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Course Overview and Introduction




Lecture 9: File I/O Operations

Today’s Learning Objectives:

Understand file handling basics in C
Master text file operations
Learn binary file processing

Implement file positioning

Handle file errors properly

Course Progress
Week 9 of 10
Building on Dynamic Memory
Adding Persistence
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Why Files Matter




The Need for File 1/0

Memory vs. Files:
e Memory (RAM): Temporary, lost on program exit
o Files (Disk): Permanent, survive program execution
o Real applications need both

Common Use Cases:
@ Save user preferences
o Store program results
@ Read configuration files
@ Process log files
@ Import/export data

File Types:
@ Text: Human-readable (configs, logs)
e Binary: Compact, fast (data files, images)

2/30






File Pointers and Opening Files

FILE Structure:
@ FILE is a structure type from <stdio.h>
o File pointer: FILE *fp;
o Created by fopen(), closed by fclose()

Standard Streams:
e stdin: Standard input (keyboard)
e stdout: Standard output (screen)
o stderr: Standard error (screen)
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Opening Files: fopen()

-

FILE *fopen(const char *filename,
2 const char *mode);

Common Modes:

"r": Read text (file must exist)
"w": Write text (creates/overwrites)
"a": Append text (adds to end)
"rb", "wb", "ab": Binary modes

Basic Example:

FILE *file = fopen("data.txt", "r");
if (file == NULL) {
printf ("Cannot open file!\n");
return 1;
}
// Use file...
fclose(file);

N oo e W N e
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Text File Operations




Reading Text Files: Functions

Three Main Functions:
@ fgetc(): Read single character
@ fgets(): Read a line of text
@ fscanf(): Read formatted data

Character Reading:

1 int ch;

2> while ((ch = fgetc(fp)) != EOF) {
3 putchar (ch);

4 }

Line Reading;:

1 char buffer [100];

> while (fgets(buffer, sizeof (buffer), £fp)) {
3 printf ("%s", buffer);

4 }
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Complete Reading Example (1/2)

1
2
3
4
5
6
7
8
9

#include <stdio.h>

int main(void) {

FILE *fp;

char line[256];

int line_count = 0;

fp = fopen("data.txt", "r");
if (fp == NULL) {

perror ("Error opening file");
return 1;

}

printf ("File Contents:\n");
printf ("==============\n");

// Continued on next slide...
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Complete Reading Example (2/2)

1

~

3
4
5
6
7
8

// ...continued from previous slide

while (fgets(line, sizeof(line), fp) != NULL) {
line_count++;
printf ("%3d: %s", line_count, line);

}
printf ("\nTotal lines: %d\n", line_count);

fclose (fp);
return O;

Sample Output:

File Contents:

1: Roses are red

2: Violets are blue
3: C is fun

4: And so are you

Total lines: 4
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Writing Text Files: Functions

Three Main Functions:
@ fputc(): Write single character
@ fputs(): Write string
@ fprintf(): Write formatted data

Basic Examples:
o fputc(’A’, fp);
o fputs("Hello", fp);
o fprintf(fp, "Value: ¥%d", 42);

Modes Matter:
o "w": Overwrites existing file

@ "a": Appends to existing file
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Writing Example

#include <stdio.h>

1

2

3 int main(void) {

4 FILE *fp = fopen("output.txt", "w");
5 if (1fp) {

6 perror ("Error creating file");

7 return 1;

8
9

}
10 fprintf (fp, "=== Report ===\n");
11 fprintf (fp, "Date: 2024-01-15\n");
12 fprintf (fp, "Items processed: %d\n", 150);
13 fprintf (fp, "Success rate: %.1f%%\n", 95.5);
14
15 fclose (fp);
16 printf ("File created successfully.\n");
17
18 return O;
19 }
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Binary File Operations




Text vs Binary Files

Text Files: Binary Files:
@ Human readable @ Machine format
@ Store characters @ Store raw bytes
o Platform newlines o No conversion
@ Larger for numbers o Compact
@ Slower /0 e Fast1/0

Use for: Use for:
@ Configuration o Large datasets
o Log files @ Images/media
@ Documentation o Performance
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fwrite() - Writing Binary Data

size_t fwrite(const void *ptr,
size_t size,
size_t count,
FILE *stream);

Parameters:
o ptr: Data to write
o size: Element size (use sizeof ())
@ count: Number of elements

@ stream: File pointer

Example:

double data[100];

FILE xfp = fopen("data.bin", "wb");
fwrite (data, sizeof (double), 100, fp);
fclose (fp);
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fread() - Reading Binary Data

1 size_t fread(void *ptr,

2 size_t size,

3 size_t count,
4 FILE *stream);

Returns:

@ Number of elements read
@ Check against expected count

Example:

double data[100];

FILE *fp = fopen("data.bin", "rb");

size_t read = fread(data, sizeof (double), 100, fp);
if (read != 100) {

printf ("Read error!\n");
}
fclose (fp);

N oo AW N e
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Structure Example: Student Records (1/2)

1 typedef struct {

2 int id;

3 char name [50];
4 double gpa;

5 } Student;
6
7
8
9

// Writing students
Student students[3] =
{101, "Alice", 3.8},

10 {102, "Bob", 3.5},

11 {103, "Charlie", 3.9}

12 };

13

14 FILE *fp = fopen("students.bin", "wb");

15 fwrite (students, sizeof (Student), 3, fp);
16 fclose (fp);
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Structure Example: Student Records (2/2)

1 // Reading students

2 Student students [10];

3 FILE *fp = fopen("students.bin", "rb");

4 size_t read = fread(students, sizeof (Student),
5 10, fp);

6

7 printf ("Read %zu students:\n", read);

s for (size_t i = 0; i < read; i++) {

9 printf ("ID: %d, Name: %s, GPA: %.2f\n",
10 students[i].id,

11 students [i] .name,

12 students [i].gpa);

13 }

15 fclose (£fp);
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File Positioning




Moving Around in Files

Key Functions:
o ftell(): Get current position
o fseek(): Set new position

@ rewind(): Go to beginning

fseek() Parameters:
o stream: File pointer
o offset: Byte offset

@ whence: Starting point

Whence Values:
@ SEEK_SET: From beginning
@ SEEK_CUR: From current position
@ SEEK_END: From end
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Positioning Examples

FILE *fp = fopen("data.bin", "rb");

// Go to beginning
fseek (fp, 0, SEEK_SET);

// Go to end, get size

fseek (fp, 0, SEEK_END);

long size = ftell(fp);

printf ("File size: %1ld bytes\n", size);

// Back to beginning
rewind (fp) ;

// Skip 100 bytes
fseek (fp, 100, SEEK_CUR);

// 50 bytes before end
fseek (fp, -50, SEEK_END);

fclose (fp);
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Error Handling




Detecting and Handling Errors

Error Functions:
o feof (): Check for end of file
o ferror(): Check for errors
@ clearerr(): Clear error flags

@ perror(): Print error message

Important:
@ Check after every file operation
@ Distinguish EOF from errors

@ Clear errors to continue
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Error Handling Example

FILE xfp = fopen("data.txt", "r");
if (1fp) {

perror ("Failed to open file");
return 1;

char buffer [100];
while (fgets(buffer, sizeof (buffer), fp)) {

1
2
3
4
5 F
6
7
8
9 printf ("%s", buffer);

10 }

11

12 if (feof (fp)) {

13 printf ("End of file reached.\n");
14} else if (ferror(fp)) {

15 perror ("Error reading file");

16 clearerr(fp); // Clear error

17 }

19 fclose(£fp);
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Practical Examples




Example 1: File Copy Program (1/2)

1 #include <stdio.h>

2

3 int main(int argc, char *argv[]) {

4 if (argec != 3) {

5 printf ("Usage: %s source dest\n",
6 return 1;

7 }

8

9 FILE xsrc = fopen(argv[1], "rb");
10 FILE xdest = fopen(argv[2], "wb");
11

12 if (!src || !dest) {

13 perror ("File error");

14 if (src) fclose(src);

15 if (dest) fclose(dest);

16 return 1;

17 ¥

18 // Continued...

argv [0]) ;
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Example 1: File Copy Program (2/2)

1 // ...continued
2
3 int ch;
4 while ((ch = fgetc(src)) != EOF) {
5 fputc(ch, dest);
6 }
7
8 if (ferror(src) || ferror(dest)) {
9 printf ("Error during copy.\n");
10 }
11
12 fclose(src);
13 fclose(dest);
14
15 printf ("File copied successfully.\n");
16 return O0;
17 }
Usage:

1 $ gcc -o copy copy.c
2 $§ ./copy input.txt output.txt
3 File copied successfully.
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Example 2: Simple Database (1/3)

1 typedef struct {

2 int id;

3 char name [50];

4 int age;

5 float salary;

6 } Employee;

7

8 void add_employee(void) {

9 Employee emp;

10 FILE xfp = fopen("employees.bin", "ab");

11 if (tfp) {

12 perror ("Error");

13 return;

14 ¥

15

16 printf ("Enter ID: "); scanf("%d", &emp.id);
17 printf ("Enter Name: "); scanf("%49s", emp.name);
18 printf ("Enter Age: "); scanf(")d", &emp.age);
19 printf ("Enter Salary: "); scanf("/f", &emp.salary);
20

21 furite (kemp, sizeof (Employee), 1, fp);

22 fclose (fp);

23 }
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Example 2: Simple Database (2/3)

1 void list_employees(void) {

2 Employee emp;

3 FILE *fp = fopen("employees.bin", "rb");

4 if ('fp) {

5 perror ("Error");

6 return;

7 }

8

9 printf ("\n=== Employee List ===\n");

10 printf ("ID Name Age Salary\n");
11 pridagt (Vocococococoosoocoocooooscocsosoocsooos \n");
12

13 while (fread(&emp, sizeof (Employee), 1, fp) == 1) {
14 printf ("%-3d %-20s %-3d $%.2f\n",

15 emp.id, emp.name, emp.age, emp.salary);
16 }

17

18 fclose (fp);
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Example 2: Simple Database (3/3)

break;

int main(void) {
int choice;
do {
printf ("\nl. Add employee\n");
printf ("2. List employees\n");
printf ("3. Exit\n");
printf ("Choice: ");
scanf ("%d", &choice);
switch (choice) {
case 1: add_employee(); break;
case 2: list_employees(); break;
case 3: printf ("Goodbye!\n");
default: printf("Invalid.\n");
}
} while (choice != 3);
return O0;
}
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Example 3: Config File Parser (1/2)

Config File (config.cfg):

app_name = My Application
version = 1.2.3

max_users = 100
debug_mode = false
log_level = INFO

Parser Start:

void read_config(const char *filename) {
FILE xfp = fopen(filename, "r");
if (tfp) {
perror ("Error");
return;

}

char line[256];

while (fgets(line, sizeof(line), £fp)) {
// Process each line

}

fclose (fp);
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Example 3: Config File Parser (2/2)

1 while (fgets(line, sizeof(line), £fp)) {

2 // Skip comments and empty lines

3 if (line[0] == '#' || line[0] == '\n') {
4 continue;

5 }

6

7 // Remove newline

8 line[strcspn(line, "\n")] = '\0';

9

10 // Parse key = value

11 char *key = strtok(line, " =");

12 char *value = strtok (NULL, " =");

13

14 if (key && value) {

15 printf ("Config: %s = %s\n", key, value);
16

17 // Convert based on key

18 if (strcmp(key, "max_users") == 0) {
19 int max = atoi(value);

20 printf ("Max users: %d\n", max);
21 }

22 }
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Best Practices




File 1/0 Best Practices

Essential Rules:
@ Always check fopen() return value
@ Close every file you open
@ Check fread() /furite() returns
@ Handle errors gracefully
@ Use binary mode for non-text data

Security:
o Validate file paths
@ Check file permissions
@ Avoid buffer overflows

@ Sanitize user input
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Common Pitfalls to Avoid

Common Mistakes: Solutions:
o Forgetting fclose() o Always close files
o Not checking fopen() o Check all returns
o Wrong file mode @ Choose mode carefully
o Buffer overflows @ Use safe functions
@ Assuming files exist @ Handle missing files

Debugging Tips:
@ Use perror() for messages
@ Check errno variable
o Test with small files

o Add logging
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Summary and Exercises




What We Learned Today

Key Topics:
o File pointers and opening modes
o Text file reading/writing
@ Binary file operations
o File positioning

@ Error handling

Applications:
o File copy utilities
@ Database systems
o Configuration parsers
o Log file handlers

Next Week: Advanced topics and final project
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Practice Exercises

Beginner:
@ Count lines in a text file
@ Copy file character by character
© Read numbers, calculate average
@ Create log file with timestamps

Intermediate:
@ Student gradebook with file storage
@ Config file reader/writer
@ File search utility
@ Simple file encryption

Advanced:
@ Binary database with indexing
@ File comparison tool
@ Simple compression
@ File change monitor
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Final Thoughts

Key Takeaways:
Files enable persistent applications
Choose text vs binary appropriately

Always handle errors

Practice safe file operations

Resources:

K&R Chapter 8

C standard library docs
Online tutorials
Practice projects

Remember
File | turns

programs into
useful tools
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