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applying recursive backtracking

Goal: find a path in a maze (or labyrinth)
applying backtracking recursively, using

e nunpy to represent the maze; and
e Tki nt er for the GUI.
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Goal: find a path in a maze (or labyrinth)
applying backtracking recursively, using

e nunpy to represent the maze; and
e Tki nt er for the GUI.

Two stages in the program:

@ modify a random distribution of blocked squares,
@ find a path through the maze.

rules of the game
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applying recursive backtracking

Goal: find a path in a maze (or labyrinth)
applying backtracking recursively, using

e nunpy to represent the maze; and
e Tki nt er for the GUI.

Two stages in the program:
@ modify a random distribution of blocked squares,
@ find a path through the maze.

Solution in two parts:
@ a plain interface for the essentials,
® a GUI for a more enjoyable program.
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representing a maze

To represent the maze, we use a nunpy matrix
of integer entries.

Square[i, ] ] of the maze can have value
—1: blocked;

0: free and not visited on any path;
k: visited as the kth square in a path.
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representing a maze

To represent the maze, we use a nunpy matrix
of integer entries.
Square[i, ] ] of the maze can have value
—1: blocked;
0: free and not visited on any path;
k: visited as the kth square in a path.

By marking the visited squares we never walk
along the same path and the walk terminates.
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representing a maze

To represent the maze, we use a nunpy matrix
of integer entries.
Square[i, ] ] of the maze can have value
—1: blocked;
0: free and not visited on any path;
k: visited as the kth square in a path.
By marking the visited squares we never walk
along the same path and the walk terminates.
In a maze with n rows and m columns,
e a path starts at square [0, 0]; and
e [n —1,m — 1] is the destination of the path.
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a random maze

from nunmpy inmport =*
i mport random

def RandomMvaze(rows, col s):
Returns a randominteger matrix w th di nensions
in rows and cols, indicating free positions
with 0 and occupi ed positions with -1.
Free positions are at [0,0] and [rows-1, cols-1].
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TR from nunpy inport =

Gemams i nport random

def RandomMvaze(rows, col s):
Returns a randominteger matrix w th di nensions
in rows and cols, indicating free positions
with 0 and occupi ed positions with -1.
Free positions are at [0,0] and [rows-1, cols-1].

T M = zeros((rows, cols),int)
for i in range(0,rows):
for j in range(0,cols):
Mi,j] = random randint(-1,0)
MO0,0] =0
Mrows-1,cols-1] =0
return M
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adjusting a random maze

def MakeMaze(rows, col s):

Returns a maze of given rows and col umms.
M = Randomvaze(rows, col s)
whi l e True:

Print Maze(M
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adjusting a random maze

def MakeMaze(rows, col s):

Returns a maze of given rows and col umms.
M = Randomvaze(rows, col s)
whi l e True:
Print Maze(M
i = input('to change, give i (-1 if not)
if i < 0: break
j = input(’'to change, give j (-1 if not)
if j <0: break
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adjusting a random maze

def MakeMaze(rows, col s):

Returns a maze of given rows and col umms.
M = Randomvaze(rows, col s)
whi l e True:
Print Maze(M
i = input('to change, give i (-1 if not)
if i < 0: break

j = input(’'to change, give j (-1 if not)
if j <0: break
it Mi,j] == -1
Mi.,j] =0
el se:
Mi.j] =-1

return M
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a recursive solution

We define a function Sear ch.

On input are (M, i,]j,k):

M :

(i,J) :

the matrix representing the maze,

next free position in M, i and j are

indices respectively to a row and a column of M,
counter for square (i, ) visited along a path.
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8 Feb 2010 a recursive solution

We define a function Sear ch.

On input are (M, i,]j,k):
M : the matrix representing the maze,
(i,J) : nextfree positionin M, i andj are
indices respectively to a row and a column of M,
k : counter for square (i,]) visited along a path.

= (i,]) will be the kth visited square along a path

ules of the game
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8 Feb 2010 a recursive solution

We define a function Sear ch.

On input are (M, i,]j,k):
M : the matrix representing the maze,
(i,J) : nextfree positionin M, i andj are
indices respectively to a row and a column of M,
k : counter for square (i,]) visited along a path.

= (i,]) will be the kth visited square along a path

On output are (M, b):
M : visited squares marked with increasing numbers,
b: booleanis Tr ue if destination reached,

Fal se if stepping on (i, ) did not lead
to the destination.

ules of the game
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search for directions

There are four directions to go:

(I _17j)
(i+1,j)

subject to the following conditions:
e gotorowi —1,onlyifi >0,
e gotorowi+1,onlyifi <n—1,n = #rows,
e gotocolumnj—1,onlyifj >0,
e gotocolumnj+1,onlyifj <m—1, m = #columns,
e square must be free and not visited.



MCS 275 L-12

8 Feb 2010 the base case

arecursive solution

def Search(Mi,j,k):

Search for a path starting at (i,j) in M
Markes visited tiles with increasing nunbers.
Returns M and a bool ean indicating the arrival.
Mi,jl =k

if i == Mshape[0] - 1 and j == Mshape[1] - 1:
rles ofthe game return (M True)

el se:
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el se:
b = Fal se
e if i < Mshape[0]-1:
if Mi+1,j] == 0: (Mb) = Search(Mi+1,j, k+1)

animating the search

percolation

rules of the game
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el se:
b = Fal se
o if i < Mshape[0]-1:
if Mi+l,j] == 0: (Mb) = Search(Mi +1,j, k+1)
if not b and j < Mshape[1]-1:
if Mi,j+1] == 0: (Mb) = Search(Mi,j+1, k+1)
ren if not band i > O:
if Mi-1,j] == 0: (Mb) = Search(Mi-1,j, k+1)
REBGHREE if not bandj > 0O:

if Mi,j-1] == 0: (Mb)
return (Mb)

Search(Mi,j-1,k+1)
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Handling Mouse Events

Often the amount of data we generate is too huge
for an orderly in a classical terminal window.

Much more data can be stored in an image on canvas
and via the mouse we may interact with the data.

OO mark with mouse

put mouse inside box to draw
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with the mouse

e program

FIECE from Tkinter inport =
fromnunpy inmport =

oo class Fill Squares():

programming mun

filling squares on canvas w th nouse clicks

data attributes and

animating the searct

percolaon def __init__(self,wdw,r,c):
R the nouse is bound to the canvas
a | abel displays nouse position

wdw. title("mark with nouse")
self.mag = 10 # magni fication factor
self.rows = r # nunber of rows on canvas

self.cols = ¢ # nunber of colums on canvas
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def __init_ (self,wdw,r,c):

sel f.c = Canvas(wdw, \
wi dt h=sel f. mag*sel f. col s+2+sel f. nag, \

hei ght = self.magxsel . rows+2+sel f. mag, \
programming bg:’ V\h' te’ )

sel f.c.grid(row=1, col um=0, col utTmspan=3)

rules of the game
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def __init_ (self,wdw,r,c):

sel f.c = Canvas(wdw, \
wi dt h=sel f. mag*sel f. col s+2+sel f. nag, \
hei ght = sel f. mag*sel f.rows+2+sel f. mag, \

more about GUI

PRI bg="white’)
sel f.c.grid(row=1, col um=0, col utTmspan=3)
# to display nouse position :

sel f. MousePosition = StringVar ()
‘ sel f. MousePosi ti on. set\
("put nouse inside box to draw')
PG sel f. PositionLabel = Label (wdw, \
textvariable = sel f. MousePosi tion)
sel f. Posi tionLabel . grid(row=2, col um=0,\
col ummspan=3)
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def __init_ (self,wdw,r,c):

sel f.c = Canvas(wdw, \
wi dt h=sel f. mag*sel f. col s+2+sel f. nag, \
hei ght = sel f. mag*sel f.rows+2+sel f. mag, \

more about GUI

PRI bg="white’)
sel f.c.grid(row=1, col um=0, col utTmspan=3)
# to display nouse position :

sel f. MousePosition = StringVar ()

‘ sel f. MousePosi ti on. set\
("put nouse inside box to draw')

PG sel f. PositionLabel = Label (wdw, \
textvariable = sel f. MousePosi tion)

sel f. Posi tionLabel . grid(row=2, col um=0,\
col ummspan=3)

# bind nouse events

sel f. Bi ndMbuseEvent s()

self.filled = zeros((r,c), bool)
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To bind the mouse events to canvas:

def Bi ndMouseEvents(self):

more about GUI bi nds npbuse events to the canvas

programming
[LTIT]

sel f.c.bind("<Button-1>", self.ButtonPressed)
sel f.c. bi nd("<ButtonRel ease-1>", \
sel f. But t onRel eased)
sel f.c.bind("<Enter>", self.EnteredWndow)
sel f.c. bind("<Leave>", self.ExitedW ndow)
sel f.c. bind("<Bl1l-Mtion>", self.MuseDragged)

ules of the game

The methods But t onPr essed, But t onRel eased,
Ent er edW ndow, Exi t edW ndow, and MouseDr agged
are activated by the mouse.
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def ButtonPressed(self,event):

di spl ay coordi nates of button press
more about GUI "o
programming

sel f. MousePosition.set("currently at [ " +\

str(event.x) + ", " + str(event.y) + " ]" +\
" release to fill, or drag")

rules of the game
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ButtonPressed and
ButtonReleased

def ButtonPressed(self,event):

di spl ay coordi nates of button press

sel f. MousePosition.set("currently at [ " +\

str(event.x) + ", + str(event.y) + " " +\
" release to fill, or drag")

def ButtonRel eased(self, event):

di spl ay coordi nates of button rel ease

sel f. MousePosition.set("drawn at [ " + \
str(event.x) + ", " + str(event.y) + " ]" +
" redo to clear")

sel f. DrawRect angl e(event. x, event . y)
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The Other Methods

def EnteredW ndow sel f, event):
"di spl ay nessage that nouse entered w ndow'
sel f. MousePosi tion. set (" press nouse" + \
"to give coordi nates")
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def EnteredW ndow sel f, event):

"di spl ay nessage that nouse entered w ndow'
sel f. MousePosi tion. set (" press nouse" + \

more about GUI

mor about "to give coordi nates")

def ExitedW ndow(self, event):
"di spl ay message that nouse exited wi ndow'
sel f. MousePosi tion. set ("put nouse " + \

i "inside box to draw')

ules of the game
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The Other Methods

def EnteredW ndow sel f, event):
"di spl ay nessage that nouse entered w ndow'
sel f. MousePosi tion. set (" press nouse" + \
"to give coordi nates")

def ExitedW ndow(self, event):
"di spl ay message that nouse exited wi ndow'
sel f. MousePosi tion. set("put nouse " + \
"inside box to draw')

def MuseDragged(sel f, event):
"di spl ay coordi nates of noving nouse"
sel f. MousePosition.set("dragging at [ " + \
str(event.x) + ", " + str(event.y) + \
" 1" + " release to draw')
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A GUI for Search

The GUI uses Tki nter.

The nunpy matrix that represents the maze
is a data attributed of the GUI.
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A GUI for Search

The GUI uses Tki nter.

The nunpy matrix that represents the maze
is a data attributed of the GUI.
Widgets of the GUI:
e canvas to draw the maze,
e random, revert, clear buttons to make maze,
start and stop button for the animation,
entry widget to show current position.
With mouse, user can make a path through the maze.

Squares are “magnified” pixels
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naming the squares

The button Randomactivates the function:
def RandonFill (self):
fills the canvas with boxes placed at random

for i in range(0,self.filled.shape[0]):
for j in range(0,self.filled.shape[l]):
name = '("+str(i)+ , +str(j)+)’

Observe:
e fill edisanunmpy matrix,

e Every square atrow i and column j
has a unique name: (i ,j).
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def RandonFill (self):

fills the canvas with boxes placed at random

for i in range(0,self.filled.shape[0]):
for j in range(0,self.filled.shape[l]):
name = ' ('4str(i)+ , +str(j)+)’
caa s s if randint(0,1) == 1:
B x0 = self.mag + i*sel f.mag

y0 = self.mg + j*self.mg
x1 = x0 + self.mg
TR yl = y0 + self. mg
self.c.create_rectangl e(y0, x0, y1, x1,\
fill="green", tags=nane)
self.filled[i,j] = -1

el se:
sel f. c. del et e( nane)
self.filled[i,j] =0
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® A GuUI for Search

animating the search

solving puzzles
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animating the search

Recall the definition Search(M i, j, k).

The GUI exports the ani mat e applied to
sel f, with parametersi , j , and k.
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8 Feb 2010 animating the search

Recall the definition Search(M i, j, k).

The GUI exports the ani mat e applied to
sel f, with parametersi , j , and k.

The return of ani mat e is a boolean
to flag if the destination was reached.

Because the maze is a data attribute of the GUI,
ani mat e does not return a matrix.

ules of the game
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def animate(self,i,j,k):

starts the search for a path

self.filled[i,j] =k
sel f. e. del et e( 0, END)
sel f.e.insert (I NSERT,\
() = (CAstr(i) T Hstr(j)+) ")
(i +1)*sel f.mag; yoO (j +1) *sel f. mag
(i +2)*sel f.mg; yl (j +2) *sel f. mag

x0
x1

ules of the game
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def animate(self,i,j,k):

starts the search for a path

self.filled[i,j] =k
sel f. e. del et e( 0, END)
sel f.e.insert (I NSERT,\

() = (CAstr(i) T Hstr(j)+) ")
X0 = (i+1)+self.mag; y0 = (j+1)*self. mag
x1 = (i+2)+self.mag; yl1 = (j+2)*self.mg
self.c.create_rectangl e(y0, x0, y1, x1,\
e et s fill="red",tags="dot’)
self.c.after(sel f.del ay)
sel f.c.update()
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def animate(self,i,j,k):

starts the search for a path

self.filled[i,j] =k
sel f. e. del et e( 0, END)
sel f.e.insert (I NSERT,\
() = (CAstr(i) T Hstr(j)+) ")
X0 = (i+1)+self.mag; y0 = (j+1)*self. mag
x1 = (i+2)+self.mag; yl1 = (j+2)*self.mg
self.c.create_rectangl e(y0, x0, y1, x1,\
e et s fill="red",tags="dot’)
self.c.after(sel f.del ay)
sel f.c.update()
if self.go:
if i ==self.filled.shape[0] - 1\
and j == self.filled.shape[1l] - 1:
return True # found the end
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animate continued

el se:
b = Fal se
if self.go and i < self.filled.shape[O0]-1:
if self.filled[i+1,j] == 0 and self.go:
b = self.animate(i+1,j, k+1)
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el se:
b = Fal se
if self.go and i < self.filled.shape[O0]-1:
if self.filled[i+1,j] == 0 and self.go:
b = self.animate(i+1,j, k+1)
if not b and self. go:
if j <self.filled.shape[1]-1:
P, if self.filled[i,j+1] == 0 and sel f. go:
e b = self.animate(i,j+1, k+1)

rules of the game
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el se:
b = Fal se
if self.go and i < self.filled.shape[O0]-1:
if self.filled[i+1,j] == 0 and self.go:
b = self.animate(i+1,j, k+1)
if not b and self. go:
if j <self.filled.shape[1]-1:
if self.filled[i,j+1] == 0 and self. go:
b = self.animate(i,j+1, k+1)
if not b and self.go and i > O:
TSR if self.filled[i-1,j] == 0 and self.go:
b = self.animate(i-1,j, k+1)
if not b and self.go and j > O:
if self.filled[i,j-1] == 0 and self.go:
b = self.animate(i,j-1, k+1)
return b
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Percolation

a variation on a path through a maze

Empty squares admit flow, crosses block the flow:
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T Percolation

a variation on a path through a maze

Empty squares admit flow, crosses block the flow:

animating the searcl

percolation

Both configurations percolate, but only the one on the left
percolates vertically.

ules of the game

Percolation: there is a path starting at an open square at the
top and ending at an open square at the bottom.

Application: study of porous materials, percolation theory.
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A Sliding Puzzle

a0o

asliding puzzle

start

scramble ) )

clear

put mouse inside box to play
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rules of the game

Given is a n-by-n board of sliding pieces.
One open space where adjacent pieces may slide into.

Each piece has a unique number.
This number determines its right place on the board.

Goal of the sliding puzzle:
slide each piece to its right spot on the board.
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The GUI contains several elements:

arecursive solution

@ buttons to start, scramble, unscramble, and clear

more about GUI
programming

@® a canvas widget to display the sliding puzzle

© a numpy array stores the puzzle data
animating the searck

percolation

@ the scramble/unscramble buttons are animations

ules of the game

® mouse events allow user to solve the puzzle
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8 Feb 2010 Design of the GUI

The GUI contains several elements:

@ buttons to start, scramble, unscramble, and clear
@® a canvas widget to display the sliding puzzle

© a numpy array stores the puzzle data

imating the searct

percolation

@ the scramble/unscramble buttons are animations
niesofthe gane ® mouse events allow user to solve the puzzle

What defines a move?
— piece (i,]) moves to its adjacent open spot.
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Solving the Puzzle

A puzzle with n rows and m columns is solved
if piece at (i,j) has numberi x (n —1) +j +1,
for all pieces.
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Solving the Puzzle

A puzzle with n rows and m columns is solved
if piece at (i,j) has numberi x (n —1) +j +1,
for all pieces.

A function solve will first check whether the values
for the pieces match their position. If so, return Tr ue.
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8 Feb 2010 Solving the Puzzle

A puzzle with n rows and m columns is solved
if piece at (i,j) has numberi x (n —1) +j +1,
for all pieces.

A function solve will first check whether the values
for the pieces match their position. If so, return Tr ue.

Recursive calls:
— for all pieces p adjacent to open spot:

MO @ slide p to the open spot
® b = sol ve(), recursive call
®©if b: break, puzzle solved!
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Assignments

@ Modify the Sear ch function to solve the percolation
problem. Test if your modification works.

® Adjust the GUI for finding a path through a maze to the
percolation problem.

® Instead of changing the length of the bars with scales in
project one, explore how to change the length by
allowing the user to drag the joints with the mouse.

@ Add asol ve buttonto sl i di ng_puzzl e. py and
write code for solving the puzzle.

@ Compare the difficulty of solving the sliding puzzles with
finding a path in a maze. Which one is harder and why?

@® Suppose a graph is represented by a numpy matrix A of
zeroes and ones. If there is an edge from node i to j,
then A[i,j] = 1, otherwise A[i,j] = 0. Write a Python
function to find a path between any two nodes.
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