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Artificial Intelligence Lab (ARI251) Sujal Singh

1. Given two jugs with capacities 4 liters and 3 liters respectively, measure exactly 1
liter in the second jug, by only performing the following operations: fill either jug to full
capacity, empty either jug or transfer water from one jug to another until either first
jug is empty or the second jug is full (or vice versa). Find the sequence of operations

that reaches the target state with the minimum amount of moves.

Program:
1| from collections import deque
2
3 | INITIAL, TARGET,J1 CAPACITY, J2_CAPACITY = (0, 0), (0, 1), 4, 3
4
5 | def possible _moves(current_state):
6 moves = {current state}
7 a, b = current_ state
8 # Empty
9 moves.add((0, b))
10 moves.add((a, 0))
11 # Fill
12 moves.add ((J1_CAPACITY, b))
13 moves.add((a, J2_CAPACITY))
14 # Transfer
15 moves.add((a - (transfer := min(a, J2_CAPACITY - b)), b + transfer))
16 moves.add((a + (transfer := min(b, J1 _CAPACITY - a)), b - transfer))
17 moves.remove (current_state)
18 return moves
19
20| def search(initial state, target_state):
21 queue = deque([(initial_state, [])])
22 visited = set()
23
24 while queue:
25 current, path = queue.popleft()
26 if current == target_state:
27 return path + [current]
28 visited.add(current)
29
30 for child in possible_moves(current):
31 if child not in visited:
32 queue.append((child, path + [current]))
33 return []
34
35| result = search(INITIAL, TARGET)
36| print(f"Moves: {len(result) - 1 if result else 'Unreachable Target'}\nPath:

-~ ", end="")

37| print (*result, sep=" -> ")

Output:

Moves: 4

2 | Path: (0, 0) -> (4, 0) -> (1, 3) -> (1, 0) —> (0, 1)
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2. 8 Tile Problem.
Program:
1| from copy import deepcopy
2 | from heapq import heappush, heappop
3
4 | SIZE = 3
5 | INITIAL = [
6 (1, 2, 31,
7 [8, 0, 4],
8 (7, 6, 5]1]
9 | TARGET = [
10 (2, 8, 1],
11 [0, 4, 31,
12 [7, 6, 511
13| BLANK_POS = [1, 1]
14| ALLOWED_MOVES = ((1, 0), (-1, 0), (0, 1), (0, -1))
15
16
17| def heuristic(state):
18 # Increases cost for every misplaced tile.
19 h=20
20 for x in range(SIZE):
21 for y in range(SIZE):
22 if statel[x] [y] '= TARGET[x] [y]:
23 h +=1
24 return h
25
26
27| def possible _moves(state, blank pos):
28 X, y = blank_pos
29 moves = []
30 for i, j in ALLOWED_MOVES:
31 P, g =x+1,y+]
32 if not ((0 <= p <= 2) and (0 <= q <= 2)):
33 continue
34 next_state = deepcopy(state)
35 next_state[x] [y], next_statel[p] [q] = next_statel[p][q]l,
~ next_state[x] [y]
36 moves .append ((next_state, (p, q)))
37 return moves
38
39
40| def search():
41 pq = [
42 visited = set()
43 heappush(pq, (heuristic(INITIAL), O, INITIAL, BLANK_POS))
44
45 while pq:
46 h, g, current, current_blank_pos = heappop(pq)
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a7 print (current)
48 if current == TARGET:
49 return
50 visited.add(tuple (map(tuple, current)))
51
52 for next_state, next_blank pos in possible_moves(current,
- current_blank pos):
53 if tuple(map(tuple, next_state)) in visited:
54 continue
55 new g = g + 1
56 new_h = new_g + heuristic(next_state)
57 heappush(pq, (new_h, new_g, next_state, next_blank pos))
58
59
60| search()
Output:
1| ([1, 2, 3], [8, 0, 4], [7, 6, 5]]
2| [[1, 2, 3], [0, 8, 4], [7, 6, 5]]
3| [[1, 2, 31, [8, 4, 01, [7, 6, 511
4| [[1, 2, 01, [8, 4, 31, [7, 6, 511
5| [[1, o, 31, [8, 2, 4], [7, 6, 5]]
e | [[1, 0o, 2], [8, 4, 3], [7, 6, 5]]
7| [[1, 2, 3], [8, 6, 4], [7, O, 5]]
s | [[0, 1, 3], [8, 2, 41, [7, 6, 5]]
9| [0, 2, 3], [1, 8, 4], [7, 6, 5]]
10| [[1, 2, 3], [8, 4, 5], [7, 6, 0]]
11| [[1, 3, o], [8, 2, 4], [7, 6, 5]]
12| [[2, 0, 3], [1, 8, 41, [7, 6, 5]]
13| (8, 1, 31, [0, 2, 4], [7, 6, 5]]
14| [[0, 1, 2], [8, 4, 31, [7, 6, 5]]
15| [[2, 8, 3], [1, 0, 41, [7, 6, 51]
16| [[2, 8, 3], [0, 1, 4], [7, 6, 5]]
17| [[2, 8, 3], [1, 4, o], [7, 6, 5]]
18| [[8, 1, 2], [0, 4, 3], [7, 6, 5]]
19| [[2, 8, 0], [1, 4, 3], [7, 6, 5]]
20| [[1, 2, 381, [7, 8, 4], [0, 6, 5]]
21| [[1, 3, 4], [8, 2, 0], [7, 6, 511
22| [[1, 4, 2], [8, 0, 3], [7, 6, 5]]
23| [[2, 38, 0], [1, 8, 4], [7, 6, 5]]
24| [[1, 4, 21, [0, 8, 31, [7, 6, B]]
25| [[1, 2, 381, [8, 6, 4], [0, 7, 5]]
26| [[1, 2, 3], [8, 6, 4], [7, 5, 0]]
27| C[1, 2, 3], [0, 6, 4], [8, 7, 5]]
28| [[1, 2, 3], [8, 4, 5], [7, 0, 6]]
20| [[1, 38, 41, [8, 0, 21, [7, 6, 5]]
sof [[8, 1, 3], [2, 0, 4], [7, 6, 5]]
31| [[1, 3, 41, [0, 8, 2], [7, 6, 5]]
32| [[2, 3, 4], [1, 8, o], [7, 6, 5]]
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33| [[2, 8, 3], [1, 6, 4], [7, O, 511
34| [[8, 1, 31, [2, 4, 01, [7, 6, 511
3| [[2, 8, 3], [1, 4, 51, [7, 6, 0]]
36| [[8, 1, 0], [2, 4, 31, [7, 6, 5]]
a7| [[2, o, 8], [1, 4, 3], [7, 6, 5]]
3| [[8, 0, 11, [2, 4, 31, [7, 6, 5]]
39| [[0, 8, 11, [2, 4, 31, [7, 6, 511
s]| [[2, 8, 11, [0, 4, 31, [7, 6, 51]

3. Color nodes such that no adjacent nodes have the same color with the minimum
number of colors.

Program:
1| graph = {
2 "A": ["B", "C"],
3 "B": ["A", "D"],
4 "cr:o[rA, D],
5 "D": ["B", "C"],
6|}
7
8 | color = {
9 "A": O,
10 "B": 0,
11 "c": 0,
12 "D": O
13( }
14
15| for parent, children in graph.items():
16 for child in children:
17 if color[child] == color[parent]:
18 color[child] += 1
19
20| print(color)
21| print(len(set(color.values())))
Output:
{'A': 0, 'B': 1, 'C': 1, 'D': O}
21 2
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