What are binary files?
A binary file is a file that stores data in raw binary format (0s and 1s), exactly as it is in memory, rather than as human-readable text.
👉 Unlike text files:
· Text file → readable (e.g. 123, Hello) 
· Binary file → not readable directly (looks like random bytes) 

🔹 Example difference
Text file content:
123
Stored as characters: '1' '2' '3'
Binary file content:
123 (integer)
Stored as raw bytes (e.g. 4 bytes in memory)

🔹 Why use binary files?
✅ Advantages
· Faster read/write 
· Smaller file size 
· Exact memory representation (no conversion needed) 
❌ Disadvantages
· Not human-readable 
· Less portable (depends on system: endianness, data size) 
· Harder to debug 

🔹 How binary files are used in C
In C, binary files are handled using standard file functions like:
· fopen() 
· fread() 
· fwrite() 
· fclose() 

🔸 Opening a binary file
FILE *f = fopen("data.bin", "wb");  // write binary
Modes:
· "wb" → write binary 
· "rb" → read binary 
· "ab" → append binary 

🔸 Writing to a binary file
int num = 123;

FILE *f = fopen("data.bin", "wb");
fwrite(&num, sizeof(int), 1, f);
fclose(f);
👉 fwrite parameters:
· pointer to data (&num) 
· size of each element (sizeof(int)) 
· number of elements (1) 
· file pointer (f) 

🔸 Reading from a binary file
int num;

FILE *f = fopen("data.bin", "rb");
fread(&num, sizeof(int), 1, f);
fclose(f);

printf("%d\n", num);

🔹 Example with struct
Binary files are very useful for saving structures:
typedef struct {
    int id;
    float grade;
} Student;

Student s = {1, 4.5};

FILE *f = fopen("student.bin", "wb");
fwrite(&s, sizeof(Student), 1, f);
fclose(f);
👉 Reads back exactly the same structure.

🔹 Important notes ⚠️
· Always check if file opened successfully: 
if (f == NULL) {
    printf("Error opening file\n");
}
· Binary files are machine-dependent: 
· int size may differ 
· byte order (endianness) 

🔹 Summary
· Binary files store raw data (not text) 
· Used for efficient storage and performance 
· In C, handled with fread() and fwrite() 
· Common for: 
· saving structs 
· game data 
· images, audio, etc. 

If you want, I can next show:
· the difference between fprintf vs fwrite (very common exam topic) 
· or a full example program (write + read + verify) 
please
Great—this is a very common exam topic. Let’s clearly compare
fprintf (text) vs fwrite (binary) and then show a full working example.

🔹 fprintf vs fwrite
🔸 1. fprintf (text files)
Writes data as human-readable text.
fprintf(file, "%d", num);
Example output in file:
123
👉 Stored as characters: '1' '2' '3'

🔸 2. fwrite (binary files)
Writes data as raw bytes (binary).
fwrite(&num, sizeof(int), 1, file);
Example output:
· Not readable (binary data like 0x7B 0x00 0x00 0x00) 

[bookmark: _GoBack] Key differences
	Feature
	fprintf (text)
	fwrite (binary)

	Format
	Human-readable
	Raw binary

	Speed
	Slower
	Faster

	Size
	Larger
	Smaller

	Portability
	Better
	Worse (machine-dependent)

	Debugging
	Easy
	Hard



 Full example (write + read)
🔸 Using fprintf (text)
#include <stdio.h>

int main() {
    FILE *f = fopen("text.txt", "w");

    int num = 123;
    fprintf(f, "%d\n", num);

    fclose(f);

    // Read back
    f = fopen("text.txt", "r");

    int x;
    fscanf(f, "%d", &x);

    fclose(f);

    printf("Read from text file: %d\n", x);

    return 0;
}

 Using fwrite (binary)
#include <stdio.h>

int main() {
    FILE *f = fopen("data.bin", "wb");

    int num = 123;
    fwrite(&num, sizeof(int), 1, f);

    fclose(f);

    // Read back
    f = fopen("data.bin", "rb");

    int x;
    fread(&x, sizeof(int), 1, f);

    fclose(f);

    printf("Read from binary file: %d\n", x);

    return 0;
}

 Important exam insights 
✅ Text files:
· Use fprintf, fscanf 
· Good for logs, configs, readable data 
✅ Binary files:
· Use fwrite, fread 
· Good for: 
· structs 
· large datasets 
· performance-critical programs 

🔹 Common exam trick ⚠️
👉 You cannot safely mix them:
fprintf(f, "%d", num);   // text
fread(&num, ...);        // binary ❌ WRONG

🔹 Memory vs text idea
int 123 in memory → [01111011 00000000 00000000 00000000]
text "123"       → ['1' '2' '3']

🔹 Final summary
· fprintf → text, readable, slower 
· fwrite → binary, fast, compact 
· Use binary when working with raw data or structs

