Universität des Saarlandes Fachrichtung 6.2 – Informatik J. Siekmann, S. Autexier, C. Benzmüller, C.E. Brown C. Hahn

9th Theoretical Assignment in Artificial Intelligence (SS 2005)

Issued: June 27, 2005 Due: July 4, 2005

Exercise 9.1 (60 P) Consider a shopping problem, where the shopping agent can use the following operators:

Op(Action:Start,

Effect:At(Home) ∧ Sells(HW S, Drill) ∧ Sells(SM, Milk) ∧ Sells(SM, Banana))

Op(Action:F inish,

Precond:Have(Drill) ∧ Have(Milk) ∧ Have(Banana))

Op(Action:Go(?here, ?there),

Precond:At(?here) Effect:At(?there) ∧ ¬At(?here))

Op(Action:Buy(?store, ?x),

Precond:At(?store) ∧ Sells(?store, ?x), Effect:Have(?x))

Here, SM stands for Supermarket and HW S for Hardware store. We want to include money, at least in a simple way.

(a) Let CC denote a credit card that the agent can use to buy any object. Modify the description of Buy so that the agent has to have its credit card in order to buy anything. (5 P)

(b) Write a P ickUp-Operator that enables the agent to Have an object if it is portable and at the same location as the agent and owned by the agent. (Hint: you need to change the vocabulary of the domain.) (10 P)

(c) Whenever the agent changes his location the credit card has to change its location as well if the agent has it with him.

i. Give a plausible specification of Go, such that it has Have as precondition and appropriate changes of At as effects. (5 P) ii. Why is that not a correct way to update the location of objects that the agent has with him? (5 P) iii. How would you handle this problem in this context? Explain. (5 P) iv. What should be done to enable a complete correct specification of Go? (5 P)

(d) Assume that the credit card is at home, but Have(CC) is initially false. Specify a planning problem (initial conditions and goals) for the problem to buy milk somewhere. Describe in detail how a partial order planner (POP) would generate a plan for that problem. To do so, do the following:

i. Give a description for every step of the planning process with new casual links (including the preconditions for which the causal link was added). Moreover, describe any new operator you want to add as well as the resulting threats (that is, steps that might delete a precondition protected by a causal link) and the ordering constraints included to resolve the threats (by ordering the threats to come before or after the causal link). You need not give a complete diagram of the plan for every step. (15 P) ii. Give a diagram of the final plan, inclusive causal link, as well as their preconditions and ordering constraints. (15 P)

(e) Explain in detail what happens during the planning process when the agent explores a partial plan in which it leaves home without the card. (10 P)

Exercise 9.2 (20 P)

(a) Use the definition of the conditional probability to prove the following conditional version of the general product rule (asuming all probabilities are non-zero) (10 P)

P(A, B | E) = P(A | B, E)P(B | E)

Note that the notation P(A | B, C) is a short-cut for P(A | B ∧ C).

(b) Prove the following conditional version of the general Bayes’ rule (10 P)

P(A | B, C) =

P(B | A, C)P(A | C) P(B | C)

Exercise 9.3 (20 P)

Three prisoners A, B and C are locked up in their cells. Everybody knows that one of them will be put to death the next morning and the two others will be pardoned. The decision who will be put to death has already been made by the governor. The prisoner A asks the guard a favour: “Please ask the governor who will be put to death tomorrow and tell one of the other two prisoners that he will be pardoned.” The guard accepts and returns to tell A, that he passed the pardon message to prisoner B.

To represent that situation, we use to variables Execute and GuardSays. The possible values of Executed are {A, B, C}, the possible values for GuardSays are {B, C}. The joint probability distribution for the situation is

Execute = A Execute = B Execute = C GuardSays = B^1_6 0^1_3

GuardSays = C^1_6^1_3 0

(a) Why are there two values^1_6 in each row of the column for Execute = A, while for the other two columns there is one row with^1_3 and the other is 0? (Hint: Compute P (GuardSays = B|Execute = A) and P (GuardSays = C|Execute = A)). (6 P)

(b) What is the conditional probability of A being executed the next day given B is not executed the next day? (justify your answer mathematically!) (7 P)

(c) What is the conditional probability of A being executed the next day if the guard says B is not executed the next day? (justify your answer mathematically!) (7 P)