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Abstract: The classical ontologies are based on description logiasst Mf the proposed variants fit within the logical
framework, with the exception of the introduction of datpdg. This later extension is suitable for computer
scientists but not appropriate for scientists in generatleéd, most scientists use quantities with full unit
systems as defined in metrology. More specifically, the géieiaas use, in addition to attributed or relational
structures, what they call coverages, i.e. mappings froandinates into data. Separate efforts have been
made to formalize these aspects but none coped with all af thean integrated knowledge representation
framework. The aim of this paper is to propose descripti@icl@xtensions able to integrate these various
aspects into the general framework of knowledge representas a way to talk about matter and space.

ities and structures are expressible with standard on-

1 INTRODUCTION tit d struct pressible with standard
tologies (see, for example, (Brilhante, 2004)), their

To model complex systems, Villa et al. (2009) pro- Systematic use suggests to incorporate them as _flrst

pose to distinguish three categories of modeling plat- class citizens in the formalism as it was made with

forms: 1) programming frameworks like Repast (Col- data types. _ _ _

lier, 2003), 2) declarative modeling environmentslike ~ The aim of this paper is to propose extensions

Stella (Richmond and Peterson, 2000) and 3) seman-{0 description logics. It appears to be a general at-

tic modeling platforms. The later category is further t€MPpt to semantically incorporate continuous mat-

divided into two approaches. The mediation approach €r (including space and time) where logics are only

where the sub-models inputs and outputs are docu-based on objects. A first section introduces the usual

mented for better integration. The knowledge-driven Syntax and semantics of description logics. The next

approach where the model content is itself described Séction formulates the requirements. Then we pro-

using knowledge representation approaches. The in-P0S€ syntactic extensions to descnptmn logics with

tent is “to exploit the formalized semantics of natural itS @ssociated semantics before concluding.

systems to unify representations of data and metadata,

improve their usability in scientific workflows, and

ease the definition of dynamic models” (Villaetal., 2 CLASSICAL DESCRIPTION

2009). In the Mimosa platform, Muller (2010) uses LOGICS

ontologies to specify entirely a model, as advocated in

(Muller, 2007). The ontologies are then mapped into __ ) . .
a simulation model based on DEVS (Zeigler et al., 1his section recalls the description logics syntax and
2000). semantics to define where we are starting from.

The ontology we are using in Mimosa is equiva-
lent to thea £ @ (®) description logic, i.e. with roles, 2.1 The syntax
cardinality restrictions and the base data types (inte-
gers, doubles, strings). However our experience of An ontology semantics is formalized with description
using this ontology for complex eco-sociosystems re- logics. The most common language called ¢ (for
veals a systematic use of quantities and complex spa-Attributive Language with Complement) is based on
tial structures. Although the definitions of these quan- the tripletl. = (C, P, Q), whereC is the set of concept



names,P the set of role (or relation) names, afid
the set of individual names. The triplet is called the
signatureof the language. Based on this signature,

Itis equivalent to descriptions in any frame-like repre-
sentation language but with a richer expressivity (for
example that communities cannot be agents).

three sets of constructs are defined: the concepts, the The setA of assertional axioms defined as fol-

terminological axioms and the assertional axioms.
In 4 £ ¢ the set of possibleonceptss recursively
defined as follows:

e T is the everything concept;

e | is the nothing concept;

e everyC € Cis a concept;

e —C: the negation of a concefitis a concept;

e CrD: the intersection of two concep@sandD is
a concept;

e CLID: the union of two concept€ andD is a
concept;

e Vr.C: the universal restriction of a concepby a
roler € P is a concept;

e Jr.C: the existential restriction of a concepthy
the roler € P is a concept.

Intuitively, these constructs allow to derive concepts

from other concepts, the last two constructs introduc-

ing attribute and/or relation definitions among con-
cepts.

The setT of terminological axiomss defined as
follows:

e CLC D: states that the conceftis included inD;

e C=D: whenC C D andC I D, sometimes called
a concept definition whe@ € C.

The set of terminological axioms forms the TBox or
conceptual model. Intuitively, these axioms introduce
concept inheritance and definition. Thomic con-
ceptsareT, L and the concepts that do not appear in
the left-hand side of the terminological axioms. The
other concepts are called tderived concepts the
set-theoretical sense.

As an example, we can define an agent, a member

or a community, in the following way:

e AgentC VnhameString literally, the set of agents
is included into the set of everything that has a
name of type String.

e Community = (—Agent M VnameString M
Vchief.Membe): the set of communities is
included in the set of everything that is not an
agent but has a name and a chief.

e Member C (Agent M YVchief.Member M
vgroupCommunity: the set of members is

included in the set of agents that have a chief and

a community.

lows:

e C(a): states that an individuale O is an instance
of the concepC;

o r(a,b): states that the pair of the individualsh €
O is an instance of the rolec P.

The set of assertional axioms forms the ABox or con-
crete model. Intuitively, these axioms describe a con-
crete system made of categorized individuals and re-
lations.

As an example, we can define a community and
a memberCommunitycl), namécl,” Antontond),
Membefpl), nameépl,"Hasind ), . ...

A knowledge bases a pair(T,A) of axioms, al-
though, most of the time, only is given. Finally, an
ontology Ois a pair(L, (T, A)).

2.2 The semantics

The above-described language admits a set-theoretic
interpretatiorl which is given by a paitA, ) where:
e A is a set of objects called the domain of dis-
course;

e TUis a function attributing a meaning to the signa-
ture and recursively to concepts in the following

way':

- m(r € P) ={(x,yi)[%.yi € A}

- moe0)=xeA

-1(T)=A

-m(L)=0

- 1(=C) = {xi[x ¢ MC)}

— 1(CMND) ={x|x € MC)Ax € (D)}

— m(CuD) = {x|x € MC)Vvx € (D)}

— 1(Vr.C) = {x|Wy.(xi,y) e (r) Dy e (C) }

(3r.C) = {xi|y.(x;,y) e (r) Ay e m(C)}
Given these definitions, an interpretatibris a

model for the axioms according to the following con-
ditions:

e | =CCDifandonly if vx,x € (C) D x € (D)
(or equivalentlyr(C) C (D))

e | EC=Difandonly if (C) = (D)
e | =C(a) ifand only if i(a) € T(C)
e | E=r(a,b) ifand only if (T(a), (b)) € 1(r)

1The semantics specification style complies with classi-
cal logics but not with description logics literature!



Accordingly, an interpretatiohis amodelof a knowl- temperature in degrees Kelvin (K), the amounts of
edge basé€T,A) (I = (T,A))ifand only if| =t for all substance in moles (mol) and the luminous intensity
te T andl Eaforallac A. If no model exists fora  in candelas (cd). All the other units can be obtained
knowledge base, the knowledge base is inconsistent. by combining these units with, / and ~and multipli-
cation with some factors (e.g. 1000! x cd?/m also

2.3 Some existing extensions namedkilo — N  cd?/m). When dividing a unit by
itself, the resulting unit is said dimensionless.

Other description logics exist, qualified with letters, Al the attributes of an object describe gsalities

which define some restrictions or extensions. Existing in the philosophical sense. In effect, in the philosoph-

extensions are, for example: ical language, "being red” or "having 1.6 meters” are

qualities of individuals. Therefore the measures are
just descriptions of the physical qualities of individu-
a(: for cardinality restrictions; als which appear to be quantitative. Very often a set of
Q. for fully qualified cardinality restrictions; these qualities (height, age, weight, etc.) is necessary.
The set acts as a coordinate in the space of physical
gualities. Therefore a coordinate is a vector of quali-
ties. We will use this definition in the following.
For example, in thé?) description logic, the ba- If a coordinate is a position of an individual in a
sic data types (integer, double, etc.) are introduced space of qualities, the space itself is an object where
among the atomic concepts as well as the correspond-individual objects or descriptions can be obtained
ing data values (45, 10.5, true, etc.) among the atomic given a coordinate. These mappings from coordinates
individuals. The existence of data values is equivalent into individuals are very often used in complex sys-
to an (almost) infinite set of assertional axioms for all tem modeling . The geomaticians call them coverages
the instances of the basic types. in the particular case where coordinates are only made

of lengths or angles.

Finally, the coordinates are measured relative to a

3 REQUIREMENTS reference. If we refer to qualities in general (and not

only the physical qualities), even how we name things
is relative to a context or a point of view which acts
as a terminological reference system. Coordinates are
ways of naming things as a terminology is a way to
name objects.

e O:introduces concepts as sets of individuals;

(?): when data types (integer, double, etc.) and
values are introduced;

Our experience in designing large models with
scientists of various disciplines (Aubert et al., 2010;
Belem et al., 2011) is the following:

e they do not use data types and data values but
quantities (i.e. length, weight, etc.) and measures

(i.e. values with units); 4 OUR PROPOSITION

e the structures are accessed by coordinates and not

only (role) names;
y(. ) . , _ , 4.1 The syntax
e there is a variety of points of view, possibly of the
same things. We propose to define the following atomic concepts
Philosophically a quantity is a property which instead of the data types:

exists as a magnitude or a multitude. A physical , Nameis the concept of all possible strings of char-
quantity, as defined l_)y the_ International Vocabulary acters. We distinguish it from the "String” data
of Metrology, 3rd edition, is a property of a phe- type to keep us apart from any programming no-

nomenon, body, or substance, where the property has  tjon. However, the corresponding individuals are
a magnitude that can be expressed as a humber and just strings.

a reference. The International System of Quantities
defines seven quantities from which all the others can
be defined: the length, the time or duration, the mass,
the electric current, the thermodynamic temperature,
the amount of substance and the luminous intensity.
A gquantity is measured by a real number and a unit.
The international system proposes to measure length
in meters (m), duration in seconds (s), mass in kilo- e (...,0;,...) where eacho; is in Q, is a concept,
grams (kg), the electric current in amperes (A), the called aseries In terms of instance, it is similar to

e {...,0,...} where eactp; is in O, is a concept,
called anenumeration The corresponding de-
scription logic is therefore of type. The con-
structC={...,0;,...} is both considered a termi-
nological axiom and a set of assertional axioms of
the formC(o;) for eacho;.



{...,0i,...}, but the elements are considered or- as a set of named placeS;paceC V(Name.Place

dered. The constru@={...,0;,...} is also con-  This extension is the most important one, introduc-
sidered a terminological axiom and a set of asser- ing a limited form of second-order quantification for
tional axioms of the forn€(o;) for eacho; as well tractability.

as< (0j,0j) for all the appropriate couples. To take into account the multiplicity of points of

view, one step is to introduce a set of indexed ontolo-

giesO; wherei € | and a notatiorn : C for any con-

e setC) whereC is a concept, is also a concept, structC. The later notation allows to reference the
called aset It is the set of all the sets of elements construct as described in ontoloigyif we want a real

We also want to introduce two derived concepts:

of m(C). Of course sets of sets are possible. modularity, each ontolog®; has his own interpreta-
e rangg(C,oy,07) whereC is a concept and; and tion (A, %) (se_e for e.xamplle (Jie BaQ and Hon_avar,
0, are the individual names of elementsTgt), 2006)) otherwise a single interpretation for &l is

is also a concept calledrange The syntax could ~ €nough. Consequently, a number of new axioms must
be extended for allowing opened, closed or semi- D€ introduced to build bridges between the various on-

opened (or semi-closed) intervals. A range is only tologies expressing the points of view. We will not
possible ifC is ordered. further explore this issue in this paper.

Most importantly, we introduce the following con- 4.2 The semantics
structs for dealing with continuous matter as qualities,
coordinates and mappings.

The quantities are predefined atomic concepts
(e.g. Length, Weight, Duration, etc.) entirely replac-
ing the data types. At least the seven physical quan- h dui it d the stri
tities mentioned in section 3 must be defined. Addi- i(sr,git\gn;?jraes %ﬁ;\/s 'S @ unit), and the stringst
tional ones can be provided as needed. The instance o
of a quantity is a measure. A name of a measure is of ® n(Namg = {x[x € String}
the formrU wherer € R andU is a unit depending o ({...,0i,...}) ={m(0)|oi € {...,0;,...} }
on the quantity it is an instance of (e.gkdl 50.3m, e T(...,01,...)) = {m(@)oi € {...,0,...}}, and
12cd, etc.). The assertional axio8(rU ) is assumed o ARSI
whereC is the quantity measured with the ubit(e.g. for eacho;, oj such that < j, T(0r) < (0;)
Weighi(3.2kg)). o T1(set(C)) = 2™°)

- The  coordinate  concepts are de- o m(rangg(C,01,02)) = {X|x € T(C) ATI(01) <X <
rived concepts defined by the construct (02)}
(Cy4,...,Cq) where C; are atomic concepts (e.g. B . .
(Weight Length {low,mediumhigh})) or ranges. (1U) = (r,U) wherer € andp IS a unit
((....G,..) ={(--,%,...)|Vi,x e (C})}
(VR.
(
(

To express the semantics of the proposed constructs,
we have to extend slightly the interpretatibn=
A, 1. A must include the measures (i.e. a couple

4 3 3

We consider(0s,...,0n) where o; are individual o
names as an individual name for a coordinate (€.9. o T(VRC) = {x|Vy,ri € T(R).(X;,y) € T(r}) Dy €
(1kg,5.3m,high) is a coordinate name). We can C)}
have coordinates over unbounded spaces by having
at least one concefd; denoting an unbounded set IRC) = {xi[3y.ri € T(R).(x,y) € Tri) Ay €
(e.g. Weight). A coordinate over a bounded space mC)}
can be specified either by having eathdenoting The resulting semantics is relatively straightforward
a bounded set (e.g. ranggWeight Okg, 100kg)) and does not introduce anything which does not al-
or by defining a range on a coordinate concept ready exist in the classical semantics but the strings
(e.g. rangg(Weight Length{low,mediumhigh}), and measures as distinguished individuals within
(Okg,0m, low), (100kg, 10m, high))). Therefore, we A noticeable exception is the introduction of a second
consider a range over a coordinate concept as aorder construct.
coordinate concept.

For dealing with indexed spaces, we propose to 4.3 Discussion
extend the set of roldB with the coordinates. There-
fore we propose to introduce the expressioviR.C As a consequence of the new concept constructs, we
and3R.C where bothR is a coordinate concept and extend the set of individuaf® with particular names:
C is a concept. Therefore we can define concepts asrU wherer € R andU is a unit depending on the
ElevationC V(LengthLength.Lengthi.e. asatwo-  quantity it is an instance of. This notation can be
dimensional map. Similarly, a space can be defined easily extended to the colors because colors are well

==

e TI



standardized now, as well as the currencies using the

norm ISO 4217, or the dates.

It remains to explore what it means for concepts
to have roles. We say that a conc€phas a role if
we haveC C Vr.D or C C 3r.D in the terminological
axioms. In the expressios.D anddr.D, we say that
the role is of typeD. Usually, the roles of a concept
are partitioned into two sets: tlagtributesand there-
lations The attributes are the role of which type is a
data type (that we do not use). The relations are all the
other roles. Semantically, we identified the following
distinctions: 1) theattributesare the roles of which
type are qualities, 2) theelationsare the roles that
describe topological relations in a broad sense. It can
be geometrical, social or temporal, 3) thppings

QualityConcept
]

NameConcept ‘

‘Enumeralion ‘ ‘Series‘ Quantity ‘
| ] | ] ]

Figure 1: The concept classes.

the defined quantities are subclasses of the Quantity
class, making the introduction of new quantities dif-
ficult. Moreover the access and use of the list of de-

are the roles that give accessto a coverage in the geo.ﬁned quantities at execution time is impOSSibIe. Con-

graphical sense of a mapping from individuals into in-
dividuals that are all of the same type. A concept only
with attributes is called aimple concept It corre-
sponds to the notion of simple feature in OpenGIS and
can be mapped very naturally with a database schema
The relations define semantic graphs. The mappings
can be implemented using a generalized form of cov-
erages.

Semantically, it is assumed that mappings are de-
fined relative to various reference systems. The spec-
ifications of OpenGIS are using such reference sys-
tems for dealing with coordinates in the huge variety
of projection systems (UTM, WSG, etc.). The use of
the ontology indexed notations in modular ontologies
suggests the possibility to unify the concept of local
ontology with the concept of reference system. This
track is being pursued but will not be further elabo-
rated in this paper.

5 IMPLEMENTATION

In this section, we shortly describe the chosen im-
plementation of the ontologies as formalized by the
proposed extension of description logics. For imple-
menting the concepts (see figure 1), we make the dis-
tinction between the quality concepts, the coordinate
concepts and all the others (simply called concepts).
The coordinates are vectors of qualities. Moreover,
the next step is to make them relative to a reference
system, while the qualities are absolute.

Regarding the quantities, we have fully imple-
mented the unit definition mechanisms as described
by the International System of Units, as well as the
possibility to define all the possible quantities. This
implementation is inspired from the jsr-275 attempt

sequently, we defined our quantities as instances of
the Quantity class, making it declarative and easily
extensible.

Notice that the derived concepts are not defined in
a separate class because we have chosen to represent
the derivations as relations among concepts. As a con-
sequence, figure 2 shows all the derivations we have
included in our description logic; namely the union,
intersection, complement, inclusion and roles as in
standard description logics, but also the range, set and

mapping.

[Intersection | [Complement | [Inclusion
[ 1| 1 |

-min
-max

Figure 2: The relations among concepts.

The implementation of the individuals reflects the
particular roles some of the instances have (figure 3).
In particular, the strings, measures and coordinates
are distinguished. Otherwise, as for the concepts, the
relationships among individuals are implemented as
relations implementing the various links (from role
names to individuals and from coordinates to individ-
uals). In the real implementation, the quality class
does not exist because an individual is a quality if it is
an instance of a quality concept.

Additionally, the ontologies introduce name
spaces where the names are linked to the concepts for

(JScience, 2009). However jsr-275 is defined for com- the names irCC, to the individuals for the names @

pile time use of quantities and measures. In particular,

and to the roles for the nameslin



Concept instance | Individual

/V

Quality

/3

Name

Measure

Figure 3: The individual classes.

6 CONCLU

SIONS

Coordinate

scription logic.
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