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Abstract

Hierarchical task networks offer an intuitive way to model
robot tasks, yet bringing HTN planning to real environments
exposes aspects — spatial resource constraints, uncertainty, the
need to repair plans — that are not naturally captured by its
classical formulation. Qualitative constraint networks are a
well-established tool for reasoning about time and space, but
remain underused in the planning community. Two recent re-
sults suggest that this is worth revisiting: HTN plan verifica-
tion and grounded STRIPS planning can both be encoded in
the same qualitative constraint language, one capturing hier-
archical refinement and the other action executability. Taking
these as a starting point, this paper outlines a research agenda
on qualitative constraint-based HTN planning and sketches
five directions in which the approach can be developed: com-
bining structural and state verification, extending the network
to spatial reasoning, geometric safety constraints, plan and
domain repair, and structural robustness of verified plans. The
paper is meant as a position paper that opens these directions
to discussion rather than settling them.

1 Introduction and Motivation

Intelligent robotics is one of the most prominent application
domains for planning, having fascinated researchers since
the seminal Shakey project in the late 1960s. Planning with
hierarchical task networks (HTN planning) has gained par-
ticular popularity in this area: tasks are organised hierarchi-
cally, with compound tasks decomposing into ordered net-
works of subtasks via decomposition methods until only di-
rectly executable primitive tasks (actions) remain. This task-
centric view offers intuitive means to model robot behaviour
and allows expert knowledge about the domain to be en-
coded in the task descriptions themselves. While HTN plan-
ning already offers many challenging research questions in
its own right, a look into robotic applications reveals further
under-explored aspects. In particular, every mobile robot
faces spatial resource constraints imposed by its working
environment. At the same time, the rigidity of pure plan-
ning may not suit real-world environments: the abstraction
from an uncertain environment (for which not even stochas-
tic models may be available) to a planning domain can intro-
duce incongruence between plans and reality, for example
when unforeseen changes occur during execution. While all
of the topics mentioned so far have already been addressed
in individual research, general approaches are sought after.

In this paper, we argue for a research agenda on using
qualitative reasoning as an underlying framework for HTN
planning, as it can provide a principled approach to sev-
eral aspects relevant to bringing HTN planning to applica-
tions. Qualitative spatial and temporal reasoning is an es-
tablished field of research that adopts a constraint-based
approach. Two recent results (Schwartz and Wolter 2026;
Wolter and Schwartz 2026) encode HTN plan verification
and grounded STRIPS planning in the same qualitative con-
straint language. They do not yet amount to a unified plan-
ning framework, but they suggest that hierarchical structure
and action executability can be studied in the same represen-
tation. This paper takes that observation as a starting point
and sketches a research agenda built around it.

As a running example, consider a service robot that deliv-
ers a cup of coffee from a kitchen to an office. The com-
pound task deliver-coffee decomposes hierarchically into
picking up the coffee (pick-up), navigating to the destination
(navigate), and placing it there (place); it admits alternative
routes, comes with action preconditions and effects such as
robot-at and holding, and may need to be repaired if part
of the route becomes unavailable. Each subsequent section
refers back to this example.

The paper is organised as follows. Section 2 recalls two
encodings that motivate the agenda, and Section 3 develops
five directions in which a qualitative constraint-based view
of HTN planning can be taken further. Directions are open
problems since the paper is meant to invite discussion on
which of them are most promising, and where connections
to existing constraint-based work should be drawn.

2 Qualitative Reasoning for Planning

Qualitative constraint networks (QCNs) are a well-
established framework for reasoning about relations over
infinite domains such as time intervals or spatial regions
(Dylla et al. 2017; Sioutis and Wolter 2021). Formally,
QCNs are constraint networks (X, C, D) consisting of a fi-
nite set of variables X that take values from a domain D.
Unlike classic CSPs, there is only one joint domain D. Con-
straints C' are (mostly binary) relational expressions (z R y)
where variables x,y are related by relation R from a so-
called qualitative calculus (Dylla et al. 2017). Calculi are
built from a finite set of jointly exhaustive and pairwise dis-
joint base relations and constitute a relational algebra that
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Figure 1: Illustration of base relations in the Allen calculus.

serves as constraint language. Unions of base relations ex-
press indefinite knowledge, so that disjunction and uncer-
tainty can be stated directly in the language. Returning to
the coffee-delivery example, Allen’s interval algebra (Allen
1983) lets us state that the subtasks pick-up, navigate and
place must all occur during the compound task deliver-
coffee, and that pick-up meets navigate and navigate meets
place, without committing to specific times. We illustrate
the set of base relations for these calculi in Figure 1. The
ZNDU calculus (Pujari, Kumari, and Sattar 1999) extends
Allen’s 13 relations with a 3-way comparison of interval du-
rations (shorter, equal length, longer), letting us add quali-
tative information such as “navigate is longer than pick-up”
at the same symbolic level. The calculus has 25 rather than
3 x 13 = 39 base relations because duration and temporal
arrangement are partially interdependent. For example, an
interval needs to be shorter to occur during another interval.

Constraint propagation then narrows disjunctive relations
until either a consistent arrangement or a contradiction
emerges. For most qualitative calculi, deciding consistency
of a given QCN is NP-complete but several tractable sub-
classes are known (Dylla et al. 2017).

What makes QCNs a natural fit for planning is that the
structural notions used in planning (sequencing of actions,
containment of subtasks within a parent task, overlap of con-
current activities) are themselves qualitative temporal rela-
tions. While QCN-based reasoning is a form of constraint
satisfaction, the explicit qualitative vocabulary keeps the en-
coding close to how one thinks about a plan; numerical con-
straints can still be expressed when needed, but they do not
dominate the representation. In the following, we briefly
summarise two recent results that motivate this paper: one
on HTN plan verification and one on action-state validity in
STRIPS planning.

HTN Plan Verification via ZN DU QCNs

HTN planning extends classical planning by organising
tasks hierarchically (Ghallab, Nau, and Traverso 2016;
Bercher, Alford, and Holler 2019). An HTN domain consists
of a set of facts describing the world, primitive tasks cor-
responding to directly executable actions, compound tasks
representing abstract activities that must be refined, and de-
composition methods that specify how compound tasks can
be broken down into subtasks with associated ordering con-
straints. Planning means recursively decomposing an initial
compound task until only primitive tasks remain, forming a
task network whose linearisations are executable plans.
Given an HTN domain and a candidate primitive task net-

work, plan verification asks whether that network can be de-
rived from the initial compound task through valid decom-
positions and ordering refinements; in the grounded setting,
the problem is NP-complete (Behnke, Holler, and Biundo
2015). Prior approaches have largely relied on SAT encod-
ings (Behnke, Holler, and Biundo 2017; Lin, Behnke, and
Bercher 2023) or parsing-based techniques (Bartdk et al.
2020; Pantickovd, Ondrékovd, and Bartdk 2024). A recent
line of work (Schwartz and Wolter 2026) instead takes the
view that HTN decomposition is inherently temporal and
makes this structure explicit as a QCN.

Taking up the coffee-delivery example once more, the
decomposition of deliver-coffee into pick-up, navigate and
place requires that all three subtasks lie within the execution
of the parent, and that each meets the next. Every decom-
position step induces such containment and ordering con-
straints, and every primitive task contributes a concrete inter-
val that has to fit into this scaffold. Capturing these relations
in the ZN'DU calculus yields a QCN whose solutions are ex-
actly the valid temporal arrangements of the plan under the
given HTN. Because an HTN domain typically offers several
decomposition methods for the same compound task, the en-
coding introduces a dedicated separator interval whose posi-
tion in the network distinguishes task occurrences belonging
to the chosen decomposition from those of alternative meth-
ods that were not selected. The construction is polynomial in
the size of the input and the encoding is sound and complete
for verification.

What matters for the rest of this paper is that solving the
QCN does not only yield a yes/no answer. It also tightens the
QCN, with the remaining relations describing the space of
admissible temporal arrangements of the verified plan. This
observation suggests natural connections to questions of ro-
bustness and repair, which we return to in Section 3.

Action-State Validity via ZN" DU QCNs

The structural verification view above is complemented
by recent work on planning states and action executabil-
ity (Wolter and Schwartz 2026). In that setting, grounded
STRIPS planning, including optional duration constraints, is
reduced to an ZNDU QCN whose solutions correspond to
valid plans. Actions are represented by timestamped interval
variables, propositional facts by proposition intervals whose
arrangement with respect to action boundaries encodes va-
lidity, and action preconditions and effects appear as ZN DU
constraints between them.

In our running example, the primitive task pick-up be-
comes an action interval with preconditions such as robot-
at(kitchen) and effects such as holding(cup); each of these
facts is itself an interval whose validity must cover the mo-
ment at which pick-up consults or asserts it. The ZN DU
constraints between these intervals say, for instance, that
robot-at(kitchen) must hold during pick-up’s precondition
check, and that holding(cup) must start no later than pick-up
ends. What would be a separate fluent-timeline layer else-
where thus lives directly in the same constraint language
as the temporal arrangement of actions. This also leads to
a shift of focus from hierarchical refinement to the flow of
facts along a sequence of actions.
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Figure 2: ZN'DU network combining hierarchical refine-
ment, action selection and fact validity for the coffee-
delivery example; vertical displacement for readability only.

3 Proposed Research Agenda

Taking the two recent results described above as a start-
ing point, we identify five directions in which a qualita-
tive constraint-based view of HTN planning can be devel-
oped. The first brings hierarchical refinement and action ex-
ecutability into a single network, the second extends that net-
work to spatial relations, the third considers spatio-temporal
constraints on plans, and the fourth and fifth ask what the
network can tell us about repair and robustness once veri-
fication has been carried out. Each subsection sketches the
direction and lists the open questions we see; none of them
is a result we already have.

Combining Structural and State Verification

The two encodings discussed in the previous section live in
the same constraint language and differ only in what they
constrain: one the hierarchical refinement of tasks, the other
the flow of facts along a sequence of actions.

A natural next step is to unify both views into a sin-
gle ZN'DU QCN in which tasks, actions and propositional
facts are all interval variables of the same network. Figure 2
sketches this for the coffee-delivery example: the compound
task deliver-coffee contains the primitive tasks pick-up, nav-
igate and place, which meet in sequence; proposition inter-
vals for robot-at(kitchen), holding(cup) and robot-at(office)
are single spans that meet the action boundaries that flip their
validity; and an alternative refinement of navigate via a sec-
ond corridor is parked left of the separator S, as part of the
network but outside the selected plan. Primitive tasks of the
HTN encoding naturally correspond to the action intervals
of the planning encoding, and the separator interval that iso-
lates rejected decompositions suggests a connection to the
start interval that separates selected from unselected actions.
A successful combination would yield one encoding that si-
multaneously describes which hierarchical refinements are
admissible, which actions are selected at which position, and
how facts flow between them.

If everything can be brought into the same constraint net-
work, the boundary between planning and verification may
become a matter of how much is left open rather than a dif-
ference in kind. A fully ground input task network yields the
verification problem of the previous section; leaving parts
of the primitive task sequence unconstrained opens a path
from verification toward planning starting from an initial
compound task; and anything in between corresponds to
a partially committed plan that still admits several refine-

ments. This is useful in practice: the coffee-delivery robot
may not need to commit up front to which of two corridors
it will take from the kitchen to the office, since both reach
the same door and the remainder of the plan does not de-
pend on the choice. Qualitative constraint reasoning handles
this situation directly, since disjunctive relations can be kept
in the network and propagated together with the commit-
ted parts; constraint propagation tightens what can be de-
cided and leaves open what does not need to be. This per-
spective appears well suited to the long-standing idea of
least-commitment planning (Weld 1994), and more gener-
ally to partial-order and lifted planners that defer ordering
and binding decisions until forced: qualitative constraint net-
works offer a uniform representation in which such commit-
ments (whether over task ordering, action selection or fact
validity) are all disjunctive relations over the same set of
interval variables. A promising research question is how to
exploit this flexibility algorithmically, for instance by inter-
leaving decomposition, action selection and constraint prop-
agation so that verification effort is spent where it reduces
uncertainty, and planning effort is spent only where the net-
work has not yet committed. Thus, our approach inhabits a
continuum between verification and planning, establishing
relations to CSP- and SAT-based approaches for planning,
such as FAPE (Dvorak et al. 2014; Bit-Monnot et al. 2020),
ARIES (Bit-Monnot 2023), or Lilotane (Schreiber 2021).

Extending the QCN to Space

The encodings considered so far are temporal and relational,
yet robot tasks are almost always spatial as well. The world
has rooms, corridors, regions that cannot be entered simulta-
neously, and objects whose arrangement determines whether
an action is meaningful at all. In the coffee-delivery exam-
ple, the robot must reason about which rooms contain the
kitchen and the office, which corridors connect them, and
whether a door along the way is currently traversable.

A natural way to add this to the encoding is to express
spatial aspects in the same qualitative constraint language
already used for time. Qualitative spatial calculi such as
RCC-8 (Randell, Cui, and Cohn 1992) describe region con-
tainment, overlap and disconnection symbolically, and they
integrate with temporal calculi through constraint propa-
gation in much the same way ZNDU does for intervals
and durations. In the unified view sketched in the previ-
ous subsection, task intervals, action intervals, proposition
intervals and spatial regions would all be variables of a sin-
gle QCN, and hierarchical, temporal and spatial constraints
would share the same closure reasoning. For the coffee-
delivery robot this means that the containment of the kitchen
in a room, the connection between corridors, and the tempo-
ral arrangement of navigate and place are all relations in one
network, and constraint propagation couples them whenever
an action or decomposition refers to both.

Earlier work on integrating spatial reasoning into HTN
planning, most notably the CHIMP planner (Stock et al.
2015), couples the planner to a Meta-CSP (Mansouri and
Pecora 2014, 2016) in which temporal and spatial reason-
ing are held in separate networks linked through meta-
constraints, and search proceeds over world states. Our di-



rection differs in where the spatial layer lives: not in a sepa-
rate network consulted during state-based search, but as fur-
ther relations in the same plan-space QCN that already car-
ries hierarchy and actions. Whether this yields a practical
advantage, and which spatial calculus strikes a useful bal-
ance between expressiveness and tractability at plan length,
remains open.

From Symbolic Relations to Geometric Safety

Adopting a more concrete perspective of the underlying ge-
ometric space, the running example can be extended to im-
pose safety constraints on plans that disallow the coffee
from coming within some safety margin of the space above
humans or a valuable rug at any point during its continu-
ous movement. These requirements could be expressed as
dense-time temporal logic formulas over a spatial domain in
which objects are modelled as mesh-bounded regions. Con-
sequently, we want the coffee and the unsafe zones to remain
non-intersecting until the coffee has been delivered and sim-
ilarly, whether the robot can fit through a door while holding
the coffee may restrict which plans are safe and thus permit-
ted. Specific geometry that requires far-ahead planning or
specific motion to complete an action is akin to the difficult
piano mover’s problem (Schwartz and Sharir 1983).

While the entailed geometric problems themselves are be-
yond the scope of a QCN, a degree of integration could be
beneficial as some sequences of actions may become unsafe
under such plan constraints depending on the spatial con-
text. It is a relevant direction to explore whether the logical
aspects of the temporal constraints, which could be formu-
lated in a fragment of Signal Temporal Logic (STL) (Maler
and Nickovic 2004), can be efficiently encoded in a QCN, or
whether the completion of the spatio-temporal model should
remain entirely external.

Such a formula specifying the safety requirement
may be sketched as ((cup N expand(unsafe,m)) =
@) U (cup C target) where U is the STL until opera-
tor, ezpand(unsafe,m) is the unsafe region expanded by
the safety margin m, and cup and target are spatial re-
gions corresponding to the coffee and the delivery loca-
tion, respectively. The fit requirement could be expressed
as cup N robot = () alongside a goal and room geometry
specification. Both formulas could be monitored during exe-
cution to trigger replanning if they are violated or a violation
is imminent.

Plan and Domain Repair via Constraint Relaxation

When verification fails, the qualitative constraint view sug-
gests not only rejecting the plan, but also asking how it
may be repaired. In QCN terms, this amounts to iden-
tifying the smallest or otherwise best set of constraints
whose relaxation restores consistency. Existing work on
over-constrained qualitative networks and MaxQCN-style
reasoning (Condotta et al. 2015; Condotta, Nouaouri, and
Sioutis 2016; Sioutis 2023; Bayerkuhnlein, Schwartz, and
Wolter 2024), already provides a natural technical starting
point for this perspective.

For HTN planning, such repairs could concern both the
current plan and the domain description itself. A failed veri-

fication network may indicate that a temporal relation should
be weakened, that an alternative decomposition method
should be selected, or that the domain lacks a suitable refine-
ment for a situation that occurs in practice. Recent work on
HTN repair via task insertion and deletion (Pantti¢kova and
Bartak 2025) points in a related direction, but the qualitative
setting raises the more general question of what should count
as a minimal repair when structural, temporal and eventually
spatial constraints interact in the same model.

Structural Robustness of Plans

Once verification succeeds, the next question is no longer
whether a plan is valid, but how gracefully it tolerates
execution-time deviations. The tightened QCN already car-
ries the material for such a judgement: for every pair of task
intervals it records the set of ZN DU base relations that re-
main locally consistent with the decomposition. Atomic du-
ration drift moves the actual relation between two intervals
one conceptual neighbour at a time, so a feasible set that
forms a connected region in the ZNDU Conceptual Neigh-
borhood Graph (Freksa 1992) absorbs drift through smooth
qualitative transitions, while a scattered set requires a dis-
continuous reconfiguration as soon as drift pushes a relation
across a boundary.

This suggests a notion of structural robustness that falls
out of the verification network without extra encoding, and
that is sensitive to the topology of the feasible relation sets
rather than only their size. Open questions we see here in-
clude how to turn this observation into a principled metric,
how to aggregate across task pairs, and whether such a ro-
bustness signal can be used not only for post-hoc evaluation
but also as a tie-breaker or search guidance inside a planner.

4 Discussion

The two encodings recalled in Section 2 already show that
hierarchical refinement and action executability can be ex-
pressed in the same qualitative constraint language, and the
directions outlined above suggest that the same language
naturally extends to spatial reasoning, repair and robustness.
What unifies them is not a single new encoding but a com-
mon vocabulary in which structural, temporal, spatial and
executability aspects of a plan appear as relations over the
same interval and region variables, and in which established
constraint-reasoning techniques — closure, relaxation, con-
ceptual neighbourhood — become available without leaving
the planning layer. Seen this way, QCNs appear not merely
as yet another constraint formalism for planning, but as a
single representation in which several open planning ques-
tions can be formulated and related to one another.

This paper presents a research agenda rather than a fin-
ished framework. Each of the five directions is stated as an
open problem, and whether the unified view ultimately sim-
plifies matters or rediscovers known architectures by a dif-
ferent route is precisely what the agenda is meant to find out.
Feedback on which directions are most promising, which are
likely dead ends, and where the qualitative view should be
connected to existing constraint-based work on planning is
therefore particularly welcome.
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