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Abstract. In human-robot interaction, the collaboration of agents
stems from what each agent is capable of doing to successfully com-
plete the objective. Thus, for a robot to efficiently interact with its en-
vironment, it is crucial to have knowledge over the actions it is capa-
ble of performing. This paper presents a step toward the consideration
of agentive aspects in the representation of action possibilities for an
agent, i.e. affordances. Building upon the dispositional theory, this work
aims at matching the dispositions of entities with the capabilities of the
agents. Using an ontological representation and inference mechanisms,
this contribution aims to autonomously infer affordance relations link-
ing an agent to entities in a reactive way. As affordance relations stem
from the match between the dispositions of entities and the capabilities
of the agents, we propose a reasoner which allows to link the correspond-
ing entities given each affordance’s requirement. Furthermore, as certain
actions may necessitate the combination of multiple entities, this work
also addresses the representation and inference of affordances for such
combinations. These inferences provide the agent with a self-awareness
capability about which actions are feasible with respect to the entities
in the environment, while also leveraging changes that may occur in the
environment.

Keywords: functional affordances · knowledge representation · ontology.

1 Introduction

For a robot to effectively act on its environment, a key aspect is the knowledge
and the understanding of what it can do. Nevertheless, while the set of actions
feasible by a given robot can be hard-coded, they do not necessarily correspond
to the set of actions the robot can do at a given moment. Indeed, what an
agent can perform first depends on its capabilities, usually defined as “the
ability to carry out a type of activity” [20], themselves depending on the agent’s
components. However, as these components can evolve over time, either through
the use of tools or because of possible failures, the set of capabilities can change
over time, and consequently the set of feasible actions as well. While being
aware of its action possibilities is key, considering the context of human-robot
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interaction, being aware of others’ action possibilities is also mandatory. Indeed,
where such introspection can help to act, the estimation regarding the others
can help for monitoring purposes as well as estimating how they could help for
given tasks. However, where robotic agents have a set of capabilities enabled by
their components, human agents can be considered as having a set of common
ground capabilities which can still evolve through the use of tools or equipment.

Which actions an agent can perform are also influenced by both its environ-
ment and the entities within it, according to their dispositions. Indeed, even
if a robot is capable of pouring, it cannot perform the action if there is no con-
tainer to hold the liquid. According to the dispositional theory introduced by
Turvey in [24] and refined by Chemero in [4], a disposition is “the property of
a thing that is a potential”. This theory suggests that each disposition has a
complement, which represents the actualizing circumstance of this action possi-
bility. This disposition can be complemented by an agentive entity, which results
in the emergence of an affordance. The concept of affordance was first intro-
duced by Gibson in [7] to describe what the environment offers to an agent
based on its capabilities. Over the years, refinements to this concept have been
proposed in the field of ecological psychology [4, 24], industrial design [15], and
robotics [16]. One of the major points of disagreement between these formalisms
is the nesting background of these affordances. Turvey [24] views affordances as
dispositional properties of the environment which can be actualized by an agent’s
effectivities. Chemero [4] agrees with the dispositional aspect of affordances but
differs by stating that they reside in the agent-environment system and that
they are relational properties between an agent and dispositions of the objects
in the environment. In this work, we chose to consider affordances as defined by
Chemero1, considering them as the match between an agent’s capability and the
complementing disposition of another entity. Hence, a grasping affordance exists
between an agent who has the grasping capability and an object which has the
disposition to be graspable. This formalism is best suited for our approach as
its relational nature facilitates its usage for knowledge representation. Indeed,
if we had to translate those views into the ontological world, we could consider
Turvey’s as an inheritance link and Chemero’s as a relation between individuals.

While dispositions are at least partially responsible for the affordances con-
ceptualized in both views, the complementarity between dispositions of non-
agentive entities can also contribute to the emergence of affordances. The con-
cept of reciprocal dispositions refers to entities sharing complementary dispo-
sitions (e.g. the knife being dirty has a Washable disposition and the dishwasher
has a Washing disposition). Martin introduced the concept of reciprocality of
dispositions in [12], describing it as “partners for a mutual manifestation that is

1 Since our work aims at integrating affordances in a knowledge base, i.e. an inter-
nal representation, one could see the contradiction with the anti-representationalist
view defended by the ecological psychology field [5]. However, as explained in [29],
“roboticists generally extract features as a basis for affordance detection and learning,
thereby implicitly building an internal representation.”, motivating that the compu-
tational perspective over affordances is meaningful for robotics.
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their common product”. Those dispositional reciprocalities can thus be consid-
ered as “systems” which lead to the emergence of new affordances.

This work falls within the DACOBOT architecture [19] which is a knowledge-
centred robotic architecture. It is based on an ontological description of the
robot’s knowledge, which includes elements of the environment and some simple
robot descriptions. In this paper, we build upon our prior work [6], in which we
have proposed a representation of capabilities that allows automatic inferences
based on the components an agent owns.

The main contribution of this paper is an ontological representation of
affordances based on agents’ capabilities and objects’ dispositions.
While most work representing affordances either consider implicit or static rep-
resentation without the agentive aspect, our representation enables inference
mechanisms over the agent’s affordance relations based on its previously in-
ferred capabilities and the dispositions of the objects in its environment. In this
paper, we show that our representation is suitable both for functional affor-
dances (affordances from an agent to an entity) and reciprocal dispositions
(combination of two entities to be used together). In addition, thanks to its
integration into our robotic architecture, we show that knowledge about these
affordance relations can be maintained and updated over time, with regard to
the current state of the world and the current agent’s capabilities.

In Sec. 2 we discuss related work and how our contribution addresses new
issues. We provide in Sec. 3 a brief ontology formalism and a presentation of the
used framework. Our two main patterns are then presented in Sec. 4 and Sec. 5.
Finally, we present in Sec. 6 an analysis of the reasoning processes on a robot
activity and we conclude this paper in Sec. 7 by discussing possible future work.

2 Related Work

The concept of affordance is essential in robotics as it incorporates the idea of ac-
tion possibility. Knowledge of how an agent can act on its environment is crucial
as it enables effective interaction with its environment and provides efficient task
attribution in a collaborative process. However, this concept is often considered
implicitly rather than represented in the form of a knowledge representation.
Most of the research focused on object recognition [14] to detect affordances, or
manipulation [2,13] to learn affordance relations over objects. These image-based
methods for detecting affordances suffer from a lack of explainability. However,
with the recent advances over the Large Language Model’s capabilities, some
methods have been proposed to tackle those problems by combining LLMs with
more classical approach to overcome the current methods’ limits [22]. The afore-
mentioned research makes use of the affordance concept in order to facilitate the
execution of robotic tasks. However, they fail to take into account the agentive
aspect, as they consider the agent’s capabilities to be pre-defined and unchang-
ing.

In order to enhance explainability, affordances can be grounded into a se-
mantic knowledge representation. The use of knowledge bases, such as ontolo-
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gies, provides easier extensibility while allowing representation and reasoning
about those action possibilities. Nevertheless, in such domain, affordances are
often expressed implicitly without conceptualizing the core notion or any rea-
soning, using either specific classes of inheritance over objects [11] (e.g. Mug,
isA, CanBeManipulated), relations from an agent over an object [8] (e.g. bob,
canGrab, mug), or relations from an object over an affordance entity [21] (e.g.
mug, hasAffordance, pourability).

In order to conceptualize the affordance notion and enhance its applicabil-
ity, some work did focus on the concept of functional affordance. Introduced
in [10], this concept aims at representing objects based on their functions, allow-
ing among others for object substitution during task planning. Awaad et al. [1]
relate objects to their functions at the class level (e.g. a cup is used for drinking
from and for holding) but without representing the object’s parts associated with
such affordances. This concept has also been implemented in [26] to enhance a
perception system. Relying on a Part Functional Affordance Schema which binds
geometrical features and affordances (e.g. sharp edge implies an incision-ability
affordance), they defined a set of Conceptual Equivalence Classes to rep-
resent object concepts given the geometry of their parts and their correspond-
ing affordances. For instance, a knife is defined as the composition of a blade
providing an incision-ability affordance and a handle providing a grasp-ability
affordance. Thanks to such a representation, they have shown to be able to find
in a visual scene objects with equivalent functionalities, leading to the creation
of the Affordance Network database (AfNet) [27]. Nevertheless, while consider-
ing some reasoning at the instance level, those approaches do not consider the
capabilities of a given agent to use the described functions. Consequently, what
they call affordances should rather be considered as dispositions of entities.

Although representing the functions of objects is a crucial initial first step,
it may not be sufficient to know the action possibilities they provide. This is
particularly true for everyday objects, which are often used with other entities.
This complementarity between object aspects can be referred to as reciprocal
dispositions [12] and is grounded in the dispositional theory of Turvey [24]. For
example, with AfRob [28] (an extension of AfNet), the authors introduce affor-
dance dualities as the interaction between entities given their complementarity.
For instance, a pen having an engrave-ability affordance and a paper sheet hav-
ing a display-ability affordance can be seen as complementary. However, since
those pairs refer to a match between dispositional aspects of non-agentive enti-
ties, we consider this conceptualization as reciprocal dispositions and thus not
as affordances. More focused on affordance representation, Beßler et al. in [3]
propose an ontological formalism that defines an affordance as a description of
a disposition. This formalism is built upon the bearer/trigger roles, with the
bearer being the entity holding the disposition to be actualized by a suitable
other entity, the trigger. In such a way, a dirty piece of cutlery would be the
bearer of a dishwasher that would be the trigger. Nevertheless, this approach
doesn’t leverage the agentive aspect of how the agents can interact with those
entities. Indeed, this formalism is not aimed to be instantiated in a given scene
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Table 1: Summary of the major features identified for the most representative
contributions in the field.

[8, 11,21] [1] [26–28] [3] [25] [23] Our
Formalism - - - Turvey - Turvey Chemero
Reasoning method - DL Query DL query DL Query Rule - DL logic

& Custom reasoner
Functional affordance No Yes Yes No Yes Yes Yes
Dispositional Match No No Yes Yes No Yes Yes
Agentive aspect No No No No Yes Yes Yes
Instantiation Yes Yes No No Yes No Yes
Dynamic possibility No No No No No No Yes

but rather to answer competency questions, such as “What can this be used with?”
or “What can this be used for?”. Such questions are thus represented with DL
queries based on Generic Ontology Design Patterns that have to be handcrafted
for each specific question to be answered. Consequently, this formalism is not
suitable for dynamically representing affordances in an ontology and automatic
affordance discovery with regard to a given situation.

While the previous contributions focused on the affordance concept formal-
ism, either not considering instantiation or automatic inference, Umbrico et al.
in [25] present an affordance rule allowing to infer opportunities for actions.
However, while considering the agentive aspects, the inference mechanism relies
only on a single rule (one per affordance type) lacking of genericity by embed-
ding every aspect of the affordance. A generic formalization taking into account
agentive and object dispositions has been proposed by Toyoshima et al. [23]. In
contrast to previous work, the authors adopt Turvey’s perspective, defining the
affordance-effectivity complex as the sum of reciprocal dispositions between
an agent (effectivity) and an object (affordance). Therefore, the affordance
concept is not viewed as a relation between entities but as a disposition. This
formalism accounts for both individual (instance) and family (class) directed af-
fordances. Indeed, while the knife concept brings a set of affordances, a specific
instance can hold additional ones (e.g. its dirtiness). It allows to leverage both
agent capabilities and entity dispositions as the pattern is intended to represent
the environment’s perspective. Although formalized as a generic representation
of affordances, this formalism requires the creation of multiple individuals to
represent a single affordance description. This approach provides a rich and pre-
cise representation of affordances, but does not allow for inference over action
possibilities. A sum up of the main proposed contribution is presented in Table. 1
with regard to the main features identified.

3 Ontological Framework

An ontology, as defined by Gruber in [9], is a “formal specification of a shared
conceptualization” which allows to define concepts, individuals, and relation-
ships. One of the strengths of such a knowledge representation is the ability
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Table 2: Symbols used to define an ontology
A: ABox entities/indiv T: TBox classes/concepts
A: set of entities T : set of classes
C0: entities’ direct types H: classes inheritance links
R: relations between entities E: equivalence classes

R: RBox roles/properties
P : set of properties I: properties inheritance links
Chain: set of chained properties Inv: properties inverses
Dom: properties domains sets Ran: properties ranges sets

to infer new knowledge via Description Logic (DL) based reasoning. Such rea-
soning is enabled in several manners, either via a query that answers questions
with concepts/entities matching a desired pattern or at the instance level via DL
logic rules. Following the ontological formalism presented in [17], the knowledge
base K is composed of the Role Box (Rbox) defining the properties, the Ter-
minological box (TBox) defining the concept hierarchies, and the Assertional
box (ABox), defining the individuals with their inheritance given the TBox and
the relations between individuals via the properties given by the RBox. Table. 2
illustrates a sum up of the ontological symbols and basic reasoning mechanisms
used in this work are presented below.

Defining an equivalence between classes allows to infer inheritance relations
between individuals which share common conceptualizations. An equivalence
class (t, e) ∈ E is defined as the link between a class t ∈ T and a class expression
containing either another class from T or a complex class expression e. Formally,
if (t, e) ∈ E,∀a ∈ A|e(a) ⊂ K, then (a, t) ∈ C0. As an example, an equivalence
to the class Father can be Father ≡ Male and (hasChild some Human).

Expressing a property as a path between several properties can allow to
deduce new knowledge between individuals connected together. A property chain
allows to link individuals together given a list of properties. Given the chain
p1 • p2 ⇒ p3, if (x, p1, y), (y, p2, z) ⊂ R, then (x, p3, z) ∈ R.
e.g. hasParent • hasMother ⇒ hasGrandMother.

The attributes Domain and Range of a property aim at specifying the classes
linkable together. Usually used for consistency checking, they can also be used
to infer the class of individuals involved in the relation. Given the property p
and the individuals (x, y) ⊂ A, if (x, p, y) ∈ R then ∀t ∈ Dom(p), (x, t) ∈ C0 and
∀t ∈ Ran(p), (y, t) ∈ C0. For example, if the property ownsDog has Human as
Domain and Dog as Range, and the relation (bob, ownsDog, medor) is asserted,
then the inheritance links between the bob individual and the Human class, as
well as between the medor individual and Dog class, are inferred.

To manage the ontology and reason over it, we use the software Ontolo-
genius [18] which has been specifically designed for dynamic reasoning. In the
context of this work, we will use its built-in reasoners for inverse axioms, chained
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Fig. 1: Ontological pattern example allowing the inference of the Grasp-
ing capability. are inferences by inverse, are inferences by equivalence,

are inferences by transitivity, and are inferences by property chain.

axioms, transitive axioms, and equivalent classes. We will later introduce a cus-
tom reasoning process for the purpose of this contribution.

4 Functional Affordances

The concept of functional affordance refers to the intended use of an object
according to common ground knowledge. Functional affordances stem from an
entity’s dispositions (e.g. a knife has a cutting disposition), but can also be influ-
enced by external factors such as a change in its status (e.g. the knife becoming
dirty after usage has a cleanable disposition). In the literature, some ontological
work tackled this concept but without taking into account the agent’s capabili-
ties. For instance, a tool having a grip part requires an agent to have the grasping
capability in order to actually afford the function provided by the tool. As func-
tional affordances emerge from the capabilities of agents, their representation
must leverage such an aspect to provide the set of actual action possibilities.

4.1 Agent Capabilities Representation

Since the affordance relations available to an agent stem from its capabilities,
we build upon our previous work proposed in [6]. There, we introduced an onto-
logical pattern to represent and dynamically infer agents’ capabilities based on
their components. We represented an agent’s capabilities with a single individual
and described each capability by an equivalence class. It allowed to infer inheri-
tance links between the capability individual and each enabled Capability class
given its components and its already inferred capabilities. An example of this
process is shown in Fig. 1 with GraspingCapability≡hasAvailableComponent
some (Gripper and MotionPlanningAlgorithm), resulting in the inference of
the relation (pr2_capa, isA, GraspingCapability).

4.2 Object Dispositions Representation

In addition to an agent’s capabilities, enabling an affordance requires certain
properties from non-agentive entities. Such properties are referred to as disposi-
tions and can be represented with varying degrees of semantic granularity. In the
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Fig. 2: Ontological patterns example allowing the inference of the has-
CuttingAffordance relation (A) Example with individuals directly inherit-
ing from the corresponding Disposition class. (B) Example with the individuals
related to their disposition individuals, which inherits from the corresponding
Disposition class. (C) Example with the tool individual having a sub-part. Both
have a disposition individual, the tool’s one being inferred by equivalence as
the class of its sub-part’s corresponding Disposition class. are inferences by
inverse, are inferences by equivalence, are inferences by property chain
and are inferences by the custom reasoner. Numbers like x○ correspond to
the order of inferences.

straightforward case, entities can be represented as directly inheriting from their
corresponding dispositions as in Fig. 2.A (e.g. (knife, isA, CuttingDisposition)).
However, such a representation can lack semantic precision as an entity holds a
disposition instead of being one. As dispositions are similar to capabilities but
for non-agentive entities, one could represent an entity’s dispositions with a ded-
icated individual, similarly to the agent capability individual as in Fig. 2.B (e.g.
(knife, hasDisposition, knife_disp) and (knife_disp, isA, CuttingDisposition)).
Furthermore, as sub-parts composing entities can provide dispositions to the
whole entity, we can describe them with a pattern similar to our previous work.
For example, we can represent a knife as having a blade, which holds the cutting
disposition as in Fig. 2.C (e.g. (knife, hasPart, blade), (blade, hasDisposition,
blade_disp) and (blade_disp, isA, CuttingDisposition)). Given this representa-
tion, the property chain isDispositionOf•hasPart =⇒ hasAvailablePart allows
to infer the relation (knife_disp, hasAvailablePart, blade) 0a . Once this rela-
tion has been inferred, the dispositions of the knife individual can be deduced
via the equivalence class CuttingDisposition≡(hasAvailablePart some (has-
Disposition some (CuttingDisposition)) (e.g. (knife_disp, isA, CuttingDispo-
sition)) 0b . Thanks to this inferred relation, the case becomes equivalent to
the Fig. 2.B case, in which we asserted the inheritance relation directly. To
illustrate a context in which the robot holds a knife, we create the relation
(pr2, hasExtComponent, knife). This allows us to use the same property chain
as for the agent’s components since (hasExtComponent, hasComponent) ∈ I
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and isCapabilityOf•hasComponent =⇒ hasAvailableComponent. Thus, the
relation (pr2_capa, hasAvailableComponent, knife) is inferred 1 . Similarly to
an agent acquiring a new component and gaining new capabilities, an agent
holding a tool can also gain new capabilities based on the tool’s dispositions.
Therefore, by defining CuttingCapability as CuttingCapability≡ hasAvailable-
Component some CuttingDisposition) for Fig. 2.A, the relation (pr2_capa,
isA, CuttingCapability) is inferred as pr2_capa validates the class expression
2 . The same mechanism can be used for the examples with dedicated dispo-
sition individuals by modifying the equivalence class into CuttingCapability≡
hasAvailableComponent some (hasDisposition some (CuttingDisposition))
for Fig. 2.B/C.

4.3 Custom Reasoner

Having represented the agents’ capabilities and the entities’ dispositions, the
next necessary step is to link them into the creation of functional affordances.
Given the relational aspect of this concept, we chose to represent an affordance
as a property relating an agent to the involved entity (e.g. (agent, hasXAffor-
dance, entity)). Hence, we propose a pattern that enables the dynamic inference
of functional affordances using standard ontological mechanisms and a custom
reasoner. This latter is introduced as standard mechanisms only allow inference
of relations between individuals if a relational path between them already exists.
In the case of two individuals inheriting from specific classes, no such relational
path exists, and thus inferring a link between them with standard means is not
feasible. Such a process is necessary as we want to link an agent with an entity if
its capabilities (the inheritance links toward Capability classes) match the cor-
responding dispositions of the entity (the inheritance links toward Disposition
classes). The custom reasoner’s role is inspired from the Dispositional Match ap-
proach of [3], but differs by leveraging the agentive aspect of affordances. For this
purpose, we chose to use the Domain and Range attributes of each affordance
property to represent the required capabilities and dispositions for a match. The
process of this custom reasoner is described as below.

Given the top property enableAffordance expressed as affp, the set of ap-
plicable affordance properties Paff as:

Paff = {p | (p, affp) ∈ I ∧Dom(p) ̸= ∅ ∧Ran(p) ̸= ∅}

Next, for each affordance property, we search which individuals in the ontol-
ogy match the Domain classes and which match the Range classes attributes.
This searching process results in the creation of two sets of candidate individuals,
AD and AR.

AD = {aD | ∀tD ∈ Dom(p) ∧ (aD, tD) ∈ C}
AR = {aR | ∀tR ∈ Ran(p) ∧ (aR, tR) ∈ C}

Finally, we can link each individual from the candidate sets (AD, AR) with
each other via the affordance property p.

∀aD ∈ AD,∀aR ∈ AR =⇒ (aD, p, aR) ∈ R
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4.4 Functional Affordance: an Example

According to the examples in Fig. 2 which illustrate the functional affordance of
cutting, we define the property enableCuttingAffordance with CuttingCapability
as Domain and CuttableDisposition as Range. Thanks to the reasoner, the rela-
tions (pr2_capa, enableCuttingAffordance, tomato) in Fig. 2.A and (pr2_capa,
enableCuttingAffordance, tomato_disp) in Fig. 2B/C are inferred as these indi-
viduals do match the required classes 3 .

These inferred relations link the agent’s capability individual to the cor-
responding entity (or entity disposition) individual. As we want to repre-
sent the affordance relation between the agent and the entity directly, an
extra step is required to infer the relation (e.g. (agent, hasXAffordance,
entity)). This final step is done by the use of a property chain of the
form hasCapability•enableCuttingAffordance =⇒ hasCuttingAffordance for
Fig. 2.A. As the other examples use an intermediary dispositional individ-
ual, the property chain is defined as hasCapability•enableCuttingAffordance
•isDispositionOf =⇒ hasCuttingAffordance. We are therefore able to infer the
relation (pr2, hasCuttingAffordance, tomato) which states that the pr2 robot
has a cutting functional affordance toward the tomato 4 .

5 Affordances and Reciprocal Dispositions

Until now, we represented affordances as relations between an agent and an
entity, respectively through their capabilities and dispositions. However, some
non-agentive entities can interact together to provide new action possibilities
(affordances) to the agent if they have reciprocal dispositions. Thus, we con-
sider that a pair of reciprocal dispositions creates a Dispositional Match (DM)
and that an agent can have affordances toward DMs if it has the right set of
capabilities to enable this affordance. To represent such affordances, we expand
the pattern described in the previous section, taking into account the specific
challenge of creating a new individual.

5.1 Custom reasoner: an Extension

For this purpose, the custom reasoner needs to be extended to enable such ad-
ditional features to be leveraged in the inference of affordance relations. First,
similarly to the way we previously linked a capability to a disposition, we have
to link two reciprocal dispositions together 1 . Therefore, the process follows
the same pattern as for the enableAffordance property but with the enableDM
property linking two dispositions together. Thus, only the first equation is af-
fected by such a change. Given the top property enableDM expressed as dispm,
the set of applicable dispositional properties Pdisp as:

Pdisp = {p | (p, dispm) ∈ I ∧Dom(p) ̸= ∅ ∧Ran(p) ̸= ∅}

As illustrated in Fig.3, considering a dirty knife having a WashableDis-
position, as the dishwasher individual has a reciprocal WashingDisposition,
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Fig. 3: Ontological pattern example allowing the inference of a Dis-
positional Match (DM) and a related affordance. are inferences by
equivalence, are inferences by the custom reasoner, and are inferences
by property chain. Numbers like x○ correspond to the order of inferences.

we infer that their dispositions can interact together ((dishwasher_disp, en-
ableWashingDM, knife_disp)). The transition from the dispositions individ-
uals to the effective entities is once again done through a property chain
hasDisposition•enableWashingDM•isDispositionOf =⇒ hasWashingDM.
We thus infer the relation ((dishwasher, hasWashingDM, knife)) 2 .

Once a dispositional match is found, an individual has to be created 3 to
represent the generated new “system”, to borrow Turvey’s words. This latter is
then linked to its bearer and its trigger 4 which correspond respectively to
the entity holding the actualizable and actualizing dispositions. This process is
managed by our custom reasoner and can be expressed as:

∀(aD, aR)|(aD, p, aR) ∈R ∧ (p, hasDM) ∈ I

A← A ∪ {aDR},
R← R ∪ {(aDR, hasTrigger,aD), (aDR, hasBearer, aR)}

5.2 Dispositional Match: an Example

For this example, our custom reasoner creates a new individual
k_d_washing_DM individual. This DM individual is then linked to its
bearer/trigger individuals with the relations (k_d_washing_dm, hasBearer,
knife) and (k_d_washing_dm, hasTrigger, dishwasher).

As this DM individual represents a sum of reciprocal dispositions, it is
by essence a disposition and has to be represented in consequence. To do
so, we use an equivalence class which at least includes the involved disposi-
tions. Because our goal is to obtain a representation of the affordances ap-
plicable for an agent, the equivalence class must leverage the dispositions re-
quired to use the affordance. For our example, the match between Washing
and Washable dispositions is not sufficient in order to get those two entities
to interact together. Thus, we add to the representation that the washable in-
dividual must have a GraspableDisposition. The definition of the equivalence
class EntityWashingDM≡(hasTrigger some (WashableDisposition and Gras-
pableDisposition) and hasBearer some (WashingDisposition)) results in the
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inference of the relation (k_d_washing_dm, isA, EntityWashingDM ) 5 . In a
similar way, the disposition of the dishwasher’s button to be pressed could be
inserted in such an equivalence.

At this stage, the DMs are expressed through their dispositions and the affor-
dances can be inferred based on those using the functional affordance mechanism
presented earlier. Similarly to the case of Fig. 2.A, the agent’s capabilities can
thus enable the affordance 6 which can then be applied to the agent itself 7 .

6 Results

This section describes the reasoning process happening in our framework for the
examples used throughout this paper. It aims at demonstrating how these pat-
terns, which represent affordances, evolve with the modifications occurring in the
environment and can help the representation of the robot’s action possibilities
for a given situation.

To illustrate this process, we will consider a scenario with a robot helper in a
kitchen environment. Let us consider a “making a tomato salad” task, with the
robot helper having access to the following equipment: a knife, a tomato, and
a dishwasher. We assume that the robot has two grippers, a motion planning
algorithm, and an object localization node. It would therefore be inferred that
it is capable of grasping and localizing entities.

Based on its grippers which provided the grasping capability, the robot ini-
tially has a grasping affordance toward the knife and the tomato due to their
Graspable dispositions. Furthermore, since the knife and the tomato have recipro-
cal dispositions due to their Cutting and Cuttable dispositions, a DM individual
would be created to represent their interacting-ability. Using the dispositional
match algorithm, the robot would be inferred as having an entity cutting affor-
dance toward this DM individual as it has the right set of capabilities.

When the robot grasps the knife, its capabilities would be updated to include
the knife’s cutting disposition as a cutting capability of its own. Therefore, the
robot would have a “direct” affordance toward the tomato, meaning it currently
affords this action but also an “indirect” affordance toward the DM individual
between the tomato and the knife. This latter would thus represent an action
possibility requiring another action to be executed before in order to actualize
the disposition.

Moreover, assuming the robot has sliced the tomato, the knife’s status would
change to dirty and thus updating its dispositions with a Washable disposition.
This, in turn, would create another DM individual due to the dishwasher’s recip-
rocal disposition of Washing. The robot helper, holding the necessary capabilities
for this affordance, would be inferred as having an affordance relation with this
new DM individual, meaning that it can wash the knife with the dishwasher.

Furthermore, one could argue that for washing the knife with the dishwasher,
a washing tablet is required. This latter and the dishwasher would have reciprocal
dispositions, leading to the creation of a new DM individual. The knife and this
DM individual would, in turn, lead to the creation of another DM individual
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representing the washing affordance, with the knife being the bearer but the
dishwasher-washing tablet DM as the trigger.

7 Conclusion and Future Work

In this paper, we have proposed an ontological representation of the functional
affordance concept based on agentive aspect and entity dispositions. Unlike the
existing literature, our representation of the affordance set is dynamic and main-
tainable given the current state of the environment. These patterns leverage
affordances involving multiple entities by building on the concept of reciprocal
dispositions, while also taking into account the agent’s capabilities.

We are aware that our custom reasoner is not perfectly aligned with the
standard inference mechanisms but is required to be able to dynamically infer
affordances. Nevertheless, we believe that the proposed patterns are still useful
and meaningful for describing affordances and dispositional matches in a static
way, as this is the most common use.

Concerning future improvements, we could include more properties to repre-
sent the actual affordance emergence, such as physical constraints, for example
the maximum weight a robot can lift, but also take into account the affordance
emerging between agents.
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