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Abstract. Context modelling is one of the stages conducted during the context
life cycle. It has the aim of giving meaning and structure to the collected con-
text’s raw data. Although there are different context models proposed in the lit-
erature, we have identified some gaps that are not fully covered, particularly re-
lated to the reusability of the models themselves and the lack of consolidated
and standardized ontological resources. To tackle this problem, we adopt a
three-layered context ontology perspective and we focus on this paper in the
middle layer, which is defined following a prescriptive process and structured
in a modular way for supporting reuse.
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1 Introduction

Context is a term widely used in many areas of conceptual modelling. Dey defines it
as “any information that can be used to characterize the situation of an entity. An
entity is a person, place, or object that is considered relevant to the interaction be-
tween a user and an application” [1]. From this perspective, context modelling is the
research topic in which the notion of context has been structured in different formal-
isms to represent context information, which affects positively or negatively an entity.
One of its major applications is concentrated on context-aware infrastructures, i.e.
areas such as Smart Cities, Pervasive Computing and Internet of Things [2].

In a previous work, we analyzed the state of the art on context modelling [3] identi-
fying certain gaps that have motivated this work. One of the most important issues is
the difficulty of reusing the context models proposed in the literature mainly due to
the lack of homogeneity among their elements, as well as the shortage of their defini-
tions. This problem calls for efforts to consolidate the context knowledge already
available and to specify a clear schema of knowledge reutilization.

To contribute solving these issues, in this paper we adopt a three-level ontology
approach for context modelling:

e The upper-level provides a basic taxonomy of context classes that represent gen-

eral context concepts. We have presented this upper level in a previous work [3].
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e The middle-level supports reusing and extending ontological resources of existing
context models and other consolidated ontologies from a modular perspective.

® The lower-level includes a set of detailed classes highly dependent on the domain.

The focus of this paper will be the middle-level. We propose reusing a set of ontolog-

ical resources that represent structured modules selected using different strategies.
The rest of the paper is organized as follows. Section 2 and 3 present the back-

ground and antecedents of our work. Section 4 describes in depth the proposed model

focused on the middle-level ontology. Finally, Section 5 presents the conclusions.

2 Background

2.1  Context Modelling Approaches

Recently, Perera et al. [2] presented a comparison of the six most popular context
modelling techniques and concluded that the most appropriate technique to manage
context is ontology-based modelling. According to Sudhana et al. [4], Noy [5] and
Chen et al. [6], ontologies are a key feature in the making of context-aware distributed
systems because they support knowledge sharing, reasoning and interoperability. For
all these reasons, we are adopting ontology-based modelling in our work.

2.2 Classification of Ontologies

Different designs and structures of ontologies have been proposed so far. Two usual
criteria are: generality and expressiveness. Generality has the purpose of specifying
general classes towards top levels and more specific classes towards lower levels [7].
This criterion supports the adoption of a layered view of ontologies [8][9]. Expres-
siveness indicates the level of detail of an ontology. Usually they are classified into
lightweight and heavyweight [10]. In this paper we adopt a 3-level view of abstraction
with an expressivity closer to heavyweight ontologies since we want to express axi-
oms and constraints more than only concepts, taxonomies and relationships.

2.3  Reuse in Methodologies for Developing Ontologies

A large number of methodologies have been proposed to conduct the ontology build-
ing process (e.g., [11][12]). Generally, these methodologies specify an activity based
on the reuse of existing knowledge. According to Pinto et al. [13] there are two differ-
ent reuse processes: merge and integration. In a merge process, it is usually difficult
to identify regions in the resulting ontology that were taken from the merged ontolo-
gies and that were left more or less unchanged. In an integration process source ontol-
ogies are aggregated, combined and assembled together, possibly after reused ontolo-
gies have suffered some changes, such as extension, specialization or adaptation. We
propose integration because we are more interested on unifying modules than com-
plete ontologies. We will apply the integration process defined by Pinto and Martins
[14] since they have compiled integration activities from different methodologies.



3 Antecedents

In a previous paper [3] we included a preliminary state of the art in context. This
study: 1) compiled different gaps reported by researchers in the context modelling
area; 2) identified gaps through the analysis and evaluation conducted in the contribu-
tions; and 3) established a basic taxonomy of high level classes intended to serve as
basis of the abstract level of a context model consolidating all these proposals. The
consolidated resources encompass all the perspectives already provided in context
modeling, especially, resources regarding context information vocabulary, properties
and terminology definitions.

As next step, we deepened this state of art by conducting a systematic mapping
study according to the guidelines proposed by Kitchenham and Charters [15].

The results obtained from the review were used to evolve the taxonomy presented
in [3] as depicted in Fig. 1. To populate the schema presented in the figure we consid-
ered different aspects from the surveyed models such as the most addressed classes in
the surveyed proposals, definitions provided clustering those that represent a generic
description of the class, common patterns identified through the proposed schemas,
and alignment with foundational ontologies that were partially reused by the contribu-
tions. Hence, we adopt this taxonomy as the upper-level ontology that frames the
middle-level that we are proposing in this paper.
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Fig. 1. Upper-level ontology.

4 Middle-Level Ontology for Context Modelling

The main objective of a middle-level ontology is to provide a set of modules easy to
reuse and extend. In addition, we aim at building a proposal aligned with existing
context ontologies, reusing the ontological resources presented in Fig. 1. To this pur-
pose, we adopt the integration process defined by Pinto and Martins [14] which de-
fines several tasks that are applied below. For the sake of brevity, we will present
some of the tasks together.

Identify integration possibility. In this first step, Pinto and Martins propose to select
the framework being used to build the ontology. Following the criteria provided by Su
and Ilebrekke [17], we have selected Protégé as ontology development tool. Particu-



larly, we are interested on importing specific modules from existing ontologies in an
easy way providing a clear schema of reutilization, and connection with the upper
level classes. Moreover, in cases where the ontologies selected are provided in a dif-
ferent framework, we will translate the selected modules into the semantic of Protégé.
The selection of this tool is greatly influencing the proposal given. This is unavoida-
ble because we want an ontology that can be used in an engineering context in order
to provide tangible value in the development of contextual software and services.

Identify modules and knowledge to be represented in each of them. As starting
point, we associate a module to each of the leaves of the class hierarchy established in
the upper-level ontology (see Fig. 1). We have consolidated the knowledge coming
from the selected ontologies and as a result, these classes are defined as follows:

¢ Time. Temporal concepts and properties common to any formalization of time [6].

e Profile. Biographical sketch [18].

e States and Status. A state at a particular time (e.g., a condition or state of disrepair,
the current status of the arms negotiations) [18].

e Environment. Environment in which the user interacts [19].

® Role. Role of an agent can be used to characterize the intention of the agent [20].

e Location. By location context, we mean a collection of dynamic knowledge that
describes the location of an agent [20].

e Activity. Represents a set of actions [6].

e Resource. Resources describe anything used to perform the activity [21].

e Agent. Both computational entities and human users can be modeled as agents [6].

Identify and get candidate ontologies. According to [14], this task first identifies
candidate ontologies that could be used as modules of our middle-level ontology. We
did this through the mapping study reported in Section 3. Next, we selected 64 of the
context models as possible candidates to be integrated in the modules of the middle-
level ontology?.

To obtain the candidate ontologies in an adequate form, we analyzed their
knowledge and implementation levels as well as the documentation available. We
realized serious problems in the detailed expression of the knowledge and the cover-
age of the implementation. Still, for each model we aimed at identifying and retriev-
ing the ontological resources that we considered relevant to create or complement
modules of the middle-level. It is worth to mention that we considered not only the 64
context ontologies but also other 12 ontologies that they reused. We decided to estab-
lish a common base of candidate ontologies acting as reference point to structure the
modules required. To carry out this task, from these ontologies, we selected those
ones more referenced by existing proposals of context modelling: CONON [9],
SOUPA [6], SUMO [8], OpenCyc [22], FOAF (xmlns.com/foaf/spec), CCPP
(www.w3.0rg/TR/CCPP-struct-vocab2/), OWL-Time (www.w3.org/TR/owl-time)
and OWL-S (www.w3.org/Submission/OWL-S).

2 For the sake of brevity we do not specify the 64 references of the ontologies selected and

other resources of the mapping study that were used in this work; you may find them at [16].



Study and analysis of candidate ontologies. In this task the candidate ontologies are
analyzed to identify possible problems in the integration process. We applied the
SEQUAL evaluation framework formulated by Hella and Krogstie [23]. There are 7
quality categories used to evaluate the reusability of the ontologies. For each catego-
ry, they propose some values that we have mostly kept:

Physical (Phy). The ontology should be physically available and it should be pos-
sible to make changes to it. Available (v'); available, presenting some problems to
open in Protégé (v'-); available, but too big to open (v'--); not available (X).
Empirical (Emp). If a visual representation of the ontology is provided it should be
intuitively and easy to understand. Satisfactory (v'); less satisfactory (v'-).
Syntactic (Syn). The ontology should be represented according to the syntax of a
preferred machine readable language. OWL full (v'); partial OWL (v'-); RDF (v'--).
Semantic (Sem). The ontology should cover the area of interest. Overlap, satisfac-
tory validity (v'v); partial overlap but not complete, satisfactory validity (-v'); par-
tial overlap but not complete, poor validity (--); not overlapping (X). Since this
category is too coarse to be applied globally, Table 2 shows its evaluation for the
modules identified in the middle-level ontology.

Pragmatic (Prag). It should be possible to understand what the ontology contains,
and being able to use it for our purpose. Satisfactory (v'); not satisfactory (X).
Social (Soc). The ontology should have a relatively large group of users. Mature
and widely used (v v'); assumed mature, not specified how much it is used (--); not
mature, but referenced (-v').

Organizational (Org). The ontology should be freely available, accessible, main-
tained and supported. Free, accessible, and stable (v'v'V); free, accessible, and
probably stable (v'v'-); free, not accessible, and probably stable (v'x-).

Hella and Krogstie already provided in [23] the evaluation of some of the candidate
ontologies selected in the previous task, concretely FOAF, OpenCyc and SUMO. We
reused this evaluation reviewing the current status of the ontologies in order to check
that the results obtained remain consistent; the only change has already been reported
above (currently SUMO can be opened in Protégé). The rest of ontologies were eval-
uated from scratch. The results obtained are depicted in Table 1.

Table 1. Evaluation of candidate ontologies

Ontologies Phy Emp Syn Prag Soc Org
CONON X v v- v e v'x-
SOUPA v V- V- v v Vv
SUMO v- v v X - Vv
OpenCyc V- v- v X - Vv
FOAF v v v v v vvv
OWL-Time v V- v v - Vv
CCPP v v V- v - vv.
OWL-S v V- v v - Vv




Table 2. Semantic evaluation of candidate ontologies organized by modules

Ontologies |Agent Resource Activity Time Environment Location Profile Role Status
CONON v v -v X X -v - X X
SOUPA -V -- -V 24 X v e - -
SUMO v v e vv - e - - -
OpenCyc -- -- - - - - - -- --
FOAF X X X X X X -v X X
OWL-Time X X X v X X X X X
CCPP X X X X X X -v X X
OWL-S X X X X X X -v X X

Choosing source ontologies. Given the study and analysis of candidate ontologies
the final choices must be made in this task. Pinto and Martins propose two stages. In a
first stage, a critical look to the characteristics analyzed in the previous task is made’.

Although the schema presented by SOUPA and CONON for modelling context is
widely referenced in the academic research, they present major drawbacks on the
availability, completeness and maintenance of the resources provided. Still, the design
of the model presented here is partially inspired by the modular schema of SOUPA
and the intuitive visual representation of CONON.

For the rest of the ontologies, all of them are physically available. However,
SUMO and OpenCyc are big ontologies difficult to import into ontology editors.
SUMO, FOAF and CCPP provide a visual representation of their schema that is easy
to understand. In the semantic and pragmatic qualities, SUMO and OpenCyc are up-
per ontologies providing an extensive vocabulary; although it can be used for purpos-
es of context modelling, a large set of this vocabulary is irrelevant for this purpose.
The rest of the foundational ontologies are more concrete and provide a smaller set of
vocabulary partially covering the context of an entity.

On the basis of this assessment, the final decision is made in a second stage. Our
aim is to select the parts of each candidate ontology that cover satisfactorily a module
identified from the upper-level ontology; also, we consider the overall ontology eval-
uation to decide whether to include it in the result or not. Table 2 provides details on
the analysis that support our choice of middle-level ontology, presented in Fig. 2. As
it can be seen, in the middle-level of the model we propose different modules associ-
ated to the corresponding high level classes of the upper-level ontology. These mod-
ules are selected from the candidate ontologies by means of the following considera-
tions: 1) integrate modules fulfilling the conceptualization of a given entity or context
information; 2) otherwise, a new module combining ontological resources from dif-
ferent sources is proposed.

Several situations have been found when selecting. For instance, the Object mod-
ule is selected from SUMO since it provides the overlap required to conceptualize this
module. However, this ontology does not provide at all the required resources to con-
ceptualize a computational entity, so we complement it with resources from CONON.

3 Unlike Pinto and Martins, we base the selection on the analysis previously made.
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Fig. 2. The middle-level ontology and its relationships with the upper and lower levels.

Apply integration operations. Once the candidate ontologies have been filtered, the
final task is to perform the integration. For the sake of space we cannot provide the
full process. We just illustrate it one example. The upper-level class Time can be
structured by using the semantics of SUMO, SOUPA or OWL-Time as it is depicted
in the semantic evaluation of Table 2. However, according to the evaluation of Table
1 it is difficult to identify certain resources from SUMO. Then, we take as a basis the
semantics of time given by OWL-Time because it is particularly focused on model-
ling time and for other features also evaluated in Table 1. Then, we adopted the fol-
lowing integration operations: 1) we integrated in a module the OWL-Time as it is
and then we make some modifications in the structure and vocabulary taking into
account the next operation; 2) we identified the equivalent resources among the vo-
cabulary and patterns presented in ontologies assessed where time was also modelled
in order to consolidate, standardize and minimize semantic inconsistencies.

5 Conclusions

In this paper we presented a middle-level ontology with the purpose of consolidating
the context knowledge already available from a modular perspective yielding a clear
schema of knowledge reutilization. The main contribution has been the effort of ana-
lyzing, selecting and combining many useful vocabularies from different existing
proposals. To do so, we gathered parts of different ontologies to be integrated into
modules. From this perspective, we face the gaps of a generic context model allowing
the instantiation of existing context knowledge in a unique and simple model easy to
be extensible in the establishment of new knowledge. The implemented resources are
available at: https://github.com/ocabgit/Three-LevelContextOntology.git.
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