
Assigned: September 14, 2011
Due: September 26, 2011 @ 12:00pm (submitted before class starts)
Submission Method: Email solution to wokoun@unm.edu by due date.
    Please identify your submission in the email subject header as being homework 2. You only need to attach the source Þle 
WedgeBrain.java (not the compiled class) to your email. If you send an unreadable Þle or archive, the instructor will 
generally notify you that you need to resubmit it, but the homework is not considered turned in until the instructor gets a 
readable Þle.

Part 1
Create a recursive function that guides Wedge Dude through a maze to a food item (the red 
apple), while avoiding hazards (like the black poison bottle). An application has been 
created which will manage the maze setup, animation, item placement, collision detection 
between items, etc. Your task is to Þll in the implementation of the ÒbrainÓ which governs 
which direction Wedge Dude moves at each step of the way.

To get started, download wedge.jar from the class website. This Java ARchive contains 
most of the software for the application. Then download WedgeBrain.java. This Þle 
contains the stub class that the application asks for a decision whether Wedge Dude should 
move north, east, south, or west. The application will pass as arguments to the 
nextMove() function all the data needed to make this decision. Your implementation of this function will do a recursive 
search of the maze to determine the best, legal move and return the result. The application will then move Wedge Dude one 
grid cell in that direction and determine the outcome. Your function will be called repeatedly until Wedge Dude reaches an 
item on the board, then the items will be moved to new locations and the process will begin again. If Wedge Dude moves 
into the grid cell with the poison bottle, heÕll expire and the game will terminate.
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The maze data is stored in a 2-D array of values of enumerated type Space (declared as Space[][] world). There are 
twenty rows and twenty columns in the array, corresponding to twenty rows and columns in the maze layout below. The 
contents of grid cell column = x, row = y are found at world[y][x]. The array is pre-initialized with values corresponding 
to the layout of the diagram: Space.WALL = grid cell you cannot enter, Space.OPEN = passable grid square, Space.FOOD 
= grid cell containing a beneÞcial item, Space.POISON = grid cell containing a dangerous item.

The function you will Þll in has the following outline:

public static Move nextMove(int currentX, int currentY, Space[][] world)
{
}

The arguments passed to the function are:
Wedge DudeÕs current X coordinate (column)
Wedge DudeÕs current Y coordinate (row)
A copy of the maze ÒworldÓ

The return type Move is a class containing two Þelds:
The move direction (Direction.NORTH, Direction.SOUTH, Direction.EAST, or Direction.WEST)
The distance of the move (how many grid cells away the food item is, lower is better)

The Move class is included in wedge.jar, so you will only need to create instances of this class to communicate the results 
of your search, such as:

return new Move(Direction.SOUTH, 5);

This would cause Wedge Dude to move one grid cell down (+y direction). Then the application will repeat the search process 
from the new location by calling nextMove() again with a different currentX and currentY.
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The recursive algorithm for Þnding the food item is as follows:

Determine the contents of the current cell by checking the world array.
If the contents indicate a cell where Wedge Dude should not go, the function should return a Move with a very high 
distance to indicate a bad move (the direction does not matter in this case and can be null). This is a recursive base 
case.
If the cell contains the food item, the function should return a Move with a distance of zero (the direction Þeld does 
not matter in this case). This is another recursive base case.
If neither of the above is true,  search recursively for the food. This involves 4 recursive callsÐone for each of the 
compass directions.

Call nextMove() once for each direction, passing it the x,y coordinates of the neighboring cell.
You should not attempt to search outside the maze boundaries (a program crash would occur), so only call 
nextMove() if the neighboring cell coordinates represent a maze location within the world array boundaries.
Hold onto all 4 Move objects.

Of the four possible Moves, decide which one is best (the one with the lowest distance) by comparing them against 
each other.
Return a result Move whose direction points to the best of the four Moves and whose distance is one greater than the 
best Move. (If searching north revealed the lowest distance of three, return new Move(Direction.NORTH, 4)

bad bad S1 W2 W3

E2 E1 0 bad N4

N3 bad bad bad N5

N4 bad S8 bad N6

N5 W6 W7 W8 N7

The diagram at right contains a sample diagram where the food item is in the red-colored cell. 
The other cells contain the results that would be obtained evaluating nextMove() at those 
coordinates. In the lower left corner (x = 0, y = 4), the cell has a north neighbor with a distance 
of 4 and an east neighbor with a distance of 6. Therefore, the best move has a direction of 
NORTH and a distance of 5.

There is a major problem with this algorithm...
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Unlike tree structures, the maze has loops in it. This means there is no ÒbottomÓ for recursion to stop at. A tree has a 
maximum path length from the root to the deepest child node, and this determines the maximum depth of recursion. The 
maze contains paths of inÞnite length. Without special handling, the algorithm will go into inÞnite recursion before aborting.

One way to solve this problem is to keep track of visited cells so that, when the search reaches an already-visited cell, it 
doesnÕt search any further. In the diagram at right, we trace out all the paths leading from the cell at the bottom. Each
colored path either reaches the top exit or stops when it encounters itself on the loopback. Any 
given cell is visited multiple times by the separate paths, but is visited at most once by any 
single path.

One possible implementation is to change the world array by marking the current cell as 
ÒvisitedÓ just before exploring north, south, east, and west, then resetting the cell to Ònot visitedÓ 
or open on the backtracking phase. The Space class has an extra constant Space.VISITED for 
this purpose. Inserting these two steps into the search algorithm on page 3 will allow it to 
perform correctly.

The effect of taking this step is to translate the maze, loops and all, into a tree-like structure, even if certain ÒbranchesÓ of the 
maze are duplicated in multiple locations.

Compile and Run
When you have written your implementation in WedgeBrain.java, compile it with the following command (make sure 
wedge.jar is in the same directory with your code):
     javac -classpath wedge.jar WedgeBrain.java 
This will allow the compiler to see and link with the other classes that are part of the application. Then, to run the program:
     java -classpath wedge.jar;. WedgeFrame
If you are running a Unix-based operating system, replace the semicolon with a colon.
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Part 2
Unless you are running on a very fast computer, you will notice that the program runs slow and Wedge Dude ÒstuttersÓ as 
he tries to Þnd his way to the food. This is because the recursive algorithm does not answer back to the application with a 
move before Wedge Dude arrives at the next junction, and he has to pause until he knows where to go.

Part of the problem is that the recursive algorithm evaluates every possible path from Wedge DudeÕs current location to the 
food item, including the really ridiculous ones that wind through every corner of the maze.
Processing all these paths doesnÕt contribute to an optimal solution, yet uses up a lot of 
processing time. One way to get rid of some of the worst of these is to give up after a 
certain path length. This can be implemented using a depth counter passed to the 
function. The counter indicates how many levels of recursion the function call has 
reached. When nextMove() begins executing, it should check if this counter exceeds a 
chosen value (the longest path you wish to search for). If it has, it should treat the situation 
as if it had just reached an already-visited call. Each time nextMove() calls itself, it 
should pass the child function a depth value one greater than what it received.

The application expects nextMove() to have three arguments, so you will need to add a 
second (overloaded) function with four arguments and call it from the three-argument 
function. Pass an initial depth value of 0. The recursive calls then need to be changed to 
reference the four-argument function.

Good luck! If you get stuck, contact the instructor by email, in class, or by coming to ofÞce hours on Friday between noon 
and 2pm in room 407A. The instructorÕs solution is about 35 lines of code. If your solution far exceeds this, stop and 
reconsider your approach or ask for help.
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