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Course Overview and Introduction



Lecture 10: Advanced Topics and Integration

Today’s Learning Objectives:

Review and integrate key course concepts
Understand the C preprocessor in depth
Organize code across multiple files
Apply concepts in a complete project

Course Conclusion
Week 10 of 10

Capstone Project
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Course Journey Review

What We’ve Covered:
Variables and Data Types
Control Flow and Functions
Arrays and Pointers
Strings and Structures
Dynamic Memory and File I/O

Today’s Goal: Connect concepts into one application.

Final Project: Student Grade Management System
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Capstone Project Introduction



Project: Student Grade Manager

System Requirements:
Store student records
Add/update/delete students
Calculate statistics
Save/Load from file

Key Features:
Dynamic memory allocation
Structure-based data model
File persistence

3 / 46



The Preprocessor



C Preprocessor Overview

What is the Preprocessor?
Runs before compilation
Performs text substitution
Processes directives (lines starting with #)

Common Directives:
#include - insert file
#define - create macros
#ifdef/#ifndef - conditional compilation
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Macros: Object-like (1/2)

1 // Simple constants
2 # define MAX_STUDENTS 100
3 # define PI 3.14159265
4 # define FILENAME " grades .dat"

Benefits:
Single point of change
Improves readability
No memory overhead
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Macros: Object-like (2/2)

1 // Usage examples
2 if (count >= MAX_STUDENTS ) {
3 printf (" Class full !\n");
4 }
5

6 double area = PI * radius * radius ;

Always: Use descriptive names for constants.
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Macros: Function-like (1/3)

1 // Simple function -like macros
2 # define SQUARE (x) ((x) * (x))
3 # define MAX(a, b) ((a) > (b) ? (a) : (b))

Important: Parentheses matter!
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Macros: Function-like (2/3)

1 // WRONG - missing parentheses
2 # define SQUARE_WRONG (x) x * x
3 int wrong = SQUARE_WRONG (2 + 3);
4 // Expands to: 2 + 3 * 2 + 3 = 11
5

6 // CORRECT
7 # define SQUARE_CORRECT (x) ((x) * (x))
8 int correct = SQUARE_CORRECT (2 + 3);
9 // Expands to: ((2+3) *(2+3) ) = 25
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Macros: Function-like (3/3)

1 // Multi -line macro
2 # define PRINT_ERROR (msg) \
3 do { \
4 fprintf (stderr , " Error : %s\n", msg); \
5 fprintf (stderr , "File: %s, Line: %d\n", \
6 __FILE__ , __LINE__ ); \
7 } while (0)

Built-in Macros:
__FILE__ - current filename
__LINE__ - current line number
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Conditional Compilation (1/2)

1 // Include guards prevent multiple inclusion
2 # ifndef STUDENT_H
3 # define STUDENT_H
4 // Code here
5 # endif

Always use include guards in header files!
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Conditional Compilation (2/2)

1 // Feature flags
2 # define DEBUG_MODE 1
3

4 #if DEBUG_MODE
5 # define DEBUG_PRINT (msg) printf (" DEBUG : %s\n", msg)
6 #else
7 # define DEBUG_PRINT (msg) // Empty
8 # endif
9

10 // Platform - specific code
11 # ifdef _WIN32
12 // Windows code
13 #elif defined ( __linux__ )
14 // Linux code
15 # endif
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Multiple File Organization



Why Multiple Files?

Single File Problems:
Hard to navigate thousands of lines
Difficult team collaboration
Recompile everything for small changes

Multiple File Benefits:
Logical organization
Separate compilation
Code reuse
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File Structure

Typical Structure:
Header files (.h) - declarations
Source files (.c) - definitions
Main file - program entry point

Example for Grade Manager:
student.h/.c - student operations
storage.h/.c - file I/O
ui.h/.c - user interface
main.c - program control
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Header Files Best Practices (1/2)

1 // student .h
2 # ifndef STUDENT_H
3 # define STUDENT_H
4

5 # include <stdio .h>
6

7 // Constants
8 # define MAX_NAME_LEN 50
9

10 // Structure declaration
11 typedef struct {
12 int id;
13 char name[ MAX_NAME_LEN ];
14 double average ;
15 } Student ;
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Header Files Best Practices (2/2)

1 // Function declarations ( prototypes )
2 Student * create_student (int id , const char* name);
3 void add_grade ( Student * s, double grade);
4 void print_student ( const Student * s);
5

6 # endif // STUDENT_H

Rules for headers:
Use include guards
Only include necessary headers
Document your interface
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Source Files Implementation (1/2)

1 // student .c
2 # include " student .h"
3 # include <stdlib .h>
4 # include <string .h>
5

6 Student * create_student (int id , const char* name) {
7 Student * s = malloc ( sizeof ( Student ));
8 if (s == NULL) return NULL;
9

10 s->id = id;
11 strncpy (s->name , name , MAX_NAME_LEN - 1);
12 s->name[ MAX_NAME_LEN - 1] = '\0 ';
13 s-> average = 0.0;
14

15 return s;
16 }
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Source Files Implementation (2/2)

1 void add_grade ( Student * s, double grade) {
2 // Implementation here
3 }
4

5 void print_student ( const Student * s) {
6 printf ("ID: %d, Name: %s, Average : %.2f\n",
7 s->id , s->name , s-> average );
8 }

Source file rules:
Include corresponding header first
Handle errors gracefully
Keep functions focused
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Main Program File

1 // main.c
2 # include " student .h"
3 # include <stdio .h>
4

5 int main(void) {
6 Student * s = create_student (1001 , " Alice");
7 if (!s) return 1;
8

9 add_grade (s, 85.5);
10 print_student (s);
11

12 free(s);
13 return 0;
14 }

Main file: Focus on high-level flow.
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Compilation Process

Separate Compilation:
1 Compile each .c to .o object file
2 Link all .o files together
3 Create executable

Manual Example:
1 gcc -c student .c -o student .o
2 gcc -c main.c -o main.o
3 gcc student .o main.o -o program
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Makefiles Automation (1/2)

1 # Simple Makefile
2 CC = gcc
3 CFLAGS = -Wall -std=c99
4 TARGET = grade_manager
5 OBJS = student .o main.o
6

7 all: $( TARGET )
8

9 $( TARGET ): $(OBJS)
10 $(CC) $( CFLAGS ) -o $( TARGET ) $(OBJS)
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Makefiles Automation (2/2)

1 student .o: student .c student .h
2 $(CC) $( CFLAGS ) -c student .c
3

4 main.o: main.c student .h
5 $(CC) $( CFLAGS ) -c main.c
6

7 clean:
8 rm -f $(OBJS) $( TARGET )
9

10 .PHONY: all clean

Usage:
1 make # Build program
2 make clean # Clean up
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Project Implementation



Grade Manager: Complete Structure

File Organization:
student.h/.c - Student operations
storage.h/.c - File save/load
ui.h/.c - User interface
main.c - Program control

Key Design:
Dynamic array of students
File-based persistence
Modular separation
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Core Data Structures (1/2)

1 // student .h
2 # define MAX_NAME_LEN 50
3

4 typedef struct {
5 int id;
6 char name[ MAX_NAME_LEN ];
7 double average ;
8 } Student ;
9

10 typedef struct {
11 Student ** students ; // Array of pointers
12 int count;
13 int capacity ;
14 } StudentList ;
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Core Data Structures (2/2)

1 // student .c - List creation
2 StudentList * create_student_list (int capacity ) {
3 StudentList * list = malloc ( sizeof ( StudentList ));
4 if (! list) return NULL;
5

6 list -> students = malloc ( capacity *
7 sizeof ( Student *));
8 if (!list -> students ) {
9 free(list);

10 return NULL;
11 }
12

13 list ->count = 0;
14 list -> capacity = capacity ;
15 return list;
16 }
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Dynamic Array Management

1 void add_student ( StudentList * list , Student * s) {
2 if (list ->count >= list -> capacity ) {
3 // Resize array
4 int new_cap = list -> capacity * 2;
5 Student ** new = realloc (list ->students ,
6 new_cap * sizeof ( Student *));
7 if (new) {
8 list -> students = new;
9 list -> capacity = new_cap ;

10 }
11 }
12 list -> students [list -> count ++] = s;
13 }
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File Storage: Save Function (1/2)

1 // storage .h
2 int save_students ( const char* filename ,
3 StudentList * list);
4 StudentList * load_students ( const char* filename );

1 // storage .c - Save
2 int save_students ( const char* filename ,
3 StudentList * list) {
4 FILE* file = fopen(filename , "wb");
5 if (! file) return 0;
6

7 fwrite (&list ->count , sizeof (int), 1, file);
8 // continued ...
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File Storage: Save Function (2/2)

1 for (int i = 0; i < list ->count; i++) {
2 Student * s = list -> students [i];
3 fwrite (s, sizeof ( Student ), 1, file);
4 }
5

6 fclose (file);
7 return 1;
8 }

Binary format: Compact and fast.
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File Storage: Load Function (1/2)

1 StudentList * load_students ( const char* filename ) {
2 FILE* file = fopen(filename , "rb");
3 if (! file) return NULL;
4

5 int count;
6 if ( fread (& count , sizeof (int), 1, file) != 1) {
7 fclose (file);
8 return NULL;
9 }

10 // continued ...
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File Storage: Load Function (2/2)

1 StudentList * list = create_student_list (count);
2 if (! list) {
3 fclose (file);
4 return NULL;
5 }
6

7 for (int i = 0; i < count ; i++) {
8 Student * s = malloc ( sizeof ( Student ));
9 if (!s || fread(s, sizeof ( Student ), 1, file) != 1) {

10 free(s);
11 free_student_list (list);
12 fclose (file);
13 return NULL;
14 }
15 add_student (list , s);
16 }
17

18 fclose (file);
19 return list;
20 }
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Memory Cleanup

1 void free_student_list ( StudentList * list) {
2 if (! list) return ;
3

4 for (int i = 0; i < list ->count; i++) {
5 free(list -> students [i]);
6 }
7 free(list -> students );
8 free(list);
9 }

Always: Free what you allocate.
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User Interface: Menu

1 // ui.c
2 void display_menu (void) {
3 printf ("\n=== Grade Management System ===\n");
4 printf ("1. Add Student \n");
5 printf ("2. View All Students \n");
6 printf ("3. Save Data\n");
7 printf ("4. Load Data\n");
8 printf ("5. Exit\n");
9 printf (" Choice : ");

10 }

Separate UI code for easier maintenance.
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Main Program Loop (1/2)

1 // main.c
2 int main(void) {
3 StudentList * list = create_student_list (10);
4 if (! list) return 1;
5

6 int running = 1;
7 while ( running ) {
8 display_menu ();
9 int choice = get_user_choice ();

10 // continued ...
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Main Program Loop (2/2)

1 switch ( choice ) {
2 case 1: add_student_ui (list); break ;
3 case 2: display_all_students (list); break ;
4 case 3: save_students ("data.bin", list); break;
5 case 4: load_and_replace (list , "data.bin");

break ;
6 case 5: running = 0; break ;
7 default : printf (" Invalid choice \n");
8 }
9 }

10

11 free_student_list (list);
12 return 0;
13 }
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Advanced Topics



Bitwise Operations

Why Use Bitwise?
Direct hardware control
Efficient flag storage
Data compression

Basic Operators:
& AND - clear bits
| OR - set bits
ˆ XOR - toggle bits
« Left shift
» Right shift
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Bitwise Examples: Flags (1/2)

1 // Flag definitions
2 # define FLAG_A 0x01 // 00000001
3 # define FLAG_B 0x02 // 00000010
4 # define FLAG_C 0x04 // 00000100
5

6 unsigned char flags = 0;
7

8 // Set flag A
9 flags |= FLAG_A ;

10

11 // Check if flag A is set
12 if (flags & FLAG_A ) {
13 printf ("Flag A is set\n");
14 }
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Bitwise Examples: Flags (2/2)

1 // Clear flag B
2 flags &= ~ FLAG_B ;
3

4 // Toggle flag C
5 flags ^= FLAG_C ;
6

7 // Check multiple flags
8 if (( flags & ( FLAG_A | FLAG_C )) ==
9 ( FLAG_A | FLAG_C )) {

10 printf ("Both A and C are set\n");
11 }
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Bit Fields in Structures

1 // Compact storage
2 struct settings {
3 unsigned int sound_on : 1; // 1 bit
4 unsigned int music_on : 1; // 1 bit
5 unsigned int volume : 4; // 4 bits (0 -15)
6 unsigned int padding : 26; // Padding
7 };

Size: 4 bytes vs 16 bytes without bit fields.
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Variable Argument Lists (1/2)

1 # include <stdarg .h>
2

3 double average (int count , ...) {
4 va_list args;
5 va_start (args , count);
6

7 double sum = 0;
8 for (int i = 0; i < count ; i++) {
9 sum += va_arg (args , double );

10 }
11

12 va_end (args);
13 return sum / count;
14 }
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Variable Argument Lists (2/2)

1 // Usage
2 int main(void) {
3 double avg = average (4, 85.5 , 92.0 , 78.0 , 88.5);
4 printf (" Average : %.2f\n", avg); // 86.0
5

6 return 0;
7 }

Warning: No type safety with variable arguments.
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Command Line Arguments (1/2)

1 # include <stdio .h>
2

3 int main(int argc , char *argv []) {
4 printf (" Program : %s\n", argv [0]);
5 printf (" Arguments : %d\n", argc - 1);
6

7 for (int i = 1; i < argc; i++) {
8 printf ("Arg %d: %s\n", i, argv[i]);
9 }

10 return 0;
11 }
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Command Line Arguments (2/2)

1 // Check for help flag
2 for (int i = 1; i < argc; i++) {
3 if ( strcmp (argv[i], "-h") == 0 ||
4 strcmp (argv[i], "--help") == 0) {
5 printf (" Usage: %s [ options ]\n", argv [0]);
6 printf (" Options :\n");
7 printf (" -h, --help Show help\n");
8 return 0;
9 }

10 }

Always: Provide a –help option.
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Further Study



Where to Go From Here

Core C Topics:
Data Structures (linked lists, trees)
Algorithms (sorting, searching)
System Programming
Network Programming

Related Languages:
C++ - Object-oriented
Python - Scripting
Rust - Memory safety
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Recommended Resources

Books:
"The C Programming Language" (K&R)
"C Programming: A Modern Approach"
"Effective C"

Online:
cppreference.com
Stack Overflow
GitHub projects

Practice: Build projects regularly.
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Conclusion



Course Summary

What We’ve Accomplished:
From basics to complete applications
Understanding computer memory
Building modular code
Creating persistent apps

Final Project Skills:
System design
Multiple file organization
Dynamic memory
File I/O
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Final Advice

Keep Practicing:
Code every day
Read others’ code
Learn from mistakes

Good Habits:
Write readable code
Test thoroughly
Use version control
Document your work
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Thank You!

Thank You!

C Programming Course

Fabio Grazioso

Astana IT University

Questions?
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