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Homework 2

1-18-2005


The assignment is to write a program in LISP that allows a robot to find its way through a maze. I tried various recursive and iterative strategies for this problem. My final solution is adapted from an algorithm found at http://www.cs.bu.edu/teaching/alg/maze/. Here is the basic algorithm:



1. Check current posistion for base cases: 
a) is robot at the maze exit










b) is the way blocked




2. Mark current position as on solution path.




3. Recursive call in northerly direction.



4. Recursive call in easterly direction.



5. Recursive call in southerly direction.



6. Recursive call in westerly direction.




7. Mark if dead-end path.




8. Return nil if solution not found.


The idea is to travel in a given direction until blocked, then try another direction. Successful steps are marked as the solution path on the way up the recursion stack, and re-marked, if needed, as dead-ends on the way back down the recursion stack.
I tested the program with a 6x5 maze, a 10x10 maze, and a maze with no exit. It performed as expected in each case. The code and test output follow.
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; PROGRAM: Maze

; PURPOSE: A robot must traverse the maze and find the exit.

; 
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;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(defparameter *start_row* 3)




;starting coordinates

(defparameter *start_col* 4)

(defparameter *exit_row* 6)




;exit coordinates

(defparameter *exit_col* 1)

;;; 5x6 (row-col) matrix surrounded by wall

(defparameter *maze* (make-array '(7 8)
; KEY



       :initial-contents 
   

;0 = open

            '((1 1 1 1 1 1 1 1)



;1 = blocked




     (1 0 1 1 0 0 0 1) 



;* = soln path




     (1 0 1 0 0 1 0 1) 



;x = dead end




     (1 0 0 0 0 1 0 1)




     (1 1 0 1 1 0 0 1)




     (1 0 0 0 1 0 1 1)




     (1 0 1 1 1 1 1 1))))

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; FUNCTION: Main

; PURPOSE: Calls check_path to solve maze and formats output.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(defun Main ()


(print "Here's the maze:")


(terpri)



(print_matrix)









; displays maze 


(terpri)


(terpri)


(if (check_path *start_row* *start_col*)  ;call to check_path



 (print "I found the exit!")



;if success



 (print "I didn't find the exit."))

;if failure


(terpri)



(print_matrix)









;print solved maze


(terpri))

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; FUNCTION: check_path

; PURPOSE: Recursively solves maze.

; ARGS: row/col coordinates of current position.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(defun check_path (row col)

  (block a



   (if (found_soln row col) (return-from a T))
;if exit found


(if (not(equal (aref *maze* row col) 0)) 

;if way is blocked



 
(return-from a nil))



(setf (aref *maze* row col) '*)




;mark solution path


(format t "Now at coordinates ~S ~S~%" row col)


(if (check_path (- row 1) col) 




;check north




(return-from a T))


(if (check_path row (+ col 1)) 




;check east




(return-from a T))



(if (check_path (+ row 1) col) 




;check south




(return-from a T))





(if (check_path row (- col 1)) 




;check west





(return-from a T))




(setf (aref *maze* row col) 'x)




;mark dead end


(return-from a nil) ))







;back track

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; FUNCTION: found_soln

; PURPOSE: compares current position with exit coordinates

; ARGS: row/col coordinates of current position.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(defun found_soln (row col)

   (if (and (equal row *exit_row*) 




  
(equal col *exit_col*))



 T))

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; FUNCTION: print_matrix

; PURPOSE: prints formatted matrix (maze)

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

(defun print_matrix ()



(print 




(list (aref *maze* 0 0) (aref *maze* 0 1) 






(aref *maze* 0 2) (aref *maze* 0 3)






(aref *maze* 0 4) (aref *maze* 0 5)






(aref *maze* 0 6) (aref *maze* 0 7)))



(print 




(list (aref *maze* 1 0) (aref *maze* 1 1) 






(aref *maze* 1 2) (aref *maze* 1 3)






(aref *maze* 1 4) (aref *maze* 1 5)






(aref *maze* 1 6) (aref *maze* 1 7)))



(print 




(list (aref *maze* 2 0) (aref *maze* 2 1) 






(aref *maze* 2 2) (aref *maze* 2 3)






(aref *maze* 2 4) (aref *maze* 2 5)






(aref *maze* 2 6) (aref *maze* 2 7)))



(print 




(list (aref *maze* 3 0) (aref *maze* 3 1) 






(aref *maze* 3 2) (aref *maze* 3 3)






(aref *maze* 3 4) (aref *maze* 3 5)






(aref *maze* 3 6) (aref *maze* 3 7)))



(print 




(list (aref *maze* 4 0) (aref *maze* 4 1) 





(aref *maze* 4 2) (aref *maze* 4 3)





(aref *maze* 4 4) (aref *maze* 4 5)





(aref *maze* 4 6) (aref *maze* 4 7)))



(print 




(list (aref *maze* 5 0) (aref *maze* 5 1) 





(aref *maze* 5 2) (aref *maze* 5 3)





(aref *maze* 5 4) (aref *maze* 5 5)





(aref *maze* 5 6) (aref *maze* 5 7)))



(print 




(list (aref *maze* 6 0) (aref *maze* 6 1) 






(aref *maze* 6 2) (aref *maze* 6 3)






(aref *maze* 6 4) (aref *maze* 6 5)






(aref *maze* 6 6) (aref *maze* 6 7)))






())

(main)

PROGRAM OUTPUT

This is the output from my first test, whose code is shown above.
"Here's the maze:" 

(1 1 1 1 1 1 1 1) 

(1 0 1 1 0 0 0 1) 

(1 0 1 0 0 1 0 1) 

(1 0 0 0 0 1 0 1) 

(1 1 0 1 1 0 0 1) 

(1 0 0 0 1 0 1 1) 

(1 0 1 1 1 1 1 1) 

Now at coordinates 3 4

Now at coordinates 2 4

Now at coordinates 1 4

Now at coordinates 1 5

Now at coordinates 1 6

Now at coordinates 2 6

Now at coordinates 3 6

Now at coordinates 4 6

Now at coordinates 4 5

Now at coordinates 5 5

Now at coordinates 2 3

Now at coordinates 3 3

Now at coordinates 3 2

Now at coordinates 4 2

Now at coordinates 5 2

Now at coordinates 5 3

Now at coordinates 5 1

"I found the exit!" 

(1 1 1 1 1 1 1 1) 

(1 0 1 1 X X X 1) 

(1 0 1 * * 1 X 1) 

(1 0 * * * 1 X 1) 

(1 1 * 1 1 X X 1) 

(1 * * X 1 X 1 1) 

(1 0 1 1 1 1 1 1) 

NIL
For my second test I made the matrix 10 x 10, with a much more difficult exit route. It would have been very tedious to adapt the  (print_matrix) routine for this size maze, so the final matrix is not shown.
(defparameter *start_row* 5)




;starting coordinates

(defparameter *start_col* 5)

(defparameter *exit_row* 11)




;exit coordinates

(defparameter *exit_col* 1)

(defparameter *maze* (make-array '(12 12)



; KEY



       :initial-contents 
   




;0 = open

            '((1 1 1 1 1 1 1 1 1 1 1 1)



;1 = blocked




     (1 0 0 1 1 0 0 0 0 0 0 1) 



;* = soln path




     (1 1 0 0 0 1 1 0 0 1 0 1) 



;x = dead end




     (1 0 0 1 0 0 0 0 1 1 0 1)




     (1 0 1 0 1 1 1 1 0 1 0 1)




     (1 0 0 0 1 0 1 0 0 1 0 1)  




     (1 1 1 0 1 0 0 0 0 1 0 1)







     (1 0 0 0 1 0 1 0 1 1 0 1)







     (1 1 0 1 1 1 1 0 0 1 0 1)




     (1 1 0 1 1 0 1 0 1 1 0 1)








  (1 0 0 0 1 0 0 0 0 0 0 1)









     (1 0 1 1 1 1 1 1 1 1 1 1))))

Now at coordinates 5 5

Now at coordinates 6 5

Now at coordinates 6 6

Now at coordinates 6 7

Now at coordinates 5 7

Now at coordinates 5 8

Now at coordinates 4 8

Now at coordinates 6 8

Now at coordinates 7 7

Now at coordinates 8 7

Now at coordinates 8 8

Now at coordinates 9 7

Now at coordinates 10 7

Now at coordinates 10 8

Now at coordinates 10 9

Now at coordinates 10 10

Now at coordinates 9 10

Now at coordinates 8 10

Now at coordinates 7 10

Now at coordinates 6 10

Now at coordinates 5 10

Now at coordinates 4 10

Now at coordinates 3 10

Now at coordinates 2 10

Now at coordinates 1 10

Now at coordinates 1 9

Now at coordinates 1 8

Now at coordinates 2 8

Now at coordinates 2 7

Now at coordinates 1 7

Now at coordinates 1 6

Now at coordinates 1 5

Now at coordinates 3 7

Now at coordinates 3 6

Now at coordinates 3 5

Now at coordinates 3 4

Now at coordinates 2 4

Now at coordinates 2 3

Now at coordinates 2 2

Now at coordinates 1 2

Now at coordinates 1 1

Now at coordinates 3 2

Now at coordinates 3 1

Now at coordinates 4 1

Now at coordinates 5 1

Now at coordinates 5 2

Now at coordinates 5 3

Now at coordinates 4 3

Now at coordinates 6 3

Now at coordinates 7 3

Now at coordinates 7 2

Now at coordinates 8 2

Now at coordinates 9 2

Now at coordinates 10 2

Now at coordinates 10 3

Now at coordinates 10 1

"I found the exit!" 

Finally I tested the case where there was no solution. I used the first maze and blocked off the exit. 
"Here's the maze:" 

(1 1 1 1 1 1 1 1) 

(1 0 1 1 0 0 0 1) 

(1 0 1 0 0 1 0 1) 

(1 0 0 0 0 1 0 1) 

(1 1 0 1 1 0 0 1) 

(1 0 1 0 1 0 1 1) 

(1 0 1 1 1 1 1 1) 

Now at coordinates 3 4

Now at coordinates 2 4

Now at coordinates 1 4

Now at coordinates 1 5

Now at coordinates 1 6

Now at coordinates 2 6

Now at coordinates 3 6

Now at coordinates 4 6

Now at coordinates 4 5

Now at coordinates 5 5

Now at coordinates 2 3

Now at coordinates 3 3

Now at coordinates 3 2

Now at coordinates 4 2

Now at coordinates 3 1

Now at coordinates 2 1

Now at coordinates 1 1

"I didn't find the exit." 

(1 1 1 1 1 1 1 1) 

(1 X 1 1 X X X 1) 

(1 X 1 X X 1 X 1) 

(1 X X X X 1 X 1) 

(1 1 X 1 1 X X 1) 

(1 0 1 0 1 X 1 1) 

(1 0 1 1 1 1 1 1) 

NIL
