Project 6 (40 points)
 Assigned: Friday, December 4, 2009
Due: Sunday, December 13, 2009, 11:59 PM
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Programming Assignment #6 — 
Strings, Lists, and Dynamic Memory Allocation
Abstract

Write a non-trivial program to read text from one or more files specified on the command line, form the text into lines, and justify and print those lines.
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() and free() to manage dynamically allocated arrays and string data
· Complete a project in Visual Studio  

Before Starting 

Read Chapter 7, especially §7.5 regarding file input and output and §7.8 regarding Miscellaneous Functions. Also, complete Labs #6 and #7, which introduce you to working with Visual Studio.
This Assignment


This program will be larger than the ones you have previously written for this course. It should have at least five files:– 

· PA6.c, the main program that processes the command line and invokes a function to read and print each file listed in the command line;

· ReadLine.c, a module that reads text from a file, divides it into lines not exceeding the specified line length;
· ReadAndPrint.c, a module that loops through one file, reading lines and printing them;
· Justify.c, an optional module that implements the Justify() function, which converts unjustified lines to lines in which the right margins line up; 
· PA6.h, a header file that defines the data structures and function prototypes of your project; and
· The Visual Studio project files for a Console project.

When you run your program, the command line should look something like the following:–

./PA6 –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. Either or both may be specified in either order. If provided, the argument starts with a hyphen and the letter w or t followed by an unsigned decimal integer denoting the line width or the tab width, respectively. The default line width is 80 characters, and the default tab spacing is 5 characters. 

The remaining arguments are the names of text files to read, justify, and print; there is no limit to the number of files specified. For debugging, you may use the same text files as Programming Assignment #5, namely:–

http://www.cs.wpi.edu/~cs2301/b09/Common/Kennedy.txt
http://www.cs.wpi.edu/~cs2301/b09/Common/Obama.txt
http://www.cs.wpi.edu/~cs2301/b09/Common/MartinLutherKing.txt
For fun, you may also try any of Shakespeare’s plays, which can be downloaded from the Internet.

“Reading” means that your program should read the text, one character at a time, break it at word boundaries into lines that are no longer than the specified line width, and then return each line. Obviously, this involves a malloc() of a data structure large enough to hold the line and returning a pointer to that line. Blanks that occur after the last word of the line should stripped so that the first word of the next line starts in the first column. If a newline character '\n' is encountered, the current line is terminated and the next character of text starts at the beginning of a new line (whether it is blank, a tab or another character). 
Null lines are permitted in the text — i.e., lines consisting of a '\n' character but nothing else.

If a tab character '\t' is encountered, it must be replaced by one or more blanks characters so that the next character is located at a position in the line that is a multiple of the tab width. For example, if the tab character would be placed at position p of the line to be printed, and if t is the tab width specified on the command line (or defaulted), then at least one but not more than t blanks are inserted so that the next character will be placed at position q, such that q mod t = 0.
“Justifying text” means inserting blank characters into a line at word boundaries so that the rightmost printable character of that line aligns with the right margin. If the line width specified on the command line (or defaulted) is w, then the rightmost printable character must be at w-1. Trailing spaces at the end of a line are discarded, so that the rightmost character is a printable character. A line ending with a newline character '\n' should not be justified but instead, it should end normally with its '\n'. A line containing any '\t' characters may only have blank characters inserted after the last such '\t'.

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 starts with -w or -t, the line width or tab spacing should be set accordingly. Print a message on stderr saying what the new settings are.

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 file name from the command line — i.e., argv[i]. The second argument should be the string "r", denoting read-only access to the file. If you open the file successfully, print a message on stderr giving the name of 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 input and output FILE pointers and the current values of the line width and tab spacing to a function called ReadAndPrint(), which is declared in PA6.h and implemented in ReadAndPrint.c module. For this project, the output file pointer should be stdout.
· 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. 
· Print at least three blank lines on the output  file to separate this input file from the next.
Repeat these steps for each file in the argument list of the command line.
Reading and Printing

The function ReadAndPrint() should be declared along the following lines:–

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







const int tab);
It should consist of a loop that does the following:–

· Call a function called ReadLine() that reads one line of text from FILE *input, copies it into a new character array obtained from malloc(), and returns a pointer to that character array. When there is no more text to read, ReadLine() should return the null pointer.

· Optionally (for extra credit), call Justify() to modify the line so that the right margins line up. Justify takes a character pointer in and returns another character pointer to the justified line. Obviously, it may call malloc() to get another character array, copy the original one to the second one, and free() the first one.
· Print the returned line, inserting a trailing '\n' if necessary, and then free() the character array containing the line.
Reading one line

The function ReadLine() is one of the more difficult ones encountered in this course. It should be declared with the following prototype:– 
char *ReadLine(FILE *input, const int width, const int tab);

It reads one character at a time from the input file using fgetc() and accumulate characters in an array obtained from malloc(). This character array should be large enough to contain a single line, a trailing newline character, and the trailing null character '\0'. Tab characters '\t' should be expanded on the fly. If you encounter a newline character '\n', you should append it to the line, also append a null character '\0', and return from ReadLine().
If ReadLine() encounters an EOF, it depends upon whether there are unprinted characters in the line. If so, append both '\n' and '\0' and return a pointer to the character array. If there are no characters in the array, return a NULL pointer.

The tricky part is recognizing when you have read beyond the last full word and are starting a new word that won’t fit at the end of the line. In this case, you must malloc() a new character array, copy the last partial word into it (stripping off leading blanks), and terminate the original character array with a null character '\0' after the end of the previous word. If a newline character is encountered in the white space after the last word, append '\n' at the end of the line to be returned before appending the '\0'. 

You have to keep track of the pointer to the new character array for the next line in a static variable declared inside the function. If there is no next line, the static variable should be NULL.
ReadLine() must return a pointer to the character array containing the line most recently read. It may assume that its caller will free that character array.

The Justify function
The function Justify is even more difficult. It should be declared along the following lines:–

char *Justify(const char *text, const int width);
Justify() accepts a string of text not exceeding width characters and ending in '\0', and it copies the text into a new character array (obtained from malloc()). In doing so, it inserts enough blank characters at random word breaks to expand the string to align the right margin. It then calls free() to release memory for the original character array, and it returns the new one to its caller. Care must be taken if tab characters were expanded in the original array so that their alignment is not fouled up. You may need to add an extra parameter to Justify(), along with a way to get information to it.

If the input line *text ends in a '\n', Justify() should do nothing, because this indicates the end of a paragraph. I.e., it should simply return its input line.

Development Strategy

You will need to include the following header files:–
· stdio.h provides fprintf, scanf, fgetc , and getc
· stdlib.h provides malloc, and free
· string.h provides string manipulation functions

You should develop this project in separate pieces. First, create the main() function to parse the arguments and open and close the files. Use a stub for ReadAndPrint() so that you can debug main().

Next, develop ReadAndPrint() using stubs for ReadLine() and Justify(). 
The big challenge is ReadLine(). Try to express a loop invariant that helps you to keep track of where you are in reading characters and filling the character array while recognizing the need to peal off a partial word at the end of the line.

Justify() itself is a particularly difficult function to design and program. Therefore, a stub is sufficient for regular credit for this assignment, and a full implementation will be worth extra credit. 

Deliverables

This programming assignment is too big to be completed in the last day or two before it is due. Please pace yourself.

It must be completed in Visual Studio. Your submission should include the following:–
· The .c and .h files of your program. You may submit a stub function for Justify() if you do not wish it to be considered for extra credit.
· The Visual Studio files
· A README file outlining what you have completed and also outlining the design of the functions ReadLine() and Justify(), including you loop invariants.

Be sure to clean your Visual Studio folder before submitting anything. Zip all of your .c and .h files plus the Visual Studio project files together into a single zip file. However, please do not include your README file in the zip file.
/cs/bin/turnin submit cs2301 PA6 README <your zip file> 

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 the due dates will be tagged as late, and will be subject to the late homework policy. 

Grading

This assignment is worth forty (40) points and a correctly working Justify() is worth ten (10) points of extra credit. Your program must compile without errors in order to receive any credit. It is suggested that before your submit your program.

Points are allocated as follows:–

· Program organization into three or more .c files, one or more .h file(s), and a makefile – 3 points

· Correct compilation in Debug Mode without warnings in Visual Studio – 2 points

· Correctly parsing the arguments on the command line – 5 points

· Correctly opening and closing files, including handling errors in file access – 5 points

· Correctly using malloc() and free(), so that you have no memory leaks – 5 points

· Correctly constructed the ReadLine() function and whatever subsidiary functions are needed – 10 points

· Correct operation with the graders’ test cases – 5 points

· Satisfactory README file, including a loop invariant for ReadLine() – 5 points

· Implementing of Justify() that works correctly with the graders’ test cases – 10 points extra credit
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