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In addition to the synbols for obstacle and corridor in a labyrinth, five nore
synbol s are used and descri bed including those as the foll ow ng:

. corridor.

obst acl e.

visited corridor.

robot - facing north.

robot - facing east.

robot - facing south.

robot - facing west.

oahONRO

The robot in this programwill try to do learning first and nmenorize every
single turn in the final path. The al gorithm assunmes the | earning phase is
done on a hi gh-speed conputer. Once the path is found, the robot perforns
actual novenents and makes turns at particular |ocation given by the path.
As a result, the data structure for the path is the follow ng:

( (XYDR (XYDR ....)

This project uses a sinple recursive algorithmin the |earning phase. Each
step is a recursive call. The term nation occurs on either a door or a

a dead-end. A door is the outnost (edge of) labyrinth. The labyrinth

is constructed with a 2D array. |If a corridor appears on the edge of the
labyrinth, it is concerned as a door. For exanple, for a 10*10 | abyrinth,
a corridor is at (9, 5), then (9, 5) is the door. This should work fine
with nultiple doors. The direction precedence to nove to the next step is
is the following: i) forward, ii) right, iii)left, and iv) reverse. The
algorithmreturns TRUE if a door is found. It returns NIL if a a dead-end
is found. The backtracking is handl ed by | anguage nechanism Thus, the
backtracking will not be shown explicitly during the |learning process. As
the robot mekes turn, the coordinate and direction will be pushed into

Pat hSt ack. The stack will be popped when a backtracki ng occurs. This

al gorithmoperates directly on two data structure: i) a 2D array
representing the labyrinth, and ii) a list of list consisting of coordinates
and facing directions.

One can image the execution tree is to be a quadnary tree, a node with four
branches. The algorithmtraverses down to the |eaf where it is a "door".

As traversing going, the PathStack will be expanded and shrunk. Once the door
is found, the execution of the programis ended. Then, the robot is guided
by the coordinates in the PathStack.

An additional function is inplenented to do pretty-printing. It just converts
those synbols into a human readabl e notati ons.

The shortest path can be obtained in the | earning process with a little

nodi fication of the algorithm As nmentioned earlier, the basic idea of the
algorithmis to find a door |eaf on the big execution-tree. Now, with nodified
term nation condition, the entire tree is possibly traversed. The nodification
is as follows: if a door is found, we put the stack aside and return a NI L
instead of TRUE. In addition, a weight should be assigned with each coordinate
recorded in the PathStack. The weight is the distance fromstart point to
current location. Once the | earning process is done, a nunber of paths

will be returned and the robot can pick the |ightest one.



L I S T B I I R

*

*

*/

.

*

learn-labyrinth (L X Y DR
Val k through a labyrinth (learning phase).

Par amet er s:
L - labyrinth in a 2-D array.
X - current position X
Y - current position Y.
DIR - robot's facing directions.

Returns T if the door is found.
NI L, otherw se

defun learn-labyrinth (L XY DR)

(dunp-1abyrinth L)
(cond

; when reaching the door...
((or (equal X 0) (equal X (- (array-dinension L 1) 1))
(equal Y 0) (equal Y (- (array-dinension L 0) 1)))
m
; when facing North. ..
((equal DR 3)
(let ((FLAG nil))
(cond ((equal (aref L (- Y 1) X) 0)
(setf (aref LY X) 2)
(setf (aref L (- Y 1) X) 3)
(setf FLAG (learn-labyrinth L X (- Y 1) 3))))
(cond ((and (null FLAG (equal (aref LY (+ X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (+ X 1)) 4
(pusht XY 4)
(setf FLAG (learn-labyrinth L (+ X 1) Y 4))
(cond ((null FLAG (popt)))))
(cond ((and (null FLAG (equal (aref LY (- X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (- X 1)) 6)
(pusht X Y 6)
(setf FLAG (learn-labyrinth L (- X 1) Y 6))
(cond ((null FLAG (popt)))))
(cond ((and (null FLAG (equal (aref L (+ Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (+ Y 1) X) 5)
(pusht X Y 5)
(setf FLAG (learn-labyrinth L X (+ Y 1) 5))
(cond ((null FLAG (popt)))))
(setf (aref LY X) 2)
FLAG

)

; when facing East...
((equal DR 4)
(let ((FLAG nil))
(cond ((equal (aref LY (+ X 1)) 0)
(setf (aref LY X) 2)
(setf (aref LY (+ X 1)) 4
(setf FLAG (learn-labyrinth L (+ X 1) Y 4))))
(cond ((and (null FLAG (equal (aref L (+ Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (+ Y 1) X) 5)
(pusht X Y 5)
(setf FLAG (learn-labyrinth L X (+ Y 1) 5))
(cond ((null FLAG (popt)))))
(cond ((and (null FLAG (equal (aref L (- Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (- Y 1) X 3)



(pusht XY 3)
(setf FLAG (learn-labyrinth L X (- Y 1) 3))
(cond ((null FLAG (popt)))))

(cond ((and (null FLAG (equal (aref LY (- X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (- X 1)) 6)
(pusht XY 6)
(setf FLAG (learn-labyrinth L (- X 1) Y 6))
(cond ((null FLAG (popt)))))

(setf (aref LY X) 2)

FLAG

)

; when facing South...
((equal DR 5)
(let ((FLAG nil))
(cond ((equal (aref L (+ Y 1) X) 0)
(setf (aref LY X) 2)
(setf (aref L (+ Y 1) X) 5)
(setf FLAG (learn-labyrinth L X (+ Y 1) 5))))
(cond ((and (null FLAG (equal (aref LY (- X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (- X 1)) 6)
(pusht XY 6)
(setf FLAG (learn-labyrinth L (- X 1) Y 6))
(cond ((null FLAG (popt)))))
(cond ((and (null FLAG (equal (aref LY (+ X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (+ X 1)) 4)
(pusht XY 4)
(setf FLAG (learn-labyrinth L (+ X 1) Y 4))
(cond ((null FLAG (popt)))))
(cond ((and (null FLAG (equal (aref L (- Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (- Y 1) X) 3)
(pusht XY 3)
(setf FLAG (learn-labyrinth L X (- Y 1) 3))
(cond ((null FLAG (popt)))))
(setf (aref LY X) 2)
FLAG

)

)
; when facing West...

((equal DR 6)
(let ((FLAG nil))

(cond ((equal (aref LY (- X 1)) 0)
(setf (aref LY X) 2)
(setf (aref LY (- X 1)) 6)
(setf FLAG (learn-labyrinth L (- X 1) Y 6))))

(cond ((and (null FLAG (equal (aref L (- Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (- Y 1) X) 3)
(pusht XY 3)
(setf FLAG (learn-labyrinth L X (- Y 1) 3))
(cond ((null FLAG (popt)))))

(cond ((and (null FLAG (equal (aref L (+ Y 1) X) 0))
(setf (aref LY X) 2)
(setf (aref L (+ Y 1) X) 5)
(pusht X Y 5)
(setf FLAG (learn-labyrinth L X (+ Y 1) 5))
(cond ((null FLAG (popt)))))

(cond ((and (null FLAG (equal (aref LY (+ X 1)) 0))
(setf (aref LY X) 2)
(setf (aref LY (+ X 1)) 4)
(pusht XY 4)
(setf FLAG (learn-labyrinth L (+ X 1) Y 4))
(cond ((null FLAG (popt)))))

(setf (aref LY X 2)



-/**

* wal k-labyrinth (L XY DR)

Wal ks through a labyrinth by a given path.

(This is not a argunent-safe nor path-safe funciton).

Par anmet er s:

L - the labyrinth in a 2D array.
X - current position X

Y - current position Y.

DIR - robot's facing direction.
PATH - | earned path.

E I R N T

*

; * Returns T if success.
.*/
(defun wal k-1abyrinth (L X Y DI R PATH)
(dunp-1abyrinth L)
(cond
; when reaching the door...
((or (equal X 0) (equal X (- (array-dinension L 1) 1))
(equal Y 0) (equal Y (- (array-dinension L 0) 1)))

m
; when reaching a turn point...
((and (not (null PATH)) (equal (first (first PATH)) X) (equal (second (first PATH))

Y))
(setf (aref LY X) (third (first PATH)))
(wal k-lTabyrinth L X Y (third (first PATH)) (rest PATH)))
; when facing North. ..
((equal DIR 3)
(setf (aref L (- Y 1) X) 3)
(setf (aref L Y X) 2)
(wal k-1abyrinth L X (- Y 1) 3 PATH))
; when facing East...
((equal DR 4)
(setf (aref LY (+ X 1)) 4)
(setf (aref LY X) 2)
(wal k-1abyrinth L (+ X 1) Y 4 PATH))
; when facing South...
((equal DR 5)
(setf (aref L (+ Y 1) X) 5
(setf (aref LY X) 2)
(wal k-1abyrinth L X (+ Y 1) 5 PATH))
; when facing West...
((equal DR 6)
(setf (aref LY (- X 1)) 6)
(setf (aref LY X) 2)
(wal k-1abyrinth L (- X 1) Y 6 PATH))
(T (print "ERROR in wal k-1abyrinth!"))
)
)
;/**
; * Dunps a labyrithn in human readabl e notati ons.
; * (This is not a argument-safe function).
; * L - the labyrinth to be dunped.

Returns T if success.



)
(defun dunp-1labyrinth (L)
(dotinmes (Y (array-dinension L 0))
(dotinmes (X (array-dimension L 1))
(wite-char (cond ((equal (aref L Y X) 0) #\ space)

((equal (aref LY X) 1) #*)
((equal (aref LY X) 2) #.)
((equal (aref LY X) 3) #7)
((equal (aref LY X) 4) #\ >)
((equal (aref LY X) 5) #])
((equal (aref LY X) 6) #\<))

)

(wite-char #\ new ine)

(write-char #\ new i ne)

)

./**
* pusht (XY DR

*

Push a turn into path list.

* Paraneters:

* X, Y - cordinates.

* DIR - robot's facing direction.

* Returns a list of cordinates on the stack.

.*/

(defun pusht (X Y DR

(cond ((atom PATH) (setf PATH (list (list XY DR))))
((and (equal X (first (first (reverse PATH))))

(equal Y (first (second (reverse PATH))))

(popt))
(setf PATH (append PATH (list (list X YDR)))))
(T (setf PATH (append PATH (list (list X Y DIR)))

))

-/**
* pop ()
*

: * Pop a turn into path list.
*
; * Paraneters:
; * X, Y - cordinates.
; * DIR- robot's facing direction.
*
; * Returns a list of cordinates on the stack.
)
(defun popt ()
(cond ((equal (length PATH) 1) (sef nil))
(T (setf PATH (reverse (rest (reverse PATH)))))

- copy ()

*

; * Clone an arbitrary structure.

* Paraneters:



; * S - The structure to be replicated.
: * Returns a clone copy of the structure.
)
(defun copy (9S)
(cond ((atom S) S)
(T (cons (copy (car S)) (copy (cdr S))))

;/**

; * Main program

; * Find a way to get out of the labyrinth.

;*

(defun main ()

(setf PATH nil)

(setf LAB (make-array " (10 10)
cinitial-contents
(111111111 1)

(100000000 1)
(101010010 1)
(101011110 1)
(151000000 1)
(101011110 0)
(101000000 1)
(101011110 1)
(101000000 1)
(111111111 1))))

(write-char #\ new i ne)
(print "Learning phase")
(write-char #\ new i ne)
(learn-labyrinth (copy LAB) 1 4 5)
; I'n case of COPY does not work. A nanual copy instead.
(setf LAB (nake-array " (10 10)
cinitial-contents

((1111111111)
(100000000 1)
(101010010 1)
(101011110 1)
(151000000 1)
(1010111100
(101000000 1)
(101011110 1)
(101000000 1)
(111111111 1))))

(write-char #\ new i ne)

(print "Solving phase")
(write-char #\ new i ne)

(wal k-1abyrinth LAB 1 4 5 PATH)

; Main programinvocation.
(‘mai n)

Program output

(next page)
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