CS 171 Introduction to Artificial Intelligence


2nd Semester, 2004-05

Midterm Exam (15% of your final grade)

Name ________________________________________________________

I. The 3-Room Vacuum World (20 points)

Let us revise the vacuum world so that there are instead three rooms, each of which may or may not be dirty. An example of a configuration is indicated in the figure below.  The same actions apply:  Left, Right, and Suck.  The goal is as before—to have all rooms clean.


1. How many states are in the state space in this world? _____

2. How many of these states are goal states? _____

3. What is the branching factor for this problem? _____

4. What is the minimum number of steps required to reach a goal state from the configuration given in the figure? _____

5. Draw the configuration that yields the largest (worst-case) minimum number of steps to reach a goal state:


6. How many steps are required for the configuration you indicated in item 5? _____

II. The Wumpus World and Propositional Logic (25 points)

Recall that in the wumpus world, there are 16 symbols indicating that a room contains pits (Pi,j) and 16 symbols indicating that a room contains a wumpus (Wi,j).  Recall that i and j represent values from 1 to 4, and that 1,1 means the room at the lower left corner.

1. Write a propositional logic (PL) sentence that means the following:

”There are no pits in rooms that are corners”.

____________________________________________________________

2. Suppose you do not want to have a room that contains both a wumpus and a pit.  Describe how would you represent this rule in the knowledge base.
____________________________________________________________________________________________________________________________________________________________________________________
How many PL sentences do you need to represent this rule? _____

3. Suppose you want to make sure that there is at least one pit in a room adjacent to the one containing the wumpus. Describe how would you represent this rule in the knowledge base.
____________________________________________________________________________________________________________________________________________________________________________________
How many PL sentences do you need to represent this rule? _____ 

III. True or False. (30 points)

True or False

1. ____ In a search algorithm, the branching factor can be determined by observing the depth of the search tree.

2. ____ BFS requires more space than DFS.

3. ____ If all step-costs (cost of moving from one state to another) in a search problem equals 1, BFS is essentially identical to Uniform-Cost Search.

4. ____ An admissible heuristic is one that overestimates the cost of reaching a goal state.

5. ____ Hill-climbing search is optimal.

6. ____ A* search is optimal as long as the heuristic is admissible.

7. ____ The MiniMax Algorithm assumes your opponent will always make the best play possible.

8. ____ The TELL function used in a logical agent queries the knowledge base.

9. ____ An inference algorithm that derives all possible sentences is complete.

10. ____ An inference algorithm that derives all possible sentences is sound.

11. ____ A model of a sentence is a world where that sentence is true.

12. ____ A sentence is valid if there exists a model where that sentence is true.

13. ____ The Resolution algorithm uses the Modus Ponens rule.

14. ____ The Resolution algorithm uses the And-Elimination rule.

15. ____ The Forward-Chaining inference algorithm described in class requires a knowledge base consisting of horn clauses only.

IV. About Iterative-Deepening Depth-First Search (5 points)

According to our textbook, this search algorithm repeatedly invokes depth-limited DFS for depth = 0,1,2,3,4,…. However, it is sufficient to start with depth 1 instead of 0.  Explain why.
_____________________________________________________________________________________________________________________________________________________________________________________________

V. Searching for a Perfect Square. (20 pts)

Given an initial number, you want to arrive at a perfect square using a sequence containing only the following three operations: subtract 1 (-1), add 10 (+10), and multiply by 2 (x2). For example, from 21, we can arrive at 49 (a perfect square) with the sequence: -1, x2, +10, -1.

When you are expanding a node during a search, assume that you perform -1, +10, and x2, strictly in that order.  Also, assume that it costs five times as much to perform a multiplication than an addition or a subtraction.

1. If the initial number is 6, and you are performing DFS, the perfect square you would find is ____.

2. If the initial number is 6, and you are performing BFS, the perfect square you would find is ____.

3. If the initial number is 8, and you are performing DFS, the perfect square you would find is ____, and the sequence of operations is
______________________________________________________________

4. If the initial number is 8, and you are performing BFS, the perfect square you would find is ____, and the sequence of operations is
______________________________________________________________

5. If the initial number is 8, and you are performing UCS, the perfect square you would find is ____, and the sequence of operations is
______________________________________________________________

