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Abstract. This position paper discusses a vision for methodological support in
distributed modeling. Framework has two layers: an ontology layer for repre-
sentation of basic knowledge about a domain; and a model layer, where modes
concerning a certain problem within domain are stored and interchanged. On-
tology serves as knowledge reference point to define various properties of enti-
ties and represent dependency between the objects. Ontology and model frag-
ments associated to the concepts from ontology by sub-class relationship alow
to interrelate different model fragments and to assess change impact.

1 Introduction

Conceptual modeling is seen as “the activity of formally describing some aspects of
the physical and social world around us for purposes of understanding and communi-
cation” [3], is applied in the early phases of informeation system analysis and design.
Howeuver, it is known that different people usually present different models given the
same domain and the same problem. The same information about system can be mod-
eled at various levels of abstraction and from different viewpoints considering differ-
ent aspects. Variations among models generally appear due to the creative nature of
the modeling activity, as well as other factors such as the richness of the modeling
language [2], the ambiguities of modeling grammars, and others. This problem be-
comes more evident when the process is distributed. Moreover, during the model
development processthe variability of the model versions increases due to the highly
interactive and iterative nature of the development process and to the different, some-
times conflicting, angles to the problem and solution taken by the different stake-
holders.

In this paper, we present our vision on how distributed modeling can be supported.
The focus is on support for individual developers and allowing them expressing their
views and perceptions of the Universe of Discourse (UoD), which are integrated
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based on a basic knowledge about a domain. Ontology is used as a reference point
and is built to share knowledge with other people. In our approach we use ontology to
define and formalize basic knowledge about a domain and the main object in the do-
main. The paper is structured as follows. Section 2 discusses settings for our -
proach, presents and illustratesthe approach using a small example. Finally, section 3
concludes the paper and lays down future work.

2 Distributed M odeling

2.1 Complexity of distributed modeling

Modeling is usually a creative and collaborative process, during which different
stakeholders are focusing on various aspects, expressing them at different levels of
abstraction, and producing several variants of each.

The success of distributed project depends on how well “ laissezfaire” rule is
obeyed, meaning that developers should be allowed to express what they want in
whatever form. More precisely, [ 1] emphasized alist of requirements for development
environments to enable collaboration in geographically distributed developments.
Most relevant rules to our matter are listed below.

- Unrestricted product object types — a development environment should allow the
developers to share any type of object that they might find useful for supporting
their cooperation.

- Unrestricted relation types — a development environment should allow the devel-
opersto create any type of relation between any two objects.

- Incremental product refinement — a product development environment should pro-
vide the developers with flexible mechanisms for incrementally refining the prod-
uct. The developers should be allowed to start with vague products, and to refine
them into more complete and formal ones.

In summary, the “ laissez-faire’ rule in modeling adds to the complexity and vari-
ability of different model fragments, and impede model and change management.

2.2 An Approach

In order to relate this variety of model fragments we need to have common reference
point. Development of the gpproach is inspired by one of the linguistics' methods for
describing the meaning of objects- semiotic triangle. Version of the semantic triangle
inFig.lisinspired by [4].

Ontology is used in order to capture the basic knowledge about UoD and to trans-
form it into a man/machine understandable format. Ontology captures main concepts
from a domain and represents rel ationships among the concepts in a machine readable
and reasoning-able way. The goal is to capture knowledge about which entities and
what kind of dependency relationships they have in particular UoD. As consequence,
our framework has two layers: an ontology layer for representation and formalization



of the basic knowledge about a domain; and a model layer for modeling a problem
(solution to the problem) within domain (seefig.2).
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Fig. 1. Functional view of our approach

The advantage of thisapproach isthat it separates the basic (most reusable) knowl-
edge and places this in an ontology layer, whereas a layer of models is positioned
below. The ontology layer is composed of a set of concepts representing abstract enti-
tiesin real world, relations among them based on external and function properties of
the concepts. The layer of models provides the environment where al model frag-
ments are stored and managed. Model fragments are at different abstraction levels
within the same domain. Therefore, certain concepts in the model fragments may be
referred as being sub-class concepts of the concepts in ontology layer. Theserelation-
ships, depicted as ‘kind_of’, and formalized relationships among the concepts in the
ontology layer are used to reason about the dependency between model fragments.

Ontology layer

f
SR TR o

/e
3

/ kind_of kind _of

Model layer

Fig. 2. Functional view of our approach

We capture two types of properties of objectsin ontology, i.e., function property
and external property. Relationship between those properties is a foundation for rea-
soning about the behavior of objectsin adomain.

2.3 An Example

Our goal is to capture function and external properties of entities in UoD, represent
the relationship between them using ontology. Here is the example with ontology
built in OWL with Protégé 2.1 beta and constraints containing external properties and
function properties.



From the ontology fragment depicted in Fig.3, we can know three kinds of sub-
stance are solid, liquid and gas which are disjoined with each other. Substance can be
held by container, but open container can not be used to hold gas. Sealed container is
disjoined with open container so it can hold any kinds of substances. The container
with hole which can not hold liquid is not considered here. Platform can support con-
tainer and another platform aswell.
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Fig. 3. Ontology fragment built by Protég2.1

Two types of properties are distinguished in OWL, namely, datatype property and
object property. The latter is actually the relationships between two objects. We do
not mean it as our definition of property here. The datatype properties can be external
property or function property. The function properties should relate to the doject
property in OWL as showed in Fig.4 by relationships between classes ‘Substance’,
‘Container’ and ‘Platform’. For example, holding substance is a kind of function of
the container. So, property ‘support_capacity’ is a function property of a platform.
The external properties are datatype properties which are independent with other ob-
jects. The values of these properties determine what objects they are. Properties of
class platform, substance and container are showed in Fig. 4.
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Fig. 4 Relationships and function properties

Fig.4 does not show explicitly which properties are external properties and func-
tion properties. We distinguish them by annotations in OWL. The follows are OWL
examples of function property ‘support_capacity’ and external property ‘weight’.
<ow : Dat at ypeProperty rdf: | D="support_capacity">

<rdfs:range rdf:resource="http://wwmw wW3. or g/ 2001/ XM_Schera#f | oat "/ >

<rdfs: domai n rdf:resource="#Pl atforni/>

<rdf:type
rdf: resource="http://ww. w3. or g/ 2002/ 07/ ow #Funct i onal Property"/>



<rdfs: coment rdf:datatype="http://ww. w3. org/ 2001/ XM_Schena#st ri ng" >
function property</rdfs:coment>
</ ow : Dat at ypePr operty>

<ow : Functi onal Property rdf: | D="wei ght">
<rdfs: comment rdf:datatype="http://wwmn. w3. org/ 2001/ XM_Schena#stri ng"
>external i zed property
</ rdfs: comrent >
<r df s: donai n>
<owl : 0 ass>
<ow : uni onOX rdf: parseType="Col | ection">
<owl : d ass rdf: about ="#Cont ai ner"/ >
<owl : O ass rdf: about =" #Subst ance"/ >
</ ow : uni onCf >
</ow : d ass>
</ rdf s: domai n>
<rdf:type
rdf: resource="http://ww.w3. or g/ 2002/ 07/ owl #Dat at ypePr operty"/>
<rdfs:range rdf:resource="http://ww.w3. org/ 2001/ XM_Schema#f | oat "/ >
</ ow : Functi onal Property>

Note that ow : Functi onal Property is different from our definition of function
property. The function properties are relationships between objects, based on the
function of the objects. The potential constraints of these relationships are determined
by the external properties of the related objects. For instance, a platform can support a
container and a container can hold a substance. How much substance a container can
hold is decided by the capacity of the container. Whether the platform can support
such a container with a certain amount of substance will depend on the support capac-
ity of the platform, the weight of substance, and the weight of container. If the sub-
stance is akind of liquid, the weight of the liquid is determined by its density and its
volume in the container. In order to express these constraints, we need to formulize
these constraints by describing dependencies between those external properties. Next
follows a simple example of one constraint and possible rules to define the depend-
ency between function and external properties of the objects.

1. Container's function property ‘capacity’ defines container’s function to hold a
liquid, and relates external properties of those two objects, i.e., capacity of the con-
tainer and volume of aliquid (eq.1).

Liquid.volume £ container capacity @

2. Platform’s function property ‘support_capacity’ relates container and platform,
so that the constraint involves weight of the container and stored liquid, where weight
of theliquid is depends on aliquid’s density and volume as well.

Platform.upport_capacity 3 container.weight + liquid.weight,
while
Liquid.weght = liquid.dersity " liquid.volume

Above constraints should be put on the same level as ontology. When modeler
builds her system model, al the concepts, relationships and constraints should be
referred (instantiated in models). However, constraints like quantity restrictions are
not supported by those ontology languages. We can not present them in OWL, so the
way to insert these constraints into ontology is putting them as comments of those
relative classes or properties.

Model fragmentsin model layer refer the knowledge stored in the ontology layer in
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order to consolidate concepts, find connection points and apply constraints when dis-
tributed model fragments are integrated. Another goal of referring the common
knowledge is impact prediction and change propagation. For example, a platform
model is built by an expert on platform engineering, and the model of the container
and the liquid held in the container are designed by another engineering working in a
chemical plant. When two models are integrated, local concepts are agreed to refer-
ring common concepts. Each object in model layer try to relate itself with the concept
presented in the ontology layer. Platform can support container, so the model describ-
ing that the container is put on the platform with satisfied support capacity constraints
is reasonable. When one changes platform model by changing its external property
‘material’ which will impact its function support capacity, the concept platform in
ontology layer linked to the changed object platform in local model will be detected.
Then the changes in support capacity are reflected in ontology layer through con-
straints comments which are annotated in ontology. Again, because weight of con-
tainer and its content isinvolved in the constraints, the changes should impact models
which refer the container concept in the ontology level.

3 Concluding Remarks and Future Works

This position paper presented the vision of a methodological approach to facilitate
management of distributed modeling activities based on distinguishing two main lay-
ers: the basic ontology layer; the model layer. The ontology layer contains a set of
predefined valid relationships for the creation of different models and reason about
relationship between model fragments. We capture two types of properties of objects
in ontology, i.e., function property and external property. Relationship between those
properties, i.e., how change of one property type influences the change of another, isa
foundation for reasoning about the behavior of objectsin adomain.

This paper is afirst step towards implementing the environment for collaborative
modeling. The challenge is creating an algorithm for automatic update of the models
based on observed changes in the local ontology fragments and formalized relation-
ships inthe ontological layer. For the extension of the approach it is planned to incor-
porate input/ output dependencies for the function properties, which would guide
modelers in modeling of possible combinations and combination of the model frag-
ments.
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