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Abstract. Different disciplines have been established to deal with the represen-
tation of entities of different ontological natures: the business process modeling
discipline focuses mostly on event-like entities, and, in contrast, the (structural)
conceptual modeling discipline focuses mostly on object-like entities (known as
endurants in the ontology literature). In this paper, we discuss the impact of the
event vs. endurant divide for conceptual models, showing that a rich ontological
account is required to bridge this divide. Accounting for the ontological differ-
ences in events and endurants as well as their relations can lead to a more com-
prehensive representation of business reality.
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1 Introduction

“Smiles, walks, dances, weddings, explosions, hiccups, hand-waves, arrivals and de-
partures, births and deaths, thunder and lightning: the variety of the world seems to lie
not only in the assortment of its ordinary citizens—animals and physical objects, and
perhaps minds, sets, abstract particulars—but also in the sort of things that happen to
or are performed by them” [1]. This variety is also evident in business reality, with
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“processes”, “activities”, “tasks”, “events”, “occurrences”, “incidents” unfolding in
time, and “objects”, “actors” and “resources” persisting through time. In enterprise
architecture and modeling frameworks, the distinction between behavioral elements
and structural elements (“how” versus “what”) is often invoked to account for the
different nature of these elements [2,3]. The distinction between these categories is
commonplace in philosophical literature, with the former broadly referred to as
“events” and the latter broadly referred to as “objects” [1].

Different disciplines have been established to deal with the representation of these
two ontological categories, each of which with a different focus: the business process
modeling discipline focuses on event-like entities, and, in contrast, the (structural)
conceptual modeling discipline focuses on object-like entities. In each of these disci-
plines, entities of one of these ontological categories are first-class citizens, while the
other category plays a marginal role (if any). Some notable exceptions in the process
discipline are the so-called business artifact-centric approaches [4-7], and in the struc-
tural conceptual modeling discipline, the event reification approach [8].



In this paper we investigate the ontological nature of events and object-like entities
(which we will call here endurants in line with the philosophical literature). We dis-
cuss the impact of the event vs. endurant divide in conceptual modeling. A modeling
pattern to capture events in structural conceptual models is proposed. The conceptual
foundations underlying this pattern serve as the basis for establishing a suitable se-
mantic foundation for business process models that incorporate reference to object-
like entities, as well as for structural conceptual models that incorporate reference to
events.

2 Ontology-Driven Modeling of Business Endurants and Events

2.1 Endurants in Structural Conceptual Models

Suppose a Person named Mr. Anderson. Mr. Anderson can genuinely change in time
in a qualitative manner while still maintaining his numerical identity. For instance,
suppose that Mr. Anderson weighs 70 kg at t; and 85 kg at t,. This qualitative change
does not alter the identity of Mr. Anderson. Moreover, Mr. Anderson can bear some
modal properties. For instance, Mr. Anderson is necessarily a person but only contin-
gently a computer hacker. In other words, while he instantiates the type person in all
possible situations that he exists, he can cease to be a computer hacker without this
change having an effect on his identity. Finally, we can perform counterfactual rea-
soning with Mr. Anderson. For instance, we can ponder what if Mr. Anderson had
decided to study law as opposed to becoming a computer hacker? When doing this,
we admit that Mr. Anderson (that in a different world is a student of law) is the same
individual as the Mr. Anderson who in this world is a computer hacker. These are all
commonly accepted characteristics of what in ontology is termed an endurant [9,10].

In ontology, endurants are entities that, whenever they exist, they are wholly pre-
sent, i.e., whenever they are present, they are present with all their parts. Moreover,
endurants have both essential properties (i.e., properties they must bear in all possible
situations) and accidental properties (properties they bear in some possible situations)
[9]. In other words, endurants can qualitatively change in certain respects while main-
taining their identity; they can (or could have been) different from what they actually
are with respect to their accidental properties. What defines the essential and acci-
dental properties of an individual is its kind. We mean here “kind” in a technical
sense [9]: a kind is a type instantiated by an individual that provides a principle of
identity, individuation and persistence for that individual; it defines the boundaries
and parts of that individual; it supports the judgment of whether that individual is
identical or not to another individual (including itself in a different situation); it pro-
vides a criteria for what qualitative changes an individual can undergo and still be the
same. For instance, suppose that the kind Car provides the following criteria of identi-
ty for the legal concept of a car: two cars are identical iff they have the same chassis
number. So, for an individual ¢ of kind Car, ¢ can change all aspects (e.g., color, tires)
and it will be the same car as long as it has the same chassis number.



Mr. Anderson is of the kind Person. As it is always the case for kinds, Mr. Ander-
son instantiates that kind necessarily, i.e., in all possible situations. This is fundamen-
tal because a principle of identity must support identity judgments in all possible situ-
ations. Thus, a principle of identity must be supplied by a type that is instantiated
necessarily by its instances. However, there are types that Mr. Anderson instantiate
only contingently. For example, he is now an Adult Man but he was once a Boy; he is
an employee of company X, but he could have been a student at university Y. Types
such as Adult Man, Boy, Employee or Student are contingent types, i.e., for all in-
stances of those types, these instances instantiate them only contingently. For exam-
ple, an individual x can enter or leave the extension of a type such as Boy or Student
without ceasing to exist as the very same individual.

There is a difference, however, between, on the one hand Adult Man and Boy and,
on the other hand, Student and Employee; namely, individuals enter or leave the ex-
tension of the former sort of types due to a change in intrinsic properties (age, in this
case) while they enter or leave the extension of the latter sort of types due to a change
in their relational properties (the creation or termination of enrollments and employ-
ments, respectively, in this case). Types of the former sort (i.e., contingently and rela-
tionally-independent types) are named phases and of the latter sorts (i.e., contingently
and relationally-dependent types) are named roles [9].

Furthermore, we can have that both Mr. Anderson and Company X can play the
roles of renter in a car rental. Types such as renter seem at first to be like a role since
they are: contingently instantiated by their instances (no renter is necessarily a renter);
relationally dependent (in order to be a renter someone needs to be connected to a
rental). However, a role (like a phase) is what is called a sortal: a type whose instanc-
es are all of the same kind. In contrast, the type renter classifies entities that belong to
multiple kinds. These are termed dispersive types or mixins. A mixin that is contin-
gent and relationally dependent is termed a role mixin [9]. Finally, kinds, phases,
roles and role mixins (among others) are sorts of types that apply to endurants, not
only to objects like Mr. Anderson [11,12]. For instance, the weight of Mr. Anderson
is a quality (an objectified property) of Mr. Anderson that can also change while
maintaining its identity. For instance, when we say: “the weight of Mr. Anderson is
changing”, we don’t mean that 70 kilograms are changing! There is an entity there,
localized in time and space, which can change in a qualitative way while maintaining
its identity. Analogously, the employment of Mr. Anderson can change: it can go
from being a non-tenured to a tenured employment (two phases of the employment);
it can itself play the role of a legally recognized employment in a given jurisdiction.
In summary, entities such as the weight, the hacking skills, the employment, the en-
rollment, the eventual marriage, the car rental are also endurants. However, different
from Mr. Anderson himself, these are existentially dependent endurants, frequently
called qualities [11].

In figure 1, we have a model partially representing a domain such as the one just
described. In this domain there are only three kinds of objects (in dark grey), namely,
Person, Organization and Car. There is one single kind of relational endurant (i.e., a
relator), namely, Car Rental. These are the kinds of things that exist in this domain.



Everything else in the model is a representation of a type that these kinds of things
can instantiate contingently.
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Fig 1. Representing the possibility of change for Endurants

This model of figure 1 is represented in a conceptual modeling language termed On-
toUML [9]. This language has been design to reflect the ontological distinctions and
axiomatization put forth by the Unified Foundational Ontology (UFO) [9,13]. In par-
ticular, this language has as modeling primitives those that represent ontological dis-
tinctions between all the aforementioned sorts of types (e.g., kinds, phase, roles, role
mixins, relators). Figure 1 represents the possibility of change, i.e., how things could
possibly be for the entities that are assumed to exist in this domain (i.e., people, or-
ganizations, cars and car rentals). In this approach, the OntoUML model of figure 1
can be automatically translated to knowledge representation languages such as OWL
to support automated reasoning [13]. Moreover, as discussed in [13], the OntoUML
approach offers a support for model validation via visual simulation. In this approach,
the simulation of this model exposes its ontological commitment and allows us to find
the possible difference between the intended state of affairs of this domain and the
valid instances of this model. For instance, by simulating this model, one could find
out that there is a possible instance in which an organization rents a car to itself (i.e.,
the roles of renter and renting organization are played by the very same entity).

One way to exclude these unintended modes is to enrich the model with formal con-
straints. The idea is to provide an axiomatization for the model such that set of its
valid instances and the set of instances representing intended states of affairs of the
domain coincide [13]. Some of these constraints are temporal constraints dealing, for
example, with the life cycle of the endurants in the model. In particular, in the On-
toUML approach, one can include temporal constraints (in temporal OCL) prescrib-
ing the permissible phase transitions in the model, for instance, from Child, to Teen-
ager and (only then) to Adult, or governing the more complex transitions involved in
the phases of a car rental [14].

2.2 Events in Business Process Models

As previously discussed, structural models such as in figure 1 represent what can pos-
sibility change and what has to remain the same in the properties of endurants, i.e.,



regarding matters of necessity and possibility. In the visual simulation support for the
OntoUML language, the modeler can appreciate how these endurants can possibly
change in a possible worlds structure showing: which properties can change, which
must remain the same; which worlds are accessible from other worlds and, hence,
which are the permissible order of phase transitioning and role playing. But what are
these changes? The answer is events.

In the philosophical literature, this aspect of events as changes is widely recognized.
For instance, in [15,16], events are basically defined as relations between states of
affairs. In the UFO ontology [17], this is a fundamental aspect of events, i.e., events
are also mappings from and to situations in the world, in which endurants are charac-
terized by bearing certain properties (including relational ones). Among these chang-
es, events can bring about situations in which endurants (including qualities) are
brought into existence (i.e., are created), go out of existence (i.e., are destroyed),
change their properties (via the creation and destruction of their intrinsic and relation-
al qualities) or that they simply participate playing certain processual roles. For in-
stance, in the killing of Caesar by Brutus with the dagger, we have the participation of
three endurants (Caesar, Brutus, the dagger). However, their participations are of a
completely different nature and it is the nature of these participations that induce their
playing certain roles (victim, killer and murder instrument) in that event.

In UFO, these aspects of (i) change promoted by events and of (ii) endurant partici-
pation in events are only two among many aspects of events that receive an axiomatic
treatment there. The ontology defines a fully axiomatized mereology of events (exten-
sional mereology) prescribing how events relate to its parts. Moreover, it defines a
theory about temporal precedence involving events, whose axiomatization incorporate
the well-known Allen Relations. Additionally, it contemplates a theory of causation
connecting situations brought about by events, which, in turn, trigger the occurrence
of other events and so on, thus, making the world “tick”. As much as for the case of
endurants, events in UFO can be subject of predication. For instance, a conversation
can be interesting or boring; a fight can be violent; a trip can be pleasant. Events typi-
cally also have qualities representing temporal and spatial features.

Finally, in UFO, events are manifestations of properties, in particular, of particular
qualities and dispositions [17,18]. So, for an event to unfold, the potentiality of that
unfolding must exist as a concrete property of an endurant. As consequence, events
are dependent on particularized properties (again, dispositions), which are in turn de-
pendent on endurants. Ergo, events are dependent on endurants. For instance, the
event of the heart pumping is the manifestation of the heart’s capacity to pump; the
event of the metal being attracted by the magnet is the manifestation of a number of
dispositions of these entities (including the magnet’s disposition to attract metallic
material); Paul’s Dengue Fever as a complex event is the manifestation of a number
of complex dispositions that qualify that disease inhering in Paul; John & Mary’s
marriage as a process is the manifestation of a number of relational properties that
constitute their marriage as an endurant (e.g., commitments and claims, expectations,
etc.). Dispositions include propensities, capacities, capabilities, liabilities, etc. [18].

These aspects of UFO have been successfully used in the past to analyze and pro-
vide ontological foundations for Business Process Modeling languages such as ARIS



[19], UML Activities Diagram [20] and BPMN [21], as well as Discrete Event Simu-
lation approaches [22]. The results of these analyses provide for well-grounded repre-
sentational mechanism that can be used to represent aspects of temporal ordering and
(at least partially) aspects of object participation in events playing certain processual
roles as well as aspects of event mereology. The notion of events as manifestation of
dispositions inhering in certain endurants has been fundamental in our ontological
analysis of the notion of service [23] as well as the notion of capability in enterprise
architecture [24]. In this paper, this notion will play a key role in section 3.4.

The aspect of events as changes can be represented by variations of state-machines
capturing how the occurrence of events in certain conditions can promote a transition
of an endurant to a different state [28]. For example, referring to model of figure 1,
one can represent all allowed transitions between the phases of Car Rental as well as
the events and conditions that promote these changes. Capturing this aspect of events
is of uttermost importance and, in particular, for the case of relators. This is because
the main goal of social reality (and, hence, of information systems) is to represent and
control: the /ife of social relators such as enrollments, employments, contracts, rent-
als, allocations, presidential mandates, marriages; the social roles induced by them,;
and the events (including speech acts) that constitute their lives. We should highlight
that in state-machine-like models such as in [7,25], the events that can appear in these
models are events that exist in potentially as operations, functions or “services” of
the endurants that exist in that domain. This is conformant with a view that takes the-
se operations, functions or “services” as dispositions (capacities, capabilities) of these
endurants: they inhere in these endurants even if they are never manifested but all
events that occur are manifestation of these dispositions.

In a language such as OntoUML, the possibility of change is explicitly represented
in terms of contingent types such as phases and roles, and their relations. For instance,
in figure 1, we can represent that only when an adult, a person can play the role of a
Car Renter and only when a rental is ongoing we have a car associated to it. On the
other hand, an OntoUML model, such as the one in this figure, explicitly identifies
phase partitions as natural connection points for integrating behavioral models of
changes (e.g., state-machines) with structural models of possibilities. In other words,
OntoUML give us a clear methodological support for deciding for which types in a
model of endurants we should specify a behavioral model of changes.

As discussed in this section, one of the aspects of events is that of events as chang-
es. However, can we meaningfully talk about changes in events? This is a fundamen-
tal but often neglected topic in the literature of conceptual modeling. We shall address
it in the next sections.

3 Events in Structural Conceptual Models

Structural conceptual models, such as the one of figure 1, have traditionally focused
on the representation of endurants (e.g., objects, their intrinsic and relational proper-
ties, the types they instantiate, the roles they play, their parts, etc.). In fact, in classical
conceptual modeling, events are rarely represented in these structural models as first-
classes citizens. As a result, we can rarely represent the qualities of events as well as



the underlying conceptual spaces from which these qualities can take their values.
Although the representation of events as first-class citizens in structural conceptual
models is openly defended in the literature [8], there is still no foundation for guiding
their modeling with respect to a number of fundamental issues. Given that reference
conceptual models should provide conceptual clarification and explicit characteriza-
tion for notions comprising complex worldviews, and given that many of these no-
tions refer to events, we find ourselves in a problematic situation. In this section, we
address one of these fundamental issues, namely, the notion of identity, change and
reference for events, exploring the consequences for the representation of events in
structural conceptual models.

3.1 The Immutability of Events

Previously in this article, we talked about an endurant such as Mr. Anderson, who
can: bear essential and accidental properties; qualitatively change in certain aspects
while remaining the same; and, be the subject of counterfactual reasoning. Now, how
shall we answer these questions regarding events? Can events genuinely change their
properties while remaining the same? Can an event be the bearer of modal properties?
In particular, can an event exhibit properties contingently? Can an event be different
from what it is? Is there identity between events in different possible worlds?

If we look to all classical axiomatized ontologies of events, we would need to an-
swer ‘no’ to all these questions. According to these theories, an event is an extension-
al entity defined by the sum of its parts [17,26]. It can be seen as a succession of
changes in the world [15,16], fully determined by participants, a temporal interval and
the properties that are exemplified by the manifestation of the event [27,28]. As a
consequence, following these theories, an event could not been different from what it
is. Had it been different, it would have different parts, it would be a different succes-
sion belonging to a different history and, hence, a different event. Furthermore, in the
traditional literature, a key difference between endurants and events is that in the case
of events there is nothing that endures, qualitatively changing while maintaining its
identity [10]. If a discussion is peaceful at t; and litigious at t,, there are different
temporal parts of the discussion that bear these otherwise incompatible properties. In
this view, there is nothing that is entirely present throughout the duration of the dis-
cussion. More precisely, take the branching-time possible worlds structure depicted in
figure 2(a). Each of these branches corresponds to a possible world as a possible his-
tory. In these classical views, an event exists solely within one of these branches. For
instance, events E;, E,, E; and E4 are temporal parts of E’. Suppose there is another
complex event E’’ composed by Ej, E,, E; and Es. In this case, E,, E,, E;are overlap-
ping parts of both E’ and E”’. However, E’ and E’’ are distinct events.

Take, again, Mr. Anderson, our prototypical example of an endurant. While Mr.
Anderson exists, there is a complex event associated with him, namely, Mr. Ander-
son’s life (see figure 2(b)). Mr. Anderson’s life can be seen as the successive exempli-
fication of a number of (intrinsic and relation) properties of his. However, suppose
that we are in a given point in time t; in which Mr. Anderson has to decide to either
take the blue pill or take the red pill. If he takes the red pill, then in the moment suc-
ceeding t; (say, t;+1) Mr. Anderson’s life is a particular event E’ (that includes the
taking of the red pill). If instead, he takes the blue pill then, in the moment succeeding



that action, Mr. Anderson’s life will be a different event E’ (including the event of
taking of the blue pill). Clearly, given all classical theories of events, E and E’ are

distinct individuals as they have different parts and incompatible properties.

E4 (Mr. Anderson
E’ (Mr. Anderson life 1) <-------------—- takes the Red Pill)

A

E5 (Mr. Anderson
takes the Blue Pill)

(b) E’ (Mr. Anderson life 2)

Fig. 2. (a) Events and their proper parts; (b) The life of an endurant as an event

3.2 The Role of Object Identifiers

In [29], Wieringa & de Jong report on a detailed study of the role of object identifiers
in conceptual modeling. According to them, an object identifier should work as a rig-
id designator picking up the same individual in all possible worlds. For instance, they
state that “object identifiers (oids) are special kinds of proper names for denoting
real-world objects” and require an OID to refer in each state of the world to exactly
one object. They term this requirement singular reference and point out that this re-
quirement also appears in authors such as Kent [30] (singular requirement for identi-
fiers). The authors also require for an OID to remain referring to the very same object
across different states of the world (in which they refer at all). They term the latter
requirement rigid reference. As another example, in UML, the extension of a class C
in a class diagram is a set of OIDs. These OIDs are supposed to trace the identity of
the very same individual across different states.

With these requirements in mind, we should analyze figure 2(b). In particular, we
should focus on the moment t; in which Mr. Anderson is pondering whether to take
the red or the blue pill. As we have seen, “Mr. Anderson” should be a rigid designa-
tor, i.e., the referent of “Mr. Anderson” at a time t should be the same as the referent
of “Mr. Anderson” at any time t’. Now, at time t;, the referent of “Mr. Anderson” is
the individual deliberating on what he should do regarding the pills. Whatever he
does, the referent of “Mr. Anderson” at t,; is still Mr. Anderson. To see that, we can
easily imagine HIM regretting his decision in t;+; and thinking what HIS life (i.e., the
alternative life of the SAME individual) would be like had he taken a different pill.

Now, a fundamental question is: can “Mr. Anderson’s life” work as a rigid designa-
tor at t;? If the referent of “Mr. Anderson’s life” is an event than the answer must be
negative, since: (i) if “Mr. Anderson’s life” at t; refers to an individual, then it must
refer to the same individual in all possible worlds; (ii) in a possible world (in which
he takes the red pill), Mr. Anderson’s life at t;,; refers to event E’ (the event that in-
cludes the taking of the red pill); (iii) in a different possible world (in which he takes
the blue pill), Mr. Anderson’s life at t;4; refers to event E’’ (the event that includes
the taking of the blue pill); (iv) E’ is not identical to E’’. Ergo, “Mr. Anderson’s life”
does not rigidly designate at t;. In fact, and this is very important, if “Mr. Anderson’s



life” cannot rigidly designate at t; then it cannot rigidly designate at any point (again,
after taking the red pill, there will be other points of branching). The only exception is
when Mr. Anderson’s life is over (i.e., when no other possibilities of branching exist).

“Mr. Anderson’s life” cannot even function as a definite description at t;, unless we
take it to refer to Mr. Anderson’s life up to that point. This definite description takes a
different referent at each time point picking up whatever event happens to be the ac-
cumulation of temporal parts that is Mr. Anderson’s life up to that point and in that
particular world (as history). For instance, at t;+; (supposing that Mr. Anderson takes
the red pill), we can refer to the event of taking the red pill in a determinate way as we
can refer to “Mr. Anderson’s life up to t;”, which is part of “Mr. Anderson’s life up to
t1+1”. In other words, when fixing a world, “Mr. Anderson’s life up to t,” is a rigid
designator picking up a determinate individual. In contrast, “Mr. Anderson’s life” is
not (except for when Mr. Anderson’s life is over). As a consequence, while the for-
mer can serve as a candidate for an OID, the latter can’t.

3.3 Ongoing Events and Object Identifiers

In the previous sections, we have established two premises, namely that: (i) events
cannot change or bear modal properties; (ii) object identifiers are rigid designators.
Now, if we accept premise 1 (i.e., the classical ontological theories of events in which
events obey extensional mereology, cannot qualitatively change, cannot be bearer of
modal properties and are locked inside a history) and premise 2 (i.e., OIDs should
work as proper names obeying singular and rigid reference) then the inescapable con-
clusion is: we can only have OIDs referring to events after the point in which there is
no possibility of branching, i.e., we can only have OIDs referring to historical events.

In summary, Mr. Anderson is not identical to any event that will culminate to be
Mr. Anderson’s life in a given world. In fact, it correlates to a set of possible lives or
possible unfoldings. That is, the proper name (or OID) “Mr. Anderson” can be used to
refer to the very same individual in the past and in the present and we can use it in
counterfactual reasoning (e.g., what if Mr. Anderson hadn’t taken that pill and contin-
ued to be a law-abiding computer programmer?; What if Mick Jagger hadn’t dropped
the London School of Economics and pursued a career as an economist?). In contrast,
“Mr. Anderson’s life at t;”” could NOT have been different from what it is. Although,
the very SAME Mr. Anderson could have had a different life up to that point.

To be the best of our knowledge, this problem has not been discussed in the concep-
tual modeling literature up to now. When events are represented in structural concep-
tual models, they are always assumed to be both instantaneous and atomic [8]. Now,
if events are instantaneous and atomic, they are only instantiated when they are over,
i.e., all event instances are historical instances. For this reason, the aforementioned
problem does not arise. However, frequently in structural conceptual models, we want
to represent and refer via an OID to ongoing events. We want to talk about the con-
versation, the marriage, the employment, the presidential mandate, the football game,
and the car rental as on going events that seem to somehow “change”. For instance,
while referring to the marriage between John and Mary, we would like to refer to it by
a proper name, i.e., to use an OID that refers to something that can truly change quali-
tatively while remaining the same (e.g., John and Mary’s marriage as a whole used to
be passionate and now it is cold and distant) and to something that could have been
different (e.g., John and Mary’s marriage would have lasted longer hadn’t they moved



to Australia).

There are two possible strategies one might consider to try to escape the aforemen-
tioned consequences. As expected, they amount to denying at least one of the premis-
es (1) and (2). In any case, this leads to dire consequences. If we reject premise (2),
we need to replace it with a completely non-classical semantics for structural concep-
tual models in which OIDs do not satisfy either singular reference or rigid designa-
tion. If we reject premise (1), we need to come up with a completely non-classical
ontological theory of events. One that is at odds with the commonly accepted view in
linguistics [28] and in formal ontology in philosophy [26]. In particular, one that is at
odds with the commonly shared view of events present in the foundational ontologies
that are most commonly employed in the foundations of conceptual modeling [9,10].

In the next section, we explore a modeling alternative that accepts both premises (1)
and (2), but that also allows for proper names such as “John & Mary’s marriage” or
“Paul’s Dengue Fever” to refer to entities that can change and that can be the bearers
of modal properties, namely, existentially dependent endurants.

3.4 Where Do Events Come from?

As previous discussed, we take events to be the manifestation of qualities and, in par-
ticular, of dispositions [11,17,18]. So, for an event to unfold, the potentiality of that
unfolding must exist as a concrete property of an endurant. As consequence, events
are dependent on particularized properties (again, qualities and dispositions), which
are in turn dependent on endurants. Ergo, events are dependent on endurants. For in-
stance, the event of the heart pumping is the manifestation of the heart’s capacity to
pump; the event of the metal being attracted by the magnet is the manifestation of a
number of dispositions of these entities (including the magnet’s disposition to attract
metallic material); Paul’s Dengue Fever as a process is the manifestation of a number
of complex dispositions that qualify that disease inhering in Paul; John & Mary’s
marriage as a process is the manifestation of a number of relational properties that
constitute their marriage as an endurant (e.g., commitments and claims, intentions,
desires, expectations, etc.).

Since events are existentially dependent on endurants and are manifestations of
particular aspects of these endurants, whenever an event unfolds, these aspects (and
the endurants they inhere in) must be present. For this reason, we frequently use the
same term to refer both to the event and these underlying aspects. This is a case of
systematic polysemy [31], a phenomenon that occurs very frequently in language.
Take, for instance, the sentences: (a) this duck in the backyard is common around
Europe; (b) this book is heavy to carry but easy to read; (c) we can meet in front of
the bank around the corner that specializes in sub-prime loans. In (a), we have a pol-
ysemic reference to both an individual (that duck in the backyard) and a kind (ducks
in general); in (b) to a physical object (the bound volume) and an information content
(the book as literary work); in (c) to a physical space (the bank’s building) and to an
organization. In an analogous manner, when we use the term “John & Mary’s mar-
riage” or “Paul’s Dengue Fever”, we sometimes refer to the endurant (a complex of
particularized properties) and sometimes to the event that is the accumulated manifes-
tation of this endurant up to a certain point, i.e., as a definite description. Given the
discussion in the previous section, we claim that whenever we refer to something that
is on going, that can qualitatively change and still maintain its identity, we are not
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referring to an event but to the endurant underlying that event. So, when we say that
Paul’s Dengue Fever up to now has been composed of episodes of high fever, fol-
lowed by episodes of joint pain that lasted for days, we are referring to the event;
when we say that Paul’s Dengue Fever has changed and has become a case of Dengue
Hemorrhagic Fever now, we are referring to a complex of dispositions (an endurant).
Given our previous discussion, if we want to use “Paul’s Dengue Fever” as an OID, it
must refer to the latter endurant. That is why in figure 1, what is referred by the term
“Car Rental” is the endurant, the relator, which can change in time, go through phas-
es, etc. Of course, as a manifestation of the many dispositions (e.g., commitment,
claims, liabilities, capacities) constituting this car rental relator, we have, in a particu-
lar unfolding of the world, a car rental complex event.

[created in
|_individual ] !
VAN . begins at 1
(disjoint} terminates at \/ 1
Event >l Time 1ce Point le

* 1

creates l 1 initiates

Creation Event of the Enduram}

participates in

iEvent in the life of Endurant

1.*
constitutes

! 1

has current life

- Endurant | ICurrent Life of the endurant
AN 1 1 1.

{disjoint,complete}

has final life
|Active Endurantl | i EndurantI Final Life of the endurant

terminated in

*

Figure 4. A Modeling Pattern for Representing Events in Structural Business Models

In the sequel, we propose a modeling pattern that captures the relation between en-
durants and the events whose parts accumulate as their manifestations (figure 4). In
this pattern, endurants are created by creation events. As events, creation events begin
and end at certain time points. The creation moment of an endurant (created in rela-
tion) is derived from the termination time point of its creation event. Endurants have a
causally active phase (e.g., a living person, an on-going disease, an active enroll-
ment). In this phase, the particularized properties (qualities and dispositions) of this
endurant are manifested through a number of events (events in the life of endurant)
that accumulate to constitute, at each point, a different process that represents the cur-
rent life of the endurant. Endurants also have a causally inactive phase (e.g., a de-
ceased person, a finished assignment, a legally terminated marriage). In this latter
phase, the properties of that endurant can no longer be manifested and, its qualities
are immutable regarding their values. Moreover, in that phase, we can refer to the
final life of the endurant as the total accumulation of all events in the life of the en-
durant.
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As an example, suppose Peter makes an appointment with Jane (his supervisor) to
discuss his PhD thesis in the subsequent week. After they have agreed to meet (an
event), the appointment does not yet exist as an event, but it does exist as an aggrega-
tion of mutual commitments, individual goals, mutual expectations, etc. (again, an
endurant, more precisely, a relator). So, we take the agreement event as an atomic
event that creates the appointment. The appointment can change (they might decide to
drop of the topics of the agenda), it might be postponed, its manifestation (i.e., the
appointment as an event) might even not occur at all. While occurring, this appoint-
ment can be manifested through a number of events that will accumulate to be the
“life of the appointment”, a particular event in which Paul and Jane participate.

3.5 An Illustration

In [32], Olivé discusses the issue of relationship reification and elaborates on the con-
nection between reified relationships and their temporal properties. He discusses the
following example: suppose an employee works in a project. In that project, the em-
ployee has a number of worked hours per daily time interval. Moreover, for each con-
vex time interval someone works in that project, he is connected to a single task and
has a single pre-fixed deadline. Moreover, for all the non-convex time intervals that
are periods in which he works in that project, the employee has the same role and the
same manager. Olivé then proposes three different types of temporal relationship rei-
fications: (1) per instant: a relationship r is reified into a different entity e for each
time point in which r holds. In this example, for each working day in a given project,
we have a different entity e which captures the worked hours in that day; (2) per in-
terval: a relationship r is reified into a different entity e’ for each temporal interval
during which 7 holds. In this example, ¢’ can then capture properties such as deadline
and objective; (3) per life span: a relationship r (instance of Worksin) is reified into a
single entity e, which is the same during the whole life span of 7. In this example, e’
can then capture properties such as assigned role and manager.

Given the analysis presented in this paper, the first question that comes to the
mind is: what kinds of entities are being represented in these examples? If we take
(1), in the solution presented by Olivé in the paper, the reified entity is termed
Work Day having properties such as HoursWorked and produced deliverable(s) (if
any). Olivé highlights two meta-properties of this entity: it is instantaneous and atom-
ic. Given the chosen name (and these meta-properties), a salient interpretation is that
the reified entity represents an event, individuated by a pre-fixed time-interval. If this
is the case, then an instance of this relationship corresponds to an event. An exemplar
instance of Work Day is the event in which John worked 10 hours and produced de-
liverables d; and d, in March 20", 2013. Since events cannot change in a qualitative
way, then both the attribute HoursWorked and the relationship with the produced de-
liverable(s) are immutable (and thus are marked as readOnly in UML).

Let us take now the case (2). In that case, Olivé’s solution produces an entity
termed Assignment connecting an Employee and a Project. An assignment, is con-
nected to a task and a deadline and is associated to a given time convex interval. Now,
in this second case, it is not obvious that Assignment is an event. Assignment can
have modal properties (e.g., it can fulfilled before the deadline, it can be delayed, it
can be fulfilled in time), an assignment can be manifested through a number of possi-
ble processes (for instance, being constituted by a different number of actual Work-
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Day instances), an assignment can change in a qualitative way (for instance, the num-
ber of current worked hours can change). Moreover, although Olivé assumes that the
deadline is fixed, one can easily imagine a situation in which the deadline for an as-
signment can be renegotiated and, hence, possible changed. In fact, an Assignment
can even fail to manifest at all (for example, if the employee fails to actually work in
the project or to deliver the object of the assignment goal). However, even if this is
the case, the Assignment (as a bundle of commitments and claims) holds for the entire
time interval (for example, between creation and deadline, fulfillment or abandon-
ment of the assignment) which is different from the time (sub)intervals in which the
particularized properties in this assignment are actually being manifested through
events. Of course, one can still assume here that what we have is a historical model
that only models assignment once their manifestations are finished. Again, what we
would have here would be the representation of a historical event. Once more, all
properties of the relationship would be immutable (e.g., the actual number of worked
hours, if the task was fulfilled or not, etc.). Finally, let us analyze case (3). In that
case, Olivé’s solution reifies the relationship by something (interestingly) termed Par-
ticipation. Unlike in cases (1) and (2), however, a Participation is not correlated to a
convex time interval. In other words, a Participation can be active or inactive being,
hence, correlated with multiple disconnected time intervals. Once more, in case we
only look at participations in hindsight, Participations can be thought as complex his-
torical facts correlated to the mereological sum of possibly several historical events
(i.e., historical participations). However, it seems that in this case the most salient
interpretation is to have participation as a complex bundle of commitments (a better
name could be Project Allocation) that can change qualitatively in many ways (e.g.,
the number of working hours can change, the value paid by worked hour can change),
can bear modal properties (e.g., it can be active or not — I can be allocated to a project
even if I am in a medical leave) and can be manifested by a number of possible pro-
cesses and, hence, it can correspond to a number of possibly different participations
(in the sense defended here). In these different possible manifestations of John’s allo-
cation to project P1, he can have different task assignments, which can be fulfilled or
not, with different performance evaluations, in different dates with different amounts
of effort, etc. In any case, in the latter (arguably more realistic) interpretation, the
lifetime of the Project Allocation is potentially different from the sum of the time
intervals in which this this relator is being manifested, i.e., different from the lifetime
of the participations in the corresponding event.

Figure 5 shows a model for this scenario, revisiting Olivé’s example and contain-
ing an instantiation of the pattern of figure 4. In this model, a Task Assignment is an
endurant that throughout its active life is manifested through a number of Work Day
events, which are events in the life of the Task Assignment. An instance of Work Day
is also possibly a creation event for another endurant, namely, a Deliverable. When a
Task Assignment is in a causally inactive phase (i.e., it has terminated), we have a
complex historical process (Task Assignment Process), which is the final life of the
Task Assignment, and is composed of all Work Day manifestations of it. As previous-
ly discussed, since events are mereological sums of their parts, all Work Day events
composing a Task Assignment Process are essential to it. Moreover, attributes such as
starting date and finalization date (for Project Allocation and Task Assignment) are
specializations of the general relations of created in and terminated in, respectively
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(in fig. 4). In this figure, we have the attribute day of reference in Work Day repre-
senting both the start and end time reference points for that event (since, by definition
of work day, they are the same). The start and actual finalization dates of the Task
Assignment Process are derived from the attributes of its constituent events, namely,
the date of references of the first and last of the Work Day events.
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Project Allocation

start date:Date

{disjoint,complete}

«mediation»

«phase» «phase»
Finalized Project Allocation Ongoing Project Allt

/Actual Worked Hours {readOnly} /Current Worked Hours
Final performance average {readOnly} /Current Performance Average
Finalization date:Date {readOnly}

{disjoint,complete}

«phase»
Active Project Allocation

«phase»
ded Project All

«mediation»

. «mediation»
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associated assignment [ ]
«relator» 1
Task Assignment «manifestation of» «event»
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Figure 5. Olivé’s Example Revisited

4. Final Considerations

Several approaches to enterprise modeling manage the complexity of an organization
by describing the organization from different perspectives. The need to relate various
partial descriptions of the organization is addressed in virtually all enterprise model-
ing approaches and has been recognized in Zachman’s early work in 1987 [2]: “each
of the different descriptions has been prepared for a different reason, each stands
alone, and each is different from the others, even though all the descriptions may per-
tain to the same object and therefore are inextricably related to one another.”

14



This need has led to the development of relations between architectural domains
in enterprise architecture and enterprise modeling approaches [3]. One of these do-
mains, namely that of organizational behavior, has received significant attention in
the context of business process modeling and management. Another important do-
main, that of object-like entities (or “structure”) is strongly inter-related with the pro-
cess domain. While the process domain focuses on “how” the business process activi-
ties are structured and performed, the structure domain focuses on “who” performs
these activities and “what” undergoes change.

We have shown in this paper that a rich ontological account is required to explain
the relation between both domains. This account enables us to understand how events
can be incorporated in a structural conceptual model. We have discussed a modeling
pattern that arises from dealing with the different nature of events and endurants; in
this pattern, endurants and related events coexist, complementing each other through
well-defined relations. The pattern extends the treatment of reified events that was
proposed in [8].

We believe that the conceptual foundations discussed here can serve to improve
the understanding of artifact-centric business process approaches [4-7] as well as case
handling [33]. Note that the focus here is not on “data objects” but rather on real-
world objects (including social objects, commitments, relationships) that are perva-
sive in the business world; representing these objects and their relations to events is
key to capturing business reality accurately.
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