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Review and Introduction




What We've Learned & What's Next

Last Week Recap: Today’s Focus: Structures
@ Strings as null-terminated char @ Defining and using structures
arrays @ Arrays of structures

@ String input/output safety Pointers to structures

(]
o String library functions e Structure memory layout
°

< i .h> .
(¢string.h>) Modeling complex data

o Character processing (<ctype.h>)

@ String/number conversion

[ Goal Today J

Connection to Today:

Master structured
@ Arrays group same-type data

data in C
@ Strings are char arrays Create custom
o Need to group different types data types for
@ Enter: structures complex problems

1/29



Why Structures?




The Need for Structures
Limitations of Simple Types:
@ Single variables store one value

@ Arrays store multiple values of
same type

@ Real-world entities have multiple
attributes

@ Need to group related data of
different types
Example: Student Record

@ Name: string (char array)
o ID: integer
o GPA: floating-point

o Courses: array of strings
Without Structures:

o Separate variables
@ Hard to manage relationships
@ Passing multiple parameters

o No locical orolipine

Structures Provide:
@ Logical grouping of related data
@ Single unit representing an entity
o Easier parameter passing
@ Better code organization
o Natural data modeling
Real-World Examples:
o Student: name, id, gpa, courses

@ Bank account: number, balance,
owner

o Date: day, month, year
@ Point in 2D: x, y coordinates

@ Employee: name, salary,
department

Structures Group related

data of different types 2 /29




Defining and Using Structures
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Defining Structures (1/2)

Structure Definition:
o Creates a new data type
o Specifies member variables
@ Template for creating variables
@ Definition doesn’t allocate memory

Syntax:

struct tag_name {
typel memberl;
type2 member?2;
// more members

};

Example:

struct student {
char name [50];
int id;
double gpa;

};

Structure Members:
o Can be any data type
@ Arrays, pointers, other structures
o No functions inside (unlike C4++)

@ Members are independent
variables

More Examples:

struct point {

double x, y; // Two members of
same type
8
struct date {
int day, month, year;
5
struct rectangle {
struct point top_left;

struct point
double area;

bottom_right;

i 3/29



Defining Structures (2/2)

Declaring Structure Variables:

@ After definition, declare variables °

@ Each variable gets its own copy oflz

members 1

. 12

@ Memory allocated for entire 5
structure

Ways to Declare: "

15
// Method 1: Separate definition and 16
declaration
struct student {
char name [50];
int id;
double gpa;
15
struct student si,
two variables

s2; // Declare

Visualization:

// Method 2: Definition with
declaration

struct point {
double x,

} pl, p2;

Y

// Method 3:
)

struct {
int width, height;

} screen_size; // One variable of an
unnamed struct type

Memory Allocation:
e Contiguous memory for all members

Anonymous structure (rare

@ Size = sum of member sizes (plus
padding)

@ Members stored in declaration order

struct student (62+ bytes with padding)

name [0] name[1] name [49] id gpa
50 chars int double
50 bytes 4 bytes 8 bytes 4 / 29
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Initializing Structures

Initialization at Declaration:
o Similar to array initialization

@ Use braces with comma-separated
values

o Values assigned in member order

@ Can omit some values (others set
to 0)

Examples:

struct student {
char name [50];
int id;
double gpa;

3

// Full initialization
struct student si1 = {"Alice",
3.8};

1001,

initialization (rest = 0)
{"Bob"}; // id

// Partial
struct student s2 =
=0, gpa=0.0

Initializing Nested Structures:

struct date {

int day, month, year;

e

struct person {
char name [50];
struct date birthdate;
double salary;

};
// Nested initialization
struct person pl = {
"David",
{15, 3, 1990}, // birthdate

55000.0
I3

// Designated with nesting
struct person p2 = {

.name = "Eve",
.birthdate = {.year = 1995,
.month = 7,
.day = 22},
.salary = 60000.0
};
5/29
2 oa ™ * o




Accessing Structure Members

Dot Operator ( . ):

@ Access members of structure
variables

@ Used with direct structure
variables

@ Syntax: variable.member

Examples: 1

struct student {
char name [50];
int id;
double gpa;
};
{"Alice",

struct student sl = 1001,

3.8%};

// Access and modify

printf ("Name: %s\n", sl.name); 10
printf ("ID: %d\n", s1.id); 20
printf ("GPA: 7%.2f\n", sl.gpa); -
s1.id = 2001; // Modify ID
sl.gpa = 3.9; // Modify GPA

Accessing Nested Members:

struct date {
int day, month, year;
};
struct person {
char name [50];
struct date birthdate;
double salary;
};
struct person pl = {"Frank", {10, 5,
1985}, 50000};
// Access nested members
printf ("Name: %s\n", pl.name);
printf ("Birth year: %d\n", pl.
birthdate.year);
printf ("Birth month: %d\n", pil.
birthdate.month);
printf ("Birth day: %d\n", pil.
birthdate.day);
// Modify nested members
pl.birthdate.year = 1986;
pl.salary = 52000.0;
6/29
T T T T T T



Structures and Functions




N o U e W N R

Passing Structures to Functions (1/3)

Pass by Value:
@ Default in C for structures
@ Function gets a copy of structure

@ Changes inside function don't
affect original

@ Safe but can be inefficient for
large structures

Example:

#include <stdio.h>

struct point {
double x, y;
e

// Function takes structure by value

void print_point(struct point p) {
printf (" (%.2f, %.2f)\n", p.x,
)

}

// Function modifies local copy
void move_point(struct point p,

a s ow N

10

P.yu

Returning Structures:
@ Functions can return structures
@ Return type is the structure type
@ Returns a copy of the structure

Example:

struct point create_point(double x,
double y) {
struct point p;
P.-X = X;
Py =V
return p;
value

// Return structure by
}

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

struct point mid;

mid.x = (a.x + b.x) / 2.0;
mid.y = (a.y + b.y) / 2.0;
return mid;
¥
7/29
int main(void) {



Passing Structures to Functions (2/3)

Pass by Pointer (Efficient): Example:
@ Pass address of structure 1 struct point {
2 double x, y;
@ Function can modify original 3 ks
. 4
@ More efficient for |arge structures s // pass by pointer for efficiency
U 6 void move_point (struct point *p,
@ Use arrow operator (—>) to access double dx, double dy)
{
8 if (p == NULL) return; // Safety
Syntax. check
: : 9
vese swmevson(atracs type wpe) €1 ar /) waasty ersginn
3 (xptr) .member // Method 1 " P>y *= dy; 7y Do epezaies
12
4 pii;;iii;;f // Method 2 ( 5 ) Semiveilent Go:
- p 14 // (*p).x += dx;
’ 15 /] (xp).y += dy;
16 }
17
Arrow Operator ('>): 18 int main(void) {
t t int pt = {1.0, 2.0};
o Shorthand for (*ptr) .member struct point pt = { '
@ Cleaner and more readable o G (EOTEEO8 - (5cCk s e 2EON g
pt.x, pt.y);
° ; ; 2
Commonly used in practice 23 move_point (&pt, 3.0, 4.0); /é/29

Pass address



Passing Structures to Functions

// s->id = 9999;

@ Prevent modification in function is const

12 // s->gpa = 4.0; // Error: s
@ Read-only access to structure is const

13 }
o Safety guarantee 14

i . . 15 // Can still modify if not const
° Cgrgpller enforces no modification s void update_gpa(struct student *s,

Exam double new_gpa) {
1 // Read-only function 1; 1f>(s =i L) r?tujr/l;m(. t
2 void print_student (const struct ! = gpta = new_gpa; ¢ 8 no
student *s) { 3 cons
3 if (s == NULL) return; 1 =
s Bestd’ractlces:
: . TR e . o Use pointers for large structures
° 1}2?2::5(1;]131; e f’tdiépa) o Use const for read-only access
1 H fo « n-, - H
8 @ Always check for NULL pointers
9 // These would cause compiler
error: @ Document whether function
10 // s->id = 9999; // Error: s

modifies structure

is const

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 9/)29
Use when Small structures - Don’t need modification | Large structures - Need modification




Arrays of Structures




Declaring Arrays of Structures

Concept: Memory Layout:
@ Array where each element is a struct student class(3]
structure ‘ S | ‘
@ Models collections of records name(s0]
3 . . ‘ class[1] | ‘
@ Common in real-world applications
@ Memory: contiguous structures ‘ el | ‘ ‘
Declaration:
Key Points:
1 struct student {
2 char name [50]; @ Contiguous memory allocation
3 int id;
4 double gpa; o Each element is a complete
s structure
7 // Array of 100 students . .
il i e @ Indexing works like normal arrays
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}

- N 10/29



Accessing Array Elements

Accessing Members:

o Combine array indexing and dot

operator

@ Syntax: arrayl[index] .member

@ Or with pointers:
(array+index)->member

Examples:

struct student class[100];

// Initialize first student
strcpy (class [0] .name, "Alice");
class [0].id = 1001;

class [0].gpa = 3.8;

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

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

// Loop through all students
for (int i = 0; i < 100; i++) {
printf ("Student %d: %s\n",

Using Pointers:

struct student class[100];
struct student *ptr;

// Pointer to first element
ptr = &class[0]; // Or ptr = class;
// Access using pointer and arrow
ptr->id = 1001;
strcpy (ptr->name, "Alice");

// Move to next student

ptr++; // Now points to class[1]
ptr->id = 1002;

// Array of pointers to structures
struct student *roster [100];
roster [0] = &class[0];

roster [1] = &class[1];

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

Pointer Arrays: Useful for sorting
without moving actual structures. 11/ 29



Example: Student Database (1/2)

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

#define MAX_STUDENTS 100

struct student {
char name [50];
int id;
double gpa;

i

// Function prototypes

40
41

void add_student (struct student db[], s

int *count) ;

void display_all(const struct studentis3

dv (],
int count);
double average_gpa(const struct
student dbl[],
int count);

int main(void) {
struct student databasel
MAX_STUDENTS];
int student_count = O0;
int choice;

do {

nrintf ("\n1 Add <t+undent\n") -

44

45
46
47
48
49
50

51
52
53
R4

switch(choice) {

case 1:
add_student (database,
&
student_count) ;
break;
case 2:

display_all (database,

student_count) ;

break;
case 3:
printf ("Average GPA:
%.2f\n",
average_gpa (
database,

student_count));
break;
case 4:
printf ("Goodbye!\n");
break;
default:
printf ("Invalid
choice\n");
}
. . I .
} while (choice != 4); 12//29

return 0O



Example: Student Database (2/2)

1 void add_student(struct student db[], 31 double average_gpa(const struct
2 int *count) { student dbl[],
3 if (*count >= MAX_STUDENTS) { 32 int count) {
4 printf ("Database full!\n"); 33 if (count == 0) return 0.0;
5 return; 34
6 } 35 double total = 0.0;
7 36 for (int i = 0; i < count; i++) {
8 struct student *s = &db[*countl]; 37 total += db[i].gpa;
9 38 ¥
10 printf ("Enter name: "); 39
11 scanf ("%49s", s->name); // Safe 40 return total / count;
input 41}
12
13 printf ("Enter ID: ");
1 scanf ("%d", &s->id); Key Features Demonstrated:
15
16 printf ("Enter GPA: "); @ Array of structures as database
17 scanf ("%1f", &s->gpa); ] .
18 @ Passing array to functions
19 (*count)++; // Update count . . .
20 } @ Using pointers to modify array
21
22 void display_all(const struct student @ const for read—only access
. = int count) { @ Modular function design
24 printf ("\n=== Student Database
===\n"); .
25 for (int i = 0; i < count; i++) { OUtpl"t Example' 13/29

26 nrintf ("Y4d Y« (TD: Y4 CPA -



Pointers and Structures
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Pointers to Structures

Declaring Structure Pointers:
@ Like any other pointer
@ Stores address of structure

o Use arrow operator (->) to access

Examples:

struct student {
char name [50];
int id;
double gpa;

g

struct student sli {"Alice", 1001,
3.8%};

struct student *ptr;

ptr &s1; // Point to si

// Access using arrow operator
printf ("Name: %s\n", ptr->name);
printf ("ID: %d\n", ptr->id);
printf ("GPA: 7%.2f\n", ptr->gpa);

// Modify through pointer
ptr->gpa 3.9; // sl.gpa is

now

Dynamic Allocation:

@ Structures can be dynamically
allocated

@ Use malloc() and free()

@ Access with arrow operator

Example:

1 #include <stdlib.h>

2

3 struct student *create_student(void)
{

4 // Allocate memory
struct student *s
(struct student));

malloc(sizeof

7 if (s == NULL) {

8 return NULL; // Allocation
failed

9 ¥

// Initialize

12 strcpy(s->name, "");
13 s->id = 0; 14 /2
14 s->gpa = 0.0; / 9
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Self-Referential Structures

Concept:

@ Structure containing pointer to
itself

@ Enables linked data structures
@ Foundation for linked lists, trees,
raphs, . .
Exarﬁpﬂg: Linked List Node
struct node {
int data; // Payload
struct node *next; // Pointer

next node

¥3

Using Self-Referential Structures:
struct node {

int data;

struct node *next;

i

int main(void) {

Visualization:

to

15

// Create three nodes
struct node nl, n2, n3;

// Set data

nl.data = 10;
n2.data = 20;
n3.data = 30;

// Link them together
nl.next = &n2;
n2.next = &n3;
n3.next = NULL; // End of list
// Traverse the list
struct node *current = &nl;
while (current != NULL) {
printf("%d -> ", current->

data next data

next

data) ;

current = current->next;
T
printf ("NULL\n");
// Output: 10 -> 20 -> 30 -> NULL
return O;

data NULL

15/29

struct node



Type Definitions (typedef)
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Simplifying with typedef

What is typedef?

o Creates an alias for a type

Makes code more readable

°
@ Doesn't create new type, just alias
@ Common for structures

Basic Syntax:

typedef existing_type new_name;

With Structures:

// Method 1: Define then typedef
struct student {
char name [50];
int id;
double gpa;
};
typedef struct student Student;

// Method 2: Combined
typedef struct {
char name [50];
int id;

More Examples:

// Typedef for basic types
typedef unsigned long ulong;
typedef float real;

ulong big_number
real temperature =

1000000;
23.5;

// Typedef for pointers
typedef char *String;
String name = "Alice";

// Typedef for function pointers
typedef int (*CompareFunc) (const
*

void
s
const void

*) ;

// Typedef for complex structures
typedef struct {

double x, y;
} Point;

typedef struct {
Point center;
double radius;

} Circle; 16//29

VA B o & B



Memory Layout and Alignment




Structure Memory Layout

Padding and Alignment:

@ Processors access memory
efficiently at certain boundaries

o Compiler may insert padding
between members

@ Sizeof structure > sum of member
sizes

o #pragma pack can control

padding
Example:
struct examplel {
char a; // 1 byte
int b; // 4 bytes
char c; // 1 byte
};
// Might be laid out as
// a (1 byte)
// padding (3 bytes)
// b (4 bytes)
// ¢ (1 byte)

1
2
3
4
5

6
7
8
9

10
11
12
13

Minimizing Padding;:
@ Order members by size (largest
first)

@ Group similar-sized members
together

@ Use compiler directives carefully

Better Organization:

struct example2 {

int b; // 4 bytes

char a; // 1 byte

char c; // 1 byte

// padding (2 bytes) = 8 bytes
total

e

// 0Or use packed attribute (GCC)
struct __attribute__ ((packed))
example3 {

char a;

int b;

char c;

// 6 bytes, but slower accesl7//29



Structure Size Example

Investigating Structure Size: Possible Output (64-bit system):
1 #include <stdio.h> 1 Size of testl: 24
2 #include <stddef.h> // for offsetof , Size of test2: 16
3 3
4 struct testl { 4 Offsets in testl:
5 char aj; 5 a: 0
6 int b; 6 b: 4
7 char c; 7 ¢c: 8
8 double d; s d: 16
9 };
10
11 struct test2 { .
" doutie 4 Explanation:
1 it b e testl: char (1), padding (3), int
14 char a; .
5 B (4), char (1), padding (7), double
6 3; (8) = 24
17
18 int main(v?id> { po @ test2: double (8), int (4), char
19 printf ("Size of testl: %zu\n", . o
20 sizeof (struct testl)); (1)' char (1)' paddmg (2) =16
21 printf ("Size of test2: %zu\n", . -
> T o test2 is more efficiently packed
23
24 printf ("\nOffsets in testl:\n"); - ..
25 printf ("a: %zu\n", offsetof( Practical Advice:

struct testl, a)); i
tl El °

26 printf ("b: %zu\n", offsetof ( Use SlzeOf() fOI’ memory 18/29

e a1 L. Aallacatrian



Unions and Enums




Unions: Shared Memory Space

What are Unions? Memory Visualization:

@ Similar to structures but with

union data (20 bytes total)
shared memory

@ All members share same memory

location 4 bytes | 4 bytes
@ Size = size of largest member
@ Only one member contains valid int 1 float 1
data at a time 20 bytes
Syntax:
1 union union_name { str[20]
2 typel memberi;
3 type2 member2;
s 1 S Common Uses:

e Type punning (reinterpret bytes)

Example: o Variant types (store different
1 union data { types)
; float t; o Memory-efficient storage ~ 19/29

T mdaTONT .



Enumerations: Named Constants

What are Enums? Custom Values:
@ User-defined type of named 1 // Error codes with specific values
integer constants > enum error_codes {
Integer constan 3 SUCCESS = 0,
. 4 FILE_NOT_FOUND = -1,
@ Improves code readability . e
o Values start at 0 by default ‘B DUEEIIRI = =€
@ Can assign specific values 8
9 // Bit flags

10 enum permissions {

Syntax: 11 READ = 1, // 001
12 WRITE = 2, // 010
1 enum enum_name { 13 EXECUTE = 4 // 100
2 VALUE1, 14 };
3 VALUE2, 15
4 /... 16 // Combined with typedef
5 }; 17 typedef enum {RED, GREEN, BLUE} Color
18 Color favorite = GREEN;
Example: 19
20 // Use in switch
1 // Days of week 21 switch(favorite) {
2 enum days { 22 case RED: printf ("Red\n"); break;
3 SUNDAY , // O 23 case GREEN: printf ("Green\n");
4 MONDAY , // 1 break;
5 TUESDAY , // 2 24 case BLUE: printf("Blue\n");20/29
6 WEDNESDAY, // 3 break;
. TIIIIDON AV YR -~ 1
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Complete Example: Library System (1/3)

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

#define MAX_BOOKS 100
#define MAX_TITLE 100
#define MAX_AUTHOR 50

// Type definitions
typedef struct {

int day, month, year;
} Date;

typedef struct {
char title[MAX_TITLE];
char author [MAX_AUTHOR];
int isbn;
Date publish_date;

int available; // 1 = available,

0 = checked out
} Book;

typedef struct {
Book books [MAX_BOOKS];
int count;
library
} Library;

// Funection prototrvpes

// Number of books inss

34 // Helper functions
35 Date read_date(void) {

36 Date d;
37 printf ("Enter day: ");
38 scanf ("%d", &d.day);
39 printf ("Enter month: ");
40 scanf ("%d", &d.month);
41 printf ("Enter year: ");
42 scanf ("%d", &d.year);
43 return d;
4}
45
46 void print_date(Date d) {
47 printf ("%02d/%02d/%044",
48 d.day, d.month, d.year);
49 }
50
51 int main(void) {
52 Library my_1lib;
53 int choice;
54
55 init_library (&my_1lib);
56
57 do {
printf ("\n=== Library System
===\n");
59 printf("1. Add book\n");

60 printf ("2. Display all D
n") .

2bis3?
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switch(choice) { 48
case 1: 49
add_book (&my_1ib) ; 50
break; 51
case 2: 52
display_books (&my_libss
)3 54
break;
case 3: 55
search_book (&my_1ib) ; 56
break; 57
case 4:
check_out_book (& 58
my_lib); 59
break; 60
case b5:
return_book (&my_1ib) ;61
break; 62
case 6:
printf ("Goodbye!\n") ;63
break; 64
default: 65
printf ("Invalid 66
choice\n");
} 67
} while (choice != 6);

return O;

i

Complete Example: Library System (2/3)

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

printf ("Enter publish date:\n");
b->publish_date = read_date();
b->available = 1; // New book is
available

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

void display_books(const Library *1ib

)
if (lib->count == 0) {

printf ("No books in library.\
1.‘l");

return;
}
printf ("\n=== Books in Library
===\n");
for (int i = 0; i < lib->count; i
++) {

const Book *b = &lib->bogks,[i
1, 85530

Arintf("Y4d Ye bv Yes\n" 41
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19

Complete Example: Library System (3/3)

void search_book(const Library *1ib)

{
char query[MAX_TITLE];
int found = 0;

printf ("Enter title to search: ")
getchar () ;

fgets(query, MAX_TITLE,
query [strcspn(query, "\n")] =

stdin);
'\o

H

for (int i =
++) {

const Book *b =

0; i < lib->count; i
&lib->books [i
1
if (strstr(b->title,
!'= NULL) {
printf ("Found:

query)

%s by %s\n

b->title, b->
author) ;
printf ("ISBN:

%s\n",

%d, Status:
b->isbn,
b->available 7 "

Available"

"Checked out");
fo1nd = 1-

S = NC B NI R

Key Concepts Demonstrated:

© Nested structures (Book contains
Date)

@ Array of structures
(Library.books)

@ Structure pointers in functions
@ typedef for cleaner code
@ Passing structures to functions
@ Accessing nested members

@ Practical application design

Sample OQutput:

= Library System ===
1. Add book

2. Display all books

3. Search book

4. Check out book

5. Return book

6. Exit

C

23 /29
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Common Structure Programming Errors

Declaration/Definition Errors: Function-Related Errors:
@ Forgetting semicolon after @ Passing large structures by value
definition (performance)

@ Using structure before defining it @ Not checking NULL pointers
© Confusing structure tag with type @ Forgetting const for read-only

name parameters

@ Redeclaring structure with same @ Returning pointer to local
tag structure

Member Access Errors: Initialization Errors:

@ Using dot on pointer @ Assuming uninitialized members
(ptr.member) are zero

@ Using arrow on variable o Partial initialization leaving
(var->member) garbage

@ Accessing non-existent member @ Wrong order in initializer list

Q@ Wrong data type for member @ Using designated initializers

access incorrectly 24 /29
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Error Examples and Fixes

// 1.

struct point {
double x, y

} // Missing ;

Missing semicolon
// ERROR

// 2. Wrong member access

struct point p;

struct point *ptr = &p;

ptr.x = 5; // ERROR:
pointer

p~—>x = 5;
pointer

ptr is

// ERROR: p is not

// 3. Uninitialized pointer member
struct person {

char *name; // Pointer, not
array

};

struct person p;

strcpy (p.name, "Alice"); // CRASH!

name not allocated
// 4. Returning local structure
address
struct point *bad_func(void) {

struct point p = {0, 0};

return &p; // ERROR: p is local

© N oo AW e

// 1. FIX: Add semicolon
struct point {
double x,

// Correct

v
e

// 2. FIX: Correct access
struct point p;

struct point *ptr = &p;

ptr->x = 5; // Correct: arrow for
pointer

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

// 3. FIX: Allocate memory

struct person p;
p.name = malloc(50 * sizeof (char));
if (p.name NULL) {

strcpy (p.name, "Alice");

1=
// OK
¥

// Don't forget to free later!

// 4. FIX: Return by value or
allocate dynamically
struct point good_func(void) {

struct point p = {0, 0};
return p; // 0K: returns copy
}
// OR 25/29

striict voint *kxocood func?2(void) {
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Structure Best Practices

Design and Organization:
@ Group logically related data

o Keep structures focused (single
responsibility)

@ Use descriptive member names

@ Document structure purpose and
members

Memory and Performance:

o Order members by size (largest
first)

@ Pass large structures by pointer

@ Use const for read-only
parameters

o Consider padding when allocating
many structures

Initialization:

Code Style:

o Use typedef for frequently used
structures

o Prefix structure tags (e.g., struct
student_s)

o Consistent naming convention

@ Group related structure definitions

Function Design:

@ Create functions for common
operations

@ Separate input/output from
business logic

@ Use helper functions for complex
operations

@ Document whether function

modifies structure 26 /29



Summary and Next Steps




What We've Learned Today

Fundamentals:

@ Structures group related data of
different types

@ Define with struct, declare
variables

@ Access members with dot (.)
operator

o Initialize with braces or designated
initializers
Functions and Structures:

@ Pass by value (copy) or by pointer
(efficient)

@ Use arrow (->) operator with
pointers

@ Return structures from functions
@ Use const for read-only access
Arrays of Structures:

Advanced Topics:

@ Pointers to structures and
dynamic allocation

o Self-referential structures for
linked data

o typedef for cleaner code

@ Memory layout, padding, and
alignment

Related Types:

@ Unions: shared memory for
different types

@ Enums: named integer constants
@ Use based on specific needs
Best Practices:
@ Design logical, focused structures
o Pass large structures by pomtf.;/29
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Practice Exercises for Next Week

Beginner: Advanced:
@ Define Point structure and Q@ Implement linked list using
distance function self-referential structures
@ Create Rectangle structure with @ Binary tree for storing sorted data
area function @ Database-like system with file
© Implement simple student record storage
system @ Memory allocator tracking with
@ Write function to swap two structures
structures
Intermediate: Next L.ecture:
i . : Dynamic Memory Management
@ Library system (like today's malloc(), calloc()
example) realloc(), free()
@ Bank account management system Memory leaks
@ Contact address book Dynamic arrays
Dynamic structures

@ Inventory management for a store
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Final Thoughts and Resources

Common Pitfalls: Further Resources:

o Forgetting semicolon after o Course website: Slides, examples
definition o K&R "The C Programming

@ Confusing dot and arrow operators Language" (Chapter 6)

o Not initializing structure members @ Online C structure tutorials

o Passing large structures by value @ Practice with coding challenges

@ Memory leaks with dynamic @ Study real-world C codebases
structures

o Buffer overflows in member arrays ~Key Takeaways:

@ Structures model real-world
Debugging Tips: entities

@ Print structure addresses with %p Group related data logically

Check member values individually Use pointers for efficiency
Use sizeof () to verify size Always initialize and validate

Test with small examples first Practice with practical examples

Use debugger to inspect structures Prepare for dynamic memory fbe759
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