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Session Overview (2 Hours)

This session builds on the 1-hour practice. You will construct a complete Student Grade
Manager from scratch, integrating everything: structures, dynamic memory, file 1/O,
multi-file organization, and a menu interface. This is the capstone project of the course.

1 Project Setup and Data Structures (20 minutes)

Practice Activity

Activity 5: Create the Project Skeleton and Data Structures Create the
directory for the project and set up the header files with include guards.

Instructions:

1. Create a folder called grade_manager and navigate into it.
2. Create student.h with the following content:

// student.h
#ifndef STUDENT_H
#define STUDENT_H

B W N e

s|#define MAX_NAME_LEN 50

6

~

typedef struct {

8 int id;

9 char name [MAX_NAME_LEN];
10 float average;

11|} Student;

12
13| typedef struct {

14 Student** students; // array of pointers to Student
15 int count;
16 int capacity;

17|} StudentList;
18
19| // Function prototypes

20| StudentList* create_student_list(int capacity);

21| void free_student_list(StudentList* list);

22| int add_student (StudentList* list, int id, const char* name,
float avg);

23 void print_student (const Student* s);

24| void print_all_students(const StudentlList* list);

26| #endif

3. Create student.c with the following starting point:

1| // student.c
o|#include "student.h"
3| #include <stdio.h>

4| #include <stdlib.h>
5| #include <string.h>
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StudentList#* create_student_list(int capacity) {
StudentList* list = malloc(sizeof (StudentList));
9 if ('list) return NULL;

w =

11 list->students = malloc(capacity * sizeof (Student*));
12 if (!'list->students) {

13 free(list);

14 return NULL;

15 }

16

17 list->count = 0;

18 list->capacity = capacity;

19 return list;

20| }

21

22| void free_student_list(StudentList* list) {
23 if (!'list) return;

24 for (int i = 0; i < list->count; i++) {
25 free(list->students[i]);

26 T

27 free(list->students) ;

28 free(list);

20| }

4. Create a simple main.c that includes student.h and tests list creation and
freeing (no menu yet). Compile and run to ensure no errors.

Compile manually: gcc -c student.c and gcc -c main.c, then link: gcc
student.o main.o -o manager. This verifies your setup.

2 Core Functionality: Adding and Printing (30 min-
utes)

Practice Activity

Activity 6: Implement add_student and print_all_students Complete the
functions to add a student (with dynamic resizing) and print the list.

Instructions:

Add these functions to student.c:

int add_student (StudentList* list, int id, const char* name, float avg
) {
// Resize if full
if (list->count >= list->capacity) {
int new_cap = list->capacity * 2;
Student** new = realloc(list->students, new_cap * sizeof (
Student*)) ;
6 if (!new) return 0; // failure

)
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7 list->students = new;
8 list->capacity = new_cap;

9 }

11 // Create new Student
12 Student* s = malloc(sizeof (Student));

13 if (!s) return O;

14

15 s->id = id;

16 strncpy (s->name, name, MAX_NAME_LEN - 1);
17 s->name [MAX_NAME_LEN - 1] = '\0';
18 s—>average = avg;

19

20 list->students[list->count] = s;
21 list->count++;

22 return 1;

23| }

25| void print_student (const Student* s) {
26 printf ("ID: %d, Name: %s, Average: %.2f\n", s->id, s->name, s->

average) ;
27| }
28
20| void print_all_students(const StudentList* list) {
30 if (list->count == 0) {
31 printf ("No students in list.\n");
32 return;
33 }
34 for (int i = 0; i < list->count; i++) {
35 printf ("%d: ", i+1);

36 print_student (list->students[i]);

Test in main.c:

#include "student.h"

31int main() {

4 StudentList* list = create_student_list(2);
5 if ('list) return 1;

6

7 add_student (list, 101, "Alice", 85.5);

8 add_student (list, 102, "Bob", 92.0);

9 add_student (list, 103, "Charlie", 78.3); // should trigger resize
11 print_all_students(list);

13 free_student_list(list);
14 return O;
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Warning/Common Issue

Always check return values of malloc and realloc. Use strncpy to avoid buffer
overflows.

3 Persistence: Save and Load (30 minutes)

Practice Activity

Activity 7: Implement File Storage in storage.c and storage.h Create a new
module to handle binary save/load.

Instructions:

1. Create storage.h:

1| // storage.h
#ifndef STORAGE_H
3| #define STORAGE_H

¥

5| #include "student.h"

7| int save_students(const char* filename, const StudentList* list);
2| StudentList* load_students(const char*x filename);

10| #endif

2. Create storage.c:

1| // storage.c

2| #include "storage.h"
s|#include <stdio.h>
4|#include <stdlib.h>

6| int save_students (const char* filename, const StudentList* list)

{
7 FILEx f = fopen(filename, "wb");
8 if ('f) return O;

10 // Write count
11 fwrite(&list->count, sizeof(int), 1, £f);

13 // Write each student

14 for (int i = 0; i < list->count; i++) {

15 fwurite(list->students[i], sizeof (Student), 1, f);
16 }

17

18 fclose(f);

19 return 1;

20| }

22| StudentList* load_students(const char*x filename) {
23 FILE* f = fopen(filename, "rb");




C Programming - Advanced Topics Practice 6

24 if ('f) return NULL;
25
26 int count;
27 if (fread(&count, sizeof(int), 1, f) != 1) {
28 fclose(f);
29 return NULL;
30 }
31
32 StudentList* list = create_student_list (count);
33 if ('1list) {
34 fclose(f);
35 return NULL;
36 }
37
38 for (int i = 0; i < count; i++) {
39 Student* s = malloc(sizeof (Student)) ;
40 if ('s) {
41 free_student_list(list);
42 fclose (f) 5
43 return NULL;
44 }
45 if (fread(s, sizeof (Student), 1, f) != 1) {
16 free(s);
47 free_student_list(list);
48 fclose (f);
49 return NULL;
50 }
51 // Add directly to internal array (bypass add_student to
avoid resize checks)
52 list->students[list->count] = s;
53 list->count++;
54 }
56 fclose(f);
57 return list;
58| }
The load function is complex because it must handle partial failures. Always clean
up partial allocations on error.

4 User Interface Module (20 minutes)

Practice Activity

Activity 8: Create ui.c and ui.h for Menu Interaction Separate the menu
display and user input from main logic.

Instructions:

1. Create ui.h:
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1| // ui.h
ol #ifndef UI_H
3| #define UI_H

5| #include "student.h"

7| void display_menu(void) ;

s int get_choice(void) ;

9|void add_student_ui(StudentList* list);

10| void display_all_students_ui(const StudentList* list);
11
12| #endif

2. Create ui.c:

1|// ui.c

ol #include "ui.h"

3| #include <stdio.h>
4l#include <stdlib.h>

6| void display_menu(void) {
7 printf ("\n=== GRADE MANAGER ===\n");

8 printf("1. Add student\n");

9 printf ("2. List all students\n");

10 printf ("3. Save to file\n");

11 printf ("4. Load from file\n");

12 printf ("5. Exit\n");

13 printf ("Choice: ");

14| }

15

16| int get_choice(void) {

17 int c;

18 scanf ("%d", &c);

19 // clear input buffer (simple version)
20 while(getchar () != '\n');

21 return c;

22| }

23

24| void add_student_ui(StudentList* list) {
25 int id;

26 char name [MAX_NAME_LEN];

27 float avg;

28

29 printf ("Enter ID: ");

30 scanf ("%4d", &id);

31 printf ("Enter name: ");

32 scanf ("%49s", name) ;

33 printf ("Enter average: ");

34 scanf ("%f", &avg);

35

36 if (add_student(list, id, name, avg)) {
37 printf ("Student added.\n");

38 } else {

39 printf ("Failed to add student (memory full?)\n");
40 T
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43 void display_all_students_ui(const StudentListx* list) {
44 print_all_students(list);

5 Integrate Everything in Main (20 minutes)

Practice Activity

Activity 9: Write main.c with Event Loop and Cleanup Bring all modules
together.

Instructions:

1|// main.c

o|#include "student.h"

3|#include "storage.h"

4| #include "ui.h"

s|#include <stdio.h>

6|#include <stdlib.h>

7

s/int main() {

9 StudentList* list = create_student_list (5);
10 if (1list) {

11 fprintf (stderr, "Failed to initialize.\n");
12 return 1;

13 }

14

15 int running = 1;

16 while (running) {

17 display_menu() ;

18 int choice = get_choice();

19

20 switch (choice) {

21 case 1:

22 add_student_ui(list);

23 break;

24 case 2:

25 display_all_students_ui(list);
26 break;

27 case 3:

28 if (save_students("students.bin", list))
29 printf ("Saved.\n");

30 else

31 printf ("Save failed.\n");
32 break;

33 case 4: {

34 StudentList* newlist = load_students("students.bin");
35 if (newlist) {

36 free_student_list(list);

37 list = newlist;

38 printf ("Loaded.\n");

39 } else {
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40 printf ("Load failed.\n");
41 }

42 break;

43 }

44 case b:

45 running = 0;

46 break;

47 default:

48 printf ("Invalid choice.\n");
49 }

50 }

51

52 free_student_list(list);

53 printf ("Goodbye.\n");

54 return O;

55| F

6 Write a Complete Makefile (15 minutes)

Practice Activity

Activity 10: Create a Makefile for the Grade Manager Automate the build
process.

1|# Makefile

2| CC = gcc

3| CFLAGS = -Wall -std=c99

1| TARGET manager

5/0BJS = main.o student.o storage.o ui.o

7| $ (TARGET) : $(0BJS)
gl $(CC) $(CFLAGS) -o $(TARGET) $(0BJS)

io/main.o: main.c student.h storage.h ui.h
11|  $(CC) $(CFLAGS) -c main.c

=

13 student.o: student.c student.
14 $(CC) $(CFLAGS) -c student.
15
16| storage.o: storage.c storage.h student.h
17 $(CC) $(CFLAGS) -c storage.c

18
9fui.o: ui.c ui.h student.h
20 $(CC) $(CFLAGS) -c ui.c
21
22| clean:

3| rm -f $(0BJS) $(TARGET)
4

5/ .PHONY: clean

(¢}

J

NN N

Test:

make
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./manager
Add students, save, exit, reload, and verify data persists.

7 Challenge: Bitwise Flags (remaining time)

Practice Activity

Activity 11: Add a ”status” field using bit flags (Optional) Enhance the
Student struct to include a status field (e.g., active, graduated, on probation). Use
bitwise operations.

Ideas:

o Define flags: #define STATUS_ACTIVE 0x01, #define STATUS_GRADUATED
0x02, #define STATUS_ PROBATION 0x04.

o Add unsigned char status to Student.

e Modify add_student_ui to ask for status.

o Modify print to show status.

« Update save/load (the struct size changes! You must handle this or add ver-
sioning).

Time Management (2 Hours)

Tip/Note

o 0:00-0:20: Activity 5 (Setup, headers, structures)

o 0:20-0:50: Activity 6 (Add/print functions)

o 0:50-1:20: Activity 7 (Save/load module)

o 1:20-1:40: Activity 8 (Ul module)

o 1:40-2:00: Activity 9 & 10 (Main integration, Makefile)
o Extra: Activity 11 (Bit flags challenge)

Conclusion and Checklist

Warning/Common Issue

Final Checklist:
1. Did you use include guards in every header?
Did you check all malloc/realloc/fopen for NULL?
Did you free all allocated memory (no leaks)?
Does the program compile with make and run without crashes?
Does data persist after save/load?

S 89 I

You’ve built a complete, persistent application in C!
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