
G52PAS Planning and search 2010-11 mock exam

Answer 4 out of 6 questions.

1. (a) Explain A∗ search algorithm (give pseudocode) (10 marks)

(b) What is an admissible heuristic? Give an example.(5 marks)

(c) What is a consistent heuristic? Give an example. (5 marks)

(d) Give an example of a search problem and an admissible heuristic
where a graph search using A∗ is not optimal (does not return the
best solution). (5 marks)

2. (a) Explain the difference between state-space search algorithms and lo-
cal search. What is the main reason for using local search? (5 marks)

(b) Explain hill climbing search (give pseudocode) (10 marks)

(c) Assume that the local search problem is to produce a natural number
which is greater than 41 and is divisible by 5. The only way to
generate successors is to add 1 or subtract 1 from the current state.
Design an objective function for this problem. (5 marks)

(d) Explain the problem of ‘getting trapped in local maxima’ on the
example from part (b) (an example of a ‘local plateau’ would do
as well). How does stochastic hill climbing attempts to solve this
problem? (5 marks)

3. (a) Express the following problem in propositional logic:

I want to invite some of the following people to a party:
Alice, Ben, Chris and Dave. If I invite Alice, I would also
have to invite Ben. I cannot invite Ben and Chris to the
same party. I want to invite at least three of them (this
condition you also need to express as a logical formula). (7
marks)

(b) Rewrite the formulas above in CNF (hint: the last condition, about
inviting at least three people, is a bit of a pain to rewrite to CNF if
you express it in the obvious way to begin with. It may be easier to
work with an equivalent condition, ‘I do not want to exclude any two
of them from the party’). (8 marks)

(c) Trace DPLL algorithm on the resulting set of clauses. Point out pure
symbols and unit clauses at each iteration. (10 marks)

4. (a) Explain goal-stack planning algorithm (10 marks)

(b) Explain regression planning (relevant states search) algorithm (10
marks)

(c) Trace regression planning on the Sussman anomaly example and ex-
plain what if anything is different from goal stack planning. (5 marks)

1



Recall that in the Sussman anomaly, the initial state is On(C, A) ∧
On(A, Table) ∧ On(B, Table) ∧ Clear(C) ∧ Clear(B), the goal is
On(A, B) ∧ On(B, C) ∧ On(C, Table), and assume that the action
schemas are:

Move(b, x, y):
Precond: On(b, x) ∧ Clear(b) ∧ Clear(y)
Effect: On(b, y) ∧ Clear(x) ∧ ¬On(b, x) ∧ ¬Clear(y)

Movetotable(b, x):
Precond: On(b, x) ∧ Clear(b)
Effect: On(b, Table) ∧ Clear(x) ∧ ¬On(b, x)

5. Situation calculus question. Assume fluents On(x, y, s) and Clear(x, s)
and actions Move(b, x, y) and Movetotable(b, x). Recall that in situa-
tion calculus we have a function Result(action, situation) which returns
a situation.

(a) Write possibility axiom (when is the action possible) for the Move(b, x, y)
and Movetotable(b, x) actions above. (6 marks)

(b) Write a successor state axiom for the fluent On(x, y, s). (5 marks)

(c) Write a successor state axiom for the fluent Clear(x, s). (5 marks)

(d) Formulate the following planning problem in situation calculus: in
the initial state, B is on A and A is on the Table and B is clear.
What sequence of two actions will achieve the goal of A being on top
of B? (9 marks)

6. (a) Explain partial order planning (give pseudocode) (10 marks)

(b) Assume planning domain definition from question 4, and the follow-
ing planning problem: the initial state is On(B, A) ∧ On(D,C) ∧
Clear(B) ∧ Clear(D) ∧ On(A, Table) ∧ On(C, Table). The goal is
On(A, B) ∧ On(C, D) ∧ On(B, Table) ∧ On(D,Table). Solve this
problem using partial order planning; trace the search from the ini-
tial empty plan to a complete solution, explaining every step. (10
marks)

(c) POP searches through the plan space, while forward and backward
planning algorithms search through the state space. Explain how
forward and backward planning can also be presented as searching
through the plan space, and what the plan refinement operators are
in each case. (5 marks)
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