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Abstract

Engineering automated planning domains is a meticulous and
time-consuming process. In recent years, much attention has
been given to techniques assisting domain designers in both
writing new domains and ensuring their correctness.

This paper addresses the problem of repairing a flawed plan-
ning domain to comply with a given example problem and
plan. The goal is to suggest a minimal set of repairs, which
can either be the removal of a condition or effect, or the addi-
tion of a new effect in some of the domain’s action schemas.
The cases of fully specified (ground) and partially specified
(lifted) plans, whose actions’ parameters can be variables, are
handled separately in previous approaches. We introduce an
alternative method that covers both ground and lifted cases
in a unified way by repurposing an existing encoding of plan-
ning as constraint satisfaction. Despite its simplicity, we show
the approach to be competitive with the ground case baseline
solver and substantially outperforming the lifted one.

Introduction

Automated planning is a branch of artificial intelligence
studying action plans that achieve specific goals within a
set of given constraints. The formal models used by auto-
mated planning systems are often complex to design and
verify, as their engineering process is prone to errors and
usually requires input from both planning and domain ex-
perts. As such, providing modeling support and debugging
assistance to users is essential for making planning tools and
techniques more accessible.

Model repair, as defined by Bercher, Sreedharan, and Val-
lati (2025), refers to the process of refining a model to meet
a given set of constraints, in contrast to model acquisition,
which focuses on embedding it with existing domain knowl-
edge. In this paper, we focus on domain repair: a restricted
form of model repair dealing with the part of a planning
model typically known as its domain. It specifies the ac-
tions available to solve a planning problem, by describing
the conditions under which they can be executed (precondi-
tions) and the changes to the world state that result from their
execution (effects). Domain repair is not concerned with a
planning problem’s initial state (which specifies the avail-
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able objects and the facts known to be true or false before
plan execution) nor its goal state.

Specifically, the domain repair setting we consider fea-
tures a whitelist (or positive) test plan (or witness plan)
that the user knows to be a correct solution even though it
is rejected by their current, flawed, planning domain (Lin,
Grastien, and Bercher 2023). The objective then is to suggest
corrections or repairs to the domain —i.e. changes (additions
or removals) of action preconditions and effects — so that it
accepts this plan as solution. This plan can be both ground
(meaning all its actions’ parameters are fixed) or lifted. In
the latter case, the plan is partially specified with placeholder
variables in the actions’ parameters, and the repairs must en-
sure at least one grounding of the plan is accepted (Bavand-
pour et al. 2025). The motivation is to allow users to focus
only on the critical parts of their test plan.

Clearly, not all repairs are equally desirable and one
would certainly not agree to a set of repairs that would
blindly remove all preconditions of the actions, meaning that
the selected repairs should be optimised with respect to some
preference metric. Like previous work, we consider as a met-
ric the number of selected repairs, which would minimize
the number of changes made to the original domain.

It is also worth noting that the task of domain repair with
a whitelist plan is closely related to that of explaining this
plan’s invalidity (in the flawed domain), but still different
from it. Indeed, it might be sufficient to address the latter
by pointing to one of the falsified preconditions in the plan.
This suggests the domain could be repaired by changing that
precondition or by adding an effect that could support it, but
does not directly compute nor select such repairs.

In this paper, we address the domain repair problem
with a ground or lifted whitelist test plan by leveraging the
constraint-based planning encoding of Bit-Monnot (2018) to
compute cardinality-minimal repair sets, in the form of min-
imal correction subsets (MCS) of preconditions or effects to
remove, or effects to remove/add. We experimentally com-
pare the performance of our approach with the most recent
baselines — for the ground case (Lin, Grastien, and Bercher
2023) and for the lifted one (Bavandpour et al. 2025) — and
show our approach to be competitive with the former, while
substantially outperforming the latter. Other benefits include
the unification of the ground and lifted settings, as well as its
extensibility potential.



Related Work

The domain repair setting considered in this paper is first
addressed by Lin, Grastien, and Bercher (2023) for one or
multiple ground whitelist plans, with repair sets composed
of atomic repairs (precondition removals, effect removal-
s/additions). Their formalism and algorithms are inspired by
model-based diagnosis and (minimal) hitting set duality of
conflicts and diagnoses. A minimal repair set is framed as
a minimal diagnosis, obtained after repeatedly taking candi-
date minimal hitting sets for the currently known conflicts,
and then computing new conflicts nonintersecting the pre-
viously considered minimal hitting set, until the repairs in
a new candidate hitting set result in the whitelist plan being
accepted as solution (i.e. correspond to a minimal repair set).

Domain repair for totally ordered HTN domains with one
ground whitelist plan was addressed by Lin, Holler, and
Bercher (2024). The investigated domain flaws are not re-
strictive preconditions and restrictive/missing effects — they
can be dealt with as in non-hierarchical domains — but miss-
ing primitive actions in tasks’ (i.e. compound actions’) de-
composition methods.

Lin et al. (2025) extend the approach of Lin, Grastien, and
Bercher (2023) to take into account one or multiple ground
blacklist (or negative) plans in addition to ground whitelist
plans. This requires an additional type of atomic repair (pre-
condition addition). A blacklist plan is a valid solution for
the flawed domain but is known by the user to be incorrect
(starting from a specific action) and must be disallowed in
the repaired domain.

More recently, the case of one lifted whitelist plan was
addressed by Bavandpour et al. (2025), which is the closest
work to ours. Their approach and implementation exploits
the previous algorithm for the ground case (Lin, Grastien,
and Bercher 2023). The domain must be repaired such that
there exists a grounding of the whitelist plan that is a solu-
tion under the repaired domain. They propose a search al-
gorithm where nodes store a ground prefix of the whitelist
plan and a (ground) repair set such that the repaired domain
accepts that prefix. The algorithm terminates when a node’s
prefix grows to a full plan meeting the goal state. The final
result is obtained by lifting the ground repair set in that node.

However, it should be mentioned this is not the only pos-
sible aim. Indeed, Gigante et al. (2025) use an LTL spec-
ification rather than a whitelist plan — and allow repairs to
the initial state in addition to the domain — where one of the
considered cases is when all valid solutions of the planning
problem are required to comply with the LTL ; specification.

The setting considered by Welt et al. (2025) features an
unsolvable problem (and therefore no test plans). They com-
pute repairs to both the domain and initial state, whose ap-
plication renders the problem satisfiable. A similar setting
is addressed by Gragera et al. (2023), with the addition of
missing effects being the focus of repairs. To compute these,
they compile the domain repair problem into a new planning
problem with an extended type hierarchy and action defini-
tion. Their method was subsequently extended by Gragera
and Muise (2024) to account for multiple unsolvable prob-
lems.
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Formal Problem Statement

In this section, we formalize the domain repair problem after
some preliminary definitions.

Lifted Planning Problem

We define a lifted classical planning problem as a tuple
I = (P,A 0,s!, s%) where (P, A) is its domain. P is a
set of predicates P = pred(x1|m1,- .., Xn|Tn) where pred is
a predicate name and y; are parameters of type 7;. O is a set
of objects, each associated to a type. We denote as O, C O
the set of objects of type 7.

A fact f = pred(a, ..., a,) = o¢(P) is obtained by ap-
plying a substitution o¢ to P, which replaces its parameters
with arguments «; of type 7;. Each argument «; is either an
object in O, or a variable whose allowed values must be
within O, A fact f is ground when all «; are constants (in
which case it may be denoted f) and lifted otherwise.

We denote as €2 the set of all ground facts. A state s C )
is a set of facts that are true at a given point in time.

A is the set of action schemas A = act(x1|T1, .-, Xn|Tn)
available in the domain, where act is an action name and
X; are parameters of type 7;. An action schema A is de-
fined with its positive (negative) preconditions cond™(A)
(cond (A)) as well as its positive (negative) effects eff "(A)
(eff (A)). These are sets of lifted facts, in which the argu-
ments of predicates are parameters of the action schema.

An action a = act(ay,...,an) = oa(A) is obtained
by applying a substitution o, to A, which replaces its pa-
rameters x; with arguments «; of type 7;. This substitution
is apglied to obtain the conditions and effects of a, e.g.,
cond*(a) = { oa(f) | £ € cond™(A) }.

An action a is said to be ground when all its arguments
are objects — in which case it may be denoted a — which
implies that all facts appearing in its conditions and effects
are ground as well. Otherwise, if at least one of its arguments
is a variable, an action is said to be lifted. A ground action
a is applicable in a state s if cond™(a) C s and cond (a) N
s = (). Its application in a state s yields a new state a(s) =
(s \ eff (a) Ueff(a).

Finally, the problem definition contains an initial state
sI C Q and a goal state s© C () that respectively denote
ground facts that are initially true and those that are required
to hold at the end of the plan.

A plan forII = (P, A, O, s, 5) is a sequence of ground
actions 7 =[ay, . . ., a,]. A plan is associated with its frace:
the sequence of states [s1, s2, - - - , S,+1] Where 57 = s’ and
Si+1 = ai(s;) (Vi € [1,n]). The plan 7 is a solution to IT if
each action a; is applicable in s; and the goals hold in the
final state (s© C s,,41).

Domain Repair

The domain repair problem assumes one is given a flawed
planning problem IT = (P, A, O, s, s%) and a test plan that
is known to be a solution to the true planning problem but is
not a solution to IT (Lin, Grastien, and Bercher 2023). The
objective is thus to determine a new set of actions schemas
A’ such that 7 is a solution to Il = (P, A’, O, s, 5%). Ob-
viously, there may be many such actions schemas, some of



which may drastically depart from the original domain defi-
nition. Lin, Grastien, and Bercher (2023) thus further require
that the new action schemas A’ be obtained by a minimal set
of transformations (repairs) of the original one 4.

Atomic Repairs Given a domain (P,.A), a repair is of
the form [A, f, ¢, op] where A € A is the action schema it
applies to, f is a fluent, ¢ € { eff",eff ,cond™,cond™ }
denotes the component the repair operates on and op €
{ add, rm } denotes whether the fluent is added or removed.

Possible Repairs The set of Ry of possible repairs asso-
ciated to a planning domain IT = (P, A) is the set of atomic
repair composed of:

* a repair [A,f,c,rm] for each action A € A, ¢ €
{eff",eff ,cond™ cond™ },f € c(A), denoting the re-
moval of any effect or condition from any action schema,

» repairs [A, f, eff", add] and [A,f,eff,add] where for
each A € A, and lifted fact f whose arguments are ap-
propriately typed parameters of A

Note that, as in the original definition of Lin, Grastien, and
Bercher (2023), repairs do not consider the possibility of
adding conditions to actions, as those can never contribute
to turning the test plan into a solution.

Repair Set A repair set A C Ry is a subset of the pos-
sible atomic repairs. Applying it to a set of actions schema
A, yields a new set A" = A(A) where each schema A € A
is mapped to a new schema A’ with updated conditions and
effects:

cond™(A") = cond™(A) \ { f | [A, £, cond™,rm] € A}

eff(A") = eff (A)\ { £ | [A.f,eff", rm] € A}
U{f|[Af eff",add] € A}

Applying a repair set A to a planning problem II yields a
new planning problem II' = A(II) in which the actions
schemas are substituted by their repaired versions (A =

A(An)).

Definition 1 (Ground Domain Repair Problem (Bavandpour
et al. 2025)). A ground domain repair problem is a pair
(I, 7) where Il is a planning problem and = is ground plan.
Its solution is a repair set A € Ryy such that 7 is a solution
to A(TI).

Definition 2 (Lifted Domain Repair Problem (Bavandpour
etal. 2025)). A lifted domain repair problem is a pair (I1,~)
where 11 is a planning problem and +y is a lifted plan, i.e., a
sequence of lifted actions [ay, . .., ay). Its solution is a re-
pair set A € Ryy such that there exists a ground instantia-
tion T of v that is a solution to A(II).

As in previous work, we are interested in finding the
smallest repair set that is a solution to the domain repair
problem.

Approach

In this section, we present our approach to solve the ground
and lifted domain repair problems. We start by introduc-
ing an existing approach for encoding planning problems as
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constraint satisfaction problems, as well as an assumption
under which its semantics aligns with the one of classical
planning presented earlier.

We then show how to repurpose this approach, first to de-
cide plan validity and then to solve the ground and lifted
domain repair problems.

Well-formedness Assumption

Let us start with an initial assumption regarding the structure
of actions. The following defines as ill-structured a ground
action a whose instantiation from its action schema A yields
multiple delete or add effects of the same ground fact.

Definition 3 (Ill-defined action). Given an action schema
A, a ground action a = 0,(A) is ill-defined if either: (i)
efff(A) Neff (A) # 0, or (ii) there exist two lifted fluents £,
and £y in eff {(A) Ueff (A), such that f; # fa and o, (f1) =
oa(f2)

As an example of an ill-defined action consider an ac-
tion schema move(?0, 7d) with positive effect at(?d) and
negative effect at(?0). The action move(ly, ;) would be ill-
defined as it both adds and deletes the fact at(ly). It would
similarly be ill-defined if the move action schema had both
at(?0) and at(?d) appearing in the positive/negative effects.

For the remainder of this section, we will assume that an
ill-defined action is not applicable, which is in general a rea-
sonable thing to assume and greatly simplifies the presenta-
tion of the approach. In the next section, we will present
a pre-processing step that allows relaxing this assumption
when the strict set-based semantics are desirable.

Preliminaries: Planning as Timetabling

As a preliminary, we introduce the representation of Bit-
Monnot (2018) of bounded planning problems. In a nutshell,
from a finite set of possible (lifted) actions, the author pro-
pose to represent the associated planning problem as a set of
effect tokens, capturing all state changes that may occur and
a set of condition tokens capturing all requirements that may
be placed on the state trajectory.

The state trajectory is considered over a sequence of time
instants T' = [0, €, 2¢, 3¢, . .., H|, where 0 denotes the tem-
poral origin, € is a fixed time-discretization step and H is the
temporal horizon. Given an instant ¢ € 7', we denote as s;
the state at that instant ¢.

An effect token ¢; is of the form (p; : [t;] f; « v;) where
p; is a boolean variable, indicating whether the effect is ac-
tive, t; € T is the instant at which the effect applies, fj is
a fact that may be ground or lifted, v; is the value asserted
by the effect. For classical planning, v; would be either the
constant true (T) or false (L), respectively denoting that the
fact will be present or absent in the next state.

A ground effect token, (p: [t] f < T) states that when
p is true (the effect is active) then f will be true at the next
instant (f € s;4¢). Similarly, a ground token (p:[t] f « L)
states that, if p is true, then f will not hold at the next instant
(f & Stte)-

A condition token c; is of the form (p; : [t;] fj = v;)
where p; is a boolean variable denoting whether the condi-
tion is active, ¢; € T is the instant at which the condition is



required to hold, f; denotes the (lifted) fact that the condition
refers to, and v; is the required value associated to the fact.

A ground condition token (p:[t] f = T) states that, when
p is true (the condition is active), f is required to hold at
instant ¢ (p = f € s;). A ground condition token (p:[t] f =
1) states that, when p is true, the fact f should be false at
the instant ¢ (p = f & s¢).

In the original work, focused on temporal plan generation,
condition and effect tokens would be generated for each po-
tential action and their activity tied to the presence of this
action in the plan. The author describes a decision procedure
to determine whether such sets of token is satisfiable which
would imply plan existence. Here, we present this procedure
for the classical planning context considered in this paper.

Given a set Fg of effect tokens and a set C'y of condi-
tion token, we refer to ¥ = (Fy, C'y) as a timetable prob-
lem (timetable for short). The intuition behind this name is
that each effect token would affect a fact at a given point in
time, providing a time-indexed view of events for which one
should ensure that all active conditions tokens are satisfied.

Satisfiability Consider a timetable ¥ = (Eg,Cy). First
note that it contains variables that appear within a token’s
fluent or as its activity.! Let Vi be the set of all such vari-
ables. To determine whether a timetable is satisfiable, we
are essentially interested in determining whether there is an
instantiation of these variables such that the timetable is co-
herent and all conditions are supported.

To define these notions of coherence and support, Bit-
Monnot (2018) introduce for each effect e; € FEy an ad-
ditional mutex variable m; whose initial domain is the set of
all possible instants (77). The purpose of this variable is to
ensure that the value established by e; persists at least until
m;, effectively enforcing a mutex period (¢;, m;] on the fact
f; it modifies. We denote My the set of all mutex variables.

We say that an effect e; € E supports a condition c;,
noted supports(e;, c;), iff:

pi/\pj/\ti<tjSmi/\fi:fj/\vi:vj (1)
which requires that both the condition and the effect be ac-
tive (p; Ap; ), that the effect precedes the condition (¢; < t;),
persists at least until the condition (t; < m;) and establishes
or deletes the fact required by the condition (f; = f; A v; =
v;). Here f; = fj is a shorthand notation to say that they are
piecewise equal, i.e. that they share the same predicate name
and arguments:

fi = f; & pred; = pred; A /\ozi.€ =ak
k

where af denotes the k" argument of f;.

We say that two effects e; and e; (with ¢ # j) are coher-
ent, noted coherent(e;, e;), iff they never affect the same
fact at the same time:

ﬂpi\/—'pj\/tigmj\/tjgmj\/fi;éf} (2)
which is true when either: one of the effect is inactive (—p; V

—p;), their activity periods do not overlap (t; < m; Vt; <
m;) or when they do not refer to the same fact (f; # f;).

!The original work also allowed variables in tokens’ timepoints
(time instants) and values, which is not considered in this paper.
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Definition 4. A timetable problem V = (Ey, Cy) is satisfi-
able iff there is an assignment to all its variables such that:

1. for each condition c; € C, there exist an effect e; € E
that supports it,

2. any two distinct effects e;, e; € E?, are coherent, and

3. each active effect e; € E, has a non-empty activity pe-
riod (—p; V t; < m;).

In the following sections, we show how this decision
problem can be used to decide (i) plan validity, (ii) ground
domain repair and (iii) lifted domain repair.

Plan Validation

As a first step, let us show how one can determine plan va-
lidity by encoding it as a timetable problem. This will be
helpful in establishing the fundamentals of the approach and
constitute an interesting special case of the original method
where the set of actions is fixed, with constant parameters
and execution time.

We consider a planning problem II, along with a (ground)
plan 7 = [aq, ..., a,)].

We define a set of initial effect tokens Ej, with one pos-
itive effect for each fact f true in the initial state and one
negative effect for any other fact. These effects are placed at
time 0, which by convention denotes the temporal origin.

Er={(T:[0] f« T)|fes"} 3)
U{(T:[0] f+ L) | fe\s"} 4)

We define a set C of goal conditions tokens, that require
each goal fact to hold at the temporal horizon H = n + 1.

Co={(T:In+1]f=T)|fes} (5)

For each action a; in the plan, we define a set of effects
E,, and conditions C,, tokens. Given A € A, the action
schema from which the action is instantiated (a; = 04,(4)),
the tokens are obtained by substituting the parameters of A
by the arguments of a; in the positive/negative conditions
and effects of the schema. The tokens are placed at the time
instant ¢ corresponding to the index of the action in the plan.

Eq, = {(T:[i] 00(f) < T) | £ € efff(A) } (©6)
UL (T:[i] oo (f) <~ L) [feef (A)} (D
C,, ={(T:[i]oa,(f) =T) | f €cond™(A)} (8)
U{(T:[i]oa,(f)=1L) |f €cond (A)} (9)

Let ¥ = (E,C) where £ = E; U, E,, and C =
Cq U Y, Cy,, the timetable aggregating conditions and ef-
fects from the initial state, the goals and the actions.

Proposition 1. V is satisfiable if and only if 7 is a solution
to 11 with no ill-defined actions.

Proof. We first establish that satisfiability implies well-
formedness. Assume the opposite, i.e. that the plan con-
tains an ill-formed action a;. Then equations eqs. (6) and (7)
would generate two always active effects tokens at instant ¢
and an identical fact, which would not fulfill the coherence
requirement, making the problem unsatisfiable.



Assume now that W is satisfied for an assignment I' to
the mutex variables. For each condition c;, the support con-
straint ensures that there is at least one effect e; prior to t;
whose mutex time m; is at or after ¢; (f; < m;) and that es-
tablishes the desired fact f (or its negation). The coherence
constraint ensures that there is no other effect on f in (¢;, ¢;].
Thus the fact f established at ¢; + 1 still holds at ¢;.

Assuming the plan is valid and well-formed. Then any ac-
tion or goal condition must have an enabler effect (initial or
from an action). The support requirements would be trivially
satisfied by assigning each mutex m,; to the maximum of all
t; for which e; enables the condition ¢; (or ¢; 4 1 if there is
no such condition). Well-formedness ensures that all effects
are coherent, which otherwise could only be invalidated by
effects of the same action. O

Ground Repairs

We now turn our attention to the ground repair problem
(II, 7) where m = [ai,...,ay] is a ground test plan. The
key idea will be to provide conditions and effect tokens
whose activity is tied to their selection or deactivation by
the repairs. For each atomic repair » € Ry, we introduce a
boolean variable 4, that will be true iff the repair appears in
the solution.

First, we introduce a notation that ties each potential con-
dition and effect to the atomic repair that may enable or dis-
able it. Given an action schema A, we define:

—

* cond*(A) as the set of (r, f) pairs where f € cond™(A)
is a positive/negative condition of A and r is the atomic
repair that would remove it.

* eff(A) as the set of (r, f) pairs where f € eff(A) is a
positive/negative effect of A and r is the atomic repair
that would remove it.

* eff,q(A) as the set of (r, f) pairs where 7 is the atomic re-
pair that adds the fluent £ to the positive/negative effects
of A.

In the context of a domain repair problem, we define as
E;°P the effect tokens associated to an action instance a; €
m, w1th their act1v1ty conditioned by the application 4, of the
corresponding repair 7, either for removal or addition.

B = { (~0,:]i] 0ulf) « T) | (r,£) € eff(A) } (10)

U (~00:[i] 0a(f) — 1) | (r,6) € eff (A) } (11)
UL (0r:[i] 0alf) « T) | () € efThdA) } (12)
UL (0r:1i] 0alf) « L) | (1) € effad A} (13)

Similarly, the conditions tokens of the action are redefined
as C P to capture the fact that each condition is active only
when the corresponding repair of removing the condition
from the action schema is not applied.

Co? = {(=6,:[i]

—

oo (f) = T)| (r,f) € cond(A)} (14)

U {(=6,:[i] oa,(F) = L) | (r,£) € coﬁ A)} (15)
Let U = (E"?,C"°P) where E™? = Ey U, E;P

and C"P = Cg U, C7¢P.
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Proposition 2. If V" has a satisfying assignment T, then
A={r|TkFé }is valid repair set.

Proof. First, notice that an effect or condition token whose
activity variable is assigned to L plays no role in the deci-
sion problem: being inactive, such a condition would always
be supported and an effect always coherent. Assigning its
activity to L is thus equivalent to removing it from the set of
effects or conditions. Replacing each §,. variable in \I'Tep by
its value in I" thus creates a timetable problem that is equl-
satisfiable to the one of deciding whether the plan is valid for
A(II). T provides a satisfying assignment for this problem,
in which only the mutex variables remain. O

Lifted Case Repairs

For lifted repairs, the only difference is that the lifted test
plan v = [a1,...,a,] is now composed of lifted actions. It
thus contains a finite set of variables x;, each with a type 7;
defining its domain O,.

While this does not require any change to the prior defi-
nitions that were agnostic to the presence of variables, let us
discuss the consequences. First, the codomain of the action
substitutions oy, is now composed of both domain objects
and plan variables. As a result, plan variables will appear in
the now lifted facts of the effect and condition tokens F; 77
and C7P.

A satisfying assignment to Wy? = (E"?,C"°P) would
assign (i) the plan variables appearing in the tokens, (ii) the
repair application variables, and (iii) the assignment to mu-
tex variables.

Proposition 3. Given a lifted domain repair problem (11, )
where vy is a lifted plan. If Wyi* has a satisfying assignment

T, then A={r|TFé, }is valzd repair set.

Proof. Let m be the ground plan obtained by replacing all
plan variables in 7y by their value in I'. Replacing all plan
variables in P” by their assignment in T' results in a
timetable problem identical to Wi, the one of the ground

repair problem (II, 7). I' provides a satisfying assignment
for this problem. O

Constraint Encoding and Solving

In this section, we provide an encoding of the satisfaction of
a timetable (E, C) into a constraint satisfaction problem.

Constraint Satisfaction Problem

Figure 1 provides this encoding in a conjunctive normal
form (CNF), assuming finite integer domain. The variables
of the CSP match closely the ones from the previous section,
with m; variables being the mutex variables associated with
each effect, the d,. variables encoding whether the  atomic
repair is used, and variables z; representing the variables
in the lifted plan (if any). All variables have an integer do-
main, with the special case of the boolean variables where
the values O and 1 respectively represent L and T. Each ob-
ject o € O is associated to a unique integer value, such that
dom(0O;) is a set of integer values representing the objects
of type 7. Each additional variable s;; is a boolean variable



Variables m; € [t; + €, H| Ve, € B
5 €10,1] Y repair r € Ry
xi € O V variable x; with type 7; in the lifted plan
sij €0,1] V condition ¢; € C and effecte; € E
Constraints  —p; V'V, cp 5ij Ve, e C
7Sij V Dj Ve; € Coej € E
—sij Vi <t Ve, € Ciej €E
Tsig Vit < mj Ve, € Coej €FE
—si V=1 Ve;€Cej €E
-84 VU = v Ve,elCiej € E
—pi V-pj Vm; <t;Vm; <t;VE #£f; Vdistincte;,e; € E?
Objective minimize ¥,cry 0y

Figure 1: Constraint satisfaction problem for deciding the satisfiability of a timetable ¥ = (FE,C). Variables are defined in

terms of the original domain repair problem.

representing whether a condition ¢; € C'is supported by the
effecte; € I.

In our domain repair problem, each activity variable (p;)
is assigned to either T, L, a repair variable , or its negation.
Each time instant variable (¢;) is assigned to a constant inte-
ger denoting, the temporal origin, a plan step or the horizon.
And each value (v;) is assigned to either T or L. A fact f;
is a term pred,(al,. .., ) where pred, is the name of the
predicate and associated to its n arguments. Each argument
¥ is either an integer constant associated to an object, or a
plan variable.

Constraints are defined in terms of the token of the
timetable (E,C). The first constraint ensures that at least
one effect is selected as a support (definition 4.1) and the fol-
lowing five ensure the requirement for a support hold when-
ever it is selected (eq. (1)). The last one enforces the coher-
ence requirement.

Recalling that a fact f; is of the form pred;(a},...,al),
the expression f; = f; would be simplified to L if pred; #
pred; and otherwise expanded to A, of = aF. Likewise,
f; # f; would be extended to a disjunction of unequality
constraints.

Encoding Properties

The encoding uses O(|C| x | E/|) variables, dominated by the
support variables. It introduces in the order of O(|C| x |E|+
|E|?) constraints, each as a disjunction of boolean variables
or (in)equality expressions. The integration of an inequality
expression into the disjunction may in turn introduce new
variables reifying it, depending on the combinatorial solver.

Note that each of the inequalities are of the form x < y,
where = and y can be either a constant or an integer vari-
able, which is a term in integer difference logic (IDL, Ar-
mando et al. 2005). Assuming the equalities are expanded to
inequalities, the formula could thus be solved with an SMT
solver with IDL (De Moura and Bjgrner 2008), which is
the setting used in the original work of Bit-Monnot (2018).
In such SMT solvers, any difference expression involving
at least one variable would be reified into a new boolean
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variable visible by the internal solver. Instead, scheduling-
oriented CP solvers with lazy clause generation such as
Tempo (Hebrard 2025) or Aries (Bit-Monnot 2023) would
natively support the integration of bound expressions into
disjunctive constraints. As a result they would only reify
difference logic expressions involving two variables, which
in our model may only occur between plan variables in the
lifted domain repair. In our implementation, we use the Aries
CP solver (Bit-Monnot 2023), which was previously used
for similar encodings (Bit-Monnot and Godet 2025).

Objective & Search

The objective is to minimize the size of the repair set, en-
coded as simple linear sum. As a result an optimal solution
is a smallest repair set, matching the optimality requirement
of Lin, Grastien, and Bercher (2023). As in their work, we
do not consider weights for the repair, but they could be in-
tegrated into the objective to capture a priori preferences.

Search can be performed by regular branch-and-bound
which is available in any CP solver. For this problem,
where the objective is expected to be very low, we instead
use a simple assume-and-relax strategy in which the ob-
jective value is iteratively upper-bounded by a sequence
[0,1,...,|Rnml|]. As a result, plan validity is first checked
(0 repairs allowed), then a single repair is allowed, etc. The
next step is triggered when the solver proves unsatisfiability
for the bound and the iteration proceeds until a satisfiable
formula is found.

Another option worth mentioning would be to use search
algorithms for maximum satisfiability that rely on unsat-
isfiable core extraction (Morgado, Dodaro, and Marques-
Silva 2014; Gange et al. 2020). Much like, the algorithm for
ground domain repair of Lin, Grastien, and Bercher (2023),
these exploit a hitting set of the unsatisfiable cores to guide
the search.

Relaxing Well-Formedness Assumption

At last, let us discuss how our well-formedness assumption
can be relaxed to align with the usual semantics of classical
planning, as notably found in PDDL.



The classical planning semantics define a successor state
of a ground action « in state s as a(s) = (s \ ¢ff (a)) U
eff (). This has two problematic implications. First, the fact
that eﬁi(a) are sets, means that they contain no duplicates.
This is very easy to verify when given a ground action, but
when given a lifted action, it means that the number of ef-
fects (size of the set) may depend on the instantiation of its
variables, which will only be determined during search. Sec-
ond, any negative effect may be overridden by a positive ef-
fect on the same fact.

We tackle this issue with a simple preprocessing step on
the set of effect tokens E, (or equivalently E7°P) associated
to an action a in the test plan. An effect e; € E, is rewritten
with a new activity variable pj that is constrained to be true
iff the original token was active (p;) and there is no other
effect overriding it:

P < pi A /\ —overrides(ej, e;)

ejEEa
p]/\fz:f]/\j<l ifvi:vj
overrides(ej,e;) = S p; ANf; =1 if v; A,
1 if e N\ v;

where an effect e; overrides e; if it is active (p;), they refer
to the same fact (f; = £;), and either (i) they are both positive
or both negative and e; appears earlier in F, (j < %), or (ii)
e; is positive and e; is negative.

This simple reformulation would ensure that for each ac-
tion, at most one effect token is active for each ground fact,
aligning it with the set semantics of classical planning while
retaining the compatibility with the coherence requirements
of the timetable problem.

Experiments

Our baseline for the experimental evaluation of our approach
is (Lin, Grastien, and Bercher 2023) for the ground repair
problem and (Bavandpour et al. 2025) for the lifted one.
All experiments were run with 3.5 GB RAM using Intel E5-
2695 CPUs restricted to one core. All resources for the ex-
periments and additional material are available online.?

Benchmarks

The original benchmarks for the ground repair problem were
created by Lin, Grastien, and Bercher (2023) on top of the
fast downward problem suite. The flawed domains are ob-
tained by introducing one error (precondition or effect addi-
tion, or effect removal) in a fraction (0.1, 0.3, and 0.5) of the
(correct) reference domains’ action schemas. Each flawed
domain is paired with a ground whitelist plan (together with
initial and goal states) accepted by the reference domain.
We use the same set of benchmarks for our evaluation,
only excluding those where the plan is not a valid test plan
(not generated for the problem) or that fail to parse (due to an
equality in the effect of an action). In total, 4655 instances
are included in our benchmarks for the ground case, with

*https://github.com/plaans/resources-icaps-26-domrep
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Planner result Solved (optimal) Timeout
Baseline 4623 32 (0.68%)
Aries 4648 7 (0.15%)
Number of instances 4655 4655

Table 1: Number of ground repair problems solved in 60s.
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Figure 2: Runtimes of solved ground repair problems.

1499 being satisfiable (i.e. requiring no repairs), 2991 re-
quiring 1 to 3 repairs, and 167 instances requiring 4 or more.

For the lifted repair problem, we use the same flawed do-
mains and generate lifted whitelist plans by lifting a frac-
tion (0.33, 0.66, and 1.00) of each action’s arguments in
the ground whitelist plans, based on the implementation of
Bavandpour et al. (2025). Reproducing their experimental
setting, we only consider plans of length up to 15, leaving
441 instances for each considered lifted arguments fraction
(0.33, 0.66, and 1.00) and a total of 1323. Out of these 440
instances, 207 are satisfiable, 228 require 1-2 repairs, 4 re-
quire 3 repairs, and 1 requires 5.

One of the limitations of (Bavandpour et al. 2025) is that
they interpret each lifted argument as a new independent
plan variable (even if it shares its name with another one
in the plan specification). This means a lifted argument ap-
pearing multiple times in the lifted plan is allowed to be
grounded differently in each occurrence, as each of them
effectively corresponds to a different variable. To ensure a
fair comparison, we used a modified parser in the reported
experiments that deduplicates all variables, so that they are
seen as independent by the solver.

Results

A first observation is that our method agrees with the base-
line on the size of the optimal repair set. Without the pre-
processing to align the formalism with the set-based seman-
tics of PDDL, our method would occasionally require one or
two additional repairs to remove duplicated or inconsistent
effects in the action schema.



Lifted Arguments Proportion 0.33 0.66 1.00
Baseline (UCS, Exhaustive) | 275 197 102
Baseline (UCS, RelaxPre) 288 287 202
Aries 440 440 437
Number of instances 440 440 440

Table 2: Number of lifted repair problems solved in 900s.

Ground Repair As shown in Table 1, an optimal ground
repair is found within 60 seconds for more than 99% of in-
stances by both the baseline and our approach. Our method
however tends to more reliably solve the problems with only
7 timeouts compared to 32 for the baseline. This advantage
is counter-balanced by a generally larger solving time (in
88% of instances) which can be observed in Figure 2. De-
spite that, the large majority of problems (95%) is solved in
less than one second. It should be noted that our method does
not treat ground problems any differently from the lifted
ones, leaving many software optimizations on the table.

Lifted Repair Table 2 and Figure 3 depict the number of
lifted repair problem instances solved within 900 seconds
using our approach and two variants of the baseline method.
Blind search (UCS — Uniform Cost Search) is used for both
variants of the baseline as it is shown to perform the best
in (Bavandpour et al. 2025). The Exhaust configuration of
the baseline method corresponds to a complete, exhaustive
exploration of the repair sets (equivalent to ours). On the
other hand, RelaxPre is a faster but incomplete configura-
tion, effective when there are missing positive preconditions
and a small total number of possible predicate groundings.
The results clearly show our approach significantly outper-
forms not only the complete Exhaust configuration, but also
the faster but incomplete RelaxPre configuration.

It should also be mentioned that our approach scales well
with plan length as it remains performant for plans longer
than 15 actions, which were not considered in the original
experimental setting of the baseline. Moreover, when using
our original parser and enforcing that all occurrences of the
same lifted argument are grounded identically, our perfor-
mance is slightly better still, as the satisfiability space is
smaller and the CP solver tends to require less search effort
to prove unsatisfiability.

Discussion and Future Work

Beyond Classical Planning While this paper focused on
classical planning to match the existing domain repair defi-
nitions, it is worth noting that the encoding that we used was
initially defined for temporal planning (Bit-Monnot 2018)
with multi-valued state variables. Although the formalism
may differ in some places, it is our belief that the method
could be readily applied to repair temporal planning do-
mains with durative actions and parallel plans. An extension
of the encoding was recently proposed for numeric planning
(Godet, Bit-Monnot, and Lesire-Cabaniols 2025), relying on
the same mechanism of activating effect and condition to-
kens. While the method could certainly be adapted there, it
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Figure 3: Lifted repair problems solved over time, for
whitelist plans (of length 15 at most) with a proportion of
0.33, 0.66, and 1.00 lifted arguments in each action.

would raise the interesting question of the choice of numeric
values in the added effects, for which several strategies may
be reasonable, including delegating this choice to the con-
straint solver.

Alternative Repair Problems A current limitation of the
approach presented is that it only handles a single whitelist
plan. Extending the encoding to more than one whitelist plan
should be straightforward by encoding several repair sub-
problems in the same constraint model, such that only repair
variables are shared among the subproblems. Another fairly
reasonable extension would be the handling of repairs for
the initial state (Gobelbecker et al. 2010) and goal state, that
could rely on a similar mechanism of activating effect and
condition tokens. A more challenging and interesting prob-
lem would be to also consider in the encoding the blacklist
plans of Lin et al. (2025). This would not only require con-
sidering the addition of new preconditions — similarly to new
effects in this paper — but also change the solution criteria
to having at least one precondition violated (notably in the
first inapplicable action, if it is specified by the user). While
the encoding would be similar to ours, this fairly drastically
changes the problem addressed by the CP solver, making it
hard to extrapolate any expectations from the current results.

Conclusion

Enabling modeling support and assistance for users, partic-
ularly domain designers, is essential for making automated
planning tools and techniques more accessible. In this pa-
per, we proposed a constraint-based approach to address the
problem of domain repair with a ground or lifted test plan,
in which a user wants to correct their domain to accept this
plan as a solution. Compared to the most recent baselines, it
is shown to be very performant in both the ground and lifted
cases. Moreover, its simplicity and the very few assumptions
made in the encoding open a range of possible extensions to
more complex settings.
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