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Abstract. Maintenance is an important technical aspect that must be consid-
ered in engineering practices. In this paper we present a preliminary ontologi-
cal investigation of questions such as “What is a component of an engineering
system?” and “What happens when a component is replaced after a malfunc-
tioning?”, which are both fundamental from a maintenance modeling stance. We
focus in particular on two inter-related problems, which we call the missing com-
ponent and the replacement problems. We describe different approaches dealing
with them. First, we start representing kinds of components and systems as tem-
porally qualified first-order logic predicates, eventually reified. We then consider
a four-dimensionalist (4D) perspective, mainly based on the ISO 15926. Lastly,
we briefly mention a novel point of view based on possible worlds. By the end of
the paper, we shortly compare the approaches by discussing their advantages and
shortcomings.
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1 Introduction

In this preliminary research work, we address two inter-related problems relative to the
ontological conceptualization of experts’ knowledge with respect to engineering main-
tenance. We call these challenges the missing component problem and the replacement
problem. From the perspective taken in the paper, both challenges regard engineering
systems, hereby simply understood as products composed of various inter-related com-
ponents. Both problems are documented in the literature [2i3U8I11] and emerge from
real-world engineering practices. The analysis we propose is part of a study that we are
carrying out in collaboration with Adige S.P.A (BLM Group), a company specialized
in the manufacturing of laser cutting machines (Fig. [I)), being developed in the con-
text of the European H2020 project OntoCommons: Ontology-driven data for industry
commonsE] The purpose of the collaboration is to support expert decision making about
maintenance procedures through the development of an ontology-based maintenance
information system. The examples we shall discuss come from this scenario.

3 Website: https: //ontocommons . eu, last accessed April 2021.
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Some approaches to deal with the aforementioned problems have been already pro-
posed. However, each of them assumes its own ontological principles and formal sys-
tem, so that it is not clear to which extent they (dis-)agree, nor what their (dis-) advan-
tages are. This paper aims therefore at comparing them to support knowledge engineers
in selecting one approach over the others.

Fig. 1. An Adige LT8 laser machine. These machines cut metal tubes using a cutting head moving
along three axes, together with the translatory and rotatory motion of the tube.

The paper is structured as follows. Section [2] briefly describes and discusses the
aforementioned problems. Section [3] compares four different approaches for modeling
engineering systems and their components, discussing for each of them their relation
with the missing component problem and the replacement problem. Finally, Section ]
concludes and summarizes our contribution.

2 The two problems

The missing component problem. The problem of the missing component has been
documented in the literature in various places (see for instance [2[3I11]). Here we
present it as specifically concerning maintenance scenarios. In these contexts, indeed,
components may be physically removed from their hosting systems, e.g., to be con-
trolled, cleaned or repaired (and sometimes even replaced). However, even when a com-
ponent is not installed in the system, technicians may refer to it as if it were already in
its right place; e.g., they can say “This cable leads to the laser head”, “The laser head
is placed in this position”, “The laser head of this machine has not been installed yet”.
This talk seems to presuppose a sort of augmented reality scenario, which in certain
situations would indeed be useful (so that it is often artificially created nowadays): for
instance, in the context of an assembly task, it may be useful to visualize a component
in its expected position, even though it is not physically present. Of course, the techni-
cal problem is how to clarify the semantics of the statements above, and, in particular,
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how to make sense of the fact that engineers talk and reason about an entity that is not
physically present (see Fig. [2]for an example of laser cutting head).

Fig. 2. The LTS8 laser cutting head in action.

The replacement problem. Let us consider a particular laser cutting machine, like the
one in Fig. |1} that has at time ¢ a protective windowEl installed in the appropriate position
within the cutting head, we call it protective-window;. Assume that, due to malfunction-
ing, protective-window; is replaced at time 7 + 1 with a new one, protective-window;.
Technicians who replace the protective window are therefore primarily concerned with
two specific physical objects: the defective one and the new one. In some cases, how-
ever, the same technicians seem to refer to something else. For instance, when claiming
“The protective window of this cutting head has been replaced 3 times in the last year”,
they clearly don’t refer with the expression ‘the protective window of this cutting head’
to an ordinary physical object (since no physical object was replaced three times), but
to some other entity whose ontological nature is unclear.

The reader should notice the strong connection between the two problems just men-
tioned. In both cases, engineers talk about entities whose nature is different from that
of ordinary physical objects; first, by referring to them even when they are not physi-
cally present, second, by thinking of them as items that keep their identity even when
replaced. One has therefore to bite the bullet and make sense of these entities from an
ontological stance. In particular, the two problems above are intimately related to the
possibility for a system to lack some component or have a component replaced. This
involves subtle notions concerning the existence conditions of engineering systems and
their persistence through time.

In engineering practice, the design process commonly ends up with the production
of a technical specification (a.k.a. design model). Hence, to understand when a material

4 The protective window is a particular glass that protects the laser beam optics from, e.g., the
metal sparks flying around during a cutting process.



4 S. Borgo et al.

realization of a certain specification physically exists, it is crucial to clarify the condi-
tions by which a physical system complies with the specification. For instance, suppose
to have an object a that has only some of the components required by the specification.
There are at least two possibilities here: (i) no system (of the given kind) exists be-
cause the object a does not fully comply with the specification; (ii) a is a system (of a
certain kind) because it sufficiently complies with the specification. To define what ‘suf-
ficiently’ means, one may refer to the relevance of the components, e.g., it may be nec-
essary for a to have only the fundamental components. This approach would however
require to characterize fundamental vs. non-fundamental, or even optional, components
while being sure that this manner of framing compliance matches well with engineer-
ing practices. The possibility of replacing the components of a system makes the overall
situation more complex, because (at least in principle) fundamental components can be
replaced and maintained, too. During maintenance operations, therefore, a system may
lack some of its fundamental components and, thus, stop existing, at least in principleE]

3 Overview of approaches

We provide in this section an overview of some ontological approaches that address the
problems previously mentioned. We will assume that an engineering system of a certain
kind (e.g., a mechanical assembly) can be described by means of technical specifica-
tions in terms of the features of its components and the relations holding among them.
To depict a specification, we use a graph like the one in Fig. [3] where nodes stand for
components (with their characterizing features), and arcs for relations between compo-
nents. For instance, the graph in Fig.[3]describes a generic system with four components,
denoted Ci, each characterized by some (complex) featureﬂ F;, and five relationships
R;; holding between them.

Generally speaking, the Cis could be recursively specified and further decomposed
into components. However, we assume that the Cis do not have proper parts. The main
designing activity regards therefore the choice of both the components and the way in
which they are structurally related. For the sake of the discussion, we will often refer to
the example in Fig. [3] although the analysis is generalizable to arbitrary specifications
given in terms of features and relations between components.

SA practical choice to avoid this problem (not discussed here) might be to admit that, in a service
and maintenance context, the identity of the system to be repaired or maintained is assumed
by convention, independently of the status of its components. For instance, we may say that,
as long as a certain machine maintains its serial number, and a service contract concerning a
machine with that serial number is still operational, the machine to be serviced exists (although
possibly in a nonfunctional state), independently of the presence and functional state of its
components

6 We assume that a complex feature is a boolean combination of a property that characterizes the
component’s kind (say, pump or just physical object) plus one or more qualitative properties
describing a particular shape, size, color, etc. For instance, F] could mean that C; is a physical
object that weighs 2kg + 0.1kg, is made of metal or plastic but not wood etc.
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Fig. 3. An example of graph-based technical specification

3.1 Approach 1: system kinds as predicates

In this first approach, the specification of a certain system is conceived as a specification
of its most specific kind (i.e., the most specific property it shares with all its duplicates).
In turn, the latter consists in stating the necessary and sufficient conditions for being,
at a certain time, an instance of that kind. Formally, a temporally indexed monadic
predicate K; will be used to represent the property of being an instance of kind K at time
t. Let us assume that Fig. [3 specifies a system of kind K. The corresponding logical
specification would be expressed by (fI)), where 01 & ... @ 0, denotes the mereological
sum of n mutually disjoint objects, and 01 =; 0, means that, at time ¢, the objects o}
and 0, have the same parts. Formula (fI)) ensures therefore the full compliance of all
K-systems with respect to the specification in Fig.

f1 Kx > Jabed(x=,a®b®dc®dNFL,a NF2,b NF3,¢ AF4,d N
R12;ab ANR14,ad NR23;bc ANR43,dc N\ R24,bd)

To address the replacement problem, we need now to suitably characterize the tags
Ci, which denote the unique role played by each component in the system. In general,
this role depends on all the relations holding among components, so, for example, C1
would be defined as follows{]

f2 Clx > F1,xAJsbed(s = xDb P cdd ANF2;b ANF3,¢c ANF4,d NR12,xb \
R14[.xd A R231bc A RA:S[dC AN R24tbd)

However, in some cases it is possible to uniquely characterize a certain Ci just in terms
of the relations holding between the i-th component and its neighbor components, as in
formula (f@), where 0] <,0; stands for ‘at time ¢, the object o is part of the object 0;’.

3 Clx <> F1,x A 3sbd(Kes Ax+b+d <,;s N\F2,b NF4,d AR12,xb AR14,xd)

Note that, in this particular case, the necessary and sufficient conditions in (IEI)
may be further weakened out, since C1 is the only component with feature F1 in a
K-system, but, in general, relational constraints are needed when systems have several
components with the same features (which is typically the case). For instance, should
we only consider constraints on features, C2 and C4 would turn out to be indistinguish-
able if F2 = F4, the relations they have with the other components are the same (i.e.,
Ri» = Ri4 and Ry3 = Ry43), and Ry4 is symmetric.

7If a K system is defined by (, then (1@) implies that x can be a Cl-instance only if there
exists a K-system s which has x as a part, i.e., Cl-components are existentially dependent on
K-systems.



6 S. Borgo et al.

Note also that the lack of a single Ci-component could induce the lack of all other
kinds of components. In the example in Fig.[3]this happens when a C2- or C4-component
is missing. The mutual existential dependencies between components need therefore to
be carefully taken into account.

Let us show now how we can address the replacement problem with this approach.
Observe first that component definitions can be relativized to a specific system by
adding a system-argument in the antecedent of the formula and discarding the ex-
istential quantification on systems in the consequent; see () representing x as C1-
component of the specific system s. The replacement of the C1-component of s can be
then represented as in (f3).

f4 Cl,xs <> F1,x A 3bd(Kes Ax+b+d <,;s N\F2,b ANF2,d AR12,xb AR14,xd)
f5 C1,,xs AC1,ySACL,zs AX #y # 2

What (f3)) says is that the role of ‘being the Cl-component of s’ is played by three
different objects at different times. Note that no single individual corresponding to the
expression ‘the C1-component of s’ is present in the domain of quantification.

However, this approach does not allow dealing with the missing component problem
in the strict sense, since only the actual physical components are included in the domain
of discourse. On the other hand, however, having isolated the properties of system-kinds
and their components, one can talk of systems and their components in general without
pointing to their physical realizations. According to the defenders of this approach, this
view seems close to design practices where experts commonly talk about and reason
over design specifications and their background knowledge without necessarily pointing
to physical items.

3.2 Approach 2: system-kinds as individual constants

The approach considered in this section is conceptually similar to the previous one, the
main difference being technical. System-kinds are indeed not represented via predicates
but by means of individual constants: K,x is now replaced by x ::; k where k represents
the kind K and :: stands for the instantiation relation so that x ::; k reads ‘x is an in-
stance of kind K.” Similarly for relations, e.g., R;xy is replaced by xy ::; r where the new
instantiation relation has four arguments (i.e., x,y,# and r) We can follow the discus-
sion in Sect[3.1 by observing that the previous formulas can be rewritten in this new
framework; e.g., (fI)) can be rewritten as in ().

6 x: k> Jabcd(x=a®bDcDdNa:y £LAb 2N ¢y £3Nd o £2N
ab i r12ANad 12 Abe i 123 Nde i 23 A bd i T24)

The introduction of system-kinds in the domain of quantification allows taking into
account their intensional and intentional dimensions. Different kinds could have the
same instances and their difference can be grounded on some meta-information, e.g.,
that a design feature (or an entire specification) has been designed by an engineer work-
ing in the company, therefore copyrights apply to it. Furthermore, rather than relying
on formulas like (f6)) or on the counterpart of (f3)), system-kinds can be considered as

8 For simplicity we write in the same way all the instantiation primitives.
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composed by their component-kinds (e.g., by writing k = c1 4 c2+ c3+ c4), which is
an approach similar to what done in formal ontology with respect to the debate on struc-
tural universals [9]]. In this view the mereological structure of a system-kind is aligned
with the one of its instances; see (7)-({8).

7 x:kAe<k— Ty(y:ycAy<ix)
8 x:ukAy:ycANy<,x—c<k

This idea can be pushed further towards the introduction of component-kinds rela-
tivized to a specific system. These component-kinds—that indeed, at a given time, can
have only one instance —can be intended as the subject of replacements, i.e., they can
have different realizations (instances) through time. Furthermore, they can be deployed
also to address the missing component problem because their existence is independent
from the one of their material instances, i.e., they can be ‘empty’ (i.e., not instanti-
ated) at some times. However, in order to exist they require the whole system to exist,
therefore one needs to accept partial compliance with the drawbacks discussed before.

3.3 Approach 3: systems as four-dimensionalism objects

Four-dimensionalism (4D) is the philosophical perspective according to which the ob-
jects of everyday experience have both spatial and temporal parts. To understand this,
let us shortly comment on the opposite position, called three-dimensionalism (3D). Ac-
cording to 3D, objects have only spatial parts; e.g., a laser cutting machine has a cutting
head, a laser source, a water chiller, etc. The machine can lose and acquire parts, but
whenever it is present in time, it consists of all parts that it has at that time. Differ-
ently, for four-dimensionalists an object x exists at a time ¢ if and only if there exists
its temporal slice x@, (Which is present only at ¢). That is, if my laser cutting machine
c exists at both # and ¢/, it has two different temporal slices at those times, i.e., c@; and
cay', respectively. A whole object consists therefore in the mereological sum of all its
temporal partsﬂ

In the landscape of applied ontology, West [[11]] has developed a 4D-approach for
engineering which has eventually led to the standard ISO 15926 [5]. Similarly to Ap-
proach 1 (see Section [3.1), according to this theory, system-kinds are intended in an
extensional way but both physical systems and their components are now conceived as
4D-objects in the sense just introduced. Following the 4D approach, a proposition P,x,
which reads ‘x satisfies P at #°, can be reduced to Pxqy, i.e., ‘the temporal slice of x
existing at and only at ¢ satisfies P’. In the same line, (ﬂ]) can be rewritten as in (1{9]).

9 K[x <~ Habcd(X@[ = d@¢ @b@[ D car @d@[ /\Fla@[ A F2b@[ AN F3C@l /\FQd@[ N
R12a@lb@l A RlQa@,d@[ A R23b@tC@, AN R23d@tC@l AN R24b@[d@[)

Looking at West’s position more deeply, he argues that systems’ components (1)
are existentially dependent on the systems they are part of, and (2) are non-ordinary
physical objects which can undergo moments of non-existence. Recall the example of
a particular LT8 cutting machine and consider its cutting head. According to West’s

9 Admittedly, this is a simple way to look at the distinction between 3D and 4D. The reader can
refer to [4] for more information.
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first claim, the cutting head exists as a system component of the whole machine only
when the latter exists. In this sense, being a system component is a sort of role property
which an object might satisfy at some time. For the second claim, the idea is that a
component of a certain system s is the mereological sum of all the temporal slices of
the ordinary objects which have played the corresponding component-role in relation
to 5. For instance, the C1-component of a system s can be defined as in (fI0) (note that
the formula makes explicit the existential dependence of components on the system s).

£10 Clxs <> x = oy(Jtz(y = ze: Ny <sACly))

By (fI0), x is a single individual that represents the succession of all the (temporal slices
of the) ordinary objects playing the C1-role. This is an interesting move to deal with the
replacement problem. According to West, indeed, the 4D-component of a system (the
object x in (fI0)) is the sum of the temporal slices of the different ‘ordinary’ objects
(the slices z@; in (fI0)) that are placed in the system during its existence. It follows,
as noted by West, that components’ existence can be intermittent, i.e., when no ordi-
nary object plays the Cl-role in the system s, the C1-component of s does not exist.
Hence, in principle, also the whole system s can intermittently exist, e.g., when one of
its (fundamental) components is missing (a fact which is reflected in (9)). However, it
should be clear that in order to talk about missing components of a system s, one needs
to include a notion of partial compliance into the framework in such a way to guarantee
the existence of the system s even when it lacks components. For, a component can be
said to be missing at some time ¢ only if the system of which it is a component exists at
t notwithstanding it lacks parts.

3.4 Approach 4: Embracing possibilism

Let us now briefly introduce a fourth approach based on some former work [3l], which
is however still a research hypothesis that deserves a proper formalization. Differently
from Approach 1, we assume here that the C; do not denote properties, but specific
parts of a certain system. The tags are therefore part names, as usual when describing
assemblies, and not property names. We also assume that a system s is an individual
that exists even at design time, when the system has not been physically realized yet.
Of course, we need to characterize the ontological nature of these entities, which turns
out to be definitely non-standard.

We shall consider design objects as possible (although non-actual) physical objects.
Under this view, designing an object means choosing a possible physical object among
many others, and describing it. For example, the design object satisfying the specifica-
tion of Fig. [3| would be simply described as follows(where s,c1,c2,c3,cs are constants
denoting distinct elements of the domain of discourse);

fl1l s=c1PcrPc3Pcyg NFley AF2co ANF3c3 ANFéeyq A
Riocica ARygcica ARozcpcs ARgacacs ARpgcocy

Differently from the previous cases, where the formulas fully specify the conditions
for an object to be of a particular kind K, corresponding to a certain product model, this
formula simply presupposes that a certain object s exists in the mind of the designer,
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and provides a description of its nature in terms of the properties (P;) of its components
and the relations (R;;) among them. So, under this view, the content of a design activity
(i.e., what is designed) is an individual and not a kind. The corresponding kind K would
be defined as the most specific property shared by all duplicates of s, i.e. (forgetting
tolerances), by all individuals which share s’s intrinsic properties.

To account for the peculiar way design objects exist, we shall adopt Lewis’ possi-
bilist realism [7U12], according to which a possible (physical) object is simply a part
of a maximally spatiotemporally related whole, i.e., a whole among whose parts spa-
tiotemporally relations hold. More exactly, forgetting temporal relations for the sake
of simplicity, we shall assume that a possible physical object is an object such that a
certain spatial distance relation holds among its parts (this means that all the relations
occurring in Fig. |3| imply some spatial relation between their arguments). Under this
view, objects are physical not because they are located in a region of space, but simply
because they are extended in space, in the sense that spatial relations hold between their
parts. Of course, they may also have a location, but only relative to some other physical
objects.

Following this line of thought, we shall think of a design object as a maximally
spatially related whole. Forgetting temporality, this means that a design object is just a
possible world, in Lewis’ terms. So, we can think that formula ( holds in a world
(different from the actual one) where only an instance of K exists. For example, a laser
cutting machine that has been designed but has not been built yet is something like a
possible object floating in the void, i.e., a world of which it is the only inhabitant.

We shall assume that the actual physical world is the largest spatially related whole
that includes us. For a physical object to exist means to be part of some maximal spa-
tially related whole, and to actually exist means to be part of the actual world. So, we
can have a physical object that exists, but it is not actual. If, in addition, this object is the
content of an intentional design act (whose author is an agent who inhabits the actual
world), then it is a design object: design objects exist but they are not actual.

We have therefore a solution to a variant of the missing component problem: when
engineers talk of a certain component within a system (possibly even before the system
is realized), they may talk of it in a generic way, as in the statement ‘the protective
window is a part of the cutting head of the LT8 machine.” In this case we shall say that
they are talking of a design object, i.e., of a physical object that exists in a non-actual
world and is the content of an intentional design act.

In most cases, however, the missing component problem concerns a specific, actu-
ally existing system, one of whose components has been removed. To address this case
we must discuss the relationship between design objects and actual objects. We shall
say that an object x is a realization of a design object y iff x is a duplicate of y (forgetting
tolerance) and x exists in the actual world, that is, the spatial distance of its parts from
the other objects belonging to the actual world is defined. We shall assume that, when
engineers talk of a missing component as if it was there, they talk of a virtual entity,
which is a sort of projection of a design system’s component on the actual world: it is a
duplicate of that component which is assumed to have a location (and therefore exist) in
the actual world, although it is not real, since it is not capable of causal interactions with
the actual world. The actual world can host therefore both real and virtual entities. The
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latter are intentional entities (like design objects), which are existentially dependent on
one or more agents. In conclusion, when technicians talk of a missing component as if
it were there (e.g., using the expression ‘This frame supports the cutting head’s protec-
tive window’ they refer to a virtual component, which is a projection of a design object
on the actual world. Such a virtual component may be visualized by using augmented
reality techniques.

Finally, let us briefly mention how the replacement problem may be addressed in
this approach. The problem is the reference of a certain identifier i, which in our exam-
ple is ‘the protective window of this cutting head’, used to talk of something related to
a real object existing in the actual world. Assuming that i denotes a virtual object does
not work, since when the protective window is installed we expect i to refer to the real
window. On the other hand, one cannot assume that the i denotes a real physical object,
since the reference link would break as soon as the object is removed.

A solution is to assume that the identifier refers to a variable object, i.e., following
Fine [1]], an object that is a variable embodiment of other objects. Suppose to have a
function f that, at each time when an object exists, tells us what its parts are. Such
object is called the variable embodiment of f, and the sum of its parts at ¢ is called its
manifestation at t. In our case, we can assume that ‘the protective window of the cutting
head’ denotes a variable embodiment such that, when a physical protective window is
installed, its manifestation is just that physical window. When the physical window is
removed, its manifestation is the virtual window.

4 Discussion and conclusions

The paper presented an initial analysis of ontological problems in the maintenance do-
main. In particular, it addressed what happens in the world when system components
are missing or replaced. These problems are inextricably intertwined with compliance
conditions, as one must consider how a system can be compliant with its specification
when some of its components are not in place, and how it survives the replacement of
some components.

We have presented four different modeling approaches with the purpose of analyz-
ing their ontological commitments and modeling (dis-)advantages. The first two (Sect.
[3.1 and Sect. [3.2)) are very similar from a conceptual perspective in that system kinds
and their characterizing features (all represented through design specifications) stand
for properties that particular physical systems satisfy (if compliant at some suitable
degree). In both approaches, dealing with the missing component and the replacement
problems means looking at the physical items that, at different times, do physically ex-
ist. As we have seen, a sentence like ‘the protective window of this cutting head has been
replaced twice’ needs to be rephrased in something like ‘this cutting head had three dif-
ferent protective windows at different times.” As said, the only difference between the
two approaches is that in the second one properties are reified. Among other advan-
tages, we have noticed that this choice allows one to deal with the missing component
problem, because one can (at least) point to the reified properties that the missing com-
ponent is meant to satisfy, although, again, there is no way to account for the superficial
semantics of sentences like This cable leads to the laser head.
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The third approach (see Sect. , based on West [[L1], relies on a 4D ontological
framework. Similarly to Approach 1, system-kinds, their components, and features are
(first-order) properties that particular entities satisfy. Hence, although West does not
explicitly address the representation of compliance conditions, the considerations done
in Sect.[3.T]and Sect. [3.2]could be tuned to this approach by adopting a 4D representa-
tional system. For the replacement problem, this approach offers an interesting solution.
Indeed, a whole 4D-component of a certain system can well correspond to the mere-
ological sum of the temporal slices of different physical objects, which (at different
times) are linked to that system. Similarly to the previous cases, the missing component
problem remains problematic: if at a certain time there is no temporal slice in the world
to which one can point to, there is no 4D-component altogether at that time.

Finally, the paper (preliminarily) introduced a fourth approach (Sect. [3.4), which re-
lies on the introduction of a new type of objects, namely design objects, which depend
on the intention of an agent, have a spatial extension, and yet are not actual (i.e., they
do not physically exist in the common-sense reality). Differently from the previous ap-
proaches where formulas represent system kinds (as represented in specifications), this
one is mainly focused on design objects, logically treated as possible individuals that
may be realized in the actual world, originating real individuals, or just ‘projected’ onto
the actual world, originating virtual individuals. From this perspective, when a real com-
ponent is missing from a larger system, one can still refer to its virtual counterpart in the
physical world. The replacement problem remains more challenging and we discussed
a way to deal with it based on Fine’s [1] theory on variable embodiments.

To conclude, the results of the paper are still preliminary and further work is nec-
essary at both the conceptual and representational levels. All approaches have their
(dis-) advantages. For instance, the 4D perspective, adopted in the third approach, is
not very popular in applied ontology. The fourth approach is appealing but it com-
mits to modal realism, whose assumptions are hotly debated in analytic ontology [12].
In addition, since design objects are individual entities, this approach may face some
problems when dealing with design tolerances and variants, which are however crucial
in engineering design, since a design specification is typically underdetermined. From
this perspective, the first two approaches are more flexible; in addition, they both rely
on a 3D ontological framework that is standardly used in engineering (see, e.g., [6410]
and the references thereby quoted). Detailing the engineering use case may help to set
a suitable benchmark for comparing the approaches and their consequences on related
notions.

Acknowledgments: the research presented in the paper is partially supported by the
CSA European project H2020 OntoCommons: Ontology-driven data for industry com-
mons (GA 958371).
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