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Abstract. The Semantic Web is a proposal from the World Wide Web
Consortium aimed at solving problems like data integration and appli-
cation interoperability. To reach these goals several languages for the
representation of semantic data have been proposed. One of the essential
concepts behind semantic data is that the data is according to a certain
ontology. However, the goals of the semantic web seem challenged be-
cause it seems essential for its working that ontologies are agreed upon
and shared. This work-in-progress paper describes a first step to solving
these problems. When an ontology is missing or only partially known
a system might try to make an approximation of the missing part of
the ontology. The quality of this estimated ontology will depend on the
context of the application. This paper proposes the solving of a dynamic
multi-objective and context sensitive optimisation problem as a way to
evalute the quality of the ontology.
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1 Introduction

The World Wide Web Consortium (W3C) regards the Semantic Web as a web
of data. Currently, data is created at extremely high rate and is not available
enough to end users. The Semantic Web aims “To do for machine processable
information (application data) what the World Wide Web has done for hyper-
text* by supporting the creation of interoperable and linked data. [1] Linking
data mostly happens by using shared identifiers and linking concepts by using
shared ontologies.

The paper “Which Semantic Web?” [2] gives quite a critical view on many
concepts of the Semantic Web. It states for instance that “Agreeing on a cata-
loging scheme for Semantic Web documents is a prerequisite for any sharing of se-
mantic knowledge. ” and “It is easy enough for computers to exchange data about
computational abstractions such as filenames, sizes, usernames, passwords, etc.
It is much harder for computers to exchange information about human-oriented
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concepts such as happiness and beauty.”. These statements indicate that the
Semantic Web might actually fail in its basic ideas of making decentralised in-
formation management possible. This work-in-progress paper describes the idea
behind one possible approach to overcome these problems.

In order to address the first problem, it would be necessary to create a sys-
tem which can make use of semantic data without having knowledge about the
ontology used by the system which generated it. Therefore, it would be needed
to derive the meaning from the data which another application generated. The
approach proposed in this paper is that there would be an optimisation pro-
cedure which yields an ontology for an application processing semantic data.
The second problem is that computer systems might not be suitable to describe
human-oriented concepts. This problem has been tackled in the past by using
fuzzy logic. One approach is described in [3], where a computational model which
maps events and observations to an emotional state uses a fuzzy-logic represen-
tation. This paper is keeping the option of using an ontology based on fuzzy
logic as one possible way of finding an ontology.

One important application of the proposed approach can be found in self-
managed systems. The ‘executable reality’ approach as described in [4] is one
example of a system which would benefit from the approach described in this
article. ‘Executable reality’ is described in as “an extension of the (Mobile)
Mixed Reality concept”. The described extension replaces part of the ‘static’
retrieval of information by computation of data using context sensitive business
intelligence. When a device with such system is used at a location close by the
sea concepts related to shores, harbours and seashells might become part of the
active ontology. When the device is at a later time point used in a mountainous
area the sea related concepts become partly redundant. If the device has a small
storage capacity, the most optimal ontology will not contain these concepts any
longer. A device which has, on the contrary, an abundant storage capacity but
low processing power should keep the concepts stored to avoid computationally
expensive changes in the ontology.

2 Optimisation

Optimisation problems are in general statements of problems where a best so-
lution is to be found according to certain criteria and restrictions. The first
paragraphs describe a few classes of global optimisation problems in order to
introduce the Context-dependant Dynamic Multi-objective optimisation class in
the last paragraph.

Static single-objective optimisation is considered a basic type of optimisation
problems. The problem statement consists of a function which will be called f
with domain D and range R. The domain of the function can be given explicitly
as a set or described using constraints on a set. The set used for the range should
have a total order relation < defined on its elements, i.e. there is a transitive,
antisymmetric, and total relation on the elements of R.
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Definition 1. An element d € D is optimal for a function f, i.e. d € opt (f) <
VeeD: f(e)< f(d)

The class of optimisation problems described in the previous definition can be
extended to a multi-objective variant by allowing the range of the function to be a
set of vectors of dimension n. The range of the function f is thus Ry X Ra X - - X R,
where we require a (strict) total order relation <; to be defined on each R;. The
domain of the function is a set D. Note that all single objective optimisation
problems are multi-objective problems.

Definition 2. An element d € D is multi-objective optimal for a function f,
ie.deopt(f)ye YeeD\ {d}:(3iel,n]: f(e), < f(d),)

Dynamic optimisation is essentially not different from solving a series of
(multi-objective) static optimisation problems. The dynamism in the series is
to be found in the way the function which is optimised or the constraints on
the domain of the function being optimised are changing. The series can be
represented by a function F', which maps the natural numbers to a set of pairs
of a function and its domain. The functions in the tuples have a domain which
is a subset of the total domain D the optimisation problem is working on. One
way of solving the dynamic optimisation problem is by finding the optimal value
for the functions for all possible values in N and then selecting the maximum
value. We denote opt’(F(t)) to be the optimisation problem with function F'(t),
and constraints F'(t),.

Definition 3. An element d € D is considered optimal for the dynamic optimi-
sation of the function F : N — (functions, constraints) if Vt € N : opt/(F(t)) <
d.

Another possible definition follows:

Definition 4. A function sol is the solution of the dynamic optimisation prob-
lem if sol : N — D and sol(t) = opt'(F(t))

In other words, a solution is such function which gives the optimal solution for
each possible t € N.

Context-dependant dynamic multi-objective optimisation problems are an
extension of the dynamic optimisation problems defined in the previous para-
graph. In this case the domain of the function F' is a series of what will be called
‘contexts’ instead of the natural numbers. The solution of the optimisation prob-
lem can be stated in a similar way as the definitions in the previous paragraphs.
A solution of this type of problem indicates (multi-objective) optimal solutions
in particular contexts, or analog optimal solutions over the range of all possible
contexts.

3 Features of an Ontology

An application needs schemas or ontologies in order to give meaning to the
semantic data it is processing. Different definitions of ontologies have been pro-
posed. Gruber [5] defined, for instance, that “An ontology is an explicit specifi-
cation of a conceptualization.”, which allows for a very broad interpretation. A
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more concrete definition for description of ontologies is OWL2 endorsed by the
World Wide Web Consortium. [6] There is a close correspondence (and some-
times even compatibility) between ontologies and description logic. OWL2 is for
instance compatible with the description logic SROIQ. [7]

For this article, the concrete syntax of the ontology used is not of mayor
importance. More important is the fact that an ontology has certain features.
Examples of features of an ontology include coverage, cohesion and coupling. [8]
In this article the properties which an ontology has independent of any context
will be called the ‘features’ of the ontology. Some literature calls these properties
‘quality’ factors. The name quality will however be used in one of the following
sections to describe the effect of features in a context. Other methods for mea-
suring features of an ontology have been proposed by Burton-Jones et al. [9] and
Yao et al. [10] and many other feature sets can be found in the literature.

4 Fuzzy Ontologies

For the representation of not exactly defined sets, fuzzy sets as described in
“Fuzzy Sets” [11] can be used. The elements of a fuzzy set are members of the
set according to a given membership function. This function defines for each
element of the considered universe a grade of membership in the set. The grade
of membership is a real value in the interval [0, 1], where a value of 0 means that
the element is not in the set and a value of 1 indicates that the element is in the
set. Any value in between indicates up to which extend the element is a member
of the set.

Calegari and Giucci used the concept of fuzzy sets to describe what they
call ‘Fuzzy Ontologies’, ‘Fuzzy Description Logics’ and ‘Fuzzy-OWL’. [12] This
research showed it to be possible to describe ontologies which are not exactly
known by using membership functions. Bobillo and Straccia [13] did a similar
work, but used OWL 2, and proposed a concrete XML syntax for the extension.

5 Ontology Evolution

In research on databases it has been noticed that the schemas which are used
change over time. Ontologies have similar properties. Changes in the domain, the
conceptualisation and the specification are unavoidable and the ontology has to
be changed accordingly. The domain changes because the real world changes, the
conceptualisation because the perspective changes and the specification changes
when an ontology is to be represented in a language with different semantics
and expressiveness. The whole of these changes is called ontology evolution.
Ontologies and database schemas are different concepts. Firstly, the ontology
itself can also be part of the data and this way the data becomes self-descriptive.
Secondly, ontologies are explicitly designed for reuse in other context as the initial
context of creation and are, moreover, decentralised by nature. Lastly, ontology
models have, in general, a richer set of properties available for describing the
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domain and quite often the border between the schema and instance data is
blurry.[14]

The same article also describes concrete effects of ontology evolution on the
data set. For instance removal of a class causes instances to have a less specific
type, declaring classes disjoint makes instances that are in both classes invalid
and defining a class as a subclass of another one adds new possible properties
on the subclass.

Despite their differences, a more recent article by Hartung et al. [15] claims
that ontology evolution has similar requirements as changes in database schemas
evolution. Ontology evolution requires, for instance, “support for a rich set of
changes, expressive mappings, update propagation to instances and dependant
schemas/ontologies, versioning and user-friendly tools”. The same article com-
pares several approaches for managing and tracking ontology evolution in terms
of the above mentioned criteria.

6 Context and Quality of an Ontology

In order to talk about the quality of an ontology, one needs to take the context
within which it is used into account. This statement can be supported by an ex-
ample. Imagine for instance that one would say that an ontology which contains
more concepts, is better than one with less concepts. This could be true in cer-
tain situations. However, if one imagines a system which only uses the concepts
which are mentioned in the ontology with less concepts, the smaller ontology
might be even better because it uses less memory space.

One way of defining ontological quality is described in “Data Driven Ontology
Evaluation” [16]. This method uses a combination of a corpus and the ontology
to evaluate the quality of the ontology. The corpus is a textual description of the
ontology, which form the basis of different approaches of measuring ontologies
described. The paper further elaborates on the fact that there is more as one
quality aspect with regard to ontologies. Factors like price to build, maintenance
and re-use are highlighted as very influential. Furthermore, the article mentions
that the quality might be subjective to time, location and other contextual fac-
tors.

A recent survey on ontology evaluation tools was performed by Aruna et
al. [17] This survey puts a stress on more technical demands of an ontology in a
working system. Technical properties surveyed are interoperability, turn around
ability, performance, memory allocation, scalability, integration into frameworks
and interfaces. The ontological properties are limited to language conformity
and consistency.

Research on improving the quality of an ontology by transformation opera-
tions on an existing ontology is described in [18]. The idea is that certain quality
criteria can be fulfilled better by a transformation of the existing ontology into a
new, but equally valid ontology. Concrete, several transformations are described
to improve the ontology in terms of homogeneity, totality of properties, stability
over time, and explicitness (as opposed to inferred) and uniformity in proper-
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ties. The size of the ontology and simplicity of queries is, according to the same
article, only assessable in a context.

One way of measuring the quality of an ontology might be to compare the
ontology with one or more sets of data which should be described by the ontology.
This comparison can be done using either the open-world assumption which is
typically made in the semantic web or a closed-world assumption.

Quality does not have to be a one dimensional property. The quality of
an ontology in a context can thus be a multidimensional property. The more
complete the context for optimisation is, the fewer dimensions the quality will
have. A ‘complete’ context will lead to a one dimensional quality.

7 Quality of Ontology in a Context as a Dynamic
Multi-objective Optimisation Problem

As argued in the previous section, it is only reasonable to make statements about
the quality of an ontology in a given context. If for a certain context the quality
for two ontologies is given, then it is possible to make a comparison between the
two ontologies in that particular context. However, quality will not always be
one-dimensional and hence analog to the multi-objective class of optimisation
problems, it is not always possible to say that either the first or the second
ontology is better.

When it is possible to compare the quality of ontologies in a context, then it
is also possible to define what it means for an ontology to be optimal in a given
context. Because of the fact that there is no total order on the quality of an
ontology in a context, it will be necessary to consider the search for an optimal
ontology for a given context as a multi-objective optimisation problem.

Let C be the set of contexts, O be the set of ontologies and @) be the set of
qualities. Now we can define the optimisation as:

Definition 5. The function sol is the solution of the context-dependant dynamic
multi-objective problem of finding an optimal ontology for a given context <
sol : C — O and sol(c) = opt’' (F(c))

Where F (C) — (O — @) a function which maps the context ¢ to a function
which incorporates the context when evaluating the quality of an ontology and
its associated domain.

It makes most sense to use the definition of context-dependant optimisation
with a function since the system will be used in a real life setting and it is
impossible to predict the optimal ontology over the whole life-time of the system
at any point. It should also be noted that in any real system, the function sol
can only be known partially and most likely by approximation. It is only known
partially because the context is changing all the time and the future contexts
are still unknown. Only an approximation can be found because no real system
can react quick enough to all changes in a complex context in order to compute
a new optimal ontology.
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8 Future Research Directions

As said in the previous section, it is important to note that the context of the
system in which the ontology is optimised will change dynamically over time.
One important aspect of the context is the history of the system. The reason is
that taking a new ontology into use causes a certain replacement overhead. A
new ontology causing a big overhead has a lower quality in the context of the
system. Cuenca Grau et al. [19] tried to reduce the cost of consistency checking
of a new ontology by using the previously used ontology, i.e. the history of the
system.

In this article we did not specify any concrete ontology notation to be used
for this type of system. There is a need to evaluate the different possible classes
of ontologies and see which properties of ontologies are affected in this type of
optimisation. Depending on the type of ontology chosen, the system has different
options for the development of its ontology. If the ontology would be for instance
a fuzzy ontology, it might even be feasible to change only membership functions
to adapt to changes in the context.

It is an open question how the system should search for an optimal ontology
for a given context. Furthermore, this article refrained from defining a concrete
definition of context and how it should be incorporated in the functions for
optimisation. One popular choice for the incorporation of context is the use of
weighted sum based methods. More research is needed to link particular features
of an ontology to quality aspects, as well as how the context influences this.

Next, it seems reasonable to look whether it is possible to notice trends in
the evolution of the ontology. A system could then take the trends into account
when assessing a new ontology or predict resource consumption in the future.

Lastly, it is interesting to consider what would happen when two separate
systems have their isolated evolutions of the ontology. Questions in that kind of
situation include what should be done to align these ontologies, what to do with
discrepancy between the ontologies, whether these systems can interact if they
are using different ontologies, etc. . .

9 Conclusion

The aim of this article was to show initial findings to solve the problems of
interoperability in the Semantic web in case ontologies are not shared among
applications and how to allow these applications to work with more ‘human-
ised” concepts. The first problem was reduced to a formulation of the finding
of an optimal ontology in a given context in section 7. This context includes
for instance the data processed by the application, the past used ontologies and
constraints related to the system. The challenge of allowing humanised concepts
is attempted by allowing fuzzy logic to be used in this kind of system.

This article was financially supported by the ‘Cloud Software Program’ of
TiViT Oy. We would like to thank ‘Intelligent Precision Solutions and Services
Oy’ and in particular Sami Helin for proposing the initial ‘Cloud Communication
Channel’ business case in which this research idea was elaborated.
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