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•We want to provide an explanation about why the plan is not exe-
cutable by pointing out what changes should be made to make the
plan executable. =⇒ Counter-factual explanations.
•When there exist multiple ways to make the plan executable, we want

the one with the minimal number of changes. =⇒ Solving an opti-
mization problem.

What if a plan is not executable?

A ¬pp B ¬fp

f A ¬pp C ¬pp

fsI = {p} g

Figure 1: An infeasible plan which can be made executable either via
changing the action A’s effects, or via changing B’s and C’s preconditions.
The former requires two changes. The latter needs four changes.

•Definition of FIX-ACTIONSk
X (X ⊆ {PREC,ADD,DEL} and |X| ≥ 1):

IGiven an action sequence and an integer k, we want to decide
whether there is a way to make the action sequence executable by
using at most k allowed changes specified by X.

I If PREC ∈ X, removing variables from actions’ preconditions is
allowed.

I If ADD ∈ X, adding variables to actions’ add lists is allowed.
I If DEL ∈ X, removing variables from actions’ delete lists is allowed.

Changing models in classical planning

• FIX-ACTIONSk
PREC and FIX-ACTIONSk

Del are in P (easy!).
• FIX-ACTIONSk

PREC,DEL is in P.
IReducing to the bipartite graph vertex cover problem.

FIX-ACTIONSk
X is in P when ADD /∈ X
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Figure 2: An example of transforming an action sequence into a bipartite
graph. An action in the left is connected to one in the right if the left action
deletes the variable f that is required by the right one.

• FIX-ACTIONSk
ADD is NP-complete.

IReducing from the set covering problem.
•For the remaining cases, we can reduce from the FIX-ACTIONSk

ADD

problem, see our paper for more details.

FIX-ACTIONSk
X is NP-complete when ADD ∈ X

S1 S2 e1 ¬ff S2 e2 ¬ff S3 e3 ¬ff

Figure 3: An action which encodes the set S = {
S1︷︸︸︷
{e1},

S2︷ ︸︸ ︷
{e1, e2},

S3︷︸︸︷
{e3}}.

Adding f to some action S’s add list is now equivalent to selecting the
respective action into the cover.

•A hierarchical approach of planning.
IA primitive task = An action.
IA compound task which can be decomposed into a sequence of

primitive and compound tasks called a task network by a method.
•An action sequence is a solution to an HTN planning problem if:
IThe given initial task network can be decomposed into it.
I It is executable in the initial state.

What is HTN planning?

• FIX-METHSX with X ⊆ {ADD,DEL} and |X| ≥ 1.
IGiven an HTN planning problem P and an action sequence tn, we

want to decide whether we can change the methods in P with the
operations specified by X so that tn is a solution to P .

I If ADD ∈ X, adding an action to a method is allowed.
I If DEL ∈ X, removing an action from a method is allowed.
• FIX-METHSX is NP-complete.
IReducing from the independent set problem.

Changing models in HTN planning

• FIX-SEQSX with X ⊆ {ADD,DEL} and |X| ≥ 1.
IGiven an HTN planning problem P , an action sequence tn, and a

method sequence m, we want to decide whether we can change
the method in m so that tn can be obtained from the initial task
network of P by applying m.

• FIX-SEQSX is NP-complete.

What if the task decomposition are given?

• FIX-METHSk
X and FIX-SEQSk

X.
IThe definitions are identical to that of FIX-METHSX and FIX-SEQSX

except that we demand that the number of changes is limited by an
integer k.

• FIX-METHSk
X and FIX-SEQSk

X are NP-complete.

Finding the minimal number of changes
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