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Structures and User-Defined Types
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C Programming - Practice Session on Structures

1 Introduction to Practice Session

This 1-hour practice session focuses on Structures and User-Defined Types in C pro-
gramming, covering structure definition, initialization, member access, arrays of struc-
tures, and passing structures to functions. This session complements Lecture 7. Esti-

mated completion time: 1 hour.

2 Defining and Using Basic Structures

Practice Activity

Activity 1: Creating Your First Structure - Point (15 minutes)

then create and manipulate point variables.

Step-by-Step Instructions:

1. Create a new C file named point_structure.c
2. Include necessary headers: <stdio.h>

4. In the main() function:
o Declare a variable of type struct Point
 Initialize it using dot notation
o Print its coordinates
e Modify the coordinates
« Print again to see the changes
5. Compile and run your program

Complete Example Code:

Create a program that defines a simple structure to represent a point in 2D space,

3. Define a structure called Point with two members: x and y (both double)

#include <stdio.h>

N =

// Step 1: Define the Point structure

- W

5| struct Point {

6 double x; // First member: x-coordinate
7 double y; // Second member: y-coordinate
g|}; // DON'T FORGET the semicolon!

ol int main() {

11 printf ("=== Working with Point Structure ===\n\n");

12

13 // Step 2: Declare a structure variable

14 // 'struct Point' is the type, 'pl' is the variable name
15 struct Point pl;

17 // Step 3: Initialize members using dot operator

19 pl.x = 3.5;
20 pl.y = 2.7;

// This creates a new data type that groups two coordinates together

18 // The dot (.) is used to access members of a structure variable
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22 // Step 4: Print the coordinates
23 printf ("Point pl: (%.2f, %.2f)\n", pl.x, pl.y);

25 // Step 5: Modify the coordinates

26 printf ("\nMoving point to new location...\n");
27 pl.x = 10.0;
28 pl.y = -5.5;

30 // Step 6: Print the new coordinates
31 printf ("Point pl after moving: (%.2f, %.2f)\n", pl.x, pl.y);

33 // Step 7: Create and initialize another point in one line

34 // This is called "designated initialization" (C99 feature)

35 struct Point p2 = { .x = 1.0, .y = 2.0 };

36 printf ("\nPoint p2 (initialized at declaration): (%.2f, %.2f)\n",

37 P2.x, p2.y);

38

39 // Step 8: Calculate distance between points (simple example)
40 double dx = pl.x - p2.x;

11 double dy = pl.y - p2.y;

12 double distance = sqrt(dx*dx + dy*dy); // sqrt requires math.h
14 printf ("Distance between pl and p2: %.2f\n", distance);

46 return O;

Expected Output:

i|=== Working with Point Structure ===

s|Point pl: (3.50, 2.70)

s| Moving point to new location...
s|Point pl after moving: (10.00, -5.50)

s|Point p2 (initialized at declaration): (1.00, 2.00)
o/|Distance between pl and p2: 11.12

Challenge:

Add a third point and write code to determine if the three points form a right triangle.
(Hint: Use the Pythagorean theorem - check if a? + b? = ¢? for any combination of
sides.)

Tip/Note

Key Points About Structures:
o The structure definition is a blueprint - it doesn’t allocate memory
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o Memory is allocated when you declare variables of the structure type

« Each structure variable has its own copy of all members

« Use the dot operator (.) to access members of a structure variable

o Always remember the semicolon after the closing brace of the structure defini-
tion!

Warning/Common Issue

Common Mistakes with Basic Structures:
o Forgetting the semicolon after the structure definition - this causes confusing
syntax errors
 Using the arrow operator (->) with regular variables (arrow is only for pointers)
o Trying to assign to a structure member that doesn’t exist (typo in member
name)
o Forgetting to #include <math.h> when using sqrt ()

3 Structures with Different Member Types

Practice Activity

Activity 2: Student Record Structure (15 minutes)
Create a more complex structure that contains members of different types, including
arrays. This represents a real-world entity - a student record.

Step-by-Step Instructions:

1. Create a new file named student record.c
2. Define a Student structure with:

« name (character array of size 50)

« id (integer)

« gpa (double)

o year (integer - freshman=1, sophomore=2, etc.)
Create and initialize a student variable
Print all student information in a formatted way
Create an array of 3 students and initialize them
Print all students in the array

SRCINE

Complete Example Code:

#include <stdio.h>
#include <string.h> // For string functions like strcpy

// Define the Student structure

5{// This groups all information about a student into one unit
6| struct Student {

7 char name [50]; // String member (character array)

8 int id; // Integer member

9 double gpa; // Floating-point member
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10 int year; // 1=Freshman, 2=Sophomore, 3=Junior, 4=Senior

11| };

13| // Function to print a student's information (we'll learn more about
this later)
14| void printStudent (struct Student s) {

15 printf ("Name: %s\n", s.name);

16 printf ("ID: %d\n", s.id);

17 printf ("GPA: %.2f\n", s.gpa);

18

19 // Convert year number to string for better readability
20 char *year_name;

21 switch(s.year) {

22 case 1: year_name = "Freshman"; break;

23 case 2: year_name = "Sophomore"; break;

24 case 3: year_name = "Junior"; break;

25 case 4: year_name = "Senior"; break;

26 default: year_name = "Unknown";

27 T

28 printf ("Year: %s\n\n", year_name);

29 }

30

31lint main() {

32 printf ("=== Student Record System ===\n\n");

@2

34 // PART 1: Create and initialize a single student

35 printf ("--- Single Student ---\n");

36

37 // Method 1: Declare then initialize members individually
38 struct studentl;

39

40 // For string members, we must use strcpy (can't use = directly

with arrays)
41 strcpy(studentl.name, "Alice Johnson");

42 studentl.id = 1001;

43 studentl.gpa = 3.85;

44 studentl.year = 2; // Sophomore

45

46 // Print using our function

47 printStudent (studentl);

48

49 // PART 2: Create an array of students

50 printf ("--- Array of Students ---\n");

51

52 // Method 2: Initialize at declaration using braces

53 // This is 1like a 2D array - each inner brace initializes omne
student

54 struct Student class[3] = {

55 {"Bob Smith", 1002, 3.45, 1}, // Freshman

56 {"Charlie Brown", 1003, 2.95, 3}, // Junior

57 {"Diana Prince", 1004, 3.95, 4} // Senior

58 };

59

60 // Print all students using a loop

61 for (int i = 0; i < 3; i++) {

62 printf ("Student %d:\n", i+1);
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(=]

63 printStudent (class[il);

64 }

65

66 // PART 3: Modify a student's GPA

67 printf ("--- Updating GPA ---\n");

68 printf ("Charlie's original GPA: %.2f\n", class[1].gpa);

69 class[1].gpa = 3.20; // Increase GPA
70 printf ("Charlie's new GPA: %.2f\n\n", class[1].gpa);

2 // PART 4: Search for a student by ID
3 printf ("--- Search by ID ---\n");
1 int search_id = 1003;

5 printf ("Searching for student with ID %d...\n", search_id);

77 for (int i = 0; i < 3; i++) {

78 if (class[i].id == search_id) {
79 printf ("Found: ");

80 printStudent (class[i]);

81 break;

- )

8 }

84

85 return O;

86| }

Challenge:

add another function that finds the student with the highest GPA.

Add a function that calculates the average GPA of all students in the array. Then

Tip/Note

Working with Structure Members:

= operator

e You can initialize structures at declaration using braces: struct Student s
"Name", 123, 3.5, 2;

o Array of structures is declared like: struct Student class[30];

o Access array elements with class[i] .member

 For string members (character arrays), use strcpy() to assign values, not the

Warning/Common Issue

String Assignment Pitfall:

struct Student s;
S.name = "Alice"; // WRONG! This won't work with arrays
strcpy(s.name, "Alice"); // CORRECT! Use strcpy for strings

w N e
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4 Passing Structures to Functions

Practice Activity

Activity 3: Functions with Structures (15 minutes)
Learn how to pass structures to functions both by value and by pointer, and under-
stand the difference.

Step-by-Step Instructions:

Create a new file named structure_functions.c

Define a Rectangle structure with width and height

Write functions that take structures by value (print rectangle)
Write functions that take structure pointers (scale rectangle)
Compare the behavior of pass-by-value vs pass-by-pointer

s 89 I =

Complete Example Code:

i1|#include <stdio.h>

S

3| // Define a Rectangle structure
1| struct Rectangle {

5 double width;

6 double height;

7[ };

9| // Function 1: Pass by value - receives a COPY of the structure

10| // This function can only READ the structure, not modify the original
11|void printRectangle(struct Rectangle rect) {

12 printf ("Rectangle: 7%.2f x %.2f\n", rect.width, rect.height);

13 printf ("Area: %.2f\n", rect.width * rect.height);

14 printf ("Perimeter: 7%.2f\n", 2 * (rect.width + rect.height));

16 // Try to modify - this only affects the local copy!

17 rect.width = 999; // This won't affect the original!

18 printf (" (Inside function, width changed to %.2f locally)\n", rect.
width) ;

19| }

21| // Function 2: Pass by pointer - receives the ADDRESS of the structure
22| // This function can MODIFY the original structure
23 void scaleRectangle(struct Rectangle #*rect, double factor) {

24 // Always check if pointer is NULL!

25 if (rect == NULL) {

26 printf ("Error: NULL pointer received!\n");

27 return;

28 }

29

30 // Use arrow operator (->) to access members through a pointer
31 // rect->width is equivalent to (*rect).width

32 rect->width *= factor;
33 rect->height *= factor;
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35 printf ("Rectangle scaled by factor %.2f\n", factor);

36| }

37

38| // Function 3: Pass by pointer but with const - read-only access

39| // This function promises NOT to modify the structure
1w|void printRectangleConst(const struct Rectangle *rect) {

41 if (rect == NULL) return;

42

43 printf ("Rectangle (via const pointer): %.2f x 7%.2f\n",
44 rect->width, rect->height);

45

46 // The following line would cause a compiler error:

47 // rect->width = 100; // ERROR! Can't modify const

48| }

49

50/ int main () A{

51 printf ("=== Passing Structures to Functions ===\n\n");
52

53 // Create and initialize a rectangle

54 struct Rectangle myRect = {10.0, 5.0};

56 printf("1. PASS BY VALUE DEMONSTRATION\n");

57 printf ("Original rectangle:\n");

58 printRectangle(myRect); // Pass by value (copy)

60 printf ("\nAfter function call, back in main:\n");

61 printf ("Rectangle width is STILL %.2f (unchanged!)\n\n",
62 myRect .width) ;

63

64 printf ("2. PASS BY POINTER DEMONSTRATION\n");

65 printf ("Original rectangle before scaling:\n");

66 printRectangleConst (&myRect); // Pass address
68 scaleRectangle (&myRect, 2.0); // Pass address

70 printf ("\nAfter scaling, back in main:\n");

71 printRectangleConst (&myRect); // Show changed rectangle

72

73 printf ("\n3. COMPARISON SUMMARY\n");

74 printf ("Pass by value: Safe, but can't modify originall\n");

75 printf ("Pass by pointer: Can modify original, more efficient\n");

76 printf ("Pass by const pointer: Safe read-only access\n");

78 return O;
79| }
Challenge:

Write a function that takes an array of rectangles and returns the index of the rectangle
with the largest area. Use proper const qualifiers where appropriate.
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Tip/Note

Choosing Pass by Value vs Pass by Pointer:
« Pass by value: Use for small structures (a few members) when you don’t need
to modify the original. Safe but makes a copy.
o Pass by pointer: Use for large structures or when you need to modify the
original. More efficient (only passes address).
« Pass by const pointer: Use when you want pointer efficiency but don’t need
to modify the structure.

Warning/Common Issue

Common Function Mistakes:
o Forgetting the & when passing a structure to a pointer parameter
 Using dot operator with a pointer (ptr.member) instead of arrow (ptr->member)
e Not checking for NULL pointers before dereferencing
« Modifying a structure through a const pointer (compiler error)

5 Nested Structures

Practice Activity

Activity 4: Structures Within Structures (15 minutes)
Create a program that demonstrates nested structures - structures that contain other
structures as members.

Step-by-Step Instructions:

Create a new file named nested_structures.c

Define a Date structure (day, month, year)

Define a Person structure that contains a Date for birthdate
Create and initialize a person with nested structure

Access and print all members including nested ones

s 89 I =

Complete Example Code:

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

AW N

// First, define a Date structure
5| struct Date {

6 int day;

7 int month;

8 int year;

9| F;

11| // Function to print a date in a nice format
12| void printDate(struct Date d) {
13 printf ("%02d/%02d4/%04d", d.day, d.month, d.year);
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14| }

16| // Now define a Person structure that contains a Date
17| struct Person {

18 char name [50];

19 struct Date birthdate; // Nested structure!
20 double height; // in meters

21| };

23| // Function to print a person's information
24| void printPerson(struct Person p) {

39 strcpy(personl.name, "John Doe");

41 // Initialize the nested structure members

59 printPerson(person2) ;
60 printf ("\n");

68 };

25 printf ("Name: %s\n", p.name);

26 printf ("Birthdate: ");

27 printDate(p.birthdate); // Call function for nested structure
28 printf ("\n");

29 printf ("Height: %.2f m\n", p.height);

30| }

31

32/int main() {

33 printf ("=== Nested Structures ===\n\n");

34

35 // Method 1: Create and initialize step by step
36 printf ("--- Person 1 (step-by-step) ---\n");

37 struct Person personl;

42 personl.birthdate.day = 15;

43 personl.birthdate.month = 3;

44 personl.birthdate.year = 1990;

45

46 personl.height = 1.85;

47

48 printPerson(personl);

49 printf ("\n");

50

51 // Method 2: Initialize at declaration using nested braces
52 printf ("--- Person 2 (nested initialization) ---\n");

53 struct Person person2 = {

54 "Jane Smith", // name

55 {20, 5, 1985}, // birthdate - nested braces!
56 1.72 // height

57 };

62 // Method 3: Designated initializers (C99) - very clear
63 printf("--- Person 3 (designated initializers) ---\n");
64 struct Person person3 = {

65 .name = "Bob Johnson",

66 .birthdate = {.day = 10, .month = 12, .year = 1995},
67 .height = 1.78
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0 printPerson(person3);
71 printf ("\n");

73 // Demonstrate accessing nested members

74 printf ("--- Accessing Nested Members ---\n");

75 printf ("Person 2's birth month: %d\n", person2.birthdate.month);
76 printf ("Person 3's birth year: %d\n", person3.birthdate.year);

78 // Modify a nested member

79 printf ("\n--- Modifying Nested Members ---\n");

80 printf ("Person 1's original birth year: %d\n", personl.birthdate.
year) ;

81 personl.birthdate.year = 1991; // Change year

82 printf ("Person 1's new birth year: J%d\n", personl.birthdate.year);

84 return O;

85| F

Challenge:

Create a struct Address (street, city, zip) and add it to the Person structure. Then
create an array of 3 people and print all their information.

Tip/Note

Nested Structure Tips:
o Access nested members with multiple dots: person.birthdate.day
« Initialize nested structures with nested braces: { {day, month, year} }
» Designated initializers make nested initialization much clearer
e You can have structures nested arbitrarily deep

6 Time Management Guide

Tip/Note

1-Hour Practice Session Schedule:
e 0:00-0:15: Activity 1 (Basic Point Structure)
e 0:15-0:30: Activity 2 (Student Record Structure)
o 0:30—-0:45: Activity 3 (Functions with Structures)
e 0:45-1:00: Activity 4 (Nested Structures)

If you have extra time:
o Complete the challenges in each activity
o Experiment with different member types
e Add more functions to manipulate the structures
o Try creating an array of structures and sorting it
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Warning/Common Issue

End of Session Checklist:

1. Do all your programs compile without warnings?
Have you tried both pass-by-value and pass-by-pointer?
Can you access members of nested structures correctly?
Have you practiced initializing structures in different ways?
Do you understand when to use dot vs arrow operators?

S 890

7 Conclusion

You've completed the 1-hour practice session on structures! You've learned to define
structures, create variables, access members, work with arrays of structures, pass struc-
tures to functions, and use nested structures. These skills are fundamental for organizing
data in C programs.

Structures are the foundation of data organization in
C!
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