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Some Applicationsof a
Unified Foundational
Ontology In
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Abstract

Foundational ontologies provide the basic concepts upon which any
domain-specific ontology is built. This chapter presents a new foundational
ontology, UFO, and shows how it can be used as a guideline in business
modeling and for evaluating business modeling methods. UFO is derived
from a synthesis of two other foundational ontologies, GFO/GOL and
OntoClean/DOLCE. While their main areas of application are natural
sciences and linguistics/cognitive engineering, respectively, the main
purpose of UFO is to provide a foundation for conceptual modeling,
including business modeling.
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| ntroduction

A foundational ontology, sometimes also called “upper level ontology”,
defines arange of top-level domain-independent ontological categories, which
form a general foundation for more elaborated domain-specific ontologies. A
well-known example of a foundational ontology is the Bunge-Wand-Weber
(BWW) ontol ogy proposed by Wand and Weber inaseriesof articles(e.g., Wand
& Weber, 1990, 1995) onthebasisof the original metaphysical theory devel oped
by Bunge (1977, 1979).

Ashasbeen shown in alarge number of recent works (e.g., Green & Rosemann,
2000; Evermann & Wand, 2001; Guizzardi, Herre, & Wagner, 20023, b; Opdahl
& Henderson-Sellers, 2002), foundational ontologies can be used to evaluate
conceptual modeling languagesandto devel op guidelinesfor their use. Business
modeling can beviewed asthe main application domain of conceptual modeling
languages and methods. In the model-driven architecture approach of the
Object Management Group (OMG), abusinessmodel iscalled a“ computation-
independent model” because it must not be expressed in terms of 1T concepts,
but solely in terms of businesslanguage. The businessdomain, sinceit contains
so many different kinds of things, poses many challenges to foundational
ontologies.

A unified foundational ontology represents asynthesis of a selection of founda-
tional ontologies. Our main goal in making such a synthesis is to obtain a
foundational ontology that i stail ored towards applicationsin conceptual model-
ing. For this purpose we have to capture the ontological categories underlying
natural language and human cognition that are also reflected in conceptual
modeling languages such as ER diagrams or UML class diagrams. In Gangemi,
Guarino, Masalo, Oltramari, and Schneider, (2002) this approach is called
“descriptiveontology” asopposed to“ prescriptiveontology”, which claimstobe
“realistic” and robust against the state of the art in scientific knowledge.

For UFO 0.2, thesecond* (still experimental) version of our unified foundational
ontology (UFO), we combinethefollowingtwo ontologies: 1) thegeneral formal
ontology (GFO), which is underlying the general ontological language (GOL)
developed by the OntoMed research group at the University of Leipzig,
Germany; (see www.ontomed.de and Degen, Heller, Herre, & Smith, 2001); 2)
the OntoClean ontology (Welty & Guarino, 2001) and the descriptive ontology
for linguisticand cognitiveengineering (DOL CE), developed by the | STC-CNR-
LOA research group in Italy, as part of WonderWeb Project (see http://
wonderweb.semanticweb.org/).

Existing foundational ontologies, notably SUO, OntoClean-DOL CE, GFO-GOL,
and even BWW, all have severe limitationsin their ability to capture the basic
concepts of conceptual modeling languages. For instance,
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1. SUO, OntoClean-DOLCE, and BWW do not make a clear distinction
between entities and sets, which is needed to capture the characteristic
difference between entity type and datatype.

2.  SUO, GFO-GOL, and BWW do not include an ontology of entity type
categories, which is needed to capture the categories of role types, phase
types, and mixin types.

3. SUO, GFO-GOL, and BWW do not pay much attention to the sphere of
intentional and social things with the core category of agents, which is
needed to capture the characteristics of business processes.

UFO does not have these (and some other) shortcomings of SUO, OntoClean-
DOLCE, GFO-GOL, and BWW. Our choice to use OntoClean-DOLCE and
GFO-GOL as its basis rests on the fact that these two ontologies offer more
constructsthat arerelevant to conceptual modeling than the other foundational
ontologies. Specifically, OntoClean-DOL CE include an ontol ogy of entity type
categories and an account of agents, while GFO-GOL includes the fundamental
distinction between entities and sets.

Wehave obtained our synthesisby: 1) selecting categoriesfromthe union of both
category sets; 2) renaming certain terms in order to create a more “natural”
language; and 3) adding some additional categories based on relevance for
conceptual modeling according to our experience.

Using the acronyms “BWW”, “owl!”, “UML", “1SO”, and “BSBR", we also
make referencesto BWW, the Web ontology language OWL (W3C, 2004), the
Unified Modeling Language (UML), theterminol ogy standard | SO1087-1:2000
(1S0O, 2000), and to the Business Rules Team submission to the OM G Business
Semantics for Business Rules RFP (Chapin, Hall, Ross, Morgan, & Baisley,
2004). For making a distinction between terms used differently in different
vocabularies, we usethe XML namespace prefix syntax and write, for example,
“BWW:thing” and“owl: Thing” for distinguishing between the conceptstermed
“thing” in BWW and in OWL.

We present UFO 0.2 both as a MOF/UML model (OMG, 2004) and as a
vocabulary in semi-structured English, similar to the BSBR Structured English
of Chapin et al. (2004). MOF/UML is a fragment of the UML class modeling
language that isrecommended by the OM G as alanguage for defining modeling
languages; in other words, MOF/UML isameta-modeling language. There are
two reasons for using MOF/UML for defining afoundational ontology: first, it
allowsto expressit graphically in the form of aUML class diagram; second, it
facilitates the communication of the foundational ontology by making it acces-
sibletothelarge (and still growing) language community of peoplefamiliar with
the UML.
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An alternative, and more flexible, mode of expression for defining a modeling
language such as UFO consists of using semi-structured English to specify the
vocabulary of the modeling language. Our UFO vocabulary has three kinds of
entries marked up with different font styles:

e term: A terminthisfont style denotes being of atype and isused to refer
to things of that type; for example, the term individual in the phrase
“individual that iswholly present whenever it ispresent” standsfor athing
of type“individual” (i.e., it standsfor anindividual).

e npame: Thisisaname of anindividual or atype; when abc is atype term
referring to things of that type, abc is a name referring to the type itself.

e termil relationship phraseterm?2 : Thisisaname of abinary relationship
type.

A vocabulary entry may contain, additionally,

. “Correspondingterms” (or “ corresponding relationship typeexpressions’):
terms (or relationship type expressions) that are roughly equivalent.

. Examples.

. Constraints: logical statementsthat haveto holdinany given ontol ogy based
on UFO.

When thereisaprimary source for adefinition, we append it in brackets, likein
“...[based on GFQ]".

UFO is divided into three incrementally layered compliance sets. 1) UFO-A
definesthe core of UFO, excluding termsrelated to perdurantsand termsrel ated
tothespheresof intentional and social things; 2) UFO-B defines, asanincrement
to UFO-A, termsrelated to perdurants; and 3) UFO-C defines, as an increment
toUFO-B, termsrelated to the spheres of intentional and social things, including
linguisticthings.

This division reflects a certain stratification of our “world”. It also reflects
different degrees of scientific consensus: there is more consensus about the
ontology of endurants than about the ontology of perdurants, and thereis more
consensusabout theontology of perdurantsthan about the ontol ogy of intentional
and social things.

We hopethat thisdivisioninto different compliance setswill facilitate both the
further evolution of UFO and the adoption of UFO in business modeling and
ontology engineering. In the next section, we present UFO-A 0.2, while UFO-
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B 0.2 and UFO-C 0.2 are presented in the two subsequent sections, respectively.
The next section illustrates how UFO can be used to evaluate some business
modeling methods, and the final section concluding the chapter.

UFO-A: The Core of the Unified
Foundational Ontology

Things, Sets, Entities, Individuals, and Types

We first present the upper part of UFO-A 0.2 asa MOF/UML model in Figure
1. Notice the fundamental distinction made between sets and entities as things
that are not sets (called “urelements” in GFO).

In structured English, the upper part of UFO 0.2 can be introduced as follows.

e thing: Thisisanything perceivable or conceivable [ SO:object]. Corre-
sponding terms: GFO:entity; DOL CE:entity, owl: Thing; BSBR:thing.

J set: Thisis athing that has other things as members (in the sense of set
theory).

. thingis member of set : Thisisthe name of aformal relationship type that
isirreflexive, asymmetric and intransitive.

e member : Thisistherole namethat refersto thefirst argument of the thing
is member of set relationship type.

. set is subset of set : Thisisthe name of aformal relationship type that is

reflexive, asymmetric and transitive. Constraint: For all t:thing; s, s, : set

— if tismember of s and s, is subset of s,, then t is member of s,

J entity :Thisisa thingthat isnot aset; neither the set-theoretic membership
relation nor the subset relation can unfold theinternal structure of an entity
[GFO:urelement].

J entity type: Thisisan entity that has an extension (being a set of entities
that are instances of it) and an intension, which includes an applicability
criterion for determining if an entity is an instance of it; and which is
captured by meansof an axiomatic specification, thatis, aset of axiomsthat
may involve a number of other entity types representing its essential
features. An entity type is a space-time independent pattern of features,
which can be realized in a number of different individuals [based on
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GFO:universal]. Corresponding terms: UML:class; DOLCE:universal;
owl:Class; BSBR: “generic thing”.

J entity isinstance of entity type: Thisisthe name of aformal relationship
type (called classification).

* instance: Thisisarole namethat refersto the first argument of the entity
is instance of entity type relationship type.

J set is extension of entity type: Thisisthe name of aformal relationship
type. Constraint: For all o:entity, t:entity type, s:set — if o isinstance of
t and sis extension of t, then o is member of s.

J extension: Thisisarole name that refersto the first argument of the set
is extension of entity type relationship type.

°  entity type is subtype of entity type: This is the name of a formal
relationship typethat isirreflexive, asymmetric and transitive (also called
generalization). Constraint: For all t, t,: entity type; s, s,: set — if t;
is subtype of t,and s is extension of t and s, is extension of t, then s is
subset of s,.

e subtype: Thisisarole name that refers to the first argument of the entity
type is subtype of entity type relationship type.

. individual: Thisisan entity that is not an entity type. An entity type that
classifies individuals is called individual type. Corresponding terms:
GFO:individual; DOLCE: particular.

e thingispart of individual: Thisisname of aformal relationship type that
isreflexive, asymmetric and transitive (also called aggregation).

e part: Thisisarolenamethat refersto thefirst argument of thethingispart
of individual relationship type.

*  entity type is classification type of entity type: This is the name of a
formal relationship type where the first argument is a higher-order entity
typewhoseinstancesform asubtype partition of the second argument (al so
called higher-order classification). Examples: Biological Speciesis clas-
sification type of Animal; PassengerAircraftTypeis classification type of
PassengerAircraft. Constraint: For all t, t, t.: entity type — if t, is
classification type of t, and t, is instance of t,, then t, is subtype of t..

* classification type: Thisisarole name that refers to the first argument of
the entity type is classification type of entity type relationship type.
Corresponding names. GFO: “higher-order universal”; BSBR: “categori-
zation type”; UML: powertype.

*  entity type is classified by entity type: This is the name of a formal
relationship type that isthe inverse of the entity typeis classification type
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of entity type relationship type. Corresponding relationship type ex-
pressions. BSBR: “type has categorization-scheme”.

Different Kinds of Types

In UFO, we make afundamental distinction between datatypes, which are sets,
and entity types, which are not sets, but whose extensions are sets. Based on
Wiggins (2001), van Leeuwen (1991), Gupta (1980), and Hirsch (1982), we
distinguish between several different kindsof entity types, asshowninFigure2.
These distinctions are elaborated in Guizzardi, Wagner, and van Sinderen
(20044a), inwhichwe present aphilosophically and psychol ogically well-founded
theory of typesfor conceptual modeling. In Guizzardi, Wagner, Guarino, and van
Sinderen (2004b), this theory is used to propose: 1) a profile for UML whose
elements represent finer-grained distinctions between different kinds of types
and 2) a set of constraints defining the admissible relations between these
elements. One should refer to Guizzardi et al. (2004a, 2004b) for: a) anin-depth
discussion of thetheory underlying these categoriesaswell asthe constraintson
their relations; b) aformal characterization of the profile; and c) the application
of the profileto propose an ontological design pattern that addresses arecurrent
problem in the practice of conceptual modeling.

In structured English, the different kinds of types are defined as follows.

Figure 1. The upper part of UFO-A 0.2 as a MOF/UML model
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J datatype: Thisisaset whose membersare dataval ues. Examples: Integer;
String.

e sortal type: Thisisan entity type that carries a criterion for determining
the individuation, persistence, and identity of its instances. An identity
criterion supportsthe judgment whether two instances are the same. Every
instance in a conceptual model must have an identity and, hence, must be
an instance of sortal type.

*  basetype: Thisisasortal typethatisrigid (all itsinstancesare necessarily
its instances) and that supplies an identity criterion for its instances
[OntoClean:type]. Examples: Mountain; Person. Corresponding terms:
BWW: “natural kind”.

e phase type: This is a sortal type that is anti-rigid (its instances could
possibly also not beinstances of it without | oosing their identity) andthat is
an element of a subtype partition of a base type [OntoClean:“phased
sortal”]. Examples. Town and Metropolis are phase subtypes of City;
Baby, Teenager, and Adult are phase subtypes of Person.

e roletype Thisisasortal type that is anti-rigid and for which there is a
relationship type such that it is the subtype of a base type formed by all
instances participating in the relationship type [OntoClean:role]. Ex-
amples: DestinationCity asrole subtype of City; Student asrol e subtype of
Person.

J mixin type: This is an entity type that is not a sortal type and can be
partitioned into disjoint subtypes, which are sortal types (typically role

Figure 2. Different kinds of types in UFO-A 0.2
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types) with differentidentity criteria. Sinceamixinisanon-sortal it cannot
have direct instances [OntoClean:non-sortal]. Examples: Object; Part;
Customer; Product

* relationship type: Thisisatype whose instances are (material or formal)
relationships.

Noticethat roletypesand phasetypescannot supply anidentity criterionfor their
instances. For this reason, they must be derived from suitable base type from
which they inherit their identity criterion.

Thetheory of types, whichispart of UFO-A, providesafoundationfor anumber
of modeling primitivesthat, al beit often used, arecommonly defined inanad hoc
manner in the practice of conceptual modeling. In particular, thistheory can be
considered as an extension of the BWW account of types. In Evermann and
Wand (2001), it is proposed that a UML class should be used to represent a
BWW: “natural kind” (i.e., it should be equivalent tothe“ functional schema’ of
aBWW: “natural kind”). Asdiscussed in Guizzardi et al. (2004a), the concept
of anatural kind correspondsto the UFO concept of abasetype, that is, anatural
kindisarigidentity typethat providesanidentity criterionfor itsinstances. It has
been argued, however, (e.g., Welty & Guarino, 2001; Gupta, 1980; Wiggins,
2001; vanLeeuwen, 1991; Guizzardi et al ., 2004a, 2004b), that, inadditiontothis
concept, several other type concepts are needed in descriptive ontologiesand in
conceptual modeling.

Different Kinds of I ndividuals

We distinguish between anumber of different kinds of individuals, asshownin
Figure 3. The fundamental distinction between endurants and perdurants
corresponds to the colloquial distinction between “objects” and “processes”.

In structured English, the different kinds of individuals considered in UFO are
explained asfollows.

e endurant: Thisisan individual thatiswholly present whenever itispresent,
that is, it does not have temporal parts, and that persists in time while
keeping itsidentity [DOLCE]. Examples: a house; a person; the moon; a
hole; the redness of a certain apple; an amount of sand. Corresponding
terms: GFO:3D-individual.

e perdurant: Thisis an individual that is composed of temporal parts;
whenever aperdurant is present, itisnot the case that all itstemporal parts
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Figure 3. Different kinds of individuals in UFO-A 0.2
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are present [DOL CE]. Examples: a storm; a heart attack; a conversation;
the Second World War; a business process.

e substanceindividual: Thisis an endurant that consists of matter (i.e., is
“tangible” or concrete), possesses spatio-temporal properties, and can
exist by itself; that is, it does not existentially depend on other endurants,
except possibly onsomeof itsparts) [ based on GFO:substance]. Examples:
a house; a person; the moon; an amount of sand. Corresponding terms:
BWW:thing

e momentindividual: Thisisan endurant that cannot exist by itself; that is,
it depends on other endurants, which are not among its parts [based on
GFO:moment]. Examples: therednessof acertain apple; abelief of George
Bush; aflight connection between two cities.

o endurant bears moment individual: Thisisthe name of aformal relation-
ship type [based on GFO: “substance bears moment”].

. physical object: Thisisasubstanceindividual that satisfiesacondition of
unity and for which certain parts can change without affecting itsidentity.
Examples: a house; a person; the moon.

e amount of matter: Thisis a substance individual that does not satisfy a
condition of unity; typically referred to by meansof massnouns. Anamount
of matter is mereologically invariant, that is, it cannot change any of its
parts without changing its identity [DOL CE]. Examples: a liter of water;
apiece of gold; apile of sand.
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e intrinsicmoment: Thisisamoment individual that isexistentially depen-
dent on one single individual. Examples: the redness of a certain apple; a
belief of George Bush.

J intrinsic moment inheres in endurant: This is the name of a formal
relationship type [GFO].

e guality: Thisisanintrinsic moment that inheresin exactly one endurant and
can be mapped to a value (DOLCE:quale) in a quality dimension
(Gérdenfors, 2000). Corresponding terms: GFO:quality; DOL CE:quality;
BWW: “intrinsic property”. Examples: the color (height, weight) of a
physical object; an electric charge. Constraint: For all e, e, : endurant;
q:quality — if q inheresin e, and g inheres in e, then e, is equal to e,.
Examples: the redness of a certain apple.

e relator: Thisisamomentindividual thatisexistentially dependent onmore
than one individual. Relators provide the basis for material relationships
(Guizzardi, Herre, & Wagner, 2002b) [GFO:relator]. Corresponding
terms: BWW: “mutual property”, UML:link, owl:. Examples: aparticular
employment (Susan is employed by IBM); a particular flight connection
(LH403 fliesfrom Berlin to Munich).

Thenotion of relatorsissupportedin several worksinthephilosophical literature
(see, e.g., Smith & Mulligan, 1983, 1986). The concept of relators plays an
importantrolein:

1. distinguishing material relationship types, such as “person is married to
person” and“person studiesat university”, fromformal relationship types,
such as “number is greater than number” and “day is part-of month”);

2. answering questions of the sort: What does it mean to say that John is
married to Mary? Why isit true to say that Bill worksfor Company X but
not for Company Y ?

Putting all UFO-A terms and relationship-type expressions together in one
UML/MOF diagram resultsin Figure 9 (see Appendix A).
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Some Applications of UFO-A to
Business Modeling Problems

Modeling Customers

M ost business information systemsinclude a* business object class” Customer
for representing the customers of the business. In Figure 4, the role type
Customer is defined as a supertype of Person and Corporation. This model is
deemed ontologically incorrect for two reasons. first, not all persons are
customers, that is, it is not the case that the extension of Person is necessarily
included in the extension of Customer. Moreover, an instance of Person is not
necessarily (in the modal sense) a Customer. Both arguments are also valid for
Organization. In aseries of papers (e.g., Steimann, 2000), Steimann discusses
the difficultiesin specifying supertypesfor rolesthat can befilled by instances
of digjoint types.2 Asaconclusion, heclaimsthat thesolutiontothisproblemlies
in separating the hierarchies of role type and base type (named natural typein
the article) — a solution, which strongly impacts the meta-model of all major
conceptual modeling languages. By using the theory of types underlying UFO-
A we can show that this claim is not warranted and we are able to propose a
design pattern that can be used as an ontologically correct solution to this
recurrent problem (Guizzardi et al, 2004b).

In this example, Customer hasin its extension individuals that obey different
identity criteria, that is, it isnot the case that thereisasingleidentity criterion,
which appliesbothfor Personsand Corporations. Customer ishenceamixintype
(anon-sortal). Since every instance in the model must have an identity, thus,
every instance of Customer must be an instance of one of its subtypes (forming
a partition) that carries an identity criterion. For example, we can define the
sortals Personal Customer and CorporateCustomer as subtypes of Customer
(Figure 5). These sortals, in turn, carry the (incompatible) identity criteria
supplied by the base types Person and Corporation, respectively.

Product Modeling

In many business information systems, both individual products and product
typeshaveto berepresented. In aprototypical case, the product individual type,
whoseinstancesareidentified with thehelp of serial numbers, isclassified by the
corresponding product model type, which is asecond order classification type,
whoseinstances are subtypes of the product individual type. Figure 6 showsthis
situation for the case of cars and car models.
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Figure 4. An ontologically incorrect model of the entity type Customer
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according to UFO 0.2
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In a proposal for the ontological foundations of the Resource-Event-Agent
(REA) model (Geert & McCarthy, 2000, p. 13), the authors argue about the
importance of the distinction between individual types and classification types

accounted here:
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Economic Resources like (especially) inventory have an instance/
type definition problem that must be solved in the REA ontology (or
in any information system)... cars in an automobile dealership
would be modeled with instances (a car with a given engine#)
...with classes of cars (1975 Corvette) as type-images.

UFO-B: The Ontology of Perdurants

A complete treatment of an ontology of perdurants requires an ontology of
temporal entities (GFO:chronoids) (Degen et al., 2001). Inthissection, instead,
we restrict our attention to the most basic perdurant categories for defining
UFO-B 0.2 asafoundationfor defining someintentional and social entities|ater.
Inthe sequel wediscussthefollowing basic kinds of perdurants shownin Figure
7: (atomic and complex) events and states.

J state: Thisisaperdurant that is homeomeric, that is, each of its temporal
parts belongs to the same state type as the whole [based on DOLCE].

e event: Thisisaperdurant that isrelated to exactly two states (its pre-state
and its post-state). An event isrelated to the states before and after it has
happened.

e atomic event: Thisis an event that happens instantaneously, that is, an
event without duration, relativeto an underlying timegranularity [ based on
BWW:event and GFO:change]. Examples: an expl osion; amessage recep-
tion.

Figure 7. The perdurant categories of UFO-B 0.2
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J complex event: Thisisan event that iscomposed of other events by means
of event composition operators. Examples: a parallel occurrence of two
explosions; an absence of amessagereception (within sometimewindow);
astorm; a heart attack; afootball game; a conversation; abirthday party;
the Second World War; a Web shop purchase.

e process: This is a complex event that is a sequence of two or more
(possibly parallel occurrences of) atomic events. Examples: a storm; a
heart attack; afootball game; a conversation; abirthday party; the second
World War; a Web shop purchase.

*  stateis pre-state of event: Thisis a name of aformal relationship type.

*  stateispost-state of event: Thisisthe name of aformal relationship type.

UFO-C: The Ontology of I ntentional,
Social, and Linguistic Things

The “objective” perdurant categories (atomic and complex) event and state
defined in UFO-B are essential concepts for process modeling, but they are not
sufficient for business process modeling, where intentional and social concepts
such as action, activity, and communication are needed. The following account
of intentional and social thingsisat an early stage of development and therefore
rather incomplete. Neverthel ess, wethink that it givesanimpression of therange
of ontological categoriesthat is needed to explain business process modeling.

o physical agent: This is a physical object that creates action events
affecting other physical objects, that perceives events, possibly created by
other physical agents, and to which we can ascribe a mental state.
Examples: a dog; a human; a robot.

e action event: This is an event that is created through the action of a
physical agent.

*  non-action event: Thisisan event that isnot created through an action of
a physical agent.

. physical agent creates action event: This is the name of a formal
relationship type.

e physical agent perceives event: Thisisthe name of aformal relationship
type.
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J non-agentive object: Thisisaphysical object that isnot aphysical agent.
Examples: a chair; a mountain .

*  mental moment: Thisisanintrinsic moment that isexistentially dependent
on a particular agent, being an inseparable part of its mental state.
Examples: a thought; a perception; a belief; a desire; an individual goal.
Constraint: For all mm: mental moment; e:endurant — if mminheresine,
then e is physical agent.

. communicating physical agent: Thisis a physical agent that communi-
cates with other communicating physical agents. Examples: a dog; a
human; acommuni cation-enabl ed robot.

* institutional agent: Thisis an institutional fact (Searle, 1995) that is an
aggregate consisting of communicating agents (itsinter nal agents), which
share acollective mental state, and that acts, perceives and communicates
through them. Examples: a business unit; a voluntary association.

J agent: Thisisan endurant that is either a physical agent or an institutional
agent.

J communicating agent: This is an agent that communicates with other
communi cating agents.

e social moment: Thisisamoment individual that isexistentially dependent
on more than one communicating agent. Examples: acommitment; ajoint
intention.

Figure 8. The categories of the UFO-C 0.2 agent ontology
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Agentsmay interact with their inanimate environment, or they may interact with
each other, which involves some form of communication; in the latter case, we
speak of social interaction.

We consider abusiness process asaspecial kind of asocial interaction process.
Unlike physical or chemical processes, social interaction processesare based on
communication acts that may create commitments and are governed by norms.
We distinguish between an interaction process type and an interaction process
individual, whileintheliterature the term business processis used ambiguously
both at the type and at the instance level.

. interaction process: Thisisaprocessthat includesat |east one perception
event and one action event perceived and performed by agents that
participateinit. Examples: someoneturning onthelight inthe officewhen
it becomes dark outside; afootball game; aconversation; abirthday party;
the second World War; a Web shop purchase.

e social interaction process: Thisisan interaction process that includes at
least one communicative action event. Examples: a football game; a
conversation; a birthday party; the second World War; a Web shop
purchase.

. business process: Thisis a social interaction process that occurs in the
context of a business system and serves a purpose of that system.
Examples: a football game; a Web shop purchase.

Using UFO to Evaluate
Business Modeling M ethods

Inthefollowing subsections, webriefly present some preliminary resultsinorder
to exemplify how UFO can be used to evaluate business modeling methods.

The Enterprise Ontology

The enterprise ontology, which was developed in a project led by the Al
Applications Institute at the University of Edinburgh (see Uschold, King,
Moralee, & Zorgios, 1998). Based on a simple upper-level ontology (“meta-
ontology”) consisting of the three modeling concepts entity, relationship, and
actor, it provides definitionsfor nearly 100 terms, both in natural language and
in the formalism of Ontolingua.
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For simplicity, thedistinction between anindividual and an entity typeisavoided.
An agent (called actor) is defined as a special entity that can play an actor role
in certain relationships (such as in performs Activity, has Capability, etc.).

There is no independent concept of an event in the enterprise ontology: events
aredefined as“akind of activity”. Remarkably, theauthors consider al so events
that take place as aresult of natural necessity (such as “water flowing down a
hill™) as activities of “inanimate actors” (such as gravity).

Thefollowing pointshighlight some shortcomingsof the enterpriseontology: 1)
For conceptual modeling, it isessential to distinguish between individuals and
entity types; 2) It seems to be questionable to view natural forces that cause
certain eventsto happen, such as gravity, as actors/agents; in UFO agents have
a mental state and are able to act (create action events), perceive and possibly
to communicate; and 3) Events must not be subsumed under activities. Rather,
they should befirst-classcitizensof themeta-model. Unlikeevents, activitiesare
always associated with an agent (their performer).

The Eriksson-Penker Business Extensions:
Subsuming Agents Under Resources

In Eriksson and Penker (1999), an approach to business modeling with UML
based on four primary concepts is proposed: resources, processes, goals, and
rules. In this proposal, there is no specific treatment of agents. They are
subsumed, together with “material”, “products’, and “information” under the
concept of resources. Thisunfortunate subsumption of human agents under the
traditional “resource” metaphor, which is common in many business modeling
methods, preventsaproper treatment of many important agent-related concepts
(such ascommitments, authorization, communication and interaction).

The REA (Resource-Event-Agent) Model

The REA framework, whose ontological foundations are defined in Geert and
M cCarthy (2000), isbased on anotion of an“economic exchange”. Aheconomic
exchange comprisesapair of economic events: an inflow and an outflow event.
Economic agents participate in economic events and resources are affected
(e.g., produced, used, acquired) by these events. In UFO, an economic event is
atype of complex action event and resource is a type of substance individual
(resources can be physical objects or amounts of matter). In REA, an individual
isan (economic) agent by virtue of its participation in an economic event, while
in UFO an agent is an individual to which we can ascribe a mental state.
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Despiteconsidering bothindividual sand entity types, theauthorsdo not elaborate
on the different sorts of entity types, which are necessary for conceptual
enterprisemodeling.

An example of lack of ontological clarity is found when the authors mix the
notions of event and commitments. For instance, in Figure 5, commitment and
economic event are collapsed in one single type-image. Additionally, the
relationships partner and reserves (defined to hold between agent/commitment
and resource/commitment, respectively) are considered as subtypes of partici-
pation and stock-flow (defined between agent/economic event and resource/
economic event). In our framework, whilst an economic event is a complex
action event, acommitment isasocial moment. Examplesof other typesof social
moment defined in REA are accountability, responsibility, assignment, and
custody.

Despite recognizing the importance of part-whole relations in the enterprise
domain (for exampleto model therelation between aresource and its parts), the
treatment offered isinsufficient. The authors only briefly mention arelation of
composition that, together with other relations such as substitutes (meaning that
a resource can substitute another), is subsumed under the relation of linkage
between resources. No axiomatization for compositionisprovided. Inacompan-
ion paper (Guizzardi, Herre, & Wagner, 2002b), we provide aformal character-
ization for parthood and discuss different types of this relation, which are
important for conceptual modeling.

Conclusions

The unified foundational ontology UFO 0.2 presented in this chapter should be
viewed as an attempt to assemble a foundational ontology for conceptual
modeling on the basis of other, already well established and philosophically
justified foundational ontologies. We have stratified UFO into three ontol ogical
layersinorder todistinguishitscore, UFO-A, fromthe perdurant extensionlayer
UFO-B and from the agent extension layer UFO-C. Although there is not much
consensusyetintheliteratureregarding the ontol ogy of agents, such an ontology
is needed for building the foundation of conceptual business process modeling.
UFO-CO0.2isafirst attempt to construct these foundations. We hopethat we can
validate and further improve it by investigating its applicability to business
modeling problems.
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Endnotes

! UFO 0.2 differs from UFO 0.1, which has been presented at the EMOI-
INTEROP Workshop at CAiSE’ 04, by adding the categories of datatype,
process, and business process.

2 Thisproblemisalso mentionedin (van Belle, 1999, p. 1089): “How would
one model the customer entity conceptually? The Customer as asupertype
of Organisation and Person? The Customer as a subtype of Organisation
and Person? The Customer as a relationship between or Organisation and
(Organization or Person)?’

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of ldea Group Inc. is prohibited.



Applications of a Unified Foundational Ontology 367

Appendix

Appendix A.

Figure 9. UFO-A 0.2 as a MOF/UML model
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