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(Red, boldfaced text should be written on board.)

 (Announce change in Monday's office hours for Qi; 10:00 AM - 11:00 AM next week.)

Today we are going to ask the question, "Why are functions useful and important?".

There are actually several reasons.

One has to do with code reuse.  Let's say you are writing a large program, and there is a specific task you need to do over and over again in different parts of your program.  Let's say that this task requires several lines of code.  You have two choices; one is to repeat these lines of code over and over again in all the appropriate places.  The other is to create a function to do the task and call it from all locations in the program that need to perform the task.  This second option is better for two reasons.  The first is that it leads to less code, which is generally more readable and means you are less likely to make a mistake.  The second is that if you later realize there is a mistake in the code (for instance, a logic mistake which leads to incorrect behavior for specific data), you only have to fix it in one place instead of everywhere.

Another similar reason that functions are useful deals with code sharing.  Let's say that someone has already written a function to perform a specific task.  You can include that function in your own program and use it.  You only have to know what the function takes as parameters and what it returns; there is no need to understand how it works!  For instance, when we use functions like printf from the stdio library, or sqrt from the math library, we know what to pass and we know what we will get back, but we don't know how the function has been implemented and it doesn't matter.

Yet another reason that functions are useful deals with managing data.  If you are writing a large program with just one function, that function would need so many variables that it would be hard to keep track of them all!  You may accidentally use one variable for more than one purpose and cause an error.  When you have many reasonably-sized functions, each can only see its own local variables and globals (there are generally only a few globals which store very important and commonly used information), so it is much simpler to keep track of variables and determine what code is actually doing.

One crucial reason that functions are so important deals with the notions of top-down design and structured programming.  Top-down design is the act of breaking down a task into manageable parts such that each individual part is relatively simple and the parts can be combined without much difficulty to achieve the original task.  Structured programming refers to the implementation of the resulting design.  Structured programming takes planning and organization, but a good design will often save much time when it comes to actual implementation, and the resulting code will be more elegant and readable.

We are going to talk about structured programming in relation to homework #2, which involves writing a computer program to play the user in Tic-Tac-Toe using a specified strategy.  My implementation of the program used about 300 lines of code, and to implement it without first planning it out would have been difficult.  However, with a proper breakdown of the program into functions, I found that each individual function was relatively short and simple, and it was clear how to combine functions to perform larger tasks that ultimately resulted in a user-friendly game of Tic-Tac-Toe.

You are allowed but not required to do things the same way that I did.  Different programmers have different styles, and you may want to break down the task even further than I have, store your information differently, or use local variables where I used globals.  Either way, learning about my breakdown should give you ideas about what you want to do, and more importantly it should help you to understand how structured programming can make the job so much easier!

Personally, my program uses 3 global variables (declared at the top of my program and shared by all my functions).  One stores the current state of the Tic-Tac-Toe board, one stores the computer's symbol (either X or O depending on who goes first), and one stores the user's symbol (the opposite of the computer's symbol).  I declared the three globals as follows:

char board[3][3];

char computer, user;

I used a 3 by 3 two-dimensional array of characters to represent the board, and each slot is filled with an 'X' or an 'O' if the corresponding square has already been taken or a ' ' (single space) if the corresponding square is still empty.  You may instead choose to use a two-dimensional array of integers to represent the board, where each possible state of a square is represented by a specific integer, or you may want to use a one-dimensional array to represent the squares of the board.

The variables 'computer' and 'user' represent the two players' symbols; one will be an 'X' and one will be an 'O' depending on who goes first.  You may want to have only one such variable, since one can be determined from the other; Or, rather than store each player's symbol, you may simply want to store who goes first.  (Remember, the player that goes first is always the 'X' player.)

My implementation used 13 functions not including "main".  The prototype statements for the functions were:

void init_board(void);
This function initialized the board by filling it in with spaces. (If you decide against making the board a global, you will have to pass it to this function and several others.)

void draw_board(void);
This function displays the board to standard output.

int user_first(void);

This function asks if the user wants to play again.  Returns 1 if yes, 0 if no.

int play_again(void);

This function asks if the user wants to play again.  Returns 1 if yes, 0 if no.

int symbol_won(char);
This function takes a symbol (either X or O) as a parameter, and checks to the board to determine if that symbol has already won the game.  Returns 1 if yes, 0 if no.

int find_win(char);
This function takes a symbol (either X or O) as a parameter, and checks if there is any empty square such that placing the symbol there would result in a win.  If so, it returns the number of this square (squares are numbered 1 through 9 as indicated in the assignment); Otherwise, it returns 0.  (I there are multiple possible wins, it returns just one of them.)  I tried implementing this in two ways.  One involved a call to symbol_won, and the other did not rely on any other user-defined functions.

int middle_open(void);
This function returns a 5 (the number of the middle square) if the middle square is empty, and a 0 otherwise.

int find_corner(void);
If there are any empty corner squares, this function will return the number of one of them; Otherwise, it returns a 0.

int find_side(void);
If there are any empty side squares (squares 2, 4, 6, and 8), this function will return the number of one of them; Otherwise, it returns a 0.

void computer_move(void);
This function examines the current state of the board and implements the five given strategy rules.  The first rule that applies determines the computer's next move.  The move is then displayed to standard output, and the board is updated by placing the computer's symbol (either X or O) into the appropriate slot of the array representing the board.  This function relies on the functions find_win, middle_open, find_corner, and find_side!

int square_valid(int);
This function takes as a parameter the number of a square and checks if it is valid (a number from 1 to 9), and if so, if the square is empty.  If the square is valid and empty, it returns a 1 (true), and if not, it returns a 0 (false).

void player_move(void);
This function asks the user to enter a move (an integer from 1 to 9 representing a square).  It continues to prompt the user until the user enters a valid, empty square (determined by square_valid).  After the user enters an appropriate square, the function updates the board.

void play_game(void);

This function loops through the 9 turns of a game.  For each turn, depending on whether the number of the turn is even or odd and who goes first, computer_move or player_move is called.  After each turn, draw_board is called to display the board, and symbol_won is called to determine if either player has won.  If all 9 turns go by without a winner, the game is a draw.

Of course, there is also the function "main".  Here is my function main!

/* Initialize the board, ask who goes first, play a game, ask if user wants to play again. */

int main(void)

{

while(1)

{

init_board();

if (user_first())

{

computer = 'O';

user = 'X';

}

else

{

computer = 'X';

user = 'O';

}

play_game();

if (!play_again())

break;

}

return 0;

}

So, for each iteration of the loop, the board is initialized, the user decides who goes first (and the globals storing the computer's and user's symbols are assigned values accordingly), the game is played, and the user decides if there will be another game (if not, we break out of the loop and the program ends).

Of course, if you break things down in a different way, or if you have different globals or no globals, your "main" function will be different.

You might be surprised at how small this function "main" is for an approximately 300 line program, but that is actually common.  The "main" function doesn't usually do much by itself when proper structured programming is implemented.

Now let's look at some other functions.  Here is my user_first function:

/* Ask if user wants to go first.  Returns 1 if yes, 0 if no. */

int user_first(void)

{

char response;

printf("Do you want to go first? (y/n) ");

do

{

response = getchar();

} while ((response != 'y') && (response != 'Y') &&

(response != 'n') && (response != 'N'));

if ((response == 'y') || (response == 'Y'))

return 1;

else

return 0;

}

If we are guaranteed that the user will type in a 'y' or 'n', why do we need to loop until one of these characters is read?  Because we don't know if there will be anything left over from the previous buffer.  The first time we ask this question, it is the first time we are asking the user for any input, but if we are not on the first game (the user has decided to play again), there is probably a newline character left over from the user's previous decision.

Now we'll look at pieces of the functions which demonstrate the power of structured programming.  I mentioned above I tried out implementing find_win in two ways.  The first was very straight forward.  It looked something like this:

/*

 * Find a win, if any, for the given symbol.

 * If a winning square exists, return the square;

 * Otherwise, return 0;

 */

int find_win(char symbol)

{

if ((board[0][0] == ' ') &&

(((board[0][1] == symbol) && (board[0][2] == symbol)) ||

((board[1][0] == symbol) && (board[2][0] == symbol)) ||

((board[1][1] == symbol) && (board[2][2] == symbol))))

return 1;



…


/* Eight other "if" statements for squares 2…9 */



…


return 0;

}

So, for each square, we check if the square is empty and placing the given symbol in the square would result in a win.  Corner squares can be part of three possible wins, side squares can be part of two possible wins, and the middle square can be part of four possible wins, so the "if" statements are long and it is easy to get one wrong.  Still, this is a simple implementation of the function.

The other implementation relies on the function symbol_won, which needs to be written anyway.  The way this version of find_win works is as follows.  We loop through the squares 1 through 9.  For each, we compute the row and column using the formulas given on the homework assignment.  We look at the board and see if this square is empty.  We fill in the square with the given symbol (i.e. assign the symbol to the array slot representing the square).  Then we call symbol_won to check if this addition has won the game for the given symbol.  (We know there was no win previously to this symbol, or the game would have been over already.)  If so, we keep track of this square.  Either way, we reset the square to empty after the check.  At the end, we return the last square found that lead to a win or 0 if no such square was found.  Although this algorithm may seem more complex than the first one, it actually saved about 30 lines of code!

So let's say that find_win, middle_open, find_corner, and find_side have already been written, and now you want to write computer_move.  You would have probably thought this would be one of the hardest functions to write, a function which implements the strategy given to you in the assignment.  But now that we have these other functions already written, all of which were conceptually simple, computer_move becomes pretty straight forward.  A piece of it is here:

/* Choose a move for the computer. */

void computer_move(void)

{

int square;

int row, col;

/* Use first strategy rule that returns valid square */

square = find_win(computer);

if (!square)

square = find_win(user);

…


/* Other "if" statements for remaining strategy rules */



…

printf("\nI am choosing square %d!\n", square);

row = (square - 1) / 3;

col = (square - 1) % 3;

board[row][col] = computer;

return;

}
So after the first call to find_win, square will either represent a winning square (in which case it should not be changed), or 0 if there was no winning square.  If square equals 0, then find_win is called again, this time looking for a win for the user's symbol.  After this call, square will represent a blocking square (in which case it should not be changed), or a 0 if there was no blocking square.  Etc.  After all appropriate functions are called in the right order, square will store the computer's chosen square.  We calculate the row and column of the square and fill in the board!

Those of you who decide to take the 20 point simplification (on the computer's turn, have it choose any empty square) do not have to implement find_win, middle_open, find_corner, or find_side at all!  Your computer_move function can simply loop through the squares 1 to 9, compute the row and column for each, and if this square is empty, fill in the corresponding slot of the array with the given symbol and return!  (At least one square will be empty or the game would have already ended.)

Now we'll look at the outline of play_game:

/* Loop through 9 turns or until somebody wins. */

void play_game(void)

{

int turn;

for (turn = 1; turn <= 9; turn++)

{


…


/* Depending on whether turn is even or odd,

* call computer_move or player_move. */

…

draw_board();

if (symbol_won(computer))

{

printf("\nI WIN!!!\n\n");

return;

}

…

/* Similar check to see if user has won. */

…


}

printf("\nThe game is a draw.\n\n");

return;

}

Again, because lower-level functions (computer_move, player_move, draw_board, and symbol_won) have already been written, this function, which is in charge of an entire single game, becomes simple!

Note that whether we call computer_move or player_move (decided by one or more "if" statements), we call draw_board afterwards either way.  So even though we are only calling draw_board from one place in the code, the board will be displayed after every move by either the computer or the user.

The draw_board routine should be pretty straight-forward.  You can do it semi-efficiently by looping through the rows of the board and printing each out within the loop, or just have 11 separate printf statements, 8 of which print constant strings and 3 of which have 8 constant characters and 3 that depend on variables.  This is if you want the board to look like the one shown in the assignment; any reasonable textual display of the board is acceptable.

So hopefully the assignment seems easier to you now.  If you break it down similar to the way that I did, no single function should be too difficult.  However, you still need to get started on this assignment early!  It is a lot of code for your second assignment, and although I have given many hints, you are sure to make errors your first time through, and debugging a program (fixing the errors) is often the hardest, most time-consuming part of coding.

Good luck!

