
CPSC 217 Assignment 3 
Due: March 31, 2017 at 12:00 noon 
Weight: 7% 
Solution Length: 103 lines, including blank lines but no comments (not including the provided code) 

Individual Work: 

All assignments in this course are to be completed individually.  Students are advised to read the 
guidelines for avoiding plagiarism located on the course website.  Students are also advised that 
electronic tools may be used to detect plagiarism. 

Late Penalty: 

Late assignments will not be accepted. 

Submission Instructions: 

Your program must be submitted both on paper and electronically.  Your paper submission, consisting of 
a printed copy of your .py file, should be deposited in the appropriate assignment drop box on the 
second floor of the math sciences building.  Your electronic submission should be submitted to the 
Assignment 3 drop box in D2L.  You don’t need to submit SimpleGraphics.py because we already 
have it.  If you want to cut out the provided code for printing, that’s fine, but make sure that all of the 
code that you wrote is included in your print out. 

Description 
In this assignment you are going to implement portions of the classic game Connect-4.  While the game 
dates back to the 1970s, it can still be played today on a variety of websites and the physical game can 
still be purchased at many toy retailers.  A brief description of the game appears in the following 
paragraph.  A more complete description is available on Wikipedia. 

Connect-4 is a two player game that is normally played on a board with 6 rows and 7 columns.  Players 
alternate taking turns where the player drops a checker into one of the columns.  The checker falls down 
to the bottom of the grid, sitting on top of any checkers that have been played in that column 
previously.  The goal of the game is to be the first player to form a line of 4 checkers, either horizontally, 
vertically or diagonally.  The possible outcomes for the game are a win for player 1, a win for player 2, or 
a tie. 

By default, the game starts in “medium” difficulty mode with 6 rows and 7 columns.  You can change the 
level of difficulty to easy or hard by adding the difficulty level after the name of your .py file when you 
start your program.  For example, running the command python Connect4.py easy will start 
the game in easy mode with 6 rows and 7 columns.  The number of rows and columns can be changed 
by including them after the difficulty level.  For example, python Connect4.py hard 8 10 will 



start the game in hard mode with 8 rows and 10 columns.  Be sure to test your program with different 
board sizes. 

I have written all of the user interface code (graphics and mouse) for the game, as well as most of the 
artificial intelligence for the computer player.  Your task is to write the functions that implement 
different aspects of the game logic.  These functions are described in the following sections.  Note that 
you must follow the implementation instructions exactly.  If your function has a different name, takes 
a different number of parameters, or returns a different value then my code will not be able to call it 
successfully, and the game will not work.  

Part 1: Creating the Board 
We will use a two dimensional list to represent the game board.  Each element in the list will be an 
integer that indicates that the space is blank, or occupied by one of the players.  Rather than using 
integer values directly, we’ll use the following constants which have been defined at the top of the 
provided Python source file: 

BLANK = 0 
PLAYER_1 = 1 
PLAYER_2 = 2 

Write a function named createBoard (notice the use of a lowercase c and an uppercase B).  Your 
function will take 2 parameters which are the number of rows in the board and the number of columns 
in the board.  Your function should return a two-dimensional list with the indicated number of rows and 
columns where every element is an integer that indicates that the space is empty.   

Run the Connect-4 game after implementing this function.  While the game won’t work yet, my 
automated tests will give you feedback on whether or not you have this function working.  Do not 
proceed to Part 2 until this function passes all of my tests. 

My implementation of createBoard is about 7 lines of code without any comments. 

Part 2: Checking if a Column is Full 
Each player’s turn consists of dropping a checker in a column, but a checker can only be dropped in a 
column if it is not full.  As a result, the user interface needs a function that reports whether or not a 
column is full so that it can prevent the human player from making an illegal move.  Similarly, the AI 
needs to be able to determine which columns it is allowed to play in.   

Write a function named columnFull.  The columnFull function will take 2 parameters: the game 
board, and a column within the board.  The function should return True if the indicated column is full, 
meaning that all of its spaces are already occupied by checkers.  Otherwise it should return False. 

This should be a really short function.  My implementation is less than 5 lines of code (without any 
comments).  The provided code will test this function when the game starts.  Do not proceed to the next 
part of the assignment until your function passes all of the automated tests. 



Part 3: Dropping a Checker 
When the user selects a column, the checker must be dropped into it, moving down until it either 
reaches the bottom of the column, or another checker that has been played previously.  Write a 
function named dropChecker that determines how far the checker falls, and returns the row that it 
ultimately occupies.  The function will take two parameters, which are the game board and the column 
into which the checker is being dropped.  Note that the dropChecker function only computes the row 
in which the checker will land – it doesn’t actually modify the board to reflect that the checker has been 
played.  That is handled by the provided code after the animation for the checker being dropped is 
displayed.  The dropChecker function will never be called with a column that is full so you don’t need 
to worry about what to do in that case. 

My implementation of dropChecker is less than 10 lines of code (without any comments).  Like the 
previous functions, the dropChecker function is also tested by the provided code. 

Part 4: Game Tied 
It is possible for the game board to become completely full in Connect-4.  If this occurs without either 
player constructing a line of 4 checkers then the game result is a tie.  Write a function, named 
gameTied, that determines whether or not the game is currently tied because the board is full.  It will 
take a game board as its only parameter and return True if the game is tied.  Otherwise it will return 
False.   

My implementation of gameTied is 5 lines of code.  This function is also tested by the provided code.  
Once you have completed this function, the game board should draw and you should be able to play the 
game.  However, the game won’t be able to realize that either player has won the game, and will allow 
you to continue playing even after a line of 4 checkers has been formed.  The AI is also currently weaker 
than it should be because it is not guaranteed to take a winning move when such a move is available.  
Implementing the last two parts of this assignment will overcome these deficiencies. 

Parts 5a, 5b, 5c and 5d: Has the Game Been Won? 
I have provided an implementation of the gameWon function that takes a board, row and column as its 
parameters and calls 4 helper functions: wonHorizontal, wonVertical, wonPosSlope, and 
wonNegSlope.  I have also provided implementations of each of these helper functions that always 
return False.  As their names imply, these four helper functions are supposed to check for lines of four 
adjacent checkers that are horizontal, vertical, diagonal with a positive slope and diagonal with a 
negative slope.  If such a line is found then the function is supposed to return True.  Otherwise the 
function is supposed to return False.  You need to replace my implementations of the 4 helper 
functions (without changing their names or formal parameters) with versions that correctly determine 
whether or not the last checker played created a line of 4 checkers.  

Note: the gameWon function works as written and must not be changed.  Only change the 
implementations of the four helper functions. 

The parameters to these functions include both the row and column for the last checker played.  As a 
result, you only need to check for winning moves involving that checker (though it may not be any more 



difficult to check the entire board).  Knowing the position of the last checker played also tells you which 
player could have won the game, so you only need to check for a winning move by that player. 

My implementations of these functions are approximately 15 lines each.  In my opinion, wonVertical  is 
the easiest of the four helper functions to write while wonPosSlope is the most difficult. 

Once you have these functions implemented the game should work, successfully identifying the winner 
after the final move is made.  Implementing the final section will improve the AI for the game by 
ensuring that the AI will make a winning move when a winning move is available.   

Part 6: Identifying a Winning Move 
Any reasonable AI for Connect-4 should take a winning move when one is available.  Right now, the 
canWin function, always returns -1, which indicates that there is no winning move available. Your task 
is to improve this function so that it returns the column number of a move that will win the game if such 
a move exists.  Otherwise the function should return -1 indicating that no winning move is available (in 
which case, the AI will employ other strategies to decide where to place its checker).  The canWin 
function takes the game board as its first parameter, and the player that will be making the potentially 
winning move as its second parameter.  The following algorithm can be used to implement the canWin 
function: 

 For each column in the board 
  If the column is not full 
   Play a checker in that column for the current player 
   Determine whether or not the game was won by playing that checker 
   If so: 
    Remove the top checker from that column 
    Return column 
   Otherwise: 
    Remove the top checker from that column 
 Return -1 

Hint: You already wrote a function that determines where a checker falls to when it is dropped, and I 
have provided a function (which you wrote the helper functions for) that determines whether or not the 
game was won by a checker placed in a particular location.  You should call these functions when 
implementing the canWin function. 

My implementation of the canWin function is about a dozen lines of code. 

Additional Requirements: 
• You must not modify any of the code that I have provided except for: 

o Adding your name and student number to the top of the file (and updating the 
comment if you feel inclined to do so) 

o The bodies of wonHorizontal, wonVertical, wonPosSlope, and 
wonNegSlope 



o The body of canWin 
• All lines of code that you write must be inside functions (except for the function definitions 

themselves and any constant definitions). 
• You must create and use the functions described previously in this document. 
• Do not define one function inside of another function. 
• You must make appropriate use of loops.  In particular, your program should work for game 

boards of various sizes. 
• Include appropriate comments on each of your functions.  All of your functions should begin 

with a comment that briefly describes the purpose of the function, along with a description of 
every parameter and every return value.  Functions that do not return a value should be 
explicitly marked as such. 

• Your program must not use global variables (except for constant values that are never changed, 
and in this assignment you may not even want any global constants beyond the ones that I have 
already defined). 

• Your program must use good programming style.  This includes things like appropriate variable 
names, good comments, minimizing the use of magic numbers, etc.  Your program should begin 
with a comment that includes your name, student number, and a brief description of the 
program. 

Hints: 
• In some of the functions you will need to know the number of rows and/or the number of 

columns in the board.  These values can be determined by using the built-in len function.  In 
particular, the number of rows in the board is len(board) and the number of columns in the 
board is len(board[0]). 

• While my automated tests are reasonably thorough, they don’t consider every possible case.  
You need to implement functions that provide the functionality described in this document, not 
just functions that pass the collection of provided tests. 

• You can test your game with different boards by passing the difficulty level, number of rows and 
number of columns as command line parameters.  By default, the game starts with medium 
difficulty, 6 rows and 7 columns.  

• You can start the game with a predictable opponent player by running the command python 
Connect4.py predictable.  This opponent will always play in the left-most column that 
has space available in it.  Having a predictable opponent can be helpful when debugging. 

For an A+: 
While we know that a game is tied when the board is full, the fact that there will be no winner can 
sometimes be determined somewhat before the last checker is played.  Improve the gameTied function 
so that it returns True as soon as it is impossible for either player to win the game instead of forcing 
the players to fill the board for a tie to be declared.   

If you complete the A+ portion of the assignment, please include a clear, highly conspicuous note 
indicating such at the top of your printed and electronic submission so that your TA knows to grade it. 



Grading: 
This assignment will be graded on a combination of functionality and style. A base grade will be 
determined from the general level of functionality of the program (Does it create the board correctly?  
Does it correctly identify the row number that a checker falls to?  Does it detect when the game is tied?  
Etc.). The base grade will be recorded as a mark out of 12.   

Style will be graded on a subtractive scale from 0 to -3. For example, an assignment which receives a 
base grade of 12 (A), but has several stylistic problems resulting in a -2 adjustment will receive an overall 
grade of 10 (B+). Fractional marks will be rounded to the closest integer.   

Total Score 
(Out of 12) 

Letter 
Grade 

12 A 
11 A- 
10 B+ 
9 B 
8 B- 
7 C+ 
6 C 
5 C- 
4 D+ 
3 D 
0-2 F 
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