Style and Conventions
Prior to each function, there needs to be a function header in the following form: 
/* function name
 * purpose: (write the purpose)
 * inputs:
 *   type name - what it is
 *    ... each variable
 * outputs:
 *   type - what it is
 */
A single-line comment is required for every control structure, including loops, if statements, recursive calls, and switch statements. They should state the code in English. For example, prior to a for loop, the comment should indicate what we are iterating over. For example, for each score in the array or for each student in the class. Prior to an if statement, it should state what we are checking for. A recursive call should be the english equivalent of describing what the smaller case is (like summing all but one of the elements of the array). 
Comments, where they occur, should be precise and informative. Do not comment the obvious: 
/* I'm adding b and c, and naming it "a"! */ <== not helpful
int a = b + c; 

/* Summing number of birds and crocodiles */ <== much more helpful
int a = b + c; 

If a comment spans multiple lines, then you use the following format: 
/* begin comment: slash star
 * middle lines start with space, star
 * the last line is a space, then end comment: star slash
 */
Be careful: C syntax does not support nested comments. 
Code Style 
As a rule, do not write more than one statement on a line. 
Your code should be no more than 80 columns wide. You can display the current column number in vim with the command 
:set ruler
You will also want to issue the following two commands to vim to make the environment more pleasant to work in: 
:syntax on
:set number
The first command turns on syntax coloring, and the second turns on line numbering. They're both very helpful. 
Curly braces surrounding function bodies are placed on their own lines. 
int my_example_function(int degrees)
{

}
Otherwise, you can choose one of two curly braces conventions. Whichever you choose, you must be consistent throughout your code. Choice 1: Open curly braces appear at the end of the first line on which they appear, as shown in the following example. 
  if (some_boolean_expression) {
    return 0;
  } else {
    return 7;
  }
Choice 2: Open curly braces appear on their own lines, and they are lined up with the beginning of the line with which they are associated. 
  if (some_boolean_expression) 
  {
    return 0;
  } else 
  {
    return 7;
  }
Loops follow the same conventions as if statements. 
The indentation for switch statements is as follows: 
switch (var) {
   case (0): single line here, with break;
   case (1):
       multiple lines are lined up here;
       then you have a code block;
       and then end with break;
   case (2):
   case (3):
       two cases leading to the same code
       are stacked.
   default: 
        default case is always last
}
Indentation: You must indent each control structure, as shown in class. 
Now and throughout the quarter, consult KnR or class lecture notes for code layout standards. 
Naming Variables
You need to choose good variable names. 
int a = b + c 
/* not good names */ 
int animals = birds + crocs; 
/* very good names */ 
You may have one-letter variables as loop counters in for loops. When no other naming convention is present, loops use the counter i. If you have nested loops, then the nesting is i, j, k, l, etc. 
int i, j, k;
for(i=0;i<="" }="" something;="" do="" {="" for(j="0;j
Another acceptable convention is to use one-letter abbreviations of the thing you're iterating over, as shown below: 
int r, c;
// for each row
for(r=0;r<="" }="" something;="" do="" {="" column="" each="" for="" for(c="0;c

Submitting Your Work
Remember you need to add and commit every file to your subversion repository. 

HOMEWORK 1:
Up until now, your program has executed all of the tests in a single run. This is fine when all goes well. However, if one of your tests experiences a segmentation fault, then the program ends, and further tests will not execute. This is not ideal. 
Instead, each test should be a separate execution of the program. Then, you string together the tests with a script. This script contains the command line for each test. If one fails, that's fine, it then proceeds to the next test. Therefore, you need a file you didn't need before: the script. 
The command-line arguments provide all information to know which test to execute and provide any input arguments it needs. If you missed the lecture on command-line arguments, you can read an on-line tutorial. 
For example, let's take the exercises you are going to be completing for the string warm-up. We can assign a letter to each one of them, shown below: 

0) Safe_str_concat 
1) write_value 
2) read_value 
2) Create and initialize a heightxwidth image, write to filename. 
To use this program, you would do the following: 

./warmup5 1 firststring secondstring
 
This would result in: 

firststringsecondstring
 
Likewise, 

./warmup5 2 1
 
This would result in running a pre-set sequence of tests you wrote for exercise 2 

./warmup5 2 2
 
This would result in running a different pre-set sequence of tests you wrote for exercise 2 Likewise, 

./warmup5 3 200 500 128 0 128 test200x500rb.png
 
would create an image that is 200x500, with each pixel being (128, 0, 128). 

Finally, you write a whole set of those command lines, which you would normal type into the terminal, into a file. Name the file testscript. Your testscript file might have the following liens: 

./warmup5 3 100 50 0 128 128 test100x50gb.png
./warmup5 3 200 500 128 0 128 test200x500rb.png
Once you have made testscript, you need to make it executable: chmod +x testscript. 
Now you may run it by typing: ./testscript 
Exercises 
During the warmup, you are going to implement several functions that exercise strings, pointers, and structs. 
Create the skeleton code. This is NOT given to you. You need to fill it in. warmup5.h, warmup5.c, warmup5_main.c, and testscript. 

Problem 1

char *safe_str_concat(char *str1, char *str2);
In the normal string concatenation function, the second string is copied to the end of the first string - and it's not known whether there was enough space to do so. This is the source of bugs in systems that have allowed attackers to gain control of the system. 
Write a function that, instead of copying str2 to the end of str1, allocates a brand new string that will hold both str1 and str2. Then it copies both strings over, str1 at the front and str2 at the back. It returns a pointer to that new string. 

Problem 2

typedef struct {
	unsigned int allocated_size;
	int *array;
} int_vector;
int_vector* make_init_array();
void write_value(int_vector *vector, unsigned int index, int value);
int read_value(int_vector *vector, unsigned int index);
Arrays are hard to work with in C for two reasons. First, the size is passed around separately from the array itself. Second, there is no check to make sure you are accessing within the array. 
In this problem, you create a new data type - an array that carries around the size with it. A struct contains the necessary information. A programmer first requests a new array with make_init_array, which allocates the int_vector and initializes the values for an array with 0 items. The programmer then accesses it through function calls (very inefficient - just an educational exercise). If an index beyond the end of the array is used, then the array is reallocated. The new array needs to be the maximum of big enough to hold the index requested and double the current size of the array (with minimum being 16). Malloc the bigger array, copy over any elements that were already in the array, free the old array, update the size, and hook the structure to the new array. If the programmer reads an element of the array beyond the length, return 0 but don't expand the size of the array. 
Reminder: As I announced in class, you are not allowed to use realloc. You may only use malloc to allocate space.

Problem 3

typedef struct {
	unsigned int red;
	unsigned int green;
	unsigned int blue;
} pixel;
pixel** make_and_init_image(int height, int width, pixel color);
Write a function that creates a double array of pixels. It consists of an array of length height, and each element of that array points to an array of length width. The array of length width is an array of pixels. Each pixel is initialized to color. Make sure you put the struct definition in the .h file ONLY - not also the .c file. 
I have now provided the png files to go along with this assignment. You can use the attached files. 
Warmup5_....h
Warmup5_....c
Dog5.png
If you inspect these files, you will see that we have provided the read and write to png files. For this exercise, you need only the write function. This represents two changes. First, it uses the pixel data structure. Second, it uses malloc, removing the restrictively small size limitation. You can now use it on much larger pictures. 
One note: The pixel struct is declared in warmup5_provided.h. This means you do NOT need to place it in your own warmup5.h file. You cannot put it twice. That means you need to #include the warmup5_provided.h file before the warmup5.h file. 

HOMEWORK 2:

Goals for this homework 
· Gain experience with structs, pointers, and allocation. 
You are expected to complete this assignment individually. If you need help, you are invited to come to office hours and/or ask questions on piazza. Clarification questions about the assignments may be asked publicly. Once you have specific bugs related to your code, make the posts private. 
This project is a combination of two warmup exercises - trying to make a safer strings library and dynamically allocating memory on demand. You are going to reimplement several of the string library functions with a new structure for strings that holds the allocated length of the string. The string is defined below: 

typedef unsigned int uint;

typedef struct {
	char *str;
	uint allocated_length;
} safe_string;
You are allowed to use string library functions whenever relevant. However, you must allocate and reallocate memory as necessary (and free). 
You are not allowed to use any call other than malloc to get memory (not realloc) so that you can experience the true cost of memory allocation. 

You should submit four files for this assignment ( hw5.h, hw5.c, hw5_main.c, and Makefile) in your subversion repository as directed below. 
Set Up
You need a hw5.c and hw5.h file for this portion. 
You need to add the skeleton code so that your program will minimally execute. You must do this in case you do not complete your assignment. Our testing infrastructure needs to compile and execute even if you did not complete the entire assignment. Refer to past assignments on how to make skeleton code. 
Problem 1: Allocation and Initialization

safe_string* make_empty_string();
safe_string* make_string(char *str);
Write two functions that produce safe strings. The first one creates an empty string. Think about what an empty string would store for both the string and the length. The second one takes the char * and essentially converts it into a safe string. It needs to allocate new space for the string inside the safe string and initialize the string to match str. Do not just copy over the pointer. Then it sets the allocated size. 
If str is NULL, then it makes an empty string. 
Don't forget to complete this portion, test it, and commit it before moving on! 
Problem 2: copying 

void safe_str_cpy(safe_string *dest, safe_string *src);
void safe_str_cat(safe_string *dest, safe_string *src);
For both str_cpy and str_cat, you are implementing a safe version of the function. Unlike in the warmup, you don't automatically make a new string to hold the result. Instead, you only allocate new memory if the dest string doesn't have enough space to complete the operation. If it does not have space, then you allocate new space and place the result in the new string. You then update the variables in dest's safe_string struct so that it refers to this result string. 
Problem 3: searching 

char *safe_strchr(safe_string *s, int c);
int safe_strcmp(safe_string *s1, safe_string *s2);
safe_strchr returns a pointer that points within the string that s holds - the first occurrence of the letter c within s's string. If c is not within s's string, it returns NULL. 
safe_strcmp returns 0 if the strings within s1 and s2 are identical, -1 if s1 is earlier alphabetically and 1 if s2 is later alphabetically. Note that strcmp() compares using ascii values, which is not perfect alphabetization since capital letters are far away from lower-case letters. Write a version of strcmp that considers a capital letter 'A' to be less than a lower case 'a', but they are both less than 'B' and 'b'. 
Testing 
Use the command-line argument testing methodology outlined in the warmup. Number each function and have a switch that chooses which test based on the 2nd command-line argument. Then have the rest of the command-line arguments input and inputs to the function, along with a last argument that is the expected result. You may print out any additional information you want to in order to verify your program works (e.g. allocated size). 
Submit
At this point, you should have done the following: 
· Created four files and filled in the proper information: hw5.h, hw5.c, hw5_main.c, testscript inside your hw5 directory. Make sure that before you execute this command, you have already added your hw5 directory. 
· $ svn add hw5.h hw5.c hw5_main.c testscript
· 
· Implemented all of your functions. If not, you at least need skeletons of your functions so that our automated tests will compile for the functions you did write. 
· Compiled your executable manually and with the Makefile 
· Implemented your test cases 
· Executed your code 
· Debugged your code 
· $ svn commit -m "hw5 complete"
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