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Exercise 1. (4 points)

Prove the proposition (“The Monotonicity Relaxation”, slide 16) showing that any real
plan is also a relaxed plan. Tip: the proof goes by induction over the length of the action
sequence, and compares the state after executing the sequence 〈a1, . . . , ai〉 of real actions
to the state after executing the sequence 〈a+

1 , . . . , a+
i 〉 of the respective relaxed actions.

Exercise 2. (4 points)

Construct an example, i.e., an artificial example STRIPS task, where, for some fact p,
the value radd({p}) is updated twice during the computation of radd (“The Monotonicity
Relaxation”, slide 32). In your example, what is the (final) value of radd({p}), and what is
the value of r1({p})? Tip: in the example, there are different ways to achieve p; one appears
in an early iteration and has many preconditions; the other appears in a later iteration but
has fewer preconditions. Tip: there is an example that uses the fact set {p, q1, . . . , q10, x, y}.

1



Exercise 3. (3=0.5+2.5 points)

Consider a Towers-of-Hanoi problem with only two discs A and B, and two pegs Left and
Right. The facts are clear(A), clear(B), clear(Left), clear(Right), on(A, B), on(A, Left),
on(A, Right), on(B, Left), and on(B, Right). The initial state is I = {clear(A), on(A, B),
on(B, Left), clear(Right)}. The goal state is G = {on(A, B), on(B, Right)}. The actions
take the form move(x, from, to) =

({clear(x), on(x, from), clear(to)}, {on(x, to), clear(from)}, {on(x, from), clear(to)}).

The “smaller(x,from)” and “smaller(x,to)” constraints are encoded in the action set,
i.e., we have (only) the actions move(A, B, Left), move(A, B,Right), move(A, Left, B)
move(A, Left, Right), move(A, Right, B) move(A, Right, Left), move(B, Left, Right),
and move(B, Right, Left). Illustration:
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1. Build a relaxed planning graph for this task, i.e., write up the sets Ft and At until
the algorithm (“The Monotonicity Relaxation”, slide 36) terminates. Leave out the
NOOP actions. Use Ft in the write-up of Ft+1, and At in the write-up of At+1.

2. Extract a relaxed plan (“The Monotonicity Relaxation”, slide 39). Write up the
contents of the sets G0, . . . , Gmaxlevel, before the 2nd for-loop (t := maxlevel, . . . , 1)
starts, and at the end of every iteration of that loop; say what actions are selected
in each iteration. What is the value of hFF ?
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