures: All structures are stored one after another in
memory.

Declaration:
1 struct student {
2 char name[50];
3 int id;
4 double gpa;
5 };
6

7 // Array of 100 students
8 struct student class[100];
9

10 // Initialize at declaration
11 struct student small_class[3] = {
12 {"Alice", 1001, 3.8},
13 {"Bob", 1002, 3.5},
14 {"Charlie", 1003, 3.9}
15 };

Initialization uses nested braces: each inner set initializes one structure.

Memory Layout: The diagram shows three struct student elements laid out consec-
utively:

• class[0]: name, id, gpa

• class[1]: name, id, gpa

• class[2]: name, id, gpa

Each structure’s members are contiguous within it, and structures are contiguous in the
array.

Key Points:



5.1 Slide 10: Declaring Arrays of Structures 22

• Contiguous memory allocation: The entire array is one block of memory.

• Each element is a complete structure: You can treat class[i] as a single
variable.

• Indexing works like normal arrays: Use [i] to access the i-th structure.

Pitfall: Forgetting that the array size must be known at compile time for stack allocation
(unless using dynamic allocation). Also, large arrays of structures can consume significant
memory.

Student Exercise: Declare an array of 10 struct point variables and initialize the
first three.

Arrays of structures are used for collections of records. Memory is contiguous, and
initialization uses nested braces.



5.2 Slide 11: Accessing Array Elements 23

5.2 Slide 11: Accessing Array Elements

Core Concept: ”Access members of array elements using a combination of array index-
ing and the dot operator. Pointers can also be used for traversal.”

Accessing Members:

• Combine array indexing and dot operator: array[index].member

• Syntax: array[index].member: First select the element, then the member.

• Or with pointers: (array+index)->member: Pointer arithmetic works as usual.

Examples:
1 struct student class[100];
2

3 // Initialize first student
4 strcpy(class[0].name, "Alice");
5 class[0].id = 1001;
6 class[0].gpa = 3.8;
7

8 // Access third student's GPA
9 double gpa = class[2].gpa;

10

11 // Modify fifth student's ID
12 class[4].id = 1005;
13

14 // Loop through all students
15 for (int i = 0; i < 100; i++) {
16 printf("Student %d: %s\n",
17 i+1, class[i].name);
18 }

The pattern class[i].member is straightforward.

Using Pointers:
1 struct student class[100];
2 struct student *ptr;
3

4 // Pointer to first element
5 ptr = &class[0]; // Or ptr = class;
6

7 // Access using pointer and arrow
8 ptr->id = 1001;
9 strcpy(ptr->name, "Alice");

10

11 // Move to next student
12 ptr++; // Now points to class[1]
13 ptr->id = 1002;
14

15 // Array of pointers to structures
16 struct student *roster[100];
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17 roster[0] = &class[0];
18 roster[1] = &class[1];
19

20 // Access through pointer array
21 printf("%s\n", roster[0]->name);
22 printf("%d\n", roster[1]->id);

Pointer traversal can be more efficient than indexing in some cases. An array of pointers
is useful for sorting without moving the actual structures (just reorder the pointers).

Pitfall: Going out of bounds in the array, which will corrupt adjacent memory. Also,
confusing when to use dot vs arrow: use dot for class[i], arrow for ptr.

Student Exercise: Write a loop that prints the IDs of all students in an array using a
pointer.

Access array elements with array[index].member. Use pointers for traversal and arrays
of pointers for flexibility.
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5.3 Slide 12: Example: Student Database (1/2)

Core Concept: ”A practical example of using an array of structures to implement a
simple student database. Demonstrates adding, displaying, and calculating statistics.”

Program Overview:

• Defines a struct student with name, ID, GPA.

• Uses an array of structures as the database.

• Implements functions for adding, displaying, and computing average GPA.

• Shows a menu-driven interface.

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

4 #define MAX_STUDENTS 100
5

6 struct student {
7 char name[50];
8 int id;
9 double gpa;

10 };
11

12 // Function prototypes
13 void add_student(struct student db[],
14 int *count);
15 void display_all(const struct student db[],
16 int count);
17 double average_gpa(const struct student db[],
18 int count);
19

20 int main(void) {
21 struct student database[MAX_STUDENTS];
22 int student_count = 0;
23 int choice;
24

25 do {
26 printf("\n1. Add student\n");
27 printf("2. Display all\n");
28 printf("3. Show average GPA\n");
29 printf("4. Exit\n");
30 printf("Choice: ");
31 scanf("%d", &choice);
32

33 switch(choice) {
34 case 1:
35 add_student(database,
36 &student_count);
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37 break;
38 case 2:
39 display_all(database,
40 student_count);
41 break;
42 case 3:
43 printf("Average GPA: %.2f\n",
44 average_gpa(database,
45 student_count));
46 break;
47 case 4:
48 printf("Goodbye!\n");
49 break;
50 default:
51 printf("Invalid choice\n");
52 }
53 } while (choice != 4);
54

55 return 0;
56 }

This is the main driver. It declares the database array and a count variable, then presents
a menu.

Key Design Points:

• database is an array of structures.

• student_count tracks how many entries are used.

• Functions take the array and count as parameters.

• const is used for display functions that don’t modify the array.

Pitfall: Not checking if the database is full before adding a student. Also, using scanf
for strings without length limits is unsafe (but simplified here for brevity).

Student Exercise: Add a function to search for a student by ID.

Arrays of structures are ideal for simple databases. Pass the array and its effective size
to functions.
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5.4 Slide 13: Example: Student Database (2/2)

Core Concept: ”Implementation of the database functions, showing how to manipulate
the array of structures safely and efficiently.”

Add Student Function:
1 void add_student(struct student db[],
2 int *count) {
3 if (*count >= MAX_STUDENTS) {
4 printf("Database full!\n");
5 return;
6 }
7

8 struct student *s = &db[*count];
9

10 printf("Enter name: ");
11 scanf("%49s", s->name); // Safe input
12

13 printf("Enter ID: ");
14 scanf("%d", &s->id);
15

16 printf("Enter GPA: ");
17 scanf("%lf", &s->gpa);
18

19 (*count)++; // Update count
20 }

Important: check bounds, use a pointer for convenience, increment count.

Display All Function:
1 void display_all(const struct student db[],
2 int count) {
3 if (count == 0) {
4 printf("No books in library.\n");
5 return;
6 }
7

8 printf("\n=== Student Database ===\n");
9 for (int i = 0; i < count; i++) {

10 const Book *b = &lib->books[i];
11 printf("%d. %s by %s\n", i+1,
12 b->title, b->author);
13 printf(" ISBN: %d, Published: ",
14 b->isbn);
15 print_date(b->publish_date);
16 printf(", %s\n",
17 b->available ? "Available" :
18 "Checked out");
19 }
20 }
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Note: const parameter ensures the function doesn’t modify the array. Loop up to count,
not MAX_STUDENTS.

Average GPA Function:
1 double average_gpa(const struct student db[],
2 int count) {
3 if (count == 0) return 0.0;
4

5 double total = 0.0;
6 for (int i = 0; i < count; i++) {
7 total += db[i].gpa;
8 }
9

10 return total / count;
11 }

Handle empty database to avoid division by zero.

Key Features Demonstrated:

• Array of structures as database: Simple and effective.

• Passing array to functions: Along with the current count.

• Using pointers to modify array: &db[*count] gets pointer to next slot.

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

• Modular function design: Each function does one thing.

Pitfall: The scanf for name uses %49s to prevent overflow, but it still doesn’t handle
spaces in names. Better to use fgets (omitted for simplicity).

Student Exercise: Add a function to remove a student by ID (shifting subsequent
elements).

Implement database operations with bounds checking and const correctness. Use pointers
for efficient access.
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6 Pointers and Structures

6.1 Slide 14: Pointers to Structures

Core Concept: ”Pointers to structures are declared like any other pointer. They are
used for dynamic allocation and efficient passing. Access members with the arrow oper-
ator.”

Declaring Structure Pointers:

• Like any other pointer: struct student *ptr;

• Stores address of structure: Points to a struct student variable.

• Use arrow operator (->) to access: ptr->member

Examples:
1 struct student {
2 char name[50];
3 int id;
4 double gpa;
5 };
6

7 struct student s1 = {"Alice", 1001, 3.8};
8 struct student *ptr;
9

10 ptr = &s1; // Point to s1
11

12 // Access using arrow operator
13 printf("Name: %s\n", ptr->name);
14 printf("ID: %d\n", ptr->id);
15 printf("GPA: %.2f\n", ptr->gpa);
16

17 // Modify through pointer
18 ptr->gpa = 3.9; // s1.gpa is now 3.9
19 strcpy(ptr->name, "Alice Smith");

The arrow operator provides a clean syntax for accessing members through a pointer.

Dynamic Allocation:

• Structures can be dynamically allocated: Using malloc from <stdlib.h>.

• Use malloc() and free(): Allocate and free memory on the heap.

• Access with arrow operator: Same as with stack-allocated structures.

Example:
1 #include <stdlib.h>
2

3 struct student *create_student(void) {
4 // Allocate memory



6.1 Slide 14: Pointers to Structures 30

5 struct student *s = malloc(sizeof(struct student));
6

7 if (s == NULL) {
8 return NULL; // Allocation failed
9 }

10

11 // Initialize
12 strcpy(s->name, "");
13 s->id = 0;
14 s->gpa = 0.0;
15

16 return s;
17 }
18

19 int main(void) {
20 struct student *s_ptr = create_student();
21

22 if (s_ptr != NULL) {
23 // Use the student
24 strcpy(s_ptr->name, "David");
25 s_ptr->id = 1004;
26 s_ptr->gpa = 3.7;
27

28 // Don't forget to free!
29 free(s_ptr);
30 }
31

32 return 0;
33 }

Always check if malloc returns NULL. Always pair malloc with free.

Pitfall: Forgetting to free dynamically allocated structures causes memory leaks. Also,
dereferencing a pointer that hasn’t been assigned (wild pointer) leads to undefined be-
havior.

Student Exercise: Write a function that dynamically allocates a struct point, ini-
tializes it, and returns the pointer.

Pointers to structures are used for dynamic allocation and efficient passing. Access mem-
bers with ->. Always free allocated memory.
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6.2 Slide 15: Self-Referential Structures

Core Concept: ”A self-referential structure contains a pointer to a structure of the
same type. This enables linked data structures like linked lists, trees, and graphs.”

Concept:

• Structure containing pointer to itself: The pointer member has the same type
as the structure being defined.

• Enables linked data structures: Structures can be connected to form chains,
trees, etc.

• Foundation for linked lists, trees, graphs: Essential for dynamic data struc-
tures.

Example: Linked List Node
1 struct node {
2 int data; // Payload
3 struct node *next; // Pointer to next node
4 };

The next pointer can point to another struct node, forming a chain.

Visualization: The diagram shows three nodes linked together:

• Node 1: data=10, next -> Node 2

• Node 2: data=20, next -> Node 3

• Node 3: data=30, next = NULL (end of list)

This is a singly linked list.

Using Self-Referential Structures:
1 struct node {
2 int data;
3 struct node *next;
4 };
5

6 int main(void) {
7 // Create three nodes
8 struct node n1, n2, n3;
9

10 // Set data
11 n1.data = 10;
12 n2.data = 20;
13 n3.data = 30;
14

15 // Link them together
16 n1.next = &n2;
17 n2.next = &n3;
18 n3.next = NULL; // End of list
19
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20 // Traverse the list
21 struct node *current = &n1;
22

23 while (current != NULL) {
24 printf("%d -> ", current->data);
25 current = current->next;
26 }
27 printf("NULL\n");
28 // Output: 10 -> 20 -> 30 -> NULL
29

30 return 0;
31 }

The traversal follows the next pointers until NULL is reached.

Pitfall: Forgetting to set the last pointer to NULL can cause infinite loops during traversal.
Also, accessing next after freeing a node leads to use-after-free errors.

Student Exercise: Create a linked list of three struct student nodes (simplified, with
just ID and name).

Self-referential structures are the building blocks of dynamic data structures. They con-
tain pointers to the same type, enabling linking.
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7 Type Definitions (typedef)

7.1 Slide 16: Simplifying with typedef

Core Concept: ”typedef creates an alias for an existing type, making code more
readable and easier to maintain. It is commonly used with structures to avoid repeating
the struct keyword.”

What is typedef?

• Creates an alias for a type: Gives a new name to an existing type.

• Makes code more readable: Shorter, clearer type names.

• Doesn’t create new type, just alias: The alias is interchangeable with the
original.

• Common for structures: Eliminates the need to write struct repeatedly.

Basic Syntax:
1 typedef existing_type new_name;

With Structures:
1 // Method 1: Define then typedef
2 struct student {
3 char name[50];
4 int id;
5 double gpa;
6 };
7 typedef struct student Student;
8

9 // Method 2: Combined
10 typedef struct {
11 char name[50];
12 int id;
13 double gpa;
14 } Student; // Alias created
15

16 // Now use without 'struct' keyword
17 Student s1, s2;
18 Student *ptr;
19 Student class[100];

Method 2 is more concise. The structure tag can be omitted if you don’t need to refer to
the structure by its tag elsewhere.

More Examples:
1 // Typedef for basic types
2 typedef unsigned long ulong;
3 typedef float real;
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4

5 ulong big_number = 1000000;
6 real temperature = 23.5;
7

8 // Typedef for pointers
9 typedef char *String;

10 String name = "Alice";
11

12 // Typedef for function pointers
13 typedef int (*CompareFunc)(const void *,
14 const void *);
15

16 // Typedef for complex structures
17 typedef struct {
18 double x, y;
19 } Point;
20

21 typedef struct {
22 Point center;
23 double radius;
24 } Circle;
25

26 // Clean usage
27 Point p1 = {0.0, 0.0};
28 Circle c1 = {{1.0, 1.0}, 5.0};

typedef can simplify complex declarations, like function pointers.

Benefits:

• Shorter, cleaner code: Less typing, more readable.

• Hides implementation details: The alias can be changed later without affecting
all uses.

• Easier to change types later: Change the typedef once instead of many decla-
rations.

Pitfall: Overusing typedef can make code less clear, especially if the alias hides impor-
tant type information (like pointer nature). Also, note that String above is a pointer
type, not an array.

Student Exercise: Use typedef to create an alias Book for a structure containing title
and author.

Use typedef to create concise and readable type aliases, especially for structures.
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8 Memory Layout and Alignment

8.1 Slide 17: Structure Memory Layout

Core Concept: ”Structure members are stored contiguously in memory, but compilers
may insert padding between members to align them to appropriate memory boundaries
for performance.”

Padding and Alignment:

• Processors access memory efficiently at certain boundaries: For example,
4-byte integers might need to start at addresses divisible by 4.

• Compiler may insert padding between members: Unused bytes to satisfy
alignment requirements.

• Sizeof structure ≥ sum of member sizes: The extra bytes are padding.

• #pragma pack can control padding: But may reduce performance.

Example:
1 struct example1 {
2 char a; // 1 byte
3 int b; // 4 bytes
4 char c; // 1 byte
5 };
6

7 // Might be laid out as:
8 // a (1 byte)
9 // padding (3 bytes)

10 // b (4 bytes)
11 // c (1 byte)
12 // padding (3 bytes) = 12 bytes total
13

14 printf("Size: %zu\n", sizeof(struct example1));
15 // Likely prints 12, not 6

The padding ensures that b starts at a 4-byte boundary, improving access speed.

Minimizing Padding:

• Order members by size (largest first): Reduces padding because larger types
have stricter alignment.

• Group similar-sized members together: Minimizes gaps.

• Use compiler directives carefully: #pragma pack can reduce padding but may
cause slower access or even crashes on some architectures.

Better Organization:
1 struct example2 {
2 int b; // 4 bytes
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3 char a; // 1 byte
4 char c; // 1 byte
5 // padding (2 bytes) = 8 bytes total
6 };
7

8 // Or use packed attribute (GCC)
9 struct __attribute__((packed)) example3 {

10 char a;
11 int b;
12 char c;
13 }; // 6 bytes, but slower access

example2 has less padding because the large member b is first.

Key Insight:

• sizeof(struct) gives total size: Includes padding.

• offsetof(struct, member) gives position: From the start of the structure.

• Alignment affects performance and memory: Trade-off between memory us-
age and speed.

Pitfall: Assuming the size of a structure is the sum of its members can lead to incorrect
memory allocation (e.g., for arrays of structures). Also, writing structures directly to
binary files may include padding bytes, causing portability issues.

Student Exercise: Write a program to print the size and member offsets of a structure.

Structure size includes padding for alignment. Reorder members to minimize padding.
Use sizeof and offsetof to understand layout.
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8.2 Slide 18: Structure Size Example

Core Concept: ”A program that demonstrates structure sizes and padding, showing
how member ordering affects total size.”

Investigating Structure Size:
1 #include <stdio.h>
2 #include <stddef.h> // for offsetof
3

4 struct test1 {
5 char a;
6 int b;
7 char c;
8 double d;
9 };

10

11 struct test2 {
12 double d;
13 int b;
14 char a;
15 char c;
16 };
17

18 int main(void) {
19 printf("Size of test1: %zu\n",
20 sizeof(struct test1));
21 printf("Size of test2: %zu\n",
22 sizeof(struct test2));
23

24 printf("\nOffsets in test1:\n");
25 printf("a: %zu\n", offsetof(struct test1, a));
26 printf("b: %zu\n", offsetof(struct test1, b));
27 printf("c: %zu\n", offsetof(struct test1, c));
28 printf("d: %zu\n", offsetof(struct test1, d));
29

30 return 0;
31 }

offsetof is a macro that returns the byte offset of a member within a structure.

Possible Output (64-bit system):
1 Size of test1: 24
2 Size of test2: 16
3

4 Offsets in test1:
5 a: 0
6 b: 4
7 c: 8
8 d: 16
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Explanation:

• test1: char a (1), padding (3), int b (4), char c (1), padding (7), double d (8) =
24 bytes. The double likely requires 8-byte alignment.

• test2: double d (8), int b (4), char a (1), char c (1), padding (2) = 16 bytes. The
double is first, satisfying its alignment, then the rest pack with minimal padding.

Practical Advice:

• Use sizeof() for memory allocation: Never hardcode structure sizes.

• Be aware of padding in file I/O: When writing structures to files, padding bytes
are written too, which may be undesirable.

• Reorder members for efficiency if needed: Especially if creating many in-
stances (large arrays).

• Use offsetof() for low-level operations: E.g., serialization or working with
hardware registers.

Pitfall: Writing structures directly to a file and reading them back on a different machine
or compiler may fail due to different padding. Use explicit serialization instead.

Student Exercise: Experiment with different member orders and see how the size
changes.

Member ordering affects structure size due to padding. Use sizeof and offsetof to
understand memory layout.
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9 Unions and Enums

9.1 Slide 19: Unions: Shared Memory Space

Core Concept: ”A union is similar to a structure but all members share the same
memory location. Only one member contains valid data at a time. Size is the size of the
largest member.”

What are Unions?

• Similar to structures but with shared memory: All members occupy the
same memory address.

• All members share same memory location: Writing to one member overwrites
others.

• Size = size of largest member: Enough to hold the biggest member.

• Only one member contains valid data at a time: The programmer must track
which member is active.

Syntax:
1 union union_name {
2 type1 member1;
3 type2 member2;
4 // ...
5 };

Example:
1 union data {
2 int i;
3 float f;
4 char str[20];
5 };
6

7 union data value;
8 value.i = 10; // Store integer
9 printf("%d\n", value.i);

10

11 value.f = 3.14; // Now store float
12 printf("%f\n", value.f);
13 // value.i is now corrupted!
14

15 strcpy(value.str, "Hello");
16 printf("%s\n", value.str);
17 // Both i and f are corrupted

The union can hold an int, a float, or a string, but only one at a time.

Memory Visualization: The diagram shows a union with three members overlapping
in memory:
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• int i: 4 bytes (green)

• float f: 4 bytes (yellow)

• char str[20]: 20 bytes (blue)

The total size is 20 bytes (largest member). The smaller members occupy the first part
of that space.

Common Uses:

• Type punning (reinterpret bytes): Treat the same bytes as different types
(with caution).

• Variant types (store different types): When a variable can hold different types
at different times.

• Memory-efficient storage: When you know only one member is needed at a
time.

• Hardware register access: Some hardware registers can be interpreted in mul-
tiple ways.

Warning: Need to track which member is active! There’s no language support for this;
you must do it manually (e.g., with an extra enum).

Pitfall: Reading from a member that wasn’t most recently written leads to undefined
behavior (garbage values). This is a common source of bugs.

Student Exercise: Create a union that can hold either an integer or a double, and
write code to store and retrieve both.

Unions share memory among members. Use them for variant types or memory efficiency,
but track the active member manually.
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9.2 Slide 20: Enumerations: Named Constants

Core Concept: ”Enumerations (enums) define a set of named integer constants, im-
proving code readability and maintainability. They are a user-defined type.”

What are Enums?

• User-defined type of named integer constants: Give names to numeric values.

• Improves code readability: MONDAY is clearer than 1.

• Values start at 0 by default: Increment by 1 for each subsequent name.

• Can assign specific values: You can override the default numbering.

Syntax:
1 enum enum_name {
2 VALUE1,
3 VALUE2,
4 // ...
5 };

Example:
1 // Days of week
2 enum days {
3 SUNDAY, // 0
4 MONDAY, // 1
5 TUESDAY, // 2
6 WEDNESDAY , // 3
7 THURSDAY, // 4
8 FRIDAY, // 5
9 SATURDAY // 6

10 };
11

12 enum days today = WEDNESDAY;
13

14 if (today == WEDNESDAY) {
15 printf("It's Wednesday!\n");
16 }

The enum variable today can only hold one of the defined values, making code self-
documenting.

Custom Values:
1 // Error codes with specific values
2 enum error_codes {
3 SUCCESS = 0,
4 FILE_NOT_FOUND = -1,
5 PERMISSION_DENIED = -2,
6 OUT_OF_MEMORY = -3
7 };
8
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9 // Bit flags
10 enum permissions {
11 READ = 1, // 001
12 WRITE = 2, // 010
13 EXECUTE = 4 // 100
14 };
15

16 // Combined with typedef
17 typedef enum {RED, GREEN, BLUE} Color;
18 Color favorite = GREEN;
19

20 // Use in switch
21 switch(favorite) {
22 case RED: printf("Red\n"); break;
23 case GREEN: printf("Green\n"); break;
24 case BLUE: printf("Blue\n"); break;
25 }

Enums can be used for error codes, flags, colors, states, etc.

Benefits:

• Self-documenting code: Names convey meaning.

• Compiler can check values: Some compilers warn about out-of-range assign-
ments.

• Better than #define for related constants: Enums group constants and are
type-safe (to some extent).

Pitfall: Enums are essentially integers; they don’t provide strong type safety in C (unlike
C++). You can assign any integer to an enum variable, though compilers may warn.

Student Exercise: Define an enum for months and write a function that returns the
number of days in a given month.

Enums improve readability by giving names to integer constants. Use them for sets of
related values.
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10 Complete Example

10.1 Slide 21: Complete Example: Library System (1/3)

Core Concept: ”A comprehensive example integrating structures, arrays, pointers, and
functions to implement a simple library system. Demonstrates nested structures, arrays
of structures, and modular design.”

Program Overview:

• Defines Date, Book, and Library structures using typedef.

• Library contains an array of Book and a count.

• Implements functions for initialization, adding books, displaying, searching, check-
out, and return.

• Uses helper functions for date input/output.

• Menu-driven interface.

Code:
1 #include <stdio.h>
2 #include <string.h>
3 #include <stdlib.h>
4

5 #define MAX_BOOKS 100
6 #define MAX_TITLE 100
7 #define MAX_AUTHOR 50
8

9 // Type definitions
10 typedef struct {
11 int day, month, year;
12 } Date;
13

14 typedef struct {
15 char title[MAX_TITLE];
16 char author[MAX_AUTHOR];
17 int isbn;
18 Date publish_date;
19 int available; // 1 = available , 0 = checked out
20 } Book;
21

22 typedef struct {
23 Book books[MAX_BOOKS];
24 int count; // Number of books in library
25 } Library;
26

27 // Function prototypes
28 void init_library(Library *lib);
29 void add_book(Library *lib);
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30 void display_books(const Library *lib);
31 void search_book(const Library *lib);
32 void check_out_book(Library *lib);
33 void return_book(Library *lib);

This sets up the data types and function declarations.

Helper Functions:
1 // Helper functions
2 Date read_date(void) {
3 Date d;
4 printf("Enter day: ");
5 scanf("%d", &d.day);
6 printf("Enter month: ");
7 scanf("%d", &d.month);
8 printf("Enter year: ");
9 scanf("%d", &d.year);

10 return d;
11 }
12

13 void print_date(Date d) {
14 printf("%02d/%02d/%04d",
15 d.day, d.month, d.year);
16 }

These helpers handle date input/output, keeping the main functions cleaner.

Main Function:
1 int main(void) {
2 Library my_lib;
3 int choice;
4

5 init_library(&my_lib);
6

7 do {
8 printf("\n=== Library System ===\n");
9 printf("1. Add book\n");

10 printf("2. Display all books\n");
11 printf("3. Search book\n");
12 printf("4. Check out book\n");
13 printf("5. Return book\n");
14 printf("6. Exit\n");
15 printf("Choice: ");
16 scanf("%d", &choice);
17 // Continued...

The main function initializes the library and presents a menu.

Pitfall: The date input uses scanf without validation; real code should check for valid
dates. Also, the menu loop doesn’t handle EOF or invalid non-numeric input.

Student Exercise: Add a function to delete a book from the library.
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This example shows how structures can model real-world systems. Nested structures and
arrays of structures are used effectively.
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10.2 Slide 22: Complete Example: Library System (2/3)

Core Concept: ”Implementation of the library functions, showing how to manipulate
the array of structures, use pointers, and handle user input safely.”

Menu Switch:
1 switch(choice) {
2 case 1:
3 add_book(&my_lib);
4 break;
5 case 2:
6 display_books(&my_lib);
7 break;
8 case 3:
9 search_book(&my_lib);

10 break;
11 case 4:
12 check_out_book(&my_lib);
13 break;
14 case 5:
15 return_book(&my_lib);
16 break;
17 case 6:
18 printf("Goodbye!\n");
19 break;
20 default:
21 printf("Invalid choice\n");
22 }
23 } while (choice != 6);
24

25 return 0;
26 }

Standard menu loop pattern.

Initialization Function:
1 void init_library(Library *lib) {
2 lib->count = 0;
3 }

Simple: set count to zero.

Add Book Function:
1 void add_book(Library *lib) {
2 if (lib->count >= MAX_BOOKS) {
3 printf("Library full!\n");
4 return;
5 }
6

7 Book *b = &lib->books[lib->count];
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8

9 printf("Enter title: ");
10 getchar(); // Clear newline
11 fgets(b->title, MAX_TITLE , stdin);
12 b->title[strcspn(b->title, "\n")] = '\0';
13

14 printf("Enter author: ");
15 fgets(b->author, MAX_AUTHOR , stdin);
16 b->author[strcspn(b->author, "\n")] = '\0';
17

18 printf("Enter ISBN: ");
19 scanf("%d", &b->isbn);
20

21 printf("Enter publish date:\n");
22 b->publish_date = read_date();
23

24 b->available = 1; // New book is available
25

26 lib->count++;
27 printf("Book added successfully!\n");
28 }

Key points:

• Check for full library.

• Use pointer b for convenience.

• Use fgets for safe string input, remove newline with strcspn.

• getchar() consumes leftover newline from previous scanf.

• Set available flag to 1 (true).

• Increment count.

Display Books Function:
1 void display_books(const Library *lib) {
2 if (lib->count == 0) {
3 printf("No books in library.\n");
4 return;
5 }
6

7 printf("\n=== Books in Library ===\n");
8 for (int i = 0; i < lib->count; i++) {
9 const Book *b = &lib->books[i];

10 printf("%d. %s by %s\n", i+1,
11 b->title, b->author);
12 printf(" ISBN: %d, Published: ",
13 b->isbn);
14 print_date(b->publish_date);
15 printf(", %s\n",
16 b->available ? "Available" :
17 "Checked out");
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18 }
19 }

Uses const because it doesn’t modify the library. Prints all books with their status.

Pitfall: The getchar() to clear newline is a hack; better to use a more robust input
function. Also, mixing scanf and fgets is tricky due to newline handling.

Student Exercise: Modify the display function to show only available books.

Library functions demonstrate practical structure manipulation: bounds checking, pointer
usage, and safe input.
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10.3 Slide 23: Complete Example: Library System (3/3)

Core Concept: ”Completion of the library system with search, checkout, and return
functions. Shows searching by substring and modifying structure members.”

Search Function:
1 void search_book(const Library *lib) {
2 char query[MAX_TITLE];
3 int found = 0;
4

5 printf("Enter title to search: ");
6 getchar();
7 fgets(query, MAX_TITLE , stdin);
8 query[strcspn(query, "\n")] = '\0';
9

10 for (int i = 0; i < lib->count; i++) {
11 const Book *b = &lib->books[i];
12 if (strstr(b->title, query) != NULL) {
13 printf("Found: %s by %s\n",
14 b->title, b->author);
15 printf("ISBN: %d, Status: %s\n",
16 b->isbn,
17 b->available ? "Available" :
18 "Checked out");
19 found = 1;
20 }
21 }
22

23 if (!found) {
24 printf("No books found.\n");
25 }
26 }

Uses strstr for substring search. const ensures no modification.

Check Out Function:
1 void check_out_book(Library *lib) {
2 int isbn;
3 printf("Enter ISBN to check out: ");
4 scanf("%d", &isbn);
5

6 for (int i = 0; i < lib->count; i++) {
7 Book *b = &lib->books[i];
8 if (b->isbn == isbn) {
9 if (b->available) {

10 b->available = 0;
11 printf("Book checked out.\n");
12 } else {
13 printf("Book already checked out.\n");
14 }
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15 return;
16 }
17 }
18 printf("Book not found.\n");
19 }

Searches by ISBN, modifies the available flag. No const because it modifies.

Return Function:
1 void return_book(Library *lib) {
2 int isbn;
3 printf("Enter ISBN to return: ");
4 scanf("%d", &isbn);
5

6 for (int i = 0; i < lib->count; i++) {
7 Book *b = &lib->books[i];
8 if (b->isbn == isbn) {
9 if (!b->available) {

10 b->available = 1;
11 printf("Book returned.\n");
12 } else {
13 printf("Book was not checked out.\n");
14 }
15 return;
16 }
17 }
18 printf("Book not found.\n");
19 }

Similar to checkout but sets available back to 1.

Key Concepts Demonstrated:

1. Nested structures (Book contains Date)

2. Array of structures (Library.books)

3. Structure pointers in functions

4. typedef for cleaner code

5. Passing structures to functions

6. Accessing nested members

7. Practical application design

Sample Output:
1 === Library System ===
2 1. Add book
3 2. Display all books
4 3. Search book
5 4. Check out book
6 5. Return book
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7 6. Exit
8 Choice: 2
9

10 === Books in Library ===
11 1. The C Programming Language by Kernighan & Ritchie
12 ISBN: 12345, Published: 01/01/1978, Available
13 2. Clean Code by Robert Martin
14 ISBN: 67890, Published: 15/08/2008, Checked out

Pitfall: The search is case-sensitive and matches substrings; may not be what users
expect. Also, ISBN is assumed unique; no duplicate check on add.

Student Exercise: Add a function to sort books by title or author.

This complete example integrates all structure concepts into a functional application.
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11 Common Errors and Pitfalls

11.1 Slide 24: Common Structure Programming Errors

Core Concept: ”Working with structures introduces several common errors related to
definition, member access, memory, functions, and initialization.”

Declaration/Definition Errors:

1. Forgetting semicolon after definition: Leads to syntax errors.

2. Using structure before defining it: Forward declaration may be needed.

3. Confusing structure tag with type name: Remember: struct tag is the
type.

4. Redeclaring structure with same tag: Usually an error unless intentional.

Member Access Errors:

5. Using dot on pointer (ptr.member): Should be ptr->member.

6. Using arrow on variable (var->member): Should be var.member.

7. Accessing non-existent member: Typo in member name.

8. Wrong data type for member access: Mismatch between format specifier and
member type.

Memory Errors:

9. Not allocating memory for pointer members: e.g., char *name without
malloc.

10. Forgetting to free dynamically allocated structures: Memory leaks.

11. Buffer overflow in structure arrays: Accessing beyond allocated array.

12. Accessing freed structure memory: Use-after-free.

Function-Related Errors:

13. Passing large structures by value (performance): Inefficient.

14. Not checking NULL pointers: Dereferencing NULL causes crash.

15. Forgetting const for read-only parameters: Missed compiler checks.

16. Returning pointer to local structure: Pointer becomes invalid when function
returns.

Initialization Errors:

• Assuming uninitialized members are zero: They contain garbage.

• Partial initialization leaving garbage: Only specified members are set; others
are indeterminate.
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• Wrong order in initializer list: Values assigned to wrong members.

• Using designated initializers incorrectly: Syntax errors or unintended assign-
ments.

Typedef Errors:

• Confusing when struct keyword is needed: With typedef, you can omit
struct.

• Creating conflicting type names: Redefining existing types.

• Overusing typedef for simple structures: Can reduce clarity.

Debugging Tip: Use printf with %p to print structure addresses and verify relation-
ships.

Student Exercise: For each error category, write a small code snippet that illustrates
the mistake (but be careful not to run dangerous ones!).

Awareness of common errors helps avoid them. Pay attention to syntax, memory man-
agement, and proper use of operators.
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11.2 Slide 25: Error Examples and Fixes

Concrete examples of structure-related mistakes and their corrections.
1 // 1. Missing semicolon
2 struct point { // ERROR
3 double x, y
4 } // Missing ;
5

6 // 2. Wrong member access
7 struct point p;
8 struct point *ptr = &p;
9 ptr.x = 5; // ERROR: ptr is pointer

10 p->x = 5; // ERROR: p is not pointer
11

12 // 3. Uninitialized pointer member
13 struct person {
14 char *name; // Pointer, not array
15 };
16

17 struct person p;
18 strcpy(p.name, "Alice"); // CRASH! name not allocated
19

20 // 4. Returning local structure address
21 struct point *bad_func(void) {
22 struct point p = {0, 0};
23 return &p; // ERROR: p is local
24 }

How to Fix:
1 // 1. FIX: Add semicolon
2 struct point {
3 double x, y;
4 }; // Correct
5

6 // 2. FIX: Correct access
7 struct point p;
8 struct point *ptr = &p;
9 ptr->x = 5; // Correct: arrow for pointer

10 p.x = 5; // Correct: dot for variable
11

12 // 3. FIX: Allocate memory
13 struct person p;
14 p.name = malloc(50 * sizeof(char));
15 if (p.name != NULL) {
16 strcpy(p.name, "Alice"); // OK
17 }
18 // Don't forget to free later!
19

20 // 4. FIX: Return by value or allocate dynamically
21 struct point good_func(void) {
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22 struct point p = {0, 0};
23 return p; // OK: returns copy
24 }
25 // OR
26 struct point *good_func2(void) {
27 struct point *p = malloc(sizeof(struct point));
28 if (p != NULL) {
29 p->x = p->y = 0;
30 }
31 return p; // OK: caller must free
32 }

Additional Common Fixes:

• Use sizeof(struct name) not hardcoded sizes for malloc.

• Check NULL after malloc.

• Use const on pointer parameters when function doesn’t modify data.

• Initialize all structure members, either at declaration or explicitly.

• For nested structures, ensure inner structures are initialized.

Pitfall: The fix for #3 introduces a memory leak if free is not called. Always pair
allocation with deallocation.

Student Exercise: Write a corrected version of a function that takes a structure by
value and modifies it (should take a pointer instead).

These examples highlight typical bugs. Learning to recognize and fix them is essential
for robust code.
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12 Best Practices

12.1 Slide 26: Structure Best Practices

Core Concept: ”Adopting best practices for structure design, memory, initialization,
error handling, and code style leads to safer, more maintainable, and efficient code.”

Design and Organization:

• Group logically related data: Structures should represent a single coherent
entity.

• Keep structures focused (single responsibility): Avoid ”god structures” that
try to do everything.

• Use descriptive member names: student_id better than id.

• Document structure purpose and members: Comments help others (and
yourself later).

Memory and Performance:

• Order members by size (largest first): Minimizes padding.

• Pass large structures by pointer: Avoid costly copying.

• Use const for read-only parameters: Enforce safety and allow compiler opti-
mizations.

• Consider padding when allocating many structures: For arrays, padding
can significantly increase memory usage.

Initialization:

• Always initialize structures: Either at declaration or explicitly.

• Use designated initializers (C99) for clarity: Especially with many members.

• Consider initialization functions: For complex initialization logic.

• Zero-initialize with {0}: struct student s = {0}; sets all members to zero.

Error Handling:

• Check NULL pointers before dereferencing: Prevent crashes.

• Validate structure parameters in functions: Ensure they are in valid state.

• Handle allocation failures gracefully: Check malloc return.

• Use return codes or error flags: Communicate errors to caller.

Code Style:

• Use typedef for frequently used structures: Reduces verbosity.

• Prefix structure tags (e.g., struct student_s): Avoids name collisions.
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• Consistent naming convention: e.g., snake_case for members.

• Group related structure definitions: In header files or same source file.

Function Design:

• Create functions for common operations: e.g., print_student, compare_student.

• Separate input/output from business logic: Improves testability.

• Use helper functions for complex operations: Keep functions small and fo-
cused.

• Document whether function modifies structure: In comments or via const.

Testing:

• Test with empty structures: Ensure functions handle zeroed or default struc-
tures.

• Test boundary conditions: Maximum sizes, edge values.

• Test with maximum sized data: Fill all members to their limits.

• Verify memory management: No leaks, no double frees.

Key Principle: Structures model real-world entities. Keep them logical and consistent.

Student Exercise: Review a previous structure program and refactor it to follow these
best practices.

Best practices focus on clarity, safety, and efficiency. They make code easier to read,
debug, and maintain.
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13 Summary and Next Steps

13.1 Slide 27: What We’ve Learned Today

Core Concept: ”A comprehensive review of structures and user-defined types in C,
from fundamentals to advanced topics and best practices.”

Fundamentals:

• Structures group related data of different types: The primary mechanism
for creating custom types.

• Define with struct, declare variables: Syntax and semantics.

• Access members with dot (.) operator: For variables.

• Initialize with braces or designated initializers: Always initialize.

Functions and Structures:

• Pass by value (copy) or by pointer (efficient): Choose based on size and need
to modify.

• Use arrow (->) operator with pointers: Clean access through pointers.

• Return structures from functions: Can return by value or pointer.

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

Arrays of Structures:

• Model collections of records: Like database tables.

• Access with array[index].member: Combine indexing and dot.

• Common in database-like applications: Student databases, inventory systems.

• Pass arrays to functions with size parameter: Always pass the effective size.

Advanced Topics:

• Pointers to structures and dynamic allocation: Use malloc and free.

• Self-referential structures for linked data: Foundation for linked lists, trees.

• typedef for cleaner code: Eliminates struct keyword.

• Memory layout, padding, and alignment: Understand sizeof and offsetof.

Related Types:

• Unions: shared memory for different types: Use with caution.

• Enums: named integer constants: Improve readability.

• Use based on specific needs: Each has its purpose.

Best Practices:
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• Design logical, focused structures: Single responsibility.

• Pass large structures by pointer: Efficiency.

• Always initialize: Prevent garbage values.

• Check pointers before use: Avoid NULL dereference.

• Document structure usage: Comments and naming.

Student Self-Assessment:

1. Can you define a structure for a geometric shape?

2. Can you write a function that modifies a structure passed by pointer?

3. Can you create an array of structures and sort it?

4. Can you use typedef to simplify structure declarations?

5. Can you explain when to use a union versus a structure?

Today covered the complete picture of structures in C, enabling you to model complex
data effectively.
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13.2 Slide 28: Practice Exercises for Next Week

Core Concept: ”Practice exercises to reinforce structure handling skills and prepare for
the next topic: dynamic memory management.”

Beginner:

1. Define Point structure and distance function: Store x, y coordinates; calcu-
late distance between two points.

2. Create Rectangle structure with area function: Store width and height;
compute area.

3. Implement simple student record system: Similar to today’s example but
with fewer features.

4. Write function to swap two structures: Swap the contents of two structure
variables.

Intermediate:

5. Library system (like today’s example): Extend with more features (sorting,
filtering).

6. Bank account management system: Structures for account, customer; opera-
tions: deposit, withdraw, transfer.

7. Contact address book: Store name, phone, email; add, delete, search.

8. Inventory management for a store: Product with ID, name, quantity, price;
restock, sell, report.

Advanced:

9. Implement linked list using self-referential structures: Insert, delete, tra-
verse, reverse.

10. Binary tree for storing sorted data: Insert, search, inorder traversal.

11. Database-like system with file storage: Save/load structures to/from file.

12. Memory allocator tracking with structures: Track allocated blocks with
metadata structures.

How to Approach:

• Start with diagrams: Draw the structures and their relationships.

• Use debug prints: Print structure contents at key points.

• Test with small data: Easy to verify manually.

• Incrementally add features: Get basic version working first.

Next Lecture Preview: Dynamic Memory Management

• malloc(), calloc(), realloc(), free(): Manual memory management.

• Memory leaks and how to avoid them: Common pitfalls.
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• Dynamic arrays: Resizing arrays at runtime.

• Dynamic structures: Linked lists, trees with dynamic allocation.

Student Preparation: Structures often use dynamic memory for flexible sizing (e.g.,
strings within structures). Understanding structures is crucial for dynamic data struc-
tures.

Practice structure manipulation, nesting, and arrays. Next week, we’ll combine structures
with dynamic memory for powerful data structures.
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13.3 Slide 29: Final Thoughts and Resources

Core Concept: ”Structures are foundational for complex C programming. Mastering
them requires understanding their representation and practicing safe techniques.”

Common Pitfalls Recap:

• Forgetting semicolon after definition: Syntax error.

• Confusing dot and arrow operators: Use dot for variables, arrow for pointers.

• Not initializing structure members: Garbage values cause undefined behavior.

• Passing large structures by value: Performance hit.

• Memory leaks with dynamic structures: Forgetting to free.

• Buffer overflows in member arrays: Not checking bounds.

Debugging Tips:

• Print structure addresses with %p: Verify pointers and relationships.

• Check member values individually: Use printf for each member.

• Use sizeof() to verify size: Ensure allocations are correct.

• Test with small examples first: Isolate problems.

• Use debugger to inspect structures: Modern debuggers can display structures
nicely.

Further Resources:

• Course website: Slides, examples, and additional exercises.

• K&R ”The C Programming Language” (Chapter 6): Classic coverage of
structures.

• Online C structure tutorials: Many free resources.

• Practice with coding challenges: Websites like LeetCode have structure-based
problems.

• Study real-world C codebases: Open-source projects (e.g., Linux kernel) use
structures extensively.

Key Takeaways:

• Structures model real-world entities: Group related data logically.

• Use pointers for efficiency: Pass by pointer for large structures.

• Always initialize and validate: Prevent undefined behavior.

• Practice with practical examples: Build small systems to reinforce concepts.

• Prepare for dynamic memory next: Structures and pointers are the building
blocks.
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Continued Learning Path:

• Next: Dynamic Memory Management – manual control over memory.

• Then: File I/O – reading and writing structures to files.

• Then: Advanced Data Structures – linked lists, trees, graphs built with struc-
tures.

• Then: Software Design – larger systems using structures as components.

Final Advice:

• Practice consistently: Structures become intuitive with use.

• Don’t fear segmentation faults: They are learning opportunities; use debuggers.

• Read good code: See how experienced programmers use structures.

• Ask questions: When in doubt, seek clarification.

Congratulations on completing Lecture 7! You’ve learned how to create cus-
tom data types that model real-world entities. With structures, you can now
write more organized and powerful C programs.
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