
CS60045: Artificial Intelligence 

End Semester Examination, Autumn 2012 

Answer all questions. Time = 3 hrs, Total Marks = 100 

Ql. (a) Use the truth table to prove that modus ponens is correct. 

(b) Define a Horn clause. 

(c) Convert the following propositional calculus wff into clause form (show steps): -l[((P v -,Q) => R) => (P 1\ R)] 

(d) "Heads I win; Tails you lose." Express these statements (plus others you might need) in the propositional calculus, 

and use resolution to prove that "I Win". 

(e) Convert the following formula into one that has neither an existential quantifier nor a Skolem function: 

(Vx,y){(::Jz)[On(x,z) 1\ Above(z,y)] => Above(x,y)} [3+2+5+10+5=25] 

Q2. The following logic circuit has four wires, W1, W2, W3, and W4. It has an "and gate," A, and an "inverter," B. The 

input wires, W1 and W2, can be either "on" or not. If the "and gate", A, is functioning properly (OK), wire W3 is "on" if 

and only if wires W1 and W2 both are "on." If the"inverter", B, is functioning properly (OK), wire W4 is "on" if and only if 

wire W3 is not "on." [5+7+7+5+6=30] 

(a) Use expressions like OK(A), ON(W1), and so on to describe the functioning of this circuit as defined above. 

(b) Using the formulas describing the functioning of the circuit, and assuming that all components are functioning 

properly and that wires W1 and. W2 are "on," use resolution to show that wire W4 is not "on." 

(c) Again, using the formulas describing the functioning of the circuit, and given that wires W1 and W2 are "on," but that 

wire W4 is also "on," use resolution to show that either the and gate or the inverter is not functioning properly. 

(d) Suppose we are testing the circuit and find that W1, W2, and W4 are "on." Describe a methodology, based on 

forward-chaining, that one might use to diagnose the possible faults in the circuit. 

(e) Describe three heuristic strategies to reduce time complexity of resolution refutation proof technique. 

Q3. Consider then-state MOP in the figure below. In staten there is just one action that collects a reward of +10, and 
terminates the episode. In all the other states there are two actions: float, which moves deterministically one step to the 
right, and reset, which deterministically goes back to state 1. There is a reward of +1 for a float and 0 for reset. Consider 
the infinite horizon discounted payoff with discount factor is r = ~-

(a) What is the optimal policy? 
(b)What is the optimal value of staten, V*(n)? 
(c) Compute the optimal value function, V*(k) for all k = 1, ... , n -1. 
(d) Mathematically define a Markov Decision Process (MDP). [5+5+5+5=20] 



Q4. Consider the following planning domain consisting of a robot pushing boxes between connected rooms. 
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We will represent this domain with the following symbols: 

• bl, b2 the two boxes; rl, r2, r3 the three rooms, dl, df the two doors. 

• open(X) - door X is open. 

• in(X,Y)- box X is in roomY. 

• robin(X) ~the robot is in room X. 

• join(X,Y,Z) - door X joins rooms Y and Z. 

(a) Give a STRIPS representation of the following actions. In all cases use the above symbols to specify sensible 

preconditions and effects for each of the actions. 

i. gothru(D,Rl,R2) the robot goes from room Rl to R2 via door D. 

ii. pushthru(B,Rl,R2,D) the robot,pushes box B from room Rl to R2 via door D. 

iii. close(D) the robot closes door D. 

iv. open(D) the robot opens door D. 

(b) Suppose the goal is to get both boxes in r3. The robot can only push one box at a time. Solve this problem (i.e. make 

a plan) using goal-regression. At each step, underline the sub-goal being achieved by the action selected. State the final 

sequence of actions derived. 

(c) Solve the problem using partial-order planning. Show the plan graph with all causal links (use solid arrows) and 

ordering constraints (use dashed arrows) properly annotated (including inputs/pre-conds and outputs/effects of each 

node). List alllinearization(s). [5+10+10=25] 

--------------- BEST WISHES -----------------


