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Exercise 7.1 (1+2+1+1 marks)

Consider the SAS+ planning task Π = ⟨V, I,O, γ⟩ with

• V = {x} ∪ {yi | 1 ≤ i ≤ 4} ∪ {z1, z2} with dom(x) = dom(yi) = {0, 1} for 1 ≤ i ≤ 4 and
dom(z1) = dom(z2) = {A,B,C};

• I = {x 7→ 0} ∪ {yi 7→ 0 | 1 ≤ i ≤ 4} ∪ {z1 7→ A, z2 7→ A};

• O = {oB , o′B , oC , o′C} ∪ {oi | 1 ≤ i ≤ 4} where

– oB = ⟨x = 0, x := 1 ∧ z1 := B, 2⟩,
– o′B = ⟨⊤, z2 := B, 1⟩,
– oC = ⟨x = 1 ∧ y2 = 1 ∧ z1 = B, z1 := C, 2⟩,
– o′C = ⟨y4 = 1 ∧ z2 = B, z2 := C, 3⟩,
– o1 = ⟨x = 0, y1 := 1, 1⟩, and
– oi = ⟨yi−1 = 1, yi := 1, i⟩ for 2 ≤ i ≤ 4; and

• γ = (z1 = C ∧ z2 = C).

Furthermore, consider the pattern collection C = {P1, P2, P3, P4} for Π where

P1 = {x, y1, z1},
P2 = {x, y2, z1},
P3 = {y1, y2, y3, y4}, and
P4 = {y1, y2, y4, z1, z2}.

(a) Provide the causal graph of Π.

(b) Derive a simplified pattern collection C′ from C. To do so, remove causally irrelevant vari-
ables, decompose causally disconnected patterns, and remove non-goal patterns as much as
possible.

(c) Construct the compatibility graph for your collection C′ from part (b) and determine all
maximal cliques.

(d) Use your insights from part (c) to provide the canonical heuristic hC
′
for your pattern

collection from part (b) and simplify it with the help of the dominated sum theorem.



Exercise 7.2 (0.5+0.5+0.5+0.5+1.5+1.5 marks)

In this exercise, you will prove the equivalence theorem for syntactic projections from the lecture:

Let Π = ⟨V, I,O, γ⟩ be a SAS+ planning task, and let P ⊆ V be a pattern for Π.
Then T (Π)πP ∼ T (Π|P ).

We refer to the components of the transition systems as T (Π)πP = ⟨Sabs, Labs, cabs, T abs, sabs0 , Sabs
⋆ ⟩

and T (Π|P ) = ⟨Ssyn, Lsyn, csyn, T syn, ssyn0 , Ssyn
⋆ ⟩.

For establishing that T (Π)πP ∼ T (Π|P ) we will use functions ϕ : Sabs → Ssyn and λ : Labs → Lsyn

defined by ϕ = id (i.e. ϕ(s) = s for all s ∈ Sabs) and λ(o) = o|P for o ∈ Labs.

The individual parts (except d) of the exercise will establish the different requirements from the
definition of isomorphic transition systems. Part (d) establishes an insight that helps proving
parts (e) and (f).

(a) Show that ϕ and λ are indeed bijections from their domain to their codomain.

Hint: Recall that two operators o1 and o2 can be distinct objects even if pre(o1) = pre(o2),
eff(o1) = eff(o2) and cost(o1) = cost(o2) (definition of operators, slide set B2).

(b) Show that ϕ(sabs0 ) = ssyn0 .

(c) Show that for all l ∈ Labs it holds that csyn(λ(l)) = cabs(l).

(d) Explain why for every formula ψ occurring as an operator precondition or goal condition in
Π it holds that ψ |= ψ|P .

(e) Show that s ∈ Sabs
⋆ iff ϕ(s) ∈ Ssyn

⋆ .

(f) Show that s
o−→ t ∈ T abs iff ϕ(s)

λ(o)−−−→ ϕ(t) ∈ T syn.
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directly. After creating your zip file and before submitting it, open the file and verify that
it complies with these requirements.

• Do not upload several versions to ADAM, i.e., if you need to resubmit, use the same file
name again so that the previous submission is overwritten.


