CMPE 480 INTRODUCTION TO ARTIFICIAL INTELLIGENCE
MIDTERM ANSWERS
1. Is the problem decomposable?
The problem is not decomposable. Each move from one state to another state depends on the previous moves and they can not be considered separately.
Can solutions steps be ignored or undone?
Solution steps can not be ignored. Although some of the solution steps can be undone, all of them can not be undone. For instance, if we move from state (2,2) to state (1,3) by pouring from the first jug to the second until the second jug is full, we can not undo that move. Because, we can not pour 1 gallon from the second jug to the first jug without any measuring marker. Another example is that after pouring some water from a jug to the ground, we can not later return to the previous state using the water on the ground. So, the solution steps can neither be ignored nor undone; it is an irrecoverable problem.

Is the universe predictable?
Yes, the universe is completely predictable. So, planning a complete solution is possible beforehand and steps can be ignored “during planning”. There is no uncertainty during the solution of this problem.

Is a good solution absolute or relative?
A good solution is absolute. It is sufficient to arrive at the goal state (2,n) for n((. It is not necessary to find an optimal solution (e.g. reaching the goal state with minimum number of steps).

Is the solution a state or a path?
The solution is a path. It is not sufficient to give the answer (2,n) for some n value. We must output all the moves from the initial state to the goal state.

What is the role of knowledge?
We need a small amount of knowledge for this problem, which are the rules of the game. There is not even much additional knowledge that can be used to improve efficiency.

Does the task require interaction with a person?
No interaction is required. It is a solitary problem. The computer does not get advice during the solution and it is not necessary to tell the user how the computer is solving.

a) A, B (h′ value of B is better than C), E (h′ value of E is better than D), then search ends. Goal is not found.

b) A, B, D, E, C, F, G. Goal is found.

c) A, B, C, D, E, F, G. Goal is found.

d) A, C (f′ value of C is better than B), G. Goal is found.

e) No. For example, h′ (A)=100, but the optimal cost to the goal node G is only 70. Thus, h′ (A) sometimes over-estimates the remaining optimal distance to G, and so is not admissible.
f) There are many possibilities. One minimal change is to set h′ (A)=60 and h′ (C)=20. This is admissible because h′ (A) = 60 ≤ h (A) = 70 and h′ (C) = 20 ≤ h (C) = 45 (recall that h is the true optimal remaining distance to the goal). It is not monotone, because f′ (n) decreases along the path A-C-G, i.e., f′ (A) = g (A)+h′ (A) = 0+60 = 60 > 45 = 25+20 = cost (A,C) + h′ (C) = g (C) + h′ (C) = f′ (C).
In fact, any solution satisfying the following criteria gives the answer to this question: Admissible: 70 ≥ h′ (A), 45 ≥ h′ (C)
Not monotone: h′ (A) > cost (A,C) + h′ (C) = 25 + h′ (C)
Thus, admissible and not monotone: 70 ≥ h′ (A) > cost (A,C) + h′ (C) = 25 + h′ (C)
2. a) Current situation is described as (lm,lc,rm,rc,side), where

lm is the number of missionaries on the left side

lc is the number of cannibals on the left side

rm is the number of missionaries on the right side

rc is the number of cannibals on the right side

side is the side where the boat is.

Depth-first search:

(3,3,0,0,left)
(3,2,0,1,right)


(3,1,0,2,right)


(3,3,0,0,left)

(3,2,0,1,left)


(3,1,0,2,right)

(3,0,0,3,right)

(2,2,1,1,right)


(3,1,0,2,left)
         (3,2,0,1,left)
Breadth-first search:

(3,3,0,0,left)
(3,2,0,1,right)


(3,1,0,2,right)


(2,2,1,1,right)


(3,3,0,0,left)

(3,2,0,1,left)
(3,3,0,0,left)
(3,3,0,0,left)
(3,2,0,1,left)

(3,1,0,2,right) (3,0,0,3,right) (2,2,1,1,right) (3,1,0,2,right) (3,0,0,3,right) (2,2,1,1,right)
· Circles show the order of generating the nodes.

· We assumed that if a node which is the same as one of its ancestors is generated (i.e. duplicate node), search does not continue on that branch anymore. For instance, in breadth-first search above, node 5 is the same as node 1, so it is meaningless expanding node 5 further.

· In generating the alternatives from a state, the following order is applied: 1 cannibal passes the river (if possible), 2 cannibals pass, 1 cannibal and 1 missionary pass, 1 missionary passes, 2 missionaries pass.

b) heuristic (f) : number of missionaries on the left side.

         The value of the heuristic decreases as we approach the goal.

(3,3,0,0,left)

Initial state
f=3

(2,2,1,1,right)

This is chosen according to the method
f=2

All the possible next states make f=3. So, since f increases, the method terminates here and cannot solve the problem.

c) heuristic 1 (f) : number of missionaries on the left side.

 The value of the heuristic decreases as we approach the goal.

heuristic 2 (g) : number of people on the left side – 1.

 The value of the heuristic decreases as we approach the goal.


f  is admissible, since it is always less than or equal the number of steps that is needed to solve the problem. For example, for the state (3,3,0,0,left), f=3; it is clear that we need more than 3 steps to arrive at the goal.


g is admissible. Consider the state (m,c,3-m,3-c,left) and assume that m+c≠2. g=m+c-1. Clearly it takes at least m+c-1 steps to arrive at the goal, since at most two persons can go to the right side and at least one person must return to the left side (i.e., after two steps, at most one person passes from left to right). Now consider the same state where m+c=2 (the only possibilities are m=c=1 and m=0,c=2). g=1. It may take one step to arrive at the goal if both persons pass the river. This is the reason why g is m+c-1, not m+c.


g is more informed than f. Consider the state (m,c,3-m,3-c,left). f=m, g=m+c-1. If c≠0, then g ≥f. If c=0, the only possibility is m=3,c=0. But such a state cannot exist in the solution path, because one or more missionaries must pass to the right side on the next move, which is impossible since he/they would be eaten up on the right.

d) Using heuristic 2:


(3,3,0,0,left)  g=5
(3,2,0,1,right)
 g=4

(3,1,0,2,right)
  g=3

(2,2,1,1,right) g=3




(3,2,0,1,left)
(3,3,0,0,left)
(3,3,0,0,left)
(3,2,0,1,left)




      g=4
   g=5
   g=5

g=4





(3,1,0,2,right)  (3,0,0,3,right)   (2,2,1,1,right)







        g=3
    g=3

 g=2
· Circles show the order of generating the nodes.

· In generating the alternatives from a state, the following order is applied: 1 cannibal passes the river (if possible), 2 cannibals pass, 1 cannibal and 1 missionary pass, 1 missionary passes, 2 missionaries passes.

3. Rule for propagation:
When there is a single word that matchs a row/column, place it.

Rules for guessing:


Make a guess for the longest row/column to which no word is assigned yet.


Make a guess for the row/column with more letters assigned.










After this step, there is no possible propagation,








so we make a guess.
                                        1st row=moda                       1st row=masa

After this guess, we propagate:



After this guess, we propagate. All the remaining words
“masa”, “ark”, “ar” are automatically placed.

are placed correctly. Since there is no more words left,
No more guess is possible, so we backtrack.

the problem is solved.
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