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Abstract. Foundational Ontologiesare theoretically well-founded domain-
independent systems of categories that have beeessfully used to improve
the quality of conceptual modeling languages andai® In this paper, we pre-
sent the latest developments in the UFO ontologgteldver, we elaborate on
the relevance of these foundational ontologieshin development of domain
ontologies by showing a case study in the softywaneess domain.
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1 Introduction

Ontologies have been acknowledged as a useful paraletool in computer science
since the late sixties, chiefly in the areas ofadabdeling and artificial intelligence
[1]. In the past seven years, an explosion of woekated to ontology has happened in
several different fields of computer science, diieiotivated by the growing interest
on the Semantic Web, and by the key role playethém in that initiative. In the area
of Software Engineering, domain ontologies havenbesed mainly as an enhanced
representation for what is termed a domain mod#iérfield of Domain Engineering.
Ontologies for domains such as software proce$sya®@ quality, software resource
management, software project risks, among manyotieve been used for: (i) deriv-
ing reusable domain-specific frameworks [2]; (i}egrating knowledge in semantic
software environments [3].

An important point that should be emphasized isdifference in the senses of the
term ontology when used by the data modeling conityyuon one side, and artificial
intelligence, software engineering and semantic e@hmunities on the other [1]. In
data modeling and related areas (e.g., organizdtemgineering), the term has been
used in ways that conform to its definitions inlpkophy, namely, as a philosophi-
cally well-founded domain-independent system ofrfak categories that can be used
to articulate domain-specific models of reality. dontrast, in the other areas afore-
mentioned, the term ontology is, in general, usedipa concrete engineering artifact
designed for a specific purpose and without paymgh attention for foundational



issues; (ii) a representation of a singular donfeig., molecular biology, finance, lo-
gistics, ceramic materials) expressed in knowletgm@esentation languages (e.g.,
RDF, OWL, F-Logic) or conceptual modeling gramm@g., UML, EER).

Ontologies, in the philosophical sense, have beseldped in philosophy since Ar-
istotle’s theory of Substance and Accidents andemtdy, a number of such theories
have been proposed in the area of Applied Ontologgomputer Science under the
nameFoundational Ontologiesin this paper, we discuss a particular Foundation
Ontology namedJFO (Unified Foundational Ontology)

UFO has been developed based on a number of thefooie Formal Ontology,
Philosophical Logics, Philosophy of Language, Listias and Cognitive Psychol-
ogy. The core of this ontology (UFO-A) is preseniedepth and formally character-
ized in [1]. Moreover, in a number of publication#-O has been successfully em-
ployed to evaluate, re-design and integrate the etsodf conceptual modeling
languages as well as to provide real-world semarftic their modeling constructs
(e.g., [1,4-6]). In [1], a complete evaluation aeedesign of the UML 2.0 metamodel
using UFO is presented. In [5], we show how a miaddanguage based on this on-
tology can be used to address a number of sematgioperability problems which
cannot be handled by semantic web languages suohdsand RDF. Finally, in [6],
we evaluate, redesign and integrate two well-knomodeling languages which are
used in different phases of agent-oriented devedopmrocesses, namely, TROPOS
(for requirements engineering and early design)AO&ML (for detailed design).

The purpose of this article is two fold. Firstlyewpresent a new version of two
fragments of this foundational ontology, named UB@nd UFO-C. UFO-B is an on-
tology of events; UFO-C builds on top of A and Bsigstematized social concepts
such as plan, action, goal, agent, intentionaigmnmitment, appointment, among
many others. Secondly, we elaborate on the reldieiween the two senses of on-
tologies aforementioned by illustrating the impaode of foundational ontologies in
the development of domain ontologies. In particuwee demonstrate how UFO has
been used to evaluate, re-design and to give redtveemantics to an ontology in
the software engineering domain, namely, the sofivpaocess ontology which is the
core of the ODE Ontology-Centered Software DevelopnEnvironment [3].

The remaining of this article is organized as foko in section 2, we present a
small fragment of UFO-A discussing only those catégs which are essential for the
understanding of the sections to follow. In sectdoand 4 we introduce the new de-
veloped theories for UFO-B and C, respectively.tifad discusses the original ODE
Software Process Ontology and demonstrates theati@h and re-design of this on-
tology when mapped to (interpreted in terms of) UFDally, section 6 elaborates on
some final considerations of this article.

2 UFO-A: An Ontology of Endurants

A fundamental distinction in this ontology is betmethe categories d?articular
(Individual) andUniversal (Type). Particulars are entities that exist in realitggess-
ing a unique identity. Universals, conversely, pagern of features, which can be re-
alized in a number of different particula®ubstances are existentially independent



particulars. Examples include ordinary mesoscopjeais such as an individual per-
son, a dog, a house, a hammer, a car, Alan TuridgTae Rolling Stonedhe word
Moment, in contrastdenotes, what is sometimes named a trope, or @idnédlized (ob-
jectified) property or property in particular. Tlegore, in the scope of this work, the word
bears no relation to the notion of time instant@ioquial language. A moment is an indi-
vidual that can only exist in other individuals.pigal examples of moments are a color, a
connectionan electric charge, a symptom, a covalent btaments have in common
that they are all dependent of other individuah®ift bearers)An important feature that
characterizes athomentss that they can only exist in other individuals the way in
which, for example, electrical charge can exisydnlsome conductor, or that a cova-
lent bond can only exist if those connecting at@xist). To put it more technically,
we say that moments aegistentially dependemn other individuals. Existential de-
pendence can also be used to differentiate intriasd relational momentmtrinsic
moments are dependent of one single individual (e.g., caoheadache, a tempera-
ture); relators depend on a plurality of individuals (e.g., an éyment, a medical
treatment, a marriage). Finally, we consider hkeecategories afubstantial univer-

sal andmoment universal. Examples of the former include Apple, Planet Bedson.
Examples of the latter include Color, Electric Giemand Headache.

An attempt to model the relation between intrimaizments and their representation
in human cognitive structures is presented in tieory of conceptual spacemitro-
duced in [7]. The theory is based on the notiolulity structure. The idea is that
for several perceivable or conceivable moment usals there is an associated qual-
ity structure in human cognition. For example, héignd mass are associated with
one-dimensional structures with a zero point isgrhir to the half-line of nonnega-
tive numbers. Other properties such as color aste tare represented by multi-
dimensional structures. In [7], the perception ongeption of an intrinsic moment
can be represented as a point in a quality streciollowing [8], this point is named
here aguale. Quality structures and qualia are together wétts,snumber and proposi-
tions examples ofbstract Particulars.

Relations are entities that glue together other entitieshénphilosophical literature,
two broad categories of relations are typicallysidaered, namelymaterial andfor-
mal relations [9]. Formal relations hold between twarmre entities directly, without
any further intervening individual. In principlehe category of formal relations in-
cludes those relations that form the mathematigpésstructure of our framework in-
cludingexistential dependencpart-of (<), subset-afinstantiation among many oth-
ers not discussed here [Material relations conversely, have material structure of
their own and include examples suchnasking at being enrolled gtandbeing con-
nected toWhilst a formal relation such as the one betweaual and his knowledge
of Greek holds directly and as soon as Paubegxst, for a material relation bling
treated inbetween Paul and the medical unit MU exist, another entity must exist
which mediatesPaul and M. We name these entitieslators Relators are indi-
viduals with the power of connecting entities. Egample, a medical treatment con-
nects a patient with a medical unit; an enrollmesrinects a student with an educa-
tional institution; a covalent bond connects twmnas. The notion of relator
(relational moment) is supported by several workehe philosophical literature [1,9]
and, the position advocated here is that they playnportant role in answering ques-



tions of the sort: what does it mean to say thahJde married to Mary? Why is it true
to say that Bill works for Company X but not for @pany Y?

Suppose that Johs married toMary. In this case, we can assume that there is an
individual relator (relational moment) ;nof type marriage that mediates John and
Mary. In this case, there are many moments that doljuires by virtue of being mar-
ried to Mary. For example, imagine all the legapensibilities that John has in the
context of this relation. These newly acquired prtips are intrinsic moments of
John which, therefore, are existentially depenaenhim. However, these moments
also depend on the existence of Mary. We nametypis of momenexternally de-
pendent moment, i.e., externally dependent moments are intrims@ments that in-
here in a single individual but are existentialgpéndent on (possibly multiple) other
individuals. The relator marriage in this casehis sum of all externally dependent
moments that John and Mary acquire by virtue ofidp@narried to each other.

Finally, we consider here the notion Situations proposed, for example, in [9].
Situations are special types of endurants. Thesea@mnplex entities that are consti-
tuted by possibly many endurants (including otherations). Situations are taken
here to be synonymous to what is narstede of affairsn the literature, i.e., a portion
of reality that can be comprehended as a wholemiples of situations includ&dohn
being with fever and influenza”, “John being in tame location as Paul while Mary
is in the same location as David”, “Mary being megd to Paul who works for the
University of Twente” Finally, we define a relation ¢being present at”between
endurants and the situations they constitue. Fetante, we can state that both the
substantial John, and the intrinsic momengs(dohn’s Fever) and a(John’s influ-
enza) are present in situation‘3onh being with fever and influenzaFor a more de-
tailed discussion on our view of situations andtegts, one should refer to [10].
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Fig.1. A Fragment of a Foundational Ontology of Endurgbt80O-A).

3 UFO-B: An Ontology of Perdurants

UFO-B makes a distinction between enduring and yérg individuals (henceforth
namedendurantsand perdurant3. Classically, this distinction can be understaod



terms of their behavior w.r.t. time. Endurants sa& to be wholly present whenever
they are present, i.e., thaye in time in the sense that if we say that in circumstance
c; an endurang has a propertyFand in circumstance the property P(possibly in-
compatible with B, it is the very same enduramthat we refer to in each of these
situations. Examples of endurants are a housersamethe moon, a hole, an amount
of sand. For instance, we can say that an individolan weights 80kg at dut 68kg
at 6. Nonetheless, we are in these two cases refdwitige same particular John.
Perdurants are individuals composed of tempordkptreyhappen in timen the
sense that they extend in time accumulating tenhamds. Examples of perdurants
are a conversation, a football game, a symphongutie, a birthday party, the Sec-
ond World War and a business process. Wheneverdanget is present, it is not the
case that all its temporal parts are present. Rstance, if we consider a business
process “buy product” at different time instantsemwtit is present, at each of these
time instants only some of its temporal proper pare present. As a consequence,
perdurants cannot exhibit change in time in a gemsense since none of its temporal
parts retain their identity through time.
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Fig.2. A Fragment of a Foundational Ontology of PerdurddfsO-B).

Figure 2 depicts a fragment of our ontology of peatits named UFO-B. The main
category on this ontology iBvent (Perdurant, Occurrent). Events can be Atomic or
Complex, depending on their mereological structuee, whilst atomic events have
no improper parts, complex events are aggregatbred least two events (that can
themselves be atomic or complex). Events are plessémsformations from a portion
of reality to another, i.e., they may change rgdlif changing the state of affairs from
one (pre-state) situation to a (post-state) sibmatEvents are ontologically dependent
entities in the sense that they existentially delpem their participants in order to ex-
ist. Take for instance the evemtthe stabbing of Caesar by Brutub this event we
have the participation of Caesar himself, of Bruans of the knife. In this case,s
composed of the individual participation of eachttudse entities. Each of these par-
ticipations is itself an event that can be commeatomic but which existentially de-
pends on a single substantial. It is importantbpleasize that being atomic and being
instantaneous are orthogonal notions in this fraonkwi.e., atomic participations can
be time-extended as well as an instantaneous ee@nbe composed of multiple (in-
stantaneous) participations. In summary, the motiéigure 2 depicts these two as-
pects on which events can be analyzed, namelynaseixtended entities with certain



(simple or complex) mereological structures, anamtelogically dependent entities
which can comprise of a number of individual papédtions.

As in [8], we have that all spatial properties géets are defined in terms of the
spatial properties of their participants. In costrall temporal properties of substan-
tials are defined in terms of the events they pidie. Analogous to what has been
discussed for endurants, the temporal propertiesvehts have their values taken
(their qualia) by projecting these properties iatquality structure. We here take the
time conceptual space to be a structure “compofetime Intervals. Time intervals
themselves are “composed of” Time Points. Time fgodould be represented as real
numbers and Time Intervals as sets of real numbirsever, they could also be in-
terpreted as sui generis entities such as ChrorawidsTime Boundaries in GFO [9].
In other words, we avoid making unnecessary ontcégommitments at this point.
Additionally, we admit: (i) intervals that are delied by begin and end points as well
as open intervals; (i) continuous and non-contiruimtervals; (iii) intervals with and
without duration (instants). In particular, this deb allows a diversity of temporal
structures such as linear, branching, parallelamdlar time. For the case of ordered
structures we have considered the so-callen Relations[11] between intervals
from which corresponding relations between eveatslwe derived. It is important to
emphasize that it is outside the focus of thisckrtio further elaborate on the nature
of these temporal structures. For this reason,imeaticharacterizing only the proper-
ties which are germane to the objectives pursueel he

4 UFO-C: An Ontology of Social Entities

The third layer of the Unified Foundational Ontojag an ontology of social entities
(both endurants and perdurants) built on top of @nd UFO-B. A fragment of
this ontology is shown in Figure 3. We start by ingka distinction between Agen-
tive and Non-agentive substantial particulars, &inhereAgents and Objects, re-
spectively. Agents can be physical (e.g., a persorgocial (e.g., an organization, a
society). Objects can also be further categoringuhiysical and social objects. Physi-
cal objects include a book, a tree, a car; Sod)gats include money, language and
Normative Descriptions. A normative description defines one or moues/norms
recognized by at least one social agent and thmatleine nominal universals such as
social moment universals (e.g., social commitmgoes), social objects (the crown of
the king of Spain) and social roles such as presjgeime minister, PhD candidate or
pedestrian. Examples of normative descriptionsuiielthe Italian Constitution, the
University of Twente PhD program regulations, bigbaa set of directives on how to
perform some actions within an organization (a dpgon of a plan [12]).

Agents are substantials that can bear special kihdsoments namekhtentional
Moments. As argued in [13], intentionality should be ursteod in a much broader
context than the notion of “intending somethinglt las the capacity of some proper-
ties of certain individuals to refer to possibleuations of reality. Every intentional
moment has a type (e.d®glief, Desire, Intention) and a propositional content. The
latter being an abstract representation of a aésstuations referred by that inten-
tional moment. Thus, “intending something” is aafie type of intentionality termed



Intention. The propositional content of an Intention iG@al. The precise relation be-
tween an intentional moment and a situation isfélewing: situation in reality can
satisfy the propositional content of an intentiomaiment (i.e., satisfy - in the logical
sense — the proposition representing that propositicontent). Beliefs can be justi-
fied by situations in reality. Examples include iglief that Rome is the Capital of
Italy, and the Belief that the Moon orbits the Baesires and Intentions can be ful-
filled or frustrated. Whilst a desire expressesilhaff an agent towards a state of af-
fairs in reality (e.g., a Desire that Brazil witetNext World Cup), intentions are de-
sired state of affairs for which the agent commaitpursuing (internal commitment)
(e.g., the Intention of going to a beach resorttti@er next summer break) [13,14]. For
this reason, intentions cause the agent to perfartions.
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Fig.3. A Fragment of a Foundational Ontology of Socialiieg (UFO-C).

Actions are intentional events, i.e., events whidtantiate &lan (Action Universal)
with the specific purpose of satisfying (the prdpoeal content of) some intention.
Examples of actions include writing this paper,usibess process, a communicative
act. In particular, &ommunicative Act (a speech act such inform, ask or promise)
[13] is an example of an atomic action. As eveatsions can be atomic or complex.
A complex action is composed of two or more pgptitions. These participations can
themselves be intentional (i.e., be themselves@asg}ior unintentional events. For ex-
ample, the stabbing of Caesar by Brutus includesitibentional participation of
Brutus and the unintentional participation of thefd. In other words, following phi-
losophical action theories [15], we take that ih@ the case that any participation of
an agent is considered an action, but only thosmiional participations — termed
hereAction Contributions. Only agents (entities capable of bearing inter@iono-
ments) can perform actions. An object participatmgn action is termedResource.

A complex action composed of action contributiofiglifferent agents is termed an
Interaction. Two artists collaborating to create a sculptsran example of an inter-
action, and so is a dialogue between two agentthdrformer case, the sculpture as
well as the tools and raw materials used to criéate examples of resources. Objects



can participate in actions in different ways. listhrticle, we countenance four differ-
ent modes ofResource Participation, namely, Creation, Termination, Change or
Usage, which can be characterized as follows: Lée a resource an action, and,,
s, two situations such that they are the pre and stasé of actiorm. Then we have
that (i) creationa resource participation ofin ac is a creation iff (is not present in
sp) and ¢ is present in § and (there is at least one action contributigrthat is also
part ofa and such thas, satisfies the propositional contentass); (ii) termination:a
resource participation afin a is a termination iff i is present in § and ¢ is not pre-
sent in g) and (there is at least one action contributharthat is also part o& and
such thas, satisfies the propositional contentas)); (iii) change:a resource participa
tion of r in ais a change iff there is at least a monmarguch that (f inheres in r in
s, andm does not inhere in r inksOR (M does not inhere in r in &ndm inheres in
rin s;)) and (there is at least one action contributiorthat is also part o and such
that s, satisfies the propositional contentasf); (iv) a resource participation which is
not any of the three aforementioned modes of ppation is a usage participation.

As discussed in [6], a resource participation carthe cause of eesource de-
pendencend the result of eesource acquisitioletween agents. In a resource acqui-
sition from agenB to agentA, A gives permission of resourceo B. For this to hap-
pen,A must have the right to grant permission to agahd, moreover, the right to
grant the right mode of permission (e.g., to usanodify). In other words, different
modes of resource participations can be connectaifferent deontic consequences
of the relation between agents. In summary, a resquarticipation in an action is the
intended use, modification, termination or creatafran object in that action. Thus,
for instance, we consider a resource change ofirespin actiona when this change
is the content of the intention of at least onéhefagents in that action.

Communicative Acts can be used to cregdeial Moments. In this view, language
not only represents reality but also creates aqfagality [13]. Thus, social moments
are types of intentional moments that are createthé exchange of communicative
acts and the consequences of these exchangeg@algadoption, delegation [6]). For
instance, suppose that | rent a car at a car reetaice. When signing a business
agreement, | perform a communicative act (a promishis act creates Social
Commitment towards that organization: a commitmentéturn the car in a certain
state, etqthe propositional content). Moreover, it alsoates aSocial Claim of that
organization towards me w.r.t. that particular msiponal content. Commit-
ments/Claims always form a pair that refers to igum propositional content. So-
cial Relator (or Social Bond) is an example of a relator composed of two or more
pairs of associated commitments/claims (social nag)eFinally, a commitment (in-
ternal or social) is fulfilled by an ageAtif this agent performs an actionsuch that
the post-state of that action is a situation thtisBes that commitment.

4.1 The Distinction between Action Universals, Action Occurences and
Scheduled Actions

In this section, we elaborate on some of the casagigcussed above with the inten-
tion of clarifying a distinction which is commonbjurred in several process models,
namely, the distinction between Action Universélstion Occurences and Scheduled



Actions. In figure 4 below, we present additionaFQ-C ontological categories
needed to discuss these distinctions.

We start by elaborating on the notions of committeeBommitments (internal or
social) can be-ulfilled or Unfulfilled. Unfulfilled commitments can bfending,
Dismissed or Broken. A Social CommitmenC is a commitment of an ageAt to-
wards another agel, thus, as an externally dependent moment, we gtat€ in-
heres inA and is externally dependent BnDifferently from an internal commitment,
in this caseC can only be dismissed B Internal commitments cause the agent to
perform actions. Thus, following [14], we have tisatial commitments necessarily
cause the creation of internal commitments, ifel. promise to bring you a specific
book by tomorrow, asides from the commitment witlu,yl must also create the in-
tention (internal commitment) of bringing the bdmktomorrow.
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Fig.4. A Fragment of UFO-C dealing with Appointments.

As discussed in the previous section, a commitr(iatérnal or social) is fulfilled by
an agenA if this agent performs an acti@nsuch that the post-state of that action is a
situation that satisfies the propositional contithat commitment. For many situa-
tions, there are a number of possible actionsdhatbring about that situation. We
differentiate betwee®pen andClosed commitments, the difference being that, in the
latter case, the agent must fulfil the commitmerst ,(bring about the desired situa-
tion) by executing a specific action. We state thiest a closed commitment C is
based on an Action Universal (Pldnsuch thaC is fulfilled by agentA iff A brings
about a situation that satisfies the propositiauaitent ofC by executing an actioa
which is an instance d®. Open and Closed commitments can explain the m®td
Open and Closed Delegation [14], respectively. €hasturn, can explain the differ-



ence between what is nam@&dal andPlan Dependenci requirements engineering
languages such as TROPOS and i* [6].

A special type of Commitment is appointment. An appointment is a commit-
ment whose propositional content explicitly reféosa time interval. For instance,
while “I will return the book to you” is a sociabmmitment, “I will return the book
between now and the end of this working week” isasppointment. An appointment
can be either InternalS@if-Appointment) or a Social Appointment. A Closed Ap-
pointment is a Closed Commitment whose propositional congapticitly refers to a
time interval. AComplex Closed Appointment is based on &omplex Action Univer-
sal. On one hand, a complex closed appointn@ig composed of a humber of com-
mitments that should be achieved by executing abeurof actions that are part of a
complex action (instance of the complex action ergal on whichC is based). On
the other hand stands for a number of commitments to enact a togction uni-
versal by executing its specific sub-actions (it,creating instances of these ac-
tions) that must occur in specific time intervaisférred by the propositional content
of these constituting commitments).

Now, we can make clear that scheduled actionseitban action occurrences (i.e.,
particular events that occur in specific time im#ds) nor action universals (patterns
of features instantiated by multiple action occnees). In fact, a scheduled action is
not an action at all. Instead, it is a commitmeninstantiate a specific action univer-
sal (plan) in a specific time interval, i.e., asgdd appointment.

5 Analyzing and Improving a Software Process Ontology in
terms of UFO

In [16], Falbo and Bertollo presented a SoftwarecBss Ontology that was devel-
oped for establishing a common conceptualizationsédtware organizations to talk
about software processes. This ontology is usebaats for the development of a
process infrastructure for ODE [3], a Process-Qente&Software Engineering Envi-
ronment. Futhermore, in [16], this ontology is shote be expressive enough to be
used as a common ground for mapping the softwaseeps fragments of standards
such as ISO/IEC 12207-1SO 9001:2000-ISO/IEC 155DMIMI, RUP and SPEM.
Figure 5 shows a fragment of this ontology.

As shown in figure 5, @oftware processan be decomposed inaxtivities or
other processes, callsdb-processed\n activity is a piece of work that can produce
artifacts (output3. To be performed, an activity requinesourcesadoptgrocedures
and usesrtifacts (input9 produced by other activities. An activity can decom-
posed intosub-activities and can depend on the accomplishment of othéritéed,
said pre-activities Artifacts can be decomposedsuab-artifacts Resourcesre used
during, or to support, the execution of activiti#aese resources can be grouped into
three main categories: (juman resourcare the roles that human agents is required
to perform in an activity, such as requirement gstalproject manager, client and so
on; (ii) hardware resourcefclude any hardware equipment required to perfarm
activity, such as computers and printers; §djtware resourcesoncern any software
product that is used in the accomplishment of diviag such as a network manage-



ment software or a data base management syBteoeduresare adopted in the ac-
complishment of activities. There are several typeproceduresDocument Tem-
plates for instance, are models to be followed when arigyg an artifact in an activ-
ity. A methodis a systematic procedure that definesoakflow of activities (a set of
steps) and heuristics to perform one or more d&#/i When a method can be
adopted in the accomplishment of more than oneiggctit has a workflow of activi-
ties for each one of them.
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Fig.5. A Fragment of the ODE Software Process Ontology

Figure 6 represents a reengineered model of thiev&ef Process Ontology by map-
pings its concepts to the fragments of the UFO-@logy in figures 3 and 4. In fig-
ure 6, the concepts from UFO-C are shown in grepinBerpreting the ODE ontology
in terms of UFO-C, it becomes clear that the foremlapses the two notions of Ac-
tion universal and Action Execution. We have perfed this separation by introduc-
ing the terms Activity Occurrence (AO) and Softwéecess Occurrence (SPO) to
denote particular actions that take place in setihe intervals. An activity occur-
rence can be atomic or complex. A SPO, in contiastecessarily a complex action.
In fact, the distinction between a Software SubeBss Occurrence (i.e., a SPO which
is part of another SPO) and a Complex Activity Goence is not clear in the original
ontology. Here, in order to eliminate this ambiguive assume that a SPO is the su-
preme of the composition lattice, i.e., a SPO @®mplex action which is not part of
any other complex event. A consequence of thisdefn is that there can be no sub-
processes of a SPO and, thus, the reflexive paitheation between SPO’s has been
removed from the model. In summary, a SPO is ataie of a Software Process
which is in turn a subtype of a Complex Action Usrisal; an activity occurrence is an
instance of an Activity which is a subtype of Actidniversal (Plan).

In the software process ontology, an artifacttigoe of Object (non-agentive sub-
stantial). The subArtifact/superArtifact relatiopttveen artifacts is thus governed by
the mereological axioms defined for the (differgqtes of) parthood relation between
substantials defined in [1]. Although this cannet élaborated here, we have that,
generally, parthood between objects define an léxafe, asymmetric and non-
transitive relation; Parthood between processassisict partial order relation.

The notion of resource in the original ontology edso be mapped to the notion
of Substantial in UFO-A, and the relatiomquiressubsumes different modes of par-



ticipating in an AO. We believe this issue shouddiaborated in this domain ontol-
ogy in order to make justice to the distinctiorvitn action contributions and (UFO-
C) resource participations. In particular, a humesource (an Agent in UFO-C) can-
not beused modified createdor terminatedby an AO. Instead, an action contribution
of a human resource actually denotes a social cament of that agent (with conse-
quent permissions and obligations) of performingt jph that AO. In terms of the
formal relations we have put forth in [6], thequiresrelation for the case of human
resources is a type diependenceelation between agents that will lead tdedega-
tion relation when the process is instantiated or sdeed In a nutshell, an ageAt
depends on an ageBtiff A has a goaG that she cannot achieve by herself (either by
lack of capacity or by the fact th@tcontrasts with one of her other goals), &xchn
achieveG. AgentA delegates godb to B iff A depends oB for G; andB commits at
achievingG for A. Software and Hardware resources are types ofc@bgnd, thus,
their modes of participations must be one of thpes$yof (UFO-C) resource participa-
tion, namely, an usage participation. Notice, hasvethat whilst an output artifact is
a (UFO-C) resource with a create participation nnf, an input artifact is also a
(UFO-C) resource with a usage participation. lingortant to emphasize that a
(UFO-C) resource is mle that an object plays in an event. As consequeéheesame
then must be the case for its subclasses: botfaartind resource must be roles
played by objects in the scope of an AO. As a cgueece, an obje® that is an in-
put artifact for an AO is an output artifact fromagther AO. Now, can an obje€
that is an output artifact for an AO be a softweesource used by another AO? In
other words, once human agents are not considereesaurces, what characterizes
the different roles output artifact and resouraesiboth are played by objects with
usage participations? The answer is the followihgn object plays the role of soft-
ware resource in A@c then there is no creating participation of thigeabin another
AO ac that is part of the same SPO.

A Procedure is a type of Normative Description. Tsyeecial types of Normative
Descriptions in UFO-C are Object and Plan Desaipti An Object Description is a
description of an Object Universal (e.g., a bluepof a house). In an analogous
manner, a Plan Description is a description ofanRe.g., directives on how to as-
semble an IKEA chair). A method is a type of PlagsEription; a Document Tem-
plate is an Object Description.

Another issue in the original ontology is the riglatof dependence between activi-
ties (now, activity occurrences). Dependence batvagivity occurrences is defined
in terms of resources and, more specifically, tifaants: an AOa depends on an AO
b iff a uses as input a resource produced.biowever, the rolenames used for the
relata of this relation are preActivity and posAdtii indicating that there is an order-
ing relation hidden between these AO’s. What terpordering relation(s) would
this relation correspond to? It turns out it is possible to extrapolate this answer
from the data contained in the original ontologygkneral, the only two temporal re-
lations that can be eliminated from start finisshesandequals i.e., if an AOa de-
pends on something produced by an B@ena cannot finish simultaneously or be-
fore b. Thus, considering ordering relations between aimstneous activity
occurrences then dependence implies bhatcursbeforea (see UFO-B), sincstarts
andduring are not defined for instants anteetsdegenerates tequalsin that case.
However, for the case of time-extended AO, we eftewith four possibilities: before,



meets, starts and during. In any case, all thaserédations are strict total orders (ir-
reflexive, asymmetric and transitive) if we assuanénear model of time. In sum-
mary, since dependence between AOs is a total pidsra resource dependence, as a
result we have that this relation must obey a gladtider relation, i.e., an irreflexive,
asymmetric and transitive but not necessarily ptidfined relation between AOs.
The two relations between method workflow in theotwgy of fig. 5 can be fur-
ther clarified by making explicit the distinctioretiveen Action Universal and a de-
scription of that universal. A method workflow is8 axample of a description. Thus,
it cannot be said to be composed of Activities. ¥ke that, as a Plan description, a
method workflow “describes how to perform” a compé&etion universal (a software
process or a complex activity). This relation oésdribe how to perform” is, hence, a
specialization of the relation “describes” betwddan description and Plan. More-
over, as a description of a complex action unideanethod workflow describes
how to perform the two or more actions that compheenstances of this universal.
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Fig.6. A Fragment of the Reengineered ODE Software Prdoesslogy

6 Final Consider ations

In this paper, we presented the latest developnetitee UFO foundational ontology.
In particular, we discussed new versions of twagrfrants of UFO, namely UFO-B
(concerned witleventy and UFO-C (dealing withocial and intentional conceptdn
previous initiatives, UFO has been used to evajuatelesign and integrate (meta)
models of different conceptual modeling languagesvell as to provide real-world
semantics for their modeling constructs. In thipgrawe illustrated the role played
by philosophically grounded foundational ontologythe design of domain ontolo-
gies. In particular, we demonstrate how UFO camded to evaluate, re-design and
give real-world semantics to an ontology in thewafe engineering domain, namely,
the software process ontology which is the corthefODE Ontology-Centered Soft-
ware Development Environment. By doing this, weehaworrected a humber of con-



ceptual problems in this software engineering agplby making it more truthful to
the domain being represented and by making exptibntological commitments.
Truthfulness to reality and conceptual clarity &wadamental quality attributes of
conceptual models, in general, and of domain ogtef in particular, and are di-
rectly responsible for the effectiveness of thesslets as reference frameworks for
the tasks of reuse and semantic interoperabilit][1

The foundational ontology as well as the domairolagfies discussed in this arti-
cle are endowed with corresponding formal char&dons, which are not shown
here, firstly, due to lack of space, but also sitiegy are not essential to objectives of
this paper. The Interested reader should refdot@example, [1,16].
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