BHCSI Algorithms

Canal Crusin’

Assigned: 7/22/02 (Monday)

Due: 7/23/02 (Tuesday)

The Problem


Any man-made canal system consists of a series of “gates”.  When a ship wishes to travel from one square on the canal to an adjacent square, the water level of the square the ship is on is lowered or raised, until it matches the square that the ship wishes to travel to, and then the gate is opened, and the ship crosses.  After the ship has crossed the gate, it closes behind the ship and the water level in the square the ship has left returns to its stable level.  The canal operators charge by every foot they have to manually change the water level.  The only gates are at the top, bottom, left, and right of the square.  There are no diagonal gates, and as a result, you can’t travel diagonally.  As a smart boat operator, you realize that you would save a lot of money if you went from start to finish with the least amount of changes in the water level.


The next time your boss gives you a mission, you start out by mapping the area on a 2d grid, using * for land, and a number representing the water level.  After a day of travel, you come up with this map:

	2
	2
	3
	9

	2
	*
	*
	5

	2
	2
	2
	1

	*
	2
	*
	*


0

1

2

3
         0      1     2     3


Your boss told you that you must start at (3,1) and finish at (0,3).  After trying all the paths, you figure out that the best way would be to take the longer path, and adjust the water level one level from 2 to 3, and 6 levels from 3 to 9, for a total of: |(3-2)|+|(9-3)| = 7.  The shorter path would require you to change water levels from 2 to 1, 1 to 5, and then 5 to 9, making a total of |(1-2)|+|(5-1)|+|(9-5)| = 9.


Upon your quick arrival to port, your boss immediately promotes you to “Sea Captain” and gives you a list of supply depots that you must travel to in order.  Uh oh!  The only items you have at your disposal are a brand new map of the entire canal system and your trusty laptop.  It’s time to get to work!

Using the Floyd-Warshall algorithm discussed in class, compute the all-pairs, shortest path matrix and use this information to produce the minimum cost for each depot.  Remember that when you reach a depot, it becomes the starting location for the journey to the next depot.

Input Format

You will read input from a file.  The first line of the file contains two integers representing the height h (1<h<20) and width w (1<w<20) of the map, in that order, and a floating-point number to two decimal places representing the price p (0.01<p<99.99) to move the water level by one foot.  The next h lines contain w map characters.  A map character can be a digit (0 through 9) representing the water level, or an asterisk (*) representing a land square (inaccessible).  The line after the map will contain a single integer representing the number of depots d (1<d<99).  The following d lines will contain the depots, in the correct order.  You are to assume that you always start at the first depot (the price and distance to travel to the first depot is always 0.00).  Each depot line will contain two numbers representing the row r (0<r<h-1) and column c (0<c<w-1) of the depot.  A row and column of zero would represent the top-left corner of the map.  All depot locations will be on canal squares.  In the event that you cannot reach a depot, set the cost to reaching that depot to zero, and skip that depot. If you skip a depot, you will not set that depot as the starting location for the following depot.
Output Format


The first d lines of output will start on the 10th column, and contains the word “DEPOT##” where ## is the number of the depot (01 – 99), followed by a colon.  Two spaces after the colon, there will be a dollar sign.  The following 10 columns will contain the cost, right-justified, to two decimal places.  The cost is the amount of level changing it takes to go from the previous depot to the current one, times the price.  The cost to travel to the first depot is always 0.  The d+1 line of output contains dashes on columns 20 through 30.  The d+2 line of output will contain a dollar sign on column 20 and the total cost, right justified, on columns 21 through 30.

How your program should work

You should first prompt the user for the input file that stores map data.  Then you should process the file, and display the output to the screen.

Hints

· Just because all depots are on water squares, it does not mean that all depots are accessible!

· When outputting, make sure the depot number contains an initial zero if it is a single digit (ex. 01, 02, 03…)

· The biggest possible change in water level between two points can only be    ((20*20) - 1)*9, since you would be going over every square except the one you started at, and changing by the highest water level possible.  If you set the amount of water level change between a water and land square to a very large number like INT_MAX/2, Floyd’s algorithm will automatically handle the fact that you can’t move through land without any additional code.  Make sure you do not use a number that is too big, or you could overflow the integer data type with your calculations.  This also applies for land-land square distances.  This is easiest done by setting all the distances to INT_MAX/2 initially and only changing the ones for water-water travel when you load your adjacency matrix.

· If you use x and y coordinates, you have to remember that the y axis is inverted.  That is to say, as you increase y, you move down.  For this reason, it might be better to use rows and columns, to avoid confusion.

· Life will be easier if you make a point struct with row and column int elements.

· All of the input is given with rows first and columns second.

· Your adjacency matrix will be a 4-dimensional matrix of ints.  Adjmatrix[row1][col1][row2][col2] is the cost to go from location (row1,col1) to location (row2,col2).  To build the adjacency matrix, loop through the map, and for all water squares (r1,c1) put values of adjmat[r1][c1][r1+1][c1],  adjmat[r1][c1][r1-1][c1],   adjmat[r1][c1][r1][c1+1],   adjmat[r1][c1][r1][c1-1],   adjmat[r1-1][c1][r1][c1],   adjmat[r1+1][c1][r1][c1],   adjmat[r1][c1+1][r1][c1],   adjmat[r1][c1-1][r1][c1].

Samples
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OUTPUT:

          DEPOT01:  $      0.00

          DEPOT02:  $    700.00

                    -----------

                    $    700.00

