
Chapter 13
Ontological Foundations of DOLCE

Stefano Borgo and Claudio Masolo

13.1 Introduction

DOLCE, the Descriptive Ontology for Linguistic and Cognitive Engineering (Masolo
et al., 2003), is a foundational ontology developed embracing a pluralist perspective:
there cannot be a unique standard or universal ontology for knowledge representa-
tion. Once it is accepted that the so-called “monolithic approach” is unrealistic, it
becomes clear that the different foundational ontologies must be mutually trans-
parent by making explicit their ontological stands and formal constraints: this is
necessary to make ontology interaction possible and reliable. Roughly, it is expected
that an ontology is, on the one hand, philosophically well founded (by adopting a
clear ontological perspective) and, on the other hand, that it provides the informa-
tion for its correct application and use (for instance, by describing explicitly the
basic assumptions and the formal constraints on which it relies). A consequence
of this view is that, whenever a foundational ontology does not make an explicit
commitment with respect to an ontological topic, it is assumed that the ontology is
consistent with alternative ontological positions in that topic (in some cases, it may
even allow coexistence of these via techniques like parametrization). This general
view is quite demanding and requires a careful analysis of the ontology content and
structure; DOLCE has been one of the first ontologies explicitly built to follow (and
exemplify) this approach.

Regarding the content of the ontology, the aim of DOLCE is to capture the
intuitive and cognitive bias underlying common-sense while recognizing standard
considerations and examples of linguistic nature. DOLCE does not commit to a
strong referentialist metaphysics (it does not make claims on the intrinsic nature
of the world) and does not take a scientific perspective (it is not an ontology of, say,
physics or of social sciences). Rather, it looks at reality from the mesoscopic and
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conceptual level aiming at a formal description of a particular, yet fairly natural,
conceptualization of the world.

Technically, DOLCE is the result of a careful selection of constraints (prin-
ciples, primitives, axioms, definitions, and theorems) expressed in a rich logical
language, namely first-order logic, in order to guarantee expressiveness, precision,
interoperability, and simplicity of use. These claims are sustained by the accompa-
nying documentation that provides information on the ontological choices and the
motivations for both the structure and the formalization of DOLCE.

Due to the introductory nature of this paper (and the limited space available),
this work describes and formalizes only the most general categories of the DOLCE

ontology. We advise the reader that what is presented here departs in some aspects
from the original DOLCE (Masolo et al., 2003): indeed in these pages we actually
discuss a new and improved version of the DOLCE kernel that we call DOLCE-CORE

(Borgo and Masolo, 2009).

13.2 A Bit of History

DOLCE is part of the WonderWeb project1. The aim of this project is to develop
the infrastructure required for the large-scale deployment of ontologies as the
foundation for the Semantic Web. On the one hand, this goal involves the estab-
lishment of a Web standard ontology language and related ontological engineering
technology, on the other the development of a library of foundational ontologies
reflecting different ontological choices. DOLCE, which came out in 2002, is one
of the ontologies included in the WonderWeb library and, at the time of writing,
it is also the most developed. It has been constructed as an ontology of particulars
with a clear cognitive bias: the categories have been explicitly characterized as
“cognitive artifacts ultimately depending on human perception, cultural imprints
and social conventions” (Masolo et al., 2003, p. 13). So far the ontology has not
undergone changes2 while extensions have been proposed to cover more closely
some application domains. Over the years, DOLCE has been tested in several
projects ranging over a variety of areas as manufacturing, business transaction,
insurance services, biomedicine, multimedia, social interaction, linguistics, and the
Semantic Web at large.3

The real use of the ontology in application projects is increased by the alignment
with WordNet (Gangemi et al., 2003) which provided a basis to study the relation-
ship between ontologies and linguistic resources (Prevot et al., 2005). The ontology
is publicly distributed in several formats4 like first-order logic FOL (including

1http://wonderweb.semanticweb.org
2The version we present here can be considered as the first proposal to update the ontology and it
comes after almost 6 years of experience in applying it.
3See http://www.loa-cnr.it/DOLCE.html for a list of institution and projects that are using or have
expressed interest in the DOLCE ontology.
4The different versions of DOLCE can be downloaded from http://www.loa-cnr.it/DOLCE.html.
The main version is in first-order logic. Versions in other languages have been produced approx-
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KIF), OWL, DAML+OIL, LOOM, and RDFS. It is also available in the Common
Algebraic Specification Language,5 CASL, via the Hets extension6 which makes
available theorem provers and graphical devices.

13.3 Ontological vs. Conceptual Level

To understand the DOLCE view, we should begin with the distinction between onto-
logical entities and conceptual entities. Entities in the first group exist in the “real”
world independently of our mind. The latter group comprises entities that are the
result of conceptual processes (typically over ontological entities). Generally speak-
ing, this distinction is important to understand the different modeling choices on
which theories rely: for example, event theories of time build intervals and instants
of time from temporal relationships between events. That is, in these theories inter-
vals and instants (times in general) are taken to be conceptual entities while events
are ontological entities.

Technically, a disagreement on the ontological-conceptual classification of some
type of entity indicates an inhomogeneity (or, better, heterogeneity) among theo-
ries. The usual (strong) reading of Quine’s principle “to be is to be the value of a
variable” highlights a sharp separation between ontological and conceptual entities
with the consequence that, for instance, times should be banned from the domain
of quantification whenever they are conceptually constructed from events. Clearly,
it is not possible to do justice of common-sense language about time with such a
position where times are expunged from the formal theory.

In order to make possible the comparison (and perhaps the interaction) of hetero-
geneous ontological options at the syntactic level within a unified formal framework
(namely, within FOL), we adopt a soft reading of the Quinean principle and assume
that entities in the domain of quantification can be of ontological or of conceptual
nature. That is, a claim of type “∃xϕ” in the formal ontology is not necessarily
addressing the ontological/conceptual status of the entities satisfying ϕ. In this way
one can include, say, both events and times in the domain of quantification without
committing to them ontologically. It is then possible to formally relate these kinds
of entities within the theory itself. Furthermore, note that this choice allows us to
avoid the problems of reductionism which are particularly critical in foundational
ontologies. Indeed, as Heil notices:

How, for instance, could we hope to re-express truths about the global political con-
sequences of a decline in the GNP of Eastern Europe in terms of interactions among

imating the content of the FOL version by taking into account the different expressive powers of
the other languages.
5http://www.brics.dk/Projects/CoFI/CASL.html
6From http://www.informatik.uni-bremen.de/agbkb/forschung/formal_methods/CoFI/hets/index_e
.htm: Hets is a parsing, static analysis and proof management tool combining various tools for
different specification languages.
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fundamental particles? Even if such a reduction were possible, however, it would be self-
defeating. Important higher-level patterns and relations are invisible to physics. (Heil, 2005,
p.31)

13.4 Properties

Once one has established how to consider entities in the domain of the ontology, she
has to decide how to describe (and thus differentiate) entities, i.e., how to deal with
properties. The nature of properties,7 the explanation of what it means that an entity
has a property, and, more specifically, of how different entities can have the same
property, have been widely discussed and investigated, see Armstrong (1989), Loux
(1976), and Mellor and Oliver (1997) for exhaustive surveys. Moreover, persisting
entities (i.e. entities that exist at different times) can change through time by having
different properties at different times: a may have property F (say, “being red”)
at time t1 and an incompatible property G (say, “being green”) at t2. The nature
of time and the way entities persist and change through time are topics central to
foundational ontology and highly debated in the literature. An introduction to these
debates is out of the scope of this paper, we refer the interested reader to Sider
(2001) for an interesting presentation.

Informally, we use the term individual to refer to entities that cannot have
instances, that is, entities that cannot be predicated of others. For example, Aristotle,
the Tour Eiffel and the Mars planet are individuals. On the contrary, the term prop-
erty denotes entities that can have instances, i.e., entities that qualify other entities,
e.g. Red (the color), Person (the kind), Fiat Panda (the car type).

DOLCE-CORE provides three different options to represent properties and tem-
porary properties. The first option consists in the introduction of an extensional
predicate as in the standard technique for the formalization of categories and prim-
itives. In this option, to model temporal change one uses a binary predicate with a
temporal parameter as in expression F(a, t); here F is a predicate reserved for the
given property, a an individual to which the property applies, t a time and expression
F(a, t) states that a has property F at t.8 To be more precise, since we aim at a wide-
ranging view we read formulas of this form as done in Merricks (1994): a exists at t
and it has the property F at t (i.e., when t is/was/will be present). The change from a
property to one incompatible with it (as in changing colors) is then neutrally repre-
sented by writing F(a, t1) ∧ G(a, t2). Less neutral interpretations of formula F(a, t)
are possible, we will see this later. Note that with this choice one cannot explicate
whether the property is related to contextual or social constructions. The idea is
that predicates are reserved to model the basic conceptualization of the world that
the user takes for granted. Summing up, this option is to be preferred for static and
context-independent properties.

7Here we discuss the case of properties only. Relations are treated analogously.
8This solution allows to represent dynamics in the properties but it introduces a series of problems
when considering roles, see Steimann (2000).
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The second option consists in reifying properties, that is, in associating them to
entities (here called concepts) that are included in the domain of quantification. In
order to deal with concepts (and to relate concepts to an entity according to the
properties the latter has), a possibly intensional “instance-of” relation, called clas-
sification, is introduced in the ontology. The idea is to use concepts to represent
properties whose intensional, contextual, or dynamic aspects are deemed important:
“being a student”, “being a catalyst”, “being money”. As we will see, cf. (A10),
concepts in DOLCE-CORE are entities in time, they are created, can be destroyed,
etc. We proceed along the lines of Masolo et al. (2004) that introduces concepts to
represent roles9 in terms of relationships among different entities. The properties
that are best captured in this way are anti-rigid (Guarino and Welty, 2004), that is,
those that are not essential to any of their instances. Roles provide a clear example:
one (a person) may play a role (student) for a limited time, perhaps resume it in
different periods, and yet she (the person) is not ontologically altered by having that
role or else. Furthermore, different entities can play exactly the same role, perhaps
at the same time, and a single entity can play several roles contemporarily.

The third option relies on the notions of individual quality, quality-type and
quality-space. Similarly to concepts, with this option one can characterize the
intensional, temporal, and contextual dimensions of properties. The novelty is
that in this case, as we explain below, one can model also the interconnection
among the way different individuals manifest a property: the quality-types isolate
properties that can be meaningfully compared (like colors, weights, smells, temper-
atures, etc.) and quality-spaces (spaces for short) provide different ways to evaluate
properties.

For each property of an individual, there is a correspondent individual quality
(quality for short) that existentially depends on the individual itself. The quality
inheres in the individual and models the specific way in which that individual has
that property. The color of my car depends on my car and it is necessarily different
from the color of my phone (that depends on my phone) even though both are the
same shade of red: indeed the way my car is red is different from the way my
phone is red. In this view, we say that my car and my phone have the same color
because their individual qualities exactly resemble each other (individual qualities
of different entities are necessarily distinct).

Properties can be more or less specific, compare “being scarlet” and “being
red”. In the philosophical tradition, often only the more specific properties (aka
basic properties) are assumed to correspond to truly ontological properties. In some
approaches (Armstrong, 1997). Johansson (2000) even general properties (univer-
sals) are counted as ontological thus including properties like “being colored”,
“being shaped” and the like. The idea is that these universals need to exist in order to
conceive, e.g., the functional laws of physics (Armstrong, 1997). Johansson (2000)

9Differently from that approach, here we do not rely on logical definitions for concepts, instead
the intensional aspect is (partially) characterized by explicitly stating when concepts are different.
Reviews of this topic that cover a variety of perspectives are in Steiman, (2000), Masolo et al.
(2004) and Loebe (2007).
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isolates these properties, which characterize what we call the quality types, in terms
of maximal incompatibility and maximal comparability: (i) each entity that has a
quality type F must have just one basic property that is a specification of F, and
(ii) all the basic properties that are specifications of F are qualitatively compara-
ble. Qualities that share a basic property are exactly similar, while qualities that
share a non-basic property are only inexactly similar in the sense that they resemble
each other but only up to a degree. In applications, a variety of degrees of resem-
blance are empirically determined (due to species preferences, culture, available
information, adopted measurement instruments or methods etc). From an empirical,
applicative, and cognitive perspective, we need to recognize that properties can be
arranged in different taxonomies each motivated by particular resemblance relations
whose interest is motivated by needs in some domain or application. Furthermore,
sometimes properties are structured in complex ways: complex topological or geo-
metrical relations on properties are common like in the case of the color’s splinter
(Gärdenfors, 2000).

The use of spaces in DOLCE as complex structures of properties is inspired by
Gärdenfors (2000). In this view, it is natural to think that quality types partition
the individual qualities and that each quality type is associated to one or more
spaces (motivated by culture, instruments of investigation, application concerns etc.)
Therefore while a quality type collects the qualities that can be compared (one can
reserve a quality type for color, one for smell, one for temperature etc.), quality
spaces provide a way for classifying individual qualities that are in the same quality
type (a variety of color classifications are used in physics, manufacturing, fashion
etc., each of these isolates a different quality space).

As clear from the examples, some spaces are motivated by applications. In par-
ticular, spaces may rely on relative notions of resemblance: instruments present
different sensitivities and each distinguishes aspects of entities only up to some
granularity. This fact allows to order groups of spaces according to a notion of
granularity (one can even postulate the existence of a space of finest granularity that
recognizes all ontologically possible distinctions). In sum, spaces provide a way to
make room for “subjective” (context dependent, qualitative, etc.) points of view on
qualities: a quality type for color can provide the whole color spectrum, another a
rough distinction in warm-cold colors, a third may discriminate by looking at bright-
ness only etc. Note that spaces can be combined to model complex properties, i.e.,
properties seen as the result of interaction of other properties (the latter are then
considered more basic, in a sense). This choice is often preferred when modeling
properties like velocity, density and force but, as we have seen, it can be used also
to structure basic properties like color.

Finally, changes in individual qualities are explained by changes in their space
locations: the fact that my phone changes color is represented by the fact that
over time the individual color-quality of my phone changes location in the color-
space. Since the qualities of an entity exist whenever the entity exists, this third
modeling option is to be considered only for properties that are necessary to
an entity. Typical examples for physical objects, beside color, are mass and
shape.
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13.5 Basic Categories

DOLCE-CORE takes into account only entities that exist in time called temporal par-
ticulars. With respect to the original DOLCE neither abstract entities nor abstract
qualities are considered. Our subjective perspective on spaces and the consequent
idea that spaces may be created, adopted, abandoned, etc. induces us to introduce
regions in time. This is different from the original DOLCE where regions are consid-
ered to be abstract entities. However, DOLCE abstract regions can be “simulated” in
DOLCE-CORE by means of regions that exist at all times, i.e. regions that are neither
created nor abandoned. Following Masolo et al. (2004), a similar argument holds
for concepts (not considered in the original DOLCE) which therefore exist in time as
well. Indeed, honestly, it is yet unclear to us which of the abstract or the temporal
view is more appropriate for a general (and fairly comprehensive) ontology.

DOLCE-CORE partitions temporal-particulars (PTt) (thereafter simply particu-
lars) into objects (O), events (E), individual qualities (Q), regions (R), concepts (C),
and arbitrary sums (AS). All these categories are rigid: an entity cannot change
from one category to another over time. Note that the categories O (object) and
E (event) correspond to the DOLCE’s categories ED (endurant) and PD (perdu-
rant), respectively. This change in teminology is motivated by the observations in
Section 13.11.

Individual qualities are themselves partioned into quality types (Qi). To each
quality type Qi are associated one or more spaces (Sij), to the result that individ-
ual qualities in Qi have locations in (i.e. they are located in regions belonging to)
the associated spaces Sij. Since we impose that the spaces are disjoint, regions are
themselves partitioned into the spaces Sij. For the sake of simplicity, we here con-
sider a unique space T for (regions of) times. All these statements are enforced in
the system by logical axioms although we do not report them here.

13.6 Parthood

Although mereology, the theory of parthood, is nowadays mostly used in modeling
the spatial or spatio-temporal domain, the theory is not limited to this; it applies
equally well to entities that are only in time (like, for instance, word meanings,
beliefs, desires, societies) or that are neither in space nor in time. Indeed, mereology
was introduced by Lesniewski (1991) as an alternative to set theory (the latter is
based on cognitively unsatisfactory notions like the empty set and the distinction
between urelements and sets) while maintaining the same level of generality.

Since the usefulness of a foundational ontology relies on the balance between
ontological constraints and freedom, it is advisable to start with an ontologically
weak theory and add (carefully and systematically) all the needed constraints. This
approach suggests that the weak ontological commitment of mereology (at least
when compared to set-theory) together with its cognitive acceptability is providing
an acceptable basis for DOLCE-CORE.
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Some authors tend to identify mereology with spatio-temporal inclusion. If it is
true that spatio-temporally extended entities that are one part of the other are also
spatio-temporally coincident, the vice versa does not hold in general: it is possi-
ble to maintain in mereology that the clay constituting a statue and the statue itself
are not one part of the other although they are spatio-temporally coincident enti-
ties (see Rea (1996) for a discussion of this topic). In particular, DOLCE-CORE

carefully distinguishes spatio-temporal inclusion from formal parthood. Indeed,
DOLCE-CORE adopts the axioms of extensional mereology, namely (A1)–(A4), and
apply them to all entities in the domain. Note also that the existence of the sum of
two entities is not generally enforced: this choice depends on the entities one has
in the domain (which, in turn, depends on the use one wants to do of the ontol-
ogy). In short, the user of the ontology is free to impose existence of sum as a
further constraint, to accept it only restricted to some categories or even to reject it
in general.

In DOLCE-CORE, parthood (P) is defined on the whole domain, P(x, y) stands for
“x is part of y”.

D1 O(x, y) � ∃z(P(z, x) ∧ P(z, y)) ( x and y overlap)
D2 SUM(z, x, y) � ∀w(O(w, z) (z is the mereological sum of x and y)

↔ (O(w, x) ∨ O(w, y)))
A1 P(x, x) (reflexivity)
A2 P(x, y) ∧ P(y, z) → P(x, z) (transitivity)
A3 P(x, y) ∧ P(y, x) → x = y (antisymmetry)
A4 ¬P(x, y) → ∃z(P(z, x) ∧ ¬O(z, y)) (extensionality)
A5 If φ is O, E, Qi, Sjk, or C,: (dissectivity)

φ(y) ∧ P(x, y) → φ(x)
A6 If φ is O, E, Qi, Sjk, or C: (additivity)

φ(x) ∧ φ(y) ∧ SUM(z, x, y) → φ(z)

Axiom (A4) states that if x is not part of y, then there is at least a part of x that
does not overlap y. Axiom (A5) states that elements of a category have only parts
that belong to the same category (closure under parthood) while axiom (A6) states
that summing elements of a category one obtains an element in the same category
(closure under sum).

13.7 Time

An ontology that aims at wide applicability has to model time. Furthermore, among
the entities in the domain of quantification, it has to distinguish those that exist
in time and, for these, when they exist. The expression PRE(x, t) in DOLCE-CORE

stands for “x is present at t” where the second argument t is a time. Times form the
special class T in the ontology but this is done with commitment to neither a specific
kind of times (points vs. intervals) nor a specific structure of time (dense vs. discrete,
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linear vs. branching, etc.). Also, because of our weak reading of the existential quan-
tifier, times in DOLCE-CORE may be considered full-fledged ontological entities or
simply conceptual entities. The latter case is illustrated, for instance, by the con-
struction of times from events (Kamp, 1979), a construction that can be adopted in
this ontology.

The structure of DOLCE-CORE makes times and PRE compatible with both a
substantialist position (the Newtonian view that time is absolute, a container-like
manifold) and a relativist position (the Leibnizianian view that time is conceptu-
ally constructed from events). This lack of commitment is important since there
are alternative ways to model times depending on the application interests and the
temporal information one wants to represent. E.g., being present at a time can be
reduced to being simultaneous with (being before, being after) some other entity
(Simons, 1991), or to being located at one specific region in a temporal quality
space (Masolo et al., 2004). In addition, note that we are not distinguishing differ-
ent ways of being in time like “existing in time” vs. “occurring in time” (related
to the distinction objects vs. events discussed in Section 13.11) or “being wholly
present” vs. “being partially present” (see the distinction endurants vs. perdurants in
Section 13.8).

In short, PRE(x, t) is a minimal representation device that is needed just to iden-
tify the entities that are in time and that is neutral with respect to the different
ontological commitments on time, existence of events, temporal relations, theories
of properties, etc. Due to the limited space, we do not enter into further details on
time (for instance, on the additional constraints one can add to commit to one or the
other position). A few axioms of general interest are10: x is present at t only if t is
a time (A7) and being present is dissective and additive over t (A8) and (A9). Note
that (A8) characterizes PRE(x, t) as “x is present at the whole t”, i.e. it is not possible
to find a sub-time of t at which x is not present.

A7 PRE(x, t) → T(t)
A8 PRE(x, t) ∧ P(t′, t) → PRE(x, t′)
A9 PRE(x, t′) ∧ PRE(x, t′′) ∧ SUM(t, t′, t′′) → PRE(x, t)

Since, as stated in Section 13.5, in this paper we limit our discussion to the
DOLCE-CORE fragment, it happens that all the entities here considered exist in time,
that is

A10 PTt(x) → ∃t(PRE(x, t))
(all entities of the DOLCE-CORE fragment exist in time)

Of course, not all the entities in the general DOLCE ontology exist in time. In this
case, it is enough to consider a new “top” category that includes both temporal and
abstract particulars.

10Given the assumption of having just one time-space T, the constraint T(t) → PRE(t, t) can be
added without any additional restriction (see also axiom (A45)).
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13.8 Temporary Parthood

DOLCE-CORE adopts a temporary extensional mereology, also denoted by P, which
is based on axioms (A12)-(A15), i.e., those of extensional mereology (Section 13.6)
enriched with an extra temporal argument. Further mereological aspects are also
enforced (see below the constraints for time regular relations). Expression P(x, y, t)
stands for “x is part of y at time t.”

D3 O(x, y, t) � ∃z(P(z, x, t) ∧ P(z, y, t)) (x and y overlapat time t)

A11 P(x, y, t) → PRE(x, t) ∧ PRE(y, t) (parthood implies being present)

A12 PRE(x, t) → P(x, x, t) (temporary reflexivity)

A13 P(x, y, t) ∧ P(y, z, t) → P(x, z, t) (temporary transitivity)

A14 PRE(x, t) ∧ PRE(y, t)∧ (temporary extensionality)

¬P(x, y, t) → ∃z(P(z, x, t) ∧ ¬O(z, y, t))

A15 If φ is O, E, Qi, Sjk or C: φ(y) ∧ P(x, y, t) → φ(x)(temporary dissectivity)

For standard parthood we stated axiom (A3) so that entities indistinguishable
with respect to parthood are identical. This claim does not hold when temporary
parthood is involved. Temporal coincidence (D4) provides a suitable form of iden-
tification: two entities x and y that are temporary coincident at time t, formally
CC(x, y, t), are indistinguishable relatively to time t but can still be different in gen-
eral.11 If CC(x, y, t), then all the properties of x at t are also properties of y at t and
vice versa.

For properties that are formalized via concepts or qualities, the constraint is
explicitly introduced by the substitutivity axioms. In the case of the primitive rela-
tions of classification and location (that we will introduce later) an axiom of the
form (SB) (given below) is enough, while in the case of the inherence relation,
axioms (A25) and (A26) do the work. Note however that from these axioms no con-
straint follows on properties of x and y at a time different from t nor on properties
represented by means of additional predicates introduced by the user.

Axiom (A16) states that, for entities in time, parthood simpliciter can be defined
on the basis of temporary parthood. The opposite is true only if one commits to
the existence of temporal parts (at every time of existence), an option compatible
with both DOLCE and DOLCE-CORE but that is not enforced. This means that the
axioms for temporary parthood are compatible with both the endurantist and per-
durantist views of persistence through time. Assuming that x and y persist through
time, endurantists read the formula P(x, y, t) as “x and y are both wholly present at
t and x is part of y”, while perdurantists read that formula as “the temporal part of
x at t is part of the temporal part of y at t”. Therefore, perdurantists need to assume
the existence of x and y as well as that of the temporal parts of x and y.

11From a perdurantist perspective (see Section 13.11) where entities are considered as four-
dimensional “worms”, this simply means that two possibly different four-dimensional worms
(x and y) have the same temporal slice at t.
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D4 CC(x, y, t) � P(x, y, t) ∧ P(y, x, t) (x, y coincide at t)
D5 CP(x, y) � ∃t(PRE(x, t)) ∧ ∀t(PRE(x, t) → P(x, y, t)) (x is a constant part of y)
A16 ∃t(PRE(x, t)) → (CP(x, y) ↔ P(x, y))

(for entities in time, “constant part” and “parthood” are equivalent)

Temporary parthood presents three main novelties with respect to the correspond-
ing relationship of DOLCE: (i) it is defined on all the particulars that are in time;
(ii) the existence of sums is not guaranteed; (iii) (A16) is new (in DOLCE it was
considered as a possible extension).

Let us say that a relation R is time regular whenever it satisfies the following:

(DS) R(x, y, t) ∧ P(t′, t) → R(x, y, t′) (dissectivity)
(AD) R(x, y, t′) ∧ R(x, y, t′′) ∧ SUM(t, t′, t′′) → R(x, y, t) (additivity)
(SB) R(x, y, t) ∧ CC(x′, x, t) ∧ CC(y′, y, t) → R(x′, y′, t) (substitutivity)

We can rephrase these properties as follows: if the relation holds at a time, it
holds at any sub-time; if the relation holds at two times, then it holds also at the
time spanning the two; if a relation holds at t for two entities, then it holds for any
two entities temporally coincident at t with them. These properties are collected here
since they characterize several relations in DOLCE-CORE. In particular, we conclude
our partial presentation of temporary parthood by stating that this relation is time
regular, that is, it satisfies all the above constraints.

13.9 Concepts

The formalization of properties as extensional predicates (the first option of Section
13.4) is straightforward and requires no new formal element. Instead, the second
option we considered involves two notions which are not in the original version of
DOLCE: the category of concepts C and the relation of classification CF. CF(x, y, t)
stands for “x classifies y at time t” and is characterized in DOLCE-CORE as a time
regular relation that satisfies

A17 CF(x, y, t) → C(x)
A18 CF(x, y, t) → PRE(y, t)

In addition we require that concepts are mereologically constant, i.e., with respect
to parthood they do not change over time:

A19 C(x) ∧ PRE(x, t) ∧ PRE(x, t′) → ∀y(P(y, x, t) ↔ P(y, x, t′))

13.10 Qualities and Locations

The third option to formally represent properties is via individual qualities.
Each individual quality, say “the color of my car” or “the weight of John”, and

its host are in a special relationship called inheritance. Formally, it is expressed
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by expressions of form I(x, y), whose intended reading is “the individual quality x
inheres in the entity y”.12 This relationship binds a specific bearer as shown by (A21)
while (A22) says that each quality existentially depends on the entity that bears it; in
the previous examples the bearers are my car and John, respectively. Furthermore,
from axiom (A23) qualities exist during the whole life of their bearers.13

We anticipated that individual qualities are grouped into quality types, say Qi is
the color-quality type, Qj the weight-quality type etc. These constraints are simple
and we do not report them explicitly except for axiom (A24) according to which
an entity can have at most one individual quality for each specific quality type.
Axioms (A25) and (A26) say that if two particulars coincide at t then they need to
have qualities of the same type and these qualities also coincide at t. In other terms,
entities coincident at t must have qualities that are indistinguishable at t. Axiom
(A27) says that the sum of qualities of the same type that inhere in two objects
inheres in the sum of the objects (provided these sums exist).

A20 I(x, y) → Q(x)
A21 I(x, y) ∧ I(x, y′) → y = y′
A22 Q(x) → ∃y(I(x, y))
A23 I(x, y) → ∀t(PRE(x, t) ↔ PRE(y, t))
A24 I(x, y) ∧ I(x′, y) ∧ Qi(x) ∧ Qi(x′) → x = x′
A25 CC(x, y, t) → (∃z(I(z, x) ∧ Qi(z)) ↔ ∃z′(I(z′, y) ∧ Qi(z′)))
A26 CC(x, y, t) ∧ I(z, x) ∧ I(z′, y) ∧ Qi(z) ∧ Qi(z′) → CC(z, z′, t)
A27 I(x, y) ∧ I(v, w) ∧ Qi(x) ∧ Qi(v) ∧ SUM(z, x, v) ∧ SUM(s, y, w) → I(z, s)

Note that we do not force a schema of form

Rejected I(x, y) ∧ Qi(x) ∧ P(y′, y) → ∃x′(I(x′, y′) ∧ Qi(x′) ∧ P(x′, x))

because this would prevent properties that inhere in complex objects only, e.g.,
emergent properties like functionalities of assembled artifacts (when not reducible
to functionalities of the components).

The location relation, L, provides the link between qualities and spaces. First,
we require regions (and in particular spaces) not to change during the time they
exist (A28). Then, we write L(x, y, t) to mean “at time t, region x is the location of
the individual quality y” as enforced (in part) by axioms (A30) and (A31).14 Each
individual quality of type Qi must be located at least in one of the available spaces Sij

associated to it (axioms (A34) and (A35)). The location in a single space is unique

12In the original version of DOLCE this relation is called quality and written qt.
13For those familiar with trope theory (Campbell, 1990), qualities can be seen as sums of tropes.
Indeed, one can interpret a trope substitution as a change of quality location. The position adopted
in DOLCE-CORE is compatible with trope theory without committing to the view that change
corresponds to trope substitution.
14In the original version of DOLCE this relation is called quale and written ql. In DOLCE there was
also a distinction between the immediate quale (a non temporary relation) and the temporary quale.
Here we use one temporary relation only and assume that the temporal qualities of an event e at t
correspond to the temporal qualities of the maximal part of e spanning t.
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(A36) and a quality that has a location in a space needs to have some location in
that space during its whole life (A37). (A38) says that two qualities coincident at t
are also indistinguishable with respect to their locations. Together with (A25) and
(A26), this axiom formalizes the substitutivity of temporary properties represented
by qualities: two entities that coincide at t are (at t) indistinguishable with respect to
their qualities.

Axioms (A32) and (A33) characterize the fact that the location of an individual
quality at t is the mereological sum of all the locations the quality has during t, i.e.
at all the sub-times of t. Note that if a is the region corresponding to a property value
of 1kg and b corresponds to a property value of 2kg, then the sum of a and b is the
region including just the two mentioned and is distinguished from the region corre-
sponding to the property value of 3kg. The sum of locations must not be confused
with the sum of property values since, in general, the latter strictly depends on the
space structure while the first does not. Therefore, for instance, if t is the sum of t1
and t2, and L(1kg, x, t1) and L(1kg, x, t2), then at t, x is still located a 1kg and not at
2kg.

A28 R(x) ∧ PRE(x, t) ∧ PRE(x, t′) → ∀y(P(y, x, t) ↔ P(y, x, t′))
A29 Sij(x) ∧ Sij(y) ∧ PRE(x, t) → PRE(y, t)
A30 L(x, y, t) → R(x) ∧ Q(y)
A31 L(x, y, t) → PRE(y, t)
A32 L(x, y, t) ∧ P(t′, t) ∧ L(x′, y, t′) ∧ Sij(x) ∧ Sij(x′) →

∀t′′(PRE(x, t′′) → P(x′, x, t′′))
A33 L(x′, y, t′) ∧ L(x′′, y, t′′) ∧ SUM(t, t′, t′′) ∧ SUM(x, x′, x′′) ∧ Sij(x′) ∧ Sij(x′′) →

L(x, y, t)
A34 L(x, y, t) ∧ Qi(y) →∨

j Sij(x)
A35 Q(y) ∧ PRE(y, t) → ∃x(L(x, y, t))
A36 L(x, y, t) ∧ L(x′, y, t) ∧ Sjk(x) ∧ Sjk(x′) → x = x′
A37 L(x, y, t) ∧ PRE(y, t′) ∧ Sjk(x) → ∃x′(L(x′, y, t′) ∧ Sjk(x′))
A38 L(x, y, t) ∧ CC(x′, x, t) ∧ CC(y′, y, t) → L(x′, y′, t) (L-substitutivity)

The next formula is not an axiom since not all properties are dissective (see the
previous example using weights)

Rejected L(x, y, t) ∧ P(t′, t) → L(x, y, t′)

Additivity is also non-valid for L: it does not hold for properties like mass.

Rejected L(x, y′, t) ∧ L(x, y′′, t) ∧ SUM(y, y′, y′′) → L(x, y, t)

13.11 Objects and Events

We all experience a tendency to distinguish what changes from the changing itself.
A lively and long discussion on the ontological status of events and on what distin-
guishes them from objects has taken place especially in the philosophy of language
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(Casati and Varzi, 1996). There are formal and applicative advantages in accepting
events, e.g., one can (i) quantify over actions, (ii) predicate on causality, and (iii)
avoid reductionist views.

The orginal DOLCE formulated the object vs. event distinction in terms of the
endurant vs. perdurant partition by identifying objects with endurants and events
with perdurants. This choice reflects the position of several philosophers and is
based on the observation that, say, the “life of John” is only partially present at
each time at which it exists (it has distinct temporal parts at each time at which
it exists) while “John” is wholly present whenever it exists (it does not depend on
the existence of temporal parts). However, with this position classical perdurantism
would not be able to embrace the object vs. event distinction for the simple reason
that perdurantists accept only perdurant entities. In addition, in a strict reading of
perdurantism, all particulars must be spatio-temporally extended and two distinct
entities cannot have exactly the same spatio-temporal location. Thus, since “John”
and “the life of John” have exactly the same spatio-temporal location, perduran-
tists would be forced to identify them. This shows that the previous identification,
although motivated by some aspects of the theories, is perhaps too naïve and a dif-
ferent (and more general) foundation of the distinction between objects and events
should be sought.

Hacker (1982) proposes to characterize the distinction on the fact that events are
primarily in (directly related to) time while material, and more generally physical,
objects are primarily in (directly related to) space. Indeed,

• the properties (and qualities) that apply to material objects are different from
those that apply to events. Typically, material objects have weight, size, shape,
texture, color etc. and they are related by specific spatial relationships like con-
gruence. Events, on the other hand, can be sudden, brief or prolonged, fast
or slow, etc. and can occur before, after, simultaneously with other events.
Moreover, relations like causation seem to be strictly linked to events and not
to objects.

• Space plays a role in the identification of material objects, time in that of events.
Material objects that are simultaneously located at different places are different
and events that have different temporal locations are different (Zemach, 1970).

• The unity criteria of objects is primarily spatial, while the one of event is
primarily temporal (Hacker, 1982).

This division extends to non-material objects as well since these are also char-
acterized by non-temporal properties and specific individuation and unity criteria
(space is the realm of these criteria for material objects, other objects rely on
other dimensions, all distinct from time). In short, what differentiates events from
(material or immaterial) objects is the special connection to time and temporal
relations.

Of course, even though events are primarily in time while objects are primar-
ily in other dimensions, there are strong interrelationships between them. Several
author (Simons, 1991; Hacker, 1982) claim that events are not possible without
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objects and vice versa. Since from the representation perspective there seems to
be no real advantage in committing to a reductionist view (either choosing that
events are the truly basic entities or, on the contrary, attributing to objects this
role), the preferred option is to consider both categories of events and of objects
as primary categories and to highlight their relationships: events need participants
(objects) and objects need lives (events). By means of the relationship between
objects and events (aka participation), it is possible to say that an object a exists
at a certain time t “if and because” its life exists at t (Simons, 2000), i.e. it is the
life of a that is the truth-maker for the proposition “a exists at t”. On the other hand,
events are related to space only indirectly via the material objects participating in
them.

DOLCE-CORE characterizes the distinction between objects and events (two basic
categories in the ontology structure) following this latter approach. However, by
(A10), qualities, concepts, and regions are in time too and, intuitively, their par-
ticipation to events (like their creation or destruction) seems plausible. In this
perspective, qualities, concepts and regions could be considered as subcategories of
O (in this view objects are not necessarily extended in space). Here we do not com-
mit to this position and therefore we maintain our initial assumption where qualities,
concepts, and regions are disjoint from objects.

Participation is taken to be a time regular relation defined between objects and
events: PC(x, y, t) stands for “the entity x participates in the event y at t”. Axioms
(A40) and (A41) capture the mutual existential dependence between events and
objects. Axioms (A42) and (A43) make explicit the fact that participation does not
rely on unity criteria for objects or for events (Simons, 1987). This simply means
that the participation relation is not bound by these unity criteria: an object does not
participate to an event as a whole (since also its parts participates to it) as well as an
event does not have participants because of some special unity property (since all
the events, of which it is part, have those participants too). Participation, of course,
can be used to define more specific relations that take into account unity criteria.
Since these criteria often depend on the purposes for which one wants to use the
ontology, they are not discussed here.

A39 PC(x, y, t) → O(x) ∧ E(y)
A40 E(x) ∧ PRE(x, t) → ∃y(PC(y, x, t))
A41 O(x) ∧ PRE(x, t) → ∃y(PC(x, y, t))
A42 PC(x, y, t) ∧ P(y, y′, t) ∧ E(y′) → PC(x, y′, t)
A43 PC(x, y, t) ∧ P(x′, x, t) → PC(x′, y, t)

We now clarify how DOLCE-CORE manages to formalize events and objects
as entities with different qualities, and how it represents “being primarily in time
(space)”. Axiom (A44) makes explicit the fact that quality types directly connected
to events cannot be directly related to objects and vice versa.

A44 I(x, y) ∧ Qi(x) ∧ E(y) ∧ I(z, v) ∧ Qj(z) ∧ O(v) → ¬Qj(x) ∧ ¬Qi(z)
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The exact quality types that apply to objects and events depend on the modeling
interests of the user. Nonetheless, as motivated earlier, qualities that apply to events
are strictly connected to time (fast vs. slow, sudden vs. prolonged, etc.).

Regarding the property of “being primarily in time”, we introduce the quality
type “being time-located”.15 Let us use TQ for this quality type for time and let us
make the simplifying assumption that there is just one space for the time individual
qualities; as seen in Section 13.5, we call it T. DOLCE-CORE (as well as DOLCE)
distinguishes direct qualities, i.e., properties that can be predicated of x because it
has a corresponding individual quality, from indirect qualities, i.e., properties of x
that are inherited from the relations x has with other entities. For instance, following
Simons (2000), events have a direct temporal location, while objects are located
in time just because they participate to events (e.g. their own lives). Analogously,
material objects have a direct spatial location, while events are indirectly located in
space through the spatial location of their participants.

(A45) makes explicit the temporal nature of the parameter t in the location rela-
tion. (A46) says that for events “being in time” reduces to having a time-quality
located in time, which, together with (A10) and (A44), guarantees that all and only
the events have a time-quality. These axioms together with (A41), show that objects
are in time because of their participation in events.

A45 L(x, y, t) ∧ TQ(y) → x = t
A46 E(x) ∧ PRE(x, t) ↔ ∃y(TQ(y) ∧ I(y, x) ∧ L(t, y, t))

Note that if we define the spatial location of events via the location of their par-
ticipants, and the life of an object as the minimal event in which it (maximally)
participates, we obtain that an object spatio-temporally coincides with its life. The
distinction between participation, temporary parthood, and spatial inclusion ensures
that these two entities, although spatio-temporally coincident, are not identified.

As stated before, in DOLCE-CORE qualities cannot participate in events. This
holds in particular for the qualities of objects even though in this case qualities are
related to time by axiom (A23) through the objects they inhere in (which necessarily
exist by axiom (A22)). Time is (at least) an “indirect” quality of qualities of objects.
However one could follow the opposite intuition that qualities can participate in
events, assuming that only qualities are the “true” participants in events. In this per-
spective, objects would participate only indirectly because of the qualities they have.

Several important questions have been left out of this paper. We hope, nonethe-
less, that the approach adopted in building first DOLCE and then DOLCE-CORE

stands out, that the foundational choices we have made can be appreciated for the
careful analysis they rely upon, and that the general methodology we apply here has
been fairly illustrated.

15Analogously, the ontology comprises the quality type “being space-located” which is not
presented here.



13 Ontological Foundations of DOLCE 295

References

Armstrong, D.M. 1989. Universals: An opinionated introduction. Boulder, CO: Westview Press.
Armstrong, D.M. 1997. A world of states of affairs (Cambridge Studies in Philosophy). Cambridge,

MA: Cambridge University Press.
Borgo, S., and C. Masolo. 2009. Foundational choices in DOLCE. In Handbook on ontologies (2nd

Edition), eds. S. Staab, and R. Studer, 361–382. Berlin: Springer.
Campbell, K. 1990. Abstract particulars. Oxford: Basil Blackwell.
Casati, R., and A.C. Varzi. eds. 1996. Events. Aldershot: Dartmund.
Gangemi, A., N. Guarino, C. Masolo, and A. Oltramari. 2003. Sweetening wordnet with dolce.

AI Magazine 24(3):13–24.
Gärdenfors, P. 2000. Conceptual spaces: The geometry of thought. Cambridge, MA: MIT Press.
Guarino, N., and C. Welty. 2004. An overview of ontoclean. In Handbook of Ontologies, eds.

S. Staab, and R. Studer, 151–172. Berlin: Springer.
Hacker, P.M.S. 1982. Events and objects in space and time. Mind 91:1–19.
Heil, J. 2005. From an ontological point of view. Oxford: Oxford Univeristy Press.
Johansson, I. 2000. Determinables as universals. The Monist 83(1):101–121.
Kamp, H. 1979. Events, istants and temporal reference. In Semantics from different points of view,

eds. R. Baüerle, U. Egli, and A. von Stechow, 376–417. Berlin: Springer.
Lesniewski, S. 1991. Collected works. Dordrecht: Kluwer.
Loebe, F. 2007. Abstract vs. social roles – towards a general theoretical account of roles. Applied

Ontology 2(2):127–258.
Loux, M.J., ed. 1976. Universals and particulars: Readings in ontology. London: University of

Notre Dame Press, Copia.
Masolo, C., S. Borgo, A. Gangemi, N. Guarino, and A. Oltramari. 2003. Wonderweb deliverable

d18. Technical report, CNR.
Masolo, C., L. Vieu, E. Bottazzi, C. Catenacci, R. Ferrario, A. Gangemi, and N. Guarino. 2004.

Social roles and their descriptions. In Proceedings of the 9th International Conference on the
Principles of Knowledge Representation and Reasoning, Whistler, Canada.

Mellor, D.H., and A. Oliver. eds. 1997. Properties. Oxford: Oxford University Press.
Merricks, T. 1994. Endurance and indiscernibility. Journal of Philosophy 91(4):165–184.
Prevot, L., S. Borgo, and A. Oltramari. 2005. Interfacing ontologies and lexical resources. In

Ontologies and Lexical Resources: IJCNLP-05 Workshop, 1–12.
Rea, M. ed. 1996. Material constitution. Lanham, MD: Rowman and Littlefield Publishers.
Sider, T. 2001. Four-dimensionalism. An ontology of persistence and time. Oxford: Clarendon

Press.
Simons, P. 1987. Parts: A study in ontology. Oxford: Clarendon Press.
Simons, P. 1991. On being spread out in time: Temporal parts and the problem of change. In

Existence and explanation, ed. W. Spohn et al., 131–147. Kluwer Academic Publishers.
Simons, P. 2000. How to exist at a time when you have no temporal parts. The Monist 83(3):

419–436.
Steimann, F. 2000. On the representation of roles in object-oriented and conceptual modelling.

Data and Knowledge Engineering 35:83–106.
Zemach, E.M. 1970. Four ontologies. Journal of Philosophy 67(8):231–247.


	13 Ontological Foundations of DOLCE
	13.1 Introduction
	13.2 A Bit of History
	13.3 Ontological vs. Conceptual Level
	13.4 Properties
	13.5 Basic Categories
	13.6 Parthood
	13.7 Time
	13.8 Temporary Parthood
	13.9 Concepts
	13.10 Qualities and Locations
	13.11 Objects and Events
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




