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Homework 4 — Strings and Dynamic Memory Allocation 

Due: Friday, December 5, 2008, at 11:59pm
Abstract

Write a non-trivial program to justify and print lines of text from one or more files named on the command line.
Outcomes 

After successfully completing this assignment, you should be able to:–
· Accept arguments to your program from the command line 

· Develop a non-trivial C program comprising multiple C files 

· Get input from and write output to files and/or stderr, the standard error output

· Use malloc(), realloc(), and free() to manage dynamically allocated arrays and string data  

Before Starting 

Read Chapter 7, especially §7.5 regarding file input and output and §7.8 regarding Miscellaneous Functions. Finally, read (or re-read) §4.11 about the C Preprocessor, especially §4.11.1 about file inclusion and §4.11.3 about conditional inclusion.
This Assignment

This program will be larger than the ones you have previously written for this course. It should have at least four files:– 
· hw4.c, the main program that processes the command line and invokes a function to justify each file listed in the command line;

· hw4ReadAndPrint.c, a module that reads text from a file, invokes the justify function, and prints justified lines;
· hw4Justify.c, a separate module that implements the justify function, which converts unjustified text to justified lines; and
· hw4.h, an include file that defines the data structures and function prototypes of your project.
You should compile your program using a command line like the following:–
gcc –Wall –o hw4 hw4.c hw4ReadAndPrint.c hw4Justify.c
This will compile the three .c modules and link them together to form an executable program called hw4. (Note that the include file, hw4.h, does not get compiled; can you explain why?) When you run your program, the command line should look something like the following:–
./hw4 –w100 –t5 file1.txt file2.txt, file3.txt ...
The zeroth argument is, of course, the name of the program. The next two arguments are optional and specify the line width and tab spacing. If either is provided, it starts with a minus sign and the letter w or t followed by a number denoting the line width or the tab width, respectively. If either is not provided, use 80 characters as the default line width and 5 characters as the default tab spacing.
The remaining arguments are the names of text files to read and justify; there is no limit to the number of files specified. For debugging, you may use the following text files:–

· Kennedy.txt
· MartinLutherKing.txt
· Homework4.txt (contains lots of ‘\t’ characters)

Justifying text means

· Partitioning the text into lines, each of which is less than the line width specified on the command line (or defaulted), and

· Inserting spaces so that the rightmost printable characters of the lines align with each other at the right margin. 
A line that ends with a newline character ‘\n’ is not justified but instead ends normally with its ‘\n’. Otherwise, trailing spaces at the end of a line are discarded, so that the rightmost character is a printable character. If a line contains a tab character ‘\t’, spaces are inserted only after the last ‘\t’ and the first characters of subsequent wrapped lines are aligned with the character following the last ‘\t’ until a ‘\n’ is encountered.
The main program
Following the Unix/Linux convention, the function main takes two arguments, arc and argv, as follows:–

int main(int argc, char *argv[]);
To process the command line, this function should loop through the arguments (starting with argv[1]). If the argument is -w or -t, the line width or tab spacing should be set accordingly. If the argument is neither, it should be treated as a file name, and the file should be opened using fopen as described on page 160 of Kernighan and Ritchie:–

FILE *fopen(char *name, char *mode);
The first argument to fopen should be the appropriate element from the command line — i.e., argv[i]. The second argument should be the string “r”, denoting read-only access to the file.
If the result of fopen is NULL, an error occurred; print an error message on stderr and continue to the next command line argument. 
Otherwise, pass the FILE pointer and the current values of the line width and tab spacing to a function called ReadAndPrint(), which is implemented in the hw4ReadAndPrint.c module. When ReadAndPrint() returns, close the file using

int fclose(FILE *fp);
where fp is the pointer returned by fopen(). This frees the FILE data structure and cleans up. Repeat these steps for each file in the argument list of the command line.
The justify function

The function justify is defined along the lines of the following:–

char **justify(const char *text, const int width, 







const int tab);
This accepts one arbitrarily long string of text ending in ‘\0’, and it breaks it into an array of strings, each of which (except possibly the last one) has width characters followed by a ‘\0’. Tab characters are converted to spaces according to the tab parameter, so that the next character after ‘\t’ is positioned at a multiple of tab.

Memory to hold each string is obtained from the heap by calling malloc(). The set of pointers to each of the justified strings of text is collected together in an array, also allocated by malloc(), and a pointer to the array is returned from justify() to its caller. The array of pointers must end in a NULL pointer. If it turns out that there are more justified lines than anticipated, realloc() must be called to enlarge the array of pointers.
If justify() is called with an empty string of text (indicated by text == NULL), it simply returns a one-element array containing the NULL pointer. If justify() is called with an empty line terminating in a ‘\0’ character, it returns a two-element array, the first of which points to a string containing only ‘\0’ and the second of which is a NULL pointer.
justify() does not have to free the memory allocated by malloc() and realloc() that it returns to its caller. The caller has the responsibility to free this.
Reading and print text

The function ReadAndPrint()is defined something like the following:–

void ReadAndPrint(FILE *input, FILE *output, const int width, 







const int tab);
It reads text, one character at a time from the input file using fgetc(). It accumulates these characters in a character array which it has obtained from malloc(). It continues to read characters until it encounters a newline ‘\n’ (or EOF). The newline is stripped, and the character array is terminated with a null character ‘\0. If there are more characters than fit into the character array obtained from malloc(), ReadAndPrint must call realloc() to increase the size of that array. Once it has accumulated an entire string of text containing no newline characters, it calls justify() to convert the text into an array of justified lines. When justify() returns, ReadAndPrint prints those lines, and then it frees them and also the array of pointers pointing to them. Finally, it frees the array of text that it has accumulated and starts over with a new character array.
It may be appropriate to break up ReadAndPrint()into several smaller functions, all of which would be implemented in the module hw4ReadAndPrint.c.
ReadAndPrint() should use fprintf() to print the justified lines to the file output. Normally, main() would pass the pointer stdout to ReadAndPrint. However, it is good practice for a general purpose function like ReadAndPrint() to take its input and output streams as arguments rather than simply assume that they are stdin and stdout. If ReadAndPrint()encounters an error and cannot continue with reading and/or printing for a particular set of arguments, it should print an error message using fprintf() to stderr and return.
Include files

· stdio.h provides fprintf, scanf, fgetc , and getc
· stdlib.h provides malloc, realloc, and free
· string.h provides string manipulation functions.
Deliverables

You should write a short text file (i.e., .txt format) called README, to be submitted with your program. Submit your implementation and README files using the following turnin command (all on one line):–
/cs/bin/turnin submit cs2301 hw4 hw4.h hw4.c hw4ReadAndPrint.c



hw4Justify.c README 

Be sure to put your name at the top of ALL files! You would be surprised at how many students forget this.
Programs submitted after 11:59pm on December 5 will be tagged as late, and will be subject to the late homework policy. 

Grading

This assignment will be graded on the following areas:– 
· documentation, including pre- and post-conditions for all functions, specified as comments in the code;

· correctness of execution, particularly on the grader’s test cases;

· correctly freeing all malloc’ed and realloc’ed data;

· correctly building and managing dynamically allocated data structures;

· processing the command line;

· partitioning the problem into multiple .c files and setting up an appropriate .h file
.
Programs must compile successfully in order to receive any credit. 
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