4. End
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from collections import deque

def bfs(graph, start_node, goal_node):
queue = deque()
queue.append([start_node])
visited = set() # track

while queue:
" ;

path = queue.popleft()

current_node path[-1]

if current_node goal_node:

return path # Return the patt

if current_node not in visited:

visited.add(current_node)

+h

for neighbor in graph[current_node]:
new_path = path + [neighbor]
queue.append(new_path)

return "Goal not reachable™

graph = {
["B®, "C"],
g T, TR,
": ["D", "F"],
G s

111 the BFS functic

start_node = "A"
goal node = "G"

path_to_goal bfs(graph, start _node, goal node)

+

B | e es
!

print("Path to goal node:'

Output: Path to goal node: ['A", 'C', 'F', 'G']

, path_to_goal)
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Operations:

1. Fill the 4-liter jug:
(x,y) — (4. y), validif x < 4.

r

Fill the 3-liter jug:
(z,y) = (z,3), validify < 3.

3. Empty the 4-liter jug onto the ground:
(z,y) — (0,y), validif 2z > 0.

4. Empty the 3-liter jug onto the ground:
(z,y) — (x,0),validify > 0.

5. Pour water from the 3-liter jug into the 4-liter jug:
-4andy > 0.

(z,y) = (4, y— (4 —z)),validif0 < 2+ y >
6. Pour water from the 4-liter jug into the 3-liter jug:

(z,y) 2 (- (3 —y),3),validif0 < x+y > 3andx > 0.

7. Pour all water from the 3-liter jug into the 4-liter jug:
(z,y) = (2 +y,0),validif0 <z +y <dandy > 0.

8. Pour all water from the 4-liter jug into the 3-liter jug:
(z,y) = (0,2 +y),validif0 <z +y < 3andzx > 0.
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« Example problem: X =4, Y =3, Target Z = 2 (Jug 1)

(xy)
(0.0)
/ N\
/ \,
e %
(4,0) (0.3)
(/
/] \
I'4 v u
(4,3) 00)  (L3) ~_
/ NN
/ \ ~
\ “
s"/ N \\‘1
(4,3) (0,3) (1,0) 4,00 ~_
/ NN
am N\ ~~
,/ v N ™ 'y
(4,0) 1,3) (0,0 0.1)
/ \\\"-.
/TN T
L 8 N .
(4,0 0.3) (0,0) 0.1)
/,- \_\\‘\_\.\
/NN
(4.3) (0,1) (4,0) (2.3)
~
/ f NN
h'/ “' \"4 \.
(4.3) 0,3) (2,0) (4,2)
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rrom cuirecuions aiport deque

def water jug bfs(jugl capacity, Jug2 capacity, target):
# Initialize a queue to store states
queue = deque ()
# A set to store visited states
visited = set()

f Initial state (both jugs empty)

initial state = (0, 0)

queue.append((initial state, [])) # (state, path leading to this state)
visited.add(initial state)
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while queue:
(current jugl, current jug2), path = queue.popleft ()

# If target is achieved
if current jugl == target or current jug2 == target:
return path + [(current jugl, current jug2)]

# Generate all possible states
possible states = [
(jugl capacity, current jug2), # Fill Jugl
(current jugl, jug2 capacity), # Fill Jug2
(0, current jug2), # Empty Jugl
(current jugl, 0), # Empty Jug2
$ Pour Jugl into Jug2
(max (current jugl - (jug2_capacity - current jug2), 0),
min(current jugl + current jug2, jug2 capacity)),
$# Pour Jug2 into Jugl
(min(current jugl + current jug2, jugl capacity),
max (current jug2 - (jugl capacity - current jugl), 0))

for state in possible states:
if state not in visited:
visited.add(state)
queue.append ((state, path + [(current jugl, current jug2)]))

# If no solution exists
return "No solution"
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# Main function to get input from the user

i=f main():

print ("Welcome to the Water Jug Problem Solver!")

# Take input from the user for jug capacities and target amount
jugl capacity = int(input("Enter the capacity of Jug 1: "))
jug2:capacity = int (input ("Enter the capacity of Jug 2: "))
target = int(input("Enter the target amount of water: "))

$ Validate the input
if target > max(jugl capacity, jug2 capacity):
print ("Target cannot be greater than the capacity of both jugs combined!")

recurn

# Call the BFS function
result = water_jug bfs(jugl capacity, jug2 capacity, target)

# Display
if result
print ("No solution exists for the given capacities and target.")

else

= N

the result
== "No solution":

print ("Steps to reach the target:")

for step in result:
print (step)

# Pun the main function
if name =" main ":

“main()
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Output:

Welcome to the Water Jug Problem Solver!

Enter
Enter
Enter
Steps
(0, 0)
(0, 3)
(3, 0)
(3, 3)
(4, 2)

the capacity of Jug 1: 4

the capacity of Jug 2: 3

the target amount of water: 2
to reach the target:
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class State:

def _ init__ (self, canniballLeft, missionarylLeft, boat, cannibalRight,

missionaryRight, parent=None):

self.cL, self.mL, self.boat, self.cR, self.mR

missionaryleft, boat, cannibalRight, missionaryRight

self.parent = parent

canniballeft,
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def is goal(self):
return self.cR == 0 and self.mR == 0
def is_valid(self):
return (0 <= self.mL >= self.cl or self.mL == 0) and \
(0 <= self.mR >= self.cR or self.mR == 0) and \
self.cL >= 0 and self.mL >= 0 and self.cR >= 0 and self.mR >= 0
def eq_ (self, other):
return (self.cL, self.mL, self.boat, self.cR, self.mR) ==
{other.cL, other.mL, other.boat, other.cR, other.mR)
def _ hash__ (self):
return hash((self.cL, self.mL, self.boat, self.cR, self.mR))
def successors(state):
moves = [(2, 0), (O, 2), (1, 1), (1, O0), (0, 1)] # (cannibals,
missionaries)
children = []
for ¢, m in moves:
if state.boat == 'right':
child = State(state.cL + ¢, state.mL + m, 'left', state.cR - c,
state.mR - m, state)
else:
child = State(state.cL - ¢, state.mL - m, 'right', state.cR + ¢,

state.mR + m, state)
if child.is_valid{():
children.append (child)

return children
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def depth first search():

initial_state
stack,
while stack:

state =

explored

State (0,

0,

Trighe!,

3, 3)

= [initial_state], set()

stack.pop()

if state.is_goal(}:

return state

explored.add(state)

for child in successors(state):

if child not in explored and child not in stack:

stack.append{child)

return None
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def print_solution(state):

if name == " main

missionaryRight)")

path = []

while state:

path.append (state)

state = state.parent

for step in reversed(path):

print (f" ({step.clL},

solution =

",
.

{step.mL},

depth_first_search ()

[step.boat},

[step.cR}, {step.mR})")

print ("Missionaries and Cannibals solution using DFS:")

print (" {canniballeft, missiconarylLeft, boat,

if solution:

print_solution(sclution)

else:

print ("No soluticon found!™)

Output:

Missionaries and Cannibals solution using DFS:

(canniballLeft, missionaryLeft,
3)
2)
3)
3)
3)
1)
2)
0)
0)
0)
1)
0)

(0,
(1,
(1,
(3,
(2,
(2,
(1,
(1,
(0,
(2,
(z,
(3,

right,
left,
right,
left,
right,
left,
right,
left,
right,
left,
right,
left,

-

2,

-

0,

-~ 0~

-

1,

-~

2,

-~ =

1,

-

WNhWwWwwHENMNODODORKO

-~ =

0,

3,
2,
1,
2,
3,

1,

boat,

cannibalRight,

cannibalRight, missionaryRight)
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