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External Files:

• Abstractly, a file can be thought of as a stream of data (either char or binary).

• C has two groups of files: standard files, such as stdin, stdout, stderr, and external files.

• External files have several important properties: they have a name, they must be opened and closed, they can be written to, or read from, or appended to.

• Before accessing an external file, we have to open it.


FILE *fp = fopen(“mydata”, “r”);

• where FILE is a structure (stdio.h) containing the current state of a file and fopen is the standard I/O function, which takes two string parameters – a file name and a mode – and returns a pointer to a FILE.

• The mode specifies how to use the file. There are a number of possibilities for the mode.

• Each of these modes can end with a + character which means the file is to be opened for both reading and writing.

• “r+” means open text file for reading and writing

Meaning



Mode

open binary file for appending 
“ab”

open binary file for writing 
“wb”

open binary file for reading 
“rb”

open text file for appending 
“a”

open text file for writing 

“w”

open text file for reading 

“r”

Text Files versus Binary Files:
• A text file contains a sequence of characters. The standard input and out files are text files. (We have to convert back and forth between a data type’s internal representation and its char representation, such as 22.45 and “22.45”).

• A binary file is simply a stream of bytes. There is no conversions needed. We may use binary files to move data directly from memory to disk, exactly as is.

• Binary files are more efficient to process, however, they are not portable and not easily viewable.

Open an File:

• fopen(“filename”, “r”) returns NULL if the file does not exists.

• open(“filename”, “w”) causes the file to be created if it does not exists, or overwritten if it does.

• fopen(“filename”, “a”) causes the file to be created if it does not exists, or causes writing to occur at the end of the file if it does.

• Don’t open a file for writing unless you are sure you no longer need the data it contains.

A Simple Example:

#include <stdio.h>

int main(void){


int sum = 0, val;


FILE *inf, *outf;


inf = fopen(“my_data”, “r”);


outf = fopen(“my_sum”, “w”);


while (fscanf(inf, “%d”, &val) == 1) sum += val;


fprintf(outf, “The sum is %d. \n”, sum);


fclose(inf);


fclose(outf);

}

Character File I/O:

• Access an open file a character at a time, using getc and putc.

• getc takes a file pointer and returns the integer representation of the next character in the file, or EOF if it encounters an end of file.

• putc takes the integer representation of a character and a file pointer and writes the character to the file.

• Both getc and putc return EOF if an error occurs.

How to Check End of File?

• Check EOF during accessing a file:


int c;


while ((c = getc(inf)) != EOF) {



// do something


}

• Call standard file I/O functions:


while (!feof(inf)){



c = getc(inf);



// do something


}

• EOF could indicates either an error or end of file. To detect an error from end of file, you may use feof and ferror.
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Example: Double-spacing a File:

#include <stdio.h>

#include <stdlib.h>

void double_space(FILE*, FILE*);

void print_info(char*);

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


FILE *ifp, *ofp;


if (argc != 3){



print_info(argv [0]);



exit(1);


}


ifp = fopen(argv[1], “r”);


ofp = fopen(argv [2], “w”);


double_space(ifp, ofp);


fclose(ifp);


fclose(ofp);


return 0;

}

void double_space(FILE *ifp, FILE *ofp){


int c;


while ((c = getc(ifp)) != EOF){



putc(c, ofp);



if (c == ‘\n’) putc(‘\n’, ofp);


}

}

void print_info(char* pgm){


printf(“\n%s%s%s\n\n%s%s\n\n”, “Usage: ”, pgm, “ infile outfile”, 
“The contents of infile will be double-spaced ”,“and written to 
outfile”);

}
Example: File-copying:
#include <stdio.h>

#include <stdlib.h>

long file_copy(FILE*, FILE*);

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


FILE * ifp, * ofp;


long count;


int status = EXIT_FAILRE;


if (argc != 3)



printf (“Usage: %s source_file dest_file\n”, argv[0]);


else if (( ifp = fopen(argv[1], “rb”)) == NULL)



printf (“Can’t open %s for reading\n”, argv[1]);


else if ((ofp = fopen(argv[2], “wb”)) == NULL)



printf (“Can’t open %s for writing\n”, argv[2]);


else {



if ((count = file_copy(ifp, ofp)) == -1L)




printf (“Copy failed\n”);



else {




printf (“Copied % li bytes\n”, count);




status = EXIT_SUCCESS;



}


}


return status;

}

/* file_copy.c */

#include <stdio.h>

#include <stdlib.h>

long file_copy(FILE *ifp, FILE *ofp){


int c;


long cnt ;


for (cnt = 0L; (c = getc(ifp)) != EOF; cnt ++)



putc(c, ofp);


if (ferror(ifp) || ferror(ofp))



cnt = -1L;


fclose(ifp);


fclose(ofp);


return cnt ;

}

Formatted File IO:
• Both printf and scanf have counterparts that do formatted I/O on files:


fprintf(file_pointer, format_string, …)


fscanf(file_pointer, format_string, …)

• Example:

int a[20], i, j;


FILE* ofp;


for (i = 0; i < 20; i++)



a[i] = i;


ofp = fopen(“my_output”, “w”);


for (i = 0; i < 4; i++) {



for (j = 0; j < 5; j++)



fprintf(ofp, “%i ”, a[i*5 + j]);



fprintf(ofp, “\n”);


}


fclose(ofp);

Line-oriented File I/O:

• The standard I/O library provides functions that do line-oriented I/O: fgets and fputs.

• fgets takes three parameters: a char array, its size, and a file pointer. It reads chars into the array, stopping when it meets a newline (this newline is included in the array) or find that the array is full. It terminates the array with a NULL.

• fputs takes a string (with a ‘\n’) and a file pointer and writes the string to the file.

• Example:

#include <stdio.h>


#include <string.h>


#define MAXLEN 80


FILE *gfopen(char*, char*);


long file_copy(char* dest, char* source){



FILE *sfp, *dfp;



char line[MAXLEN + 1];



long cnt;



sfp = gfopen(source, “rb”);



dfp = gfopen(dest, “wb”);



for (cnt = 0L; fgets(line, sizeof(line), sfp) != NULL; cnt += strlen(line))




fputs(line, dfp);



fclose(dfp);



fclose(sfp);



return cnt;


}
/* A graceful version of fopen */

FILE *gfopen(char *fname, char* mode){


FILE *fp;


if ((fp = fopen(fname, mode) == NULL){



fprintf(stderr, “Can’t open %s – BYE!\n”, fname);



exit(1);


}


return fp;

}

Random File Access:

• Accessing a random file is similar to an array, indexing any byte in the file as we would an array element. 

• For example:

The Kth element of an array is located at position:


starting_address + k * sizeof(array_element)


The kth record in a file is located at position:


start_of_the_file + k * size_of_record

Block I/O:

• C provides two functions to read and write arrays of bytes: fread and fwrite.

• Both of them takes four parameters: 


a pointer to the array’s first element (void*)


the size (in bytes) of an element


the number of elements in the array


a file pointer

• Example:

#ifndef STORE_H


#define STORE_H


#define INFILE “plain.txt”


#define OUTFILE “binary.dat”


struct store{



int id;



char name[15];



float price;


};


#endif
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• What we want:
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• The Code:

#include <stdio.h>


#include “store.h”


FILE* gfopen(char*, char*);


int main(){



struct store srec;



FILE *ifp, *ofp;



ifp = gfopen(INFILE, “r”);



ofp = gfopen(OUTFILE, “w”);



while (fscanf(ifp, “%d%d%f”, &srec.id, srec.name, &srec.price) != EOF)



fwrite(&srec, sizeof(struct store), 1, ofp);



fclose(ifp);



fclose(ofp);


}

Locating a Position:

• Three standard I/O functions support random file access: fseek, rewind, and ftell.

• fseek is used to move the file pointer to a specific byte in the file:


int fseek(FILE *fp, long offset, int from);


where from must be one of three values:



SEEK_SET // beginning of the file



SEEK_SUR // current position



SEEK_END // end of the file


returns –1 if there is an error and 0 otherwise.

• Examples: fseek
fseek(fp, 0L, SEEK_SET); // go to the start of the file

fseek(fp, 0L, SEEK_CUR); // don’t move

fseek(fp, 0L, SEEK_END); // go to the end of the file

fseek(fp, n, SEEK_SET); // go to the nth byte in the file

fseek(fp, n, SEEK_CUR); // skip ahead n bytes

fseek(fp, -n, SEEK_CUR); // go backward n bytes

fseek(fp, -n, SEEK_END); // go to n bytes before the end

rewind and ftell:

• rewind is a special case of fseek that moves the file pointer to the start of the file, i.e., fseek(fp, 0L, SEEK_SET), except it returns no value and clears the internal EOF and error indicators.

• ftell takes a file pointer and returns a long containing the current offset in the file (the position of the next byte to be read/written).

• Typically, programs use ftell to save their current position in a file so that they can easily return to it later.
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• Example:

#include <stdio.h>


int main(){



int c, n;



long offset, last;



FILE *fp;



fp = fopen(“rev.dat”, “r”);



fseek(fp, 0L, SEEK_END);



last = ftell(fp);



for (offset = 0; offset <= last; offset++){




fseek(fp, -offset, SEEK_END);




c = getc(fp);




if (c != EOF) printf(“%c”, c);



}



printf(“\n”);



fclose(fp);


}

• Example: Random Access:

#include <stdio.h>


struct customer {



int id;



float balance;


};


void init_database(FILE *ofp, int num){



struct customer temp = {0, 0.0};



int k;



for (k = 0; k < num; k++){




temp.id = k;




fwrite(&temp, sizeof(struct customer), 1, ofp);



}


}

int update(int cid, FILE* fp, int amount){



struct customer temp;



if (fseek(fp, cid*sizeof(struct customer), SEEK_SET) < 0)




return –1;



fread(&temp, sizeof(struct customer), 1, fp);



temp.balance += amount;



fseek(fp, cid*sizeof(struct customer), SEEK_SET);



/* fseek(fp, -sizeof(struct customer), SEEK_CUR); */



return fwrite(&temp, sizeof(struct customer), 1, fp);
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}
int print_database(FILE *fp){


struct customer temp;


rewind(fp);


while (fread(&temp, sizeof(struct customer), 1, fp) > 0){



printf(“ID: %4d BALANCE: %.2f\n”,



temp.id, temp.balance);


}

}

int main(){


// ask for database name


// show options : init, update, print, or quit


// perform the selected option


// repeat

}

