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Abstract. Ontology change is an important part of the Semantic Web field that
helps researchers and practitioners to deal with changes performed in ontologies.
Ontology change is especially important in Ontology-Based Information Inte-
gration (OBII) systems, where several ontologies are interrelated and therefore,
changes raise various complexities and implications, such as modifications of
ontology mappings and change propagation. Current approaches to ontology
change mainly focus on a single ontology and therefore do not properly address
the constraints specific to OBII systems. To address the challenge of ontology
change in OBII contexts, we plan to adapt successful techniques proposed both
by Semantic Web and Model-Driven Engineering communities. We discuss the
research goals, methods, and evaluation options to address this challenge. Real-
world case studies are used for the development and evaluation of the proposed
methods.
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1 Context and Motivation

The notion of using ontologies for information integration has been applied for around
two decades [1]. Wache et al. have reviewed various approaches for Ontology-Based
Information integration (OBII) that use ontologies to integrate information from mul-
tiple heterogeneous sources [2], while Calvanese et al. explain typical components of
an OBII consisting of a shared (common) ontology, a number of local ontologies, and
mappings between the local and common ontologies [3].

Such an integration raises issues on how to maintain the integrated system, i.e., how
to manage the ontology change within the system. Ontology change support is an
important requirement of an OBII system, especially in a software-intensive system
such as business information and industrial automation [4] where change support is
often needed to deal with changes in ontology schemas (i.e., T-Box) and data (i.e.,
A-Box). These changes have to be validated, applied and propagated to all relevant
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parts of the system to ensure its consistency. “Ontology Change”, as described by
Flouris et al. [5], refers to “the problem of deciding the modifications to perform upon
ontologies in response to a certain need for a change as well as the implementation of
these modifications and the management of their effects in depending data, services,
applications, agents or other elements”. In the OBII context, we define “change
propagation” as part of ontology change process that deals with the management of the
ontology change effects.

The current approaches to deal with ontology change from the Semantic Web
community are mostly focused on a single ontology and therefore these approaches are
not sufficient to support ontology changes in an OBII system that consist of multiple
heterogeneous ontologies with complex mappings. Also, the Model-Driven Engi-
neering (MDE) community has proposed the notion of model co-evolution for
expressing composite changes within a model and for propagating these changes to re-
establish global consistency [6, 7]. As part of our research, we aim to investigate
whether and how MDE co-evolution approach could be adapted to ontology change in
the OBII settings.

In our research, we plan to address the gap of ontology change support in OBII
systems by identifying, defining and developing the required mechanisms and methods,
while studying and adapting appropriate approaches both from Semantic Web and
MDE communities. As the first step towards that goal, we have studied the literatures
from both communities and identified requirements for ontology change within OBII
systems from two case studies: (1) Power Plant Design from the Industrial Automa-
tion System (IAS) domain and (2) Integration System for Scholarly Data of the
domain of Empirical Software Engineering (EMSE). These initial requirements from
the case studies will be discussed within Sect. 5.

The rest of the paper is structured as follows: Sub-Sect. 1.1 illustrates an OBII
problem setting example. Section 2 defines the state of the art in ontology change and
model evolution. Section 3 provides the problem statement and motivates the research
contribution. Section 4 derives the research approach and Sect. 5 shows the preliminary
results. We introduce our evaluation plan in Sect. 6, and conclude the paper in Sect. 7.

1.1 An Ontology-Based Information Integration System Example

As an illustrating OBII system example, let us take a look on the case of information
integration in a modern power-plant planning from the IAS domain. Figure 1 shows the
simplified representation of the system that mainly consists of the following three
elements (marked with the corresponding numbers in the figure):

(1) Local Ontologies represent the data from the different tools and domains involved
in a power plant system engineering. In the example, the local ontologies come
from mechanical, electrical and software engineering.

(2) The Common Ontology represents the aggregation of important concepts (e.g.,
signal and CPU) of local ontologies from the perspective of the system stake-
holders. In the example, the common ontology is the global ontology of the
power-plant.
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(3) Mapping between Common and Local Ontologies represent the semantic
overlaps between local and common ontologies.

In the setting shown in Fig. 1, the mechanical engineers will use their domain-specific
tool like MCAD1 to design the machinery. In parallel, electrical engineers use their
specialized tool such as EPlan2 to design the wiring for each machine and the con-
nections between machines. There are also Programmable Logic Controller (PLC)
software components to support the production automation, created by software
engineers. In between the process, clients will provide feedback to the engineers
regarding their adjustment of requirements.

Since the specific tools from each domain are typically proprietary, the means to
exchange data are limited to tool data export (e.g., spreadsheet, XML) or database
views. Ideally, the exported data or database views would be lifted into local ontology
and then be mapped with the global ontology, in line with the principles of the Global-
as-View approach [8]. The mapping between local and global ontologies may be not
straightforward, e.g., concatenation or computation of two attributes values in local
ontology will be mapped to one attribute value in the global ontology. Important
challenges in such environment are: (1) change process identification, i.e., to identify the
necessary change processes for performing ontology changes within the environment,
e.g., change propagation, where changes in one element should be propagated to
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Fig. 1. Components of IAS power-plant design system

1 http://www.solidworks.com/sw/products/3d-cad/packages.htm.
2 http://www.eplanusa.com/us/solutions/electrical-engineering/eplan-electric-p8/.

Ontology Change in Ontology-Based Information Integration Systems 713

http://www.solidworks.com/sw/products/3d-cad/packages.htm
http://www.eplanusa.com/us/solutions/electrical-engineering/eplan-electric-p8/


relevant ontologies; (2) change detection and representation, i.e., how to detect and
represent the changes of local and global ontologies with their mappings; and (3) change
tool support, i.e., how to adequately provide tool support to perform ontology change
within the environment. The common concepts that relate two or more domains, such as
Signal and CPU (Software, Electrical domain) will provide additional complexity since
a change in one domain could affect different parts of the system.

2 State of the Art

In this section, we revisit the state of the art from two research communities that are
relevant for our research, namely ontology change from Semantic Web and model
evolution from MDE.

2.1 Ontology Change

Flouris et al. provide an excellent summary of many ontology change terms that are
used in the Semantic Web community [5]. We refer to their definition throughout our
work. Two of the most important terms are: (1) Ontology evolution, a process of
modifying an ontology in response to a certain change in the domain or its concep-
tualization, and (2) Ontology versioning, an ability to handle an evolving ontology by
creating and managing different variants/versions of this ontology.

Change Process. Recent work from Zablith et al. [9] has summarized major ontology
evolution process approaches [10–14]. They proposed five steps for the ontology
evolution process: (1) Detecting Evolution Need, (2) Suggesting Changes, (3) Vali-
dating Changes, (4) Assessing Impact, and (5) Managing Changes. These processes are
designed with the focus on the changes in an ontology schema. A closer approach to
our research comes from Papavassiliou et al. They take into account changes both in
the ontology schema and data [15]. However, these approaches mainly consider
changes in a single ontology instead of in the context of OBII systems, which presents
the challenge of complex changes and its propagation across the system. We identify
this as a gap and we plan to include the solution as part of our ontology change process
definition.

Change Detection and Representation. A major requirement for the ontology change
in OBII is the ability to detect low-level (i.e., addition and deletion of triples) changes
and high-level (e.g., concept move and deletion) changes between different ontology
versions [15] and represent them in a machine readable formats for future analytics,
while considers their effects on the change propagation process. To address change
detection between two ontology versions, the use of heuristics algorithms [16],
structural differences [15, 17], and OWL reasoning [18] have been proposed and
evaluated. To support the change detection mechanism, approaches for change repre-
sentation as change ontologies [11, 19] and change languages [20] have also been
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proposed. Similar to ontology change process, the approaches in this area are typically
focused on detecting changes of a single ontology. In our research, we aim to build on
the state of the art of ontology change detection and representation to detect and
represent low-level changes and selected sets of high-level changes of OBII system
ontologies and their complex mappings.

Change Tool Support. To provide tool support for ontology change, an initial set of
requirements that focused on ontology evolution was introduced by Stojanovic and
Motik for the KAON tool [21]. In the similar timeframe, PrompDiff change detection
algorithm was integrated into Protégé tool [16]. Later on, Noy et al. introduced support
for different scenarios of ontology editing in Protégé, providing background support
for storing ontology metadata using CHAO vocabulary [11]. The latest addition to the
impressive set of Protégé ontology change support tools is the Protégé versioning
server,3 which is based on the previously proposed architecture client-server archi-
tecture [22]. An interesting line of work comes from the adaptation of distributed
versioning systems, SemVersion [23] and R&Wbase [24], which provide support for
ontology versioning similar to source code versioning systems. However, the afore-
mentioned tools are mainly designed to work with a single ontology and therefore, they
do not fully address important requirements of an OBII system, such as change
propagation to provide global consistency across the system.

2.2 Model Evolution

The evolution aspects of MDE are getting more attention with the growing importance
of modeling in software development [25]. Various tools for supporting model refac-
toring have been proposed in the literature [26, 27]. Unlike change in ontologies, which
focused primarily on single ontology scenarios, MDE research has a richer set of
approaches in the area of model co-evolution [6, 7] and model change analysis (e.g.,
composite change detection [28] and change sequence identification [29] ). However,
these approaches have not been studied in the context of OBII. As part of our research,
we will investigate whether and how co-evolution and change analysis algorithms
could be adapted to ontology change in OBII settings.

3 Problem Statement and Contribution

In order to address the challenge explained in Sect. 1, we identify the main research
question (RQ) of our work as follow: “Which mechanisms and methods are required
to cope with ontology change in an Ontology-Based Information Integration (OBII)
system, where ontologies are used as means for data integration for heterogeneous
data sources?”

This main research question is refined into smaller research questions as follows:

3 http://protegewiki.stanford.edu/wiki/Protege_5_Development_Environment.
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RQ1: What kinds of ontology changes, process and analysis are required in an
OBII system? What are the specific characteristics of ontology change in such a
system? The research question aims for the identification and description of ontology
change types (e.g., mapping changes), change processes (e.g., change propagation),
and change analytics (e.g., detection of complex composite changes) that are needed in
an OBII system. The answer to the question should be based on a comprehensive
interpretation of an OBII system from the ontology change perspective.

RQ2: What methods and techniques can solve problems caused by ontology
change in an OBII system? Do model co-evolution methods from MDE provide
relevant solution alternatives? In order to solve the challenge identified in the RQ2
while consider the specific characteristic that answer RQ1, what kind of methods and
techniques are necessary? Are the current available techniques and technologies from
both the Semantic Web and the MDE communities able to address the requirements?
We expect that the answer for this research questions could also useful in more general
environments as alternative to the current state of the art.

4 Research Methodology and Approach

Within this research we strive to solve how to deal with ontology change within OBII
system. The proposed research will be developed within the design science method-
ology, using the regulative cycle as conceptual framework and, specifically, following
the guidelines provided by Wieringa in [30]. At the moment, we are in the first phase,
focusing on gathering the requirements and conducting the literature study, to provide a
solid ground for further steps.

• The first phase in this methodology is the problem investigation, focusing on the
analysis of the problems that this research should confront as well on the properties
that a good design solution should have. We have done preliminary literature
studies and interviews with domain experts from two application domains. We have
to look into the data and identify sets of changes that often happen in the system,
e.g., frequent instance changes and change propagation over an OBII system. Next,
we are planning do a comprehensive literature research on ontology change and
related fields (e.g., MDE model co-evolution and MDE change detection algo-
rithms). The goal of this phase is to define a set of requirements and the associated
evaluation metrics that will be used throughout the research.

• The second phase is the solution design. This phase explores the possibility of
applying or adapting the currently available approach to design a good solution. The
process includes the realization of manual and alternative approaches to address
the challenges, including those coming from the MDE community and evaluating
the feasibility of those approaches. Based on requirements, literature studies, and
manual approach realizations results, the goal of this phase is to create a solution
design as a conceptual framework that will define the required ontology changes,
processes, and analytics necessary for the OBII context.

• The third phase is the solution design validation. This phase aimed to check the
solution design against the previously identified requirements and gather feedbacks
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for the proposed approach before the implementation phase. We plan to involve
relevant researchers for checking the logical feasibility of our approach, while
providing the experts in our application domains with a conceptual prototype of our
solution (e.g., scenario, persona) to collect and analyze their feedbacks.

• The fourth phase is the implementation of the solution. In this phase, we plan to
realise the solution design within the selected application domains by implementing
the prototype according to our solution design and the case study scenario definition.

• The fifth phase evaluates the solution in the selected scenarios. This phase aims to
find out how well the solution approach worked in real-world settings. The validation
process will be carried out as case-studies in selected application domains.

5 Preliminary Results

In order to capture the requirements for ontology change in OBII systems, we have
conducted semi-structured interviews (according to [31]) with domain experts from two
different application domains, IAS and EMSE, as mentioned in Sect. 1. We analyzed
the interview results and take into account the current state of the art in the research.

From IAS domain experts, we learned that they deal with daily updates of instance
changes and three to four data model changes per year. They would like to be able to
store versions for instance and ontology changes, and to be able to query the ontology
change history within a selected time period. We sum up the requirements from IAS
domain as follows:

• Ontology evolution and change propagation.
• Ontology versioning
• Query across changed data and metadata/analytics of changes.
• System scalability (to millions of data instances)

From EMSE domain experts, we learned that, in spite of slight differences, the core
issues for ontology change are similar to the IAS domain. They have less frequent
changes compared to the IAS. Additionally, the contribution for the knowledge
changes are less structured and dependent to the EMSE community activity. The
requirements from EMSE community can be summarized as follows:

• Ontology versioning.
• Query across changed data and metadata for concept tracing
• (Semi-)automated query updates based on data model changes (as typical domain

experts are not familiar with Semantic Web technology).
• (Semi-)automated ontology debugging support
• Ontology mapping across different instances of EMSE knowledge bases.

6 Evaluation Plan

We plan to base our evaluation approach on two case studies in the domains of IAS and
EMSE. We will follow the case-study-based evaluation presented in [32] to validate
our approach. Following the research methodology that we have defined in Sect. 4, we
plan two separate evaluations in our research.
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• Evaluation of the solution design. Within this step, we will validate our design with
the stakeholders, including relevant scientific researchers and application domain
experts. The evaluation goal is to provide a clear view on how the solution design
will answer the set of stated requirements and the associated evaluation metrics.

• Evaluation of the solution implementation. The purpose of this evaluation is to
validate whether the proposed solution works better in addressing the requirement
of ontology change of an OBII system compared to the alternative solutions. We
plan to build our implementation according to our solution design and use the
evaluation metrics for comparison with solution implementation alternatives.
Afterwards, we plan to do user studies to check the solution implementation in real-
world settings according to our application domain case studies.

7 Conclusions

In this work, we have provided an overview on the research plan for addressing
challenges of ontology change of an OBII system. We positioned our work within the
state of the art, explained the problem statement and our planned contribution, and
proposed an approach to address the challenges.

As part of the research, we are currently in close cooperation with stakeholders
from the domains of our two planned case studies. This advantage allows us to receive
better feedback regarding the requirements and to take more informed and better
decisions regarding the design and development of our solution. These success factors
are likely lead us to get better results. We hope that our research will bring advantages
to both research communities and industry partners.
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