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Abstract

Knowledge engineering has a vital role in advancing the semantic web, in which ontologies play a key role in data interoperability
and integration. One of the key issues in ontology engineering is how to handle the subsequent updates in the ontologies. A number
of concerns need to be considered while working on the ontology change, such as, tracking ontology versions and heterogeneity
issues. Ontology change management has been partially addressed by different researchers in overlapping research areas. However,
a concrete description of the problem and its related concerns are still not available in the literature. Our work aims to present
an overview of ontology change management and its concerns. We point up the need for modularization in ontology change
management based on its advantages in the context of ontology reuse from different contextual viewpoints. For this purpose, we
propose a protege plugin for reusing OWL modules, and allowing a safe/clean manual integration and reuse of different ontology
modules.
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1. Introduction

As a branch of philosophy, ontology is the representation of “what exists”, of the structures of the objects, events,
properties, processes and their relations to all aspects of reality [1] [2]. In computer science, ontology is defined as
a formal categorization of objects, events, properties, processes, and their relations. Ontology is a formal explicit
specification of a shared conceptualization [3]. Explicit means that it is represented in machine-readable form with
its classes, attributes, and relationships. The word conceptualization refers to an abstract model of a real-world phe-
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nomenon [4]. Ontology is a formal explanation of a common conceptual interest adapted for complex real-world
conceptualization. Ontologies can be exploited by several logical reasoning mechanisms to deduce hidden knowledge
and to provide machine-readable semantics so that they can be shared. Ontologies provide a common vocabulary
to logical reasoning systems [5]. Reference ontologies are an emergent ontology kind that use to characterize deep
knowledge of basic science in an upright way that allows them to be re-used in multiple ways, just as the basic sci-
ences are re-used in different real-time applications. The position of upper-level reference ontologies with respect to
other lower-level ontologies is shown in Fig.1

Purpose
Applisition Degree of Axiomatization
Reference L
Zh
J | | Specificity
Foundational  Core Domain

Fig. 1. Reference Ontology with other types.

There are different levels of abstractions of ontologies [6] in terms of their place in the reference hierarchy: top level
ontology (e.g. Basic Formal Ontology' (BFO)), mid-level ontologies (e.g.Information Artifact Ontology, Ontology for
Biomedical Investigations, and Spatial Ontology), and domain ontologies (e.g. Anatomy, Cell, Cellular component,
Sub cellular, Sequence, Protein, Infectious Disease, Phenotypic Quality, Molecular Function, and Biological Process
ontologies). Domain ontologies represent knowledge related to a particular domain that are generally used as meta-
data for information sources online. For example, WordNet is an online ontology developed by Princeton University
and contains 100,000 words meanings in categories of nouns, verbs, adverbs, adjectives and function words and a
relationship among these words [6] [7] [8] [9] [10]. These relationships can be based on similarity, differentiation,
hierarchies, part-of, and morphological relationships.

Many practitioners of ontology engineering tried to formalize the development strategies of an ontology. The most
common methodology for ontology development is 101 methodologies defined by Natalya et al. which include defin-
ing the scope of the ontology, considering the reuse of already existing ontologies and enumerating the essential terms
in the ontology building taxonomy by creating classes and sub-classes [11]. The user plays different roles in the on-
tology development process including ontology reader, ontology editor, ontology checker and administrator.

In spite of the availability of numerous resources and methodologies for developing and maintaining ontologies, or-
ganisation and maintenance of ontologies in a distributed system is still problematic. One of the typical reason for
such a problem is *Ontology Proliferation’,which is caused by the parallel development of too many ontologies in a
single domain. This problem is exacerbated by the lack of quality standards and evaluation metrics for the ontologies.
Furthermore, poor documentation of the ontologies often leads the users to interpret the terms of the ontologies dif-
ferently from the original notion. However, all of these problems impact negatively ontologies’ maintenance to tackle
the changes in the ontology structure. Because ontologies are shared concepts, ontologies are built primarily to be
reused by the community. Therefore, any change in one ontology affects many other ontologies in the network due
to their internal dependencies. The detection of these interlinked parts that will require adjustment and managing the
overall re-orientation task is cumbersome and demand an investigation in finding methodology and tools that may
help developers manage them more effectively.

Our work focuses on identifying and analyzing the impact of ontology change at different levels and exploring the

! https://www.slideshare.net/BarrySmith3/the-six-category-ontology-basic-formal-ontology-and-its-applications
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efficacy of modularization of ontologies in overcoming the challenges in ontology change management. In section II,
we discuss ontology change by focusing on classification and coverage. Section III is about heterogeneity issues in
the semantic web. Section IV discusses the theory of modularization. Finally, section V discusses modular ontology
modelling and our vision regarding contextual integration of ontology modules.

2. Related Work

To manage the ontology change, various issues associated with ontology development, version, integration, plan-
ning or mapping may occur. These domains are interconnected and hold mutual component of sub-fields [12]. Thus,
some exploration struggles and frameworks manage more than one subject of a statement and making it critical for
beginners. This uncertainty is increased even more by the actuality that particular methods are normally used with
different interpretations in related but not exactly equal research directions or conceptual frameworks [13] [14]. It
describes the process of adapting the ontology to a certain requirement. Every kind of domain model including ontol-
ogy like any structure which having information about a particular domain may require change as the understanding
of the domain changes [15]. But, if we consider that the domain is static by most applications, this is an unrealistic
assumption; we may have to determine the perception from which the domain is viewed [16], or might need to find
the issues in the theory of the particular domain [17]. We might also wish to add new functionality according to the
requirement of the users’ change in requirement [18] [19], a discovery in the domain leading to the change in prior
understanding of the domain, and some information, which was unavailable or new discovery in the certain domain
that become known/available [20]. Due to all these inconsistencies that may occur, in this case, we need to take some
action to deal with the inconsistency and in-coherency.

Furthermore, ontology engineering is becoming vastly a parallel and collaborative process. Due to that, some
combinations may be needed to produce the final ontology [21] [22]. This collaborative ontology engineering process
needs to be updated in every ontology version to reach the final and consistent version. There are also factors in
relation to the distributed nature of knowledge technologies/semantic web ontologies. One ontology may depend
on other ontologies and ontologists or knowledge engineers may not have complete control over these ontologies.
If a remote ontology change due to issues discussed above, the dependent ontology may also need to be modified
to accommodate the change in the remote ontology. In some cases, also the applications need to undergo changes
to reflect these modifications, multiplying the effect of the change in the imported ontologies. Ontology change is
the key issue in knowledge engineering as several philosophers discussed it by referring to such issues as belief
change/revision in literature [23] [24] [25] [26] [27] [28]. Most of them can be considered as knowledge represented
in ontologies [29] [30]. A large number of concepts, relations, constraints, and properties in modern-day ontology
complicate the problem of ontology change even more [31].

One of the most critical problems is that once the ontology is publicly available and has been published, Further-
more, it is possible that after will have an impact on ontology-based services and applications.[32]. In some cases,
the applications also need to undergo changes to reflect these modifications, multiplying the effect of the change in
the imported ontologies ontologist/knowledge engineers may not understand the proper reason for such changes. It
is also extremely difficult to build a system by predicting future changes in the used ontologies. On the other hand,
developers of some ontologies cannot control the ways their ontology is imported and extended by other ontologies
and thus cannot predict how any change in their ontology may affect the dependent ontologies [33]. Furthermore,
due to heterogeneity, the lack of standard conceptualization or terminology of any given context, or domain, where
users use two different ontologies, initiates the problem where service, application or multi-agent uses two dependent
ontologies. Flouris et al. defined ontology changes in ten sub-fields. These sub-fields are grouped under the broad
purposes of the changes (e.g. resolving heterogeneity of ontologies, modifying ontologies, and combining ontologies)
[34].

2.1. Discussion on the heterogeneity of the semantic web
The issues presented by Flouris et al. require some types of translation that give us permission to accommodate

the distinctions in syntax or terminology [34]. The main purpose of all these processes is to create ontologies is such
a way that terms for similar concepts have some kind of mapping among them. For example, the ontology matching
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algorithm [35] is able to recognize two terms like ’teacher’ and ’teacher staff’, which may show up in two distinct
ontologies, actually refer to the same entity. Moreover, it should have the ability to differentiate this concept from
other similar idea such as workshop chair’. Although these areas essentially manage similar issue (how to manage
heterogeneous data), their solution techniques may vary from one domain to another. As a result, different study
subjects may be formed based on the type of translation rules and the output provided by rules. Due to the strong
link between these subjects, this technique is also called ontology alignment [36]. However, ontology alignment
may be performed from many different point of views or requirements from the applications. Concept A from one
ontology may be aligned to concept B from another ontology for a certain application, and to concept C for a different
application. It is also often observed that strict alignment between ontologies may exacerbate the problem of ontology
change management because the developer must resolve every discrepancy cascaded by these strong links to other
ontologies. Therefore, ontologies must be partitioned in such a way that the changes are saved and can be easily
identified.

3. Modularization

Modularization is highly popular in software engineering as a method of dividing a software system into sepa-
rate and independent modules. Consequently, in the field of knowledge modeling, this technique has been receiving
increasing attention. Some fundamental work on modularization is presented in form of a theorem. Farmer et al.
encourage the use of combination of the “little theories” and present the particular mathematical equation to reason
about the difficult problem [37]. The modular approach is beneficial if it is reusable and the struggle over modelling is
decreasing. Lately, the knowledge engineering community have accepted the theory of reusing and integrating chunks
of information instead of building information bases [38]. Amir et al. discuss that modularization of knowledge bases
has also advantages for reasoning, even if the modularization is done a posteriori [39]. Algorithms are presented to
break the current representation in different modules with insignificant connections and characterize reasoning meth-
ods for propositional and first-order logic [40] [41]. This work encourages by the posterior modularization technique
where partitioning is performed after ontology is created so the time complexity is reduced [39].

Wang et al. propose a technique for modular execution of ontology utilising the description logics. This technique de-
pends on different stages that are executed; after identifying an incoherence by a simple OWL reasoner, the origin of
the incoherence can be identified [42]. Bucheit and others propose the same structure by distributing the terminology
information based on taxonomies and also its view part [43]. They discuss that this differentiation could be utilized to
accomplish the behaviour in better run-time and for difficult language views.

One common theme of these techniques is the use of a general ontology model to give a coherent representation of
the world. However, this strategy fails to capture the pluralistic views of reality. Giunchiglia et al. propose radical
techniques for distribution of representation, in which the local semantic models are proposed in addition to the global
semantic one [44]. This set of local semantic models allows various modules to address different perspectives of the
same reality while still maintaining a partial mappings among them. Previously, Serafini et al. characterized the distri-
bution of the ontology versions on the basis of the local semantic model that is beneficial for contextual representation
[45]. At present, in the field of Semantic Web, Ontologies are deployed in applications like search engines [46], inte-
grated information systems and decision support systems[47] [48] [49][50].

To simplify the effort of building and maintaining ontology-driven systems through their life cycle, there is an unmis-
takable requirement for a representational and computational infrastructure and tools for creating and using Ontolo-
gies. Among many such concerns for ontology modularization, the following aspects demands special attention.

3.1. Distributed Systems

In distributed environments like the semantic web, the inquiry for modularization emerges normally. Ontologies
built from different contexts lead to heterogeneity. Unhindered referencing of terms from remote Ontologies can be
problematic without a clear understanding of the original elucidations for terms conceived by the authors of the remote
ontologies.
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3.2. Large Ontologies

Modularization isn’t just attractive in dispersed conditions, it additionally assists in overseeing huge ontologies that

we find in medication or science. These ontologies, which may contain more than a hundred thousand Concepts, are
difficult to keep up with local changes that can influence a large part of the model.
Another contention for modularization of large ontologies is how to reuse only a part of the ontology without importing
the entire ontology during development. Encounters from programming show that modules give a decent degree of
abstraction to help in maintenance and reuse. The presentation of modules with local semantics can also assist with
this issue.

3.3. Efficient Reasoning

A particular issue with distributed ontologies is the effectiveness of reasoning as the size of the ontologies increases
computation time and the requirement of computing resources. Moreover, dependencies that are unseen and cyclic
references can cause significant issues. The presentation of modules with local semantics and clear interfaces will
assist with dissecting a distributed system to expose only smaller chunk of ontology as required.

4. Modular Ontology Modeling

Modular ontology modelling is a crucial task for many ontology-driven applications like multi-agent systems,
decision support systems, and information retrieval systems. These latter are key areas of research in the field of
ontologies. Various tools have been developed for creating ontologies, deploying, storing, and accessing from differ-
ent environments like triple stores. Large portion of these tools and plugins treat ontologies as entities and help in
categorizing them, however, very few ones focus on merging or integrating ontologies in a modular way:

e CoMerger technique works on merging multiple ontologies with adjustable Generic Merge Requirements
(GMR).

e iPrompt provides guidance and recommendations to users during the merging process, recognizing inconsisten-
cies, and problems.

o AnchorPrompt facilitates the iPrompt by graphical representation of correlations between the notions.

e CoModIDE is an interface feature that allows design patterns to express how they can be connected to one
another.

e XOD eXtensible ontology development reuses existing terms to develop and apply well-established ontology
design patterns (ODPs).

e Pseudo-intent algorithm features back-tracking-based FCA-Merge to perform a merger between identified
relations.

e Modular Ontology Design Library (MODL) is a curated collection of well-documented ontology design pat-
terns.

4.1. Contextual approach for reusing OWL Modules (Protégé Plugin)

As more ontology developers and users see the difficulties in reusing, maximizing, and maintaining large, and
monolithic ontologies, there is a significant increase in interest in modularization strategies for ontologies. As previ-
ously stated, the concept of modularity is derived from software engineering. There is a huge potential and research
gap to create a method that can work in a particular context to reuse two or more ontologies to form an ontology-
driven system to work in a certain context rather than building an ontology from scratch. Moreover, there is a need
of ontology visualization tool that ensure more efficient results. Due to this particular problem, we propose a solution
called Contextual Integration of Modular Ontology (CIMOn), Which allows easy reuse and manual integration of
various ontology components. Using this framework, knowledge will be only needed once distinctive ontologies will
be incorporated around each other, such as additional relations, which can be saved independently. As a result, the
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Fig. 2. By using context, multiple reuse at the same time without duplication is possible.

original ontology modules are preserved and can be reused for different purposes in multiple contexts at the same
time.

Given the formal definition of the Context and Contextual Integration.

Context: Given a set of ontology O = {O;};¢;, each O; is expressed in Language L; S, is the selected subset of the
signature of each module O;, i.e. S; C Sig(0;), S = {S;}ics is the collection of all the selected signature of each module;
Let r be an arbitrary relation expressed in L, r;; associates two entities from Sig(0;) to Sig(O;), R = {r;j}izjer is the
collection of such relations that happen between ontology pairs (O;, O;)ixjer. Then, for ontology set O and the selected
signature collection S, we have C ontextf) =R.

Contextual Integration: Based on the definition of Context, let M; = OI.S" be the module extracted from O; by
signature S ;, Mg = {M,};cs, then the union of M(S) and C ontextg is called the Contextual Integration of ontology set O
based on signature collection S . i.e. le) = {M(S), Contextg}.

In more general ontology integration or composition scenario like Figure 2, it is not hard to see that one ontology
module is reused multiple times. For instance, ClassC which is defined in Module2, this time it is referred in both
Contextl and Context2. In different context, the use of the same entity could be totally different, e.g. ClassC could
be the domain of property r1 in Contextl1, on the other hand, ClassC becomes the targeting range of property r3 in
Context2. This polymorphism allows flexible contextual configuration. A big advantage of this scheme is that it allows
using the same group ontology modules to construct various ontology integration or composition without ontology
duplication and redundancy. In our research, an overlapping-oriented strategy is utilized.

Figure 3 is a preliminary implementation of our plug-in tool integrated into Protégé. By using this plug-in, we can
edit the context of integrated ontologies. The Context tab is divided into three parts. The very left view is SourceOn-
tologyView, the one next to it on the right is TargetOntologyView, and the main editing area on the rightmost is the
ContextEditorView. A pair of source ontology module and a target ontology module should be specified for each Bina-
ryMappingBundle, so two ontology view components are set on the left of the GUI. On the top side of each ontology
view component, a combo box is set to allow user to switch between opened ontologies in Protégé

5. Case study and evaluation

In the following, we show how to apply CIMOn scheme to reuse and integrate ontology for a context using a
case study in laundry detergent products of EU Eco-label[51]. Domain knowledge is stored in multiple ontology
module files. It is a very common scenario that a product profile is required to be modeled by using multiple ontology
modules [52]. So, let’s suppose that, in some eco-labelling process or the evaluation task [53], knowledge engineers
or domain experts want to use the knowledge in the ontology knowledge base to construct a cross-module product
profile representation, detailed parameters of the product example are listed in Table 1.

In this product profile building scenario or modeling scenario, we should be aware that, first, we need the knowledge
and information from different ontologies; second, we possibly only need some parts of certain ontologies. Higher
level of flexibility is required, e.g. in the product profile modelling scenario that we have just presented. In this scenario
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Fig. 3. User can directly drag and drop the entity he needs to each BinaryMapping item that is being edited.

Table 1. Detailed parameters of heavy-duty laundry detergent product profile example:

property parameter value
product type liquid
recommended dosage (reference dosage) 20.0 ml/kg wash
sales country France
weight utility ratio (WUR) 2.0 g/lkg wash
critical dilution volume (CDV) 30000.0 1/kg wash
aerobically non-biodegradability (aNBO) 0.5 g/kg wash
anaerobically non-biodegradability (anNBO) 0.5 g/kg wash
known ingredient: C10-13 linear alkyl benzene sulphate;
C8-12 Alkyl ether sulphate;
Phosphonate;
Sodium Lauroyl Methyl Isethionate;
Benzisothiazol;
Methylisothiazolinone.

or context, Module Iso_standards, Module Regulation_european_commission and Module Commission_decision can
be excluded, because they are relevant as regards to the whole domain but not irrelevant for this specific scenario. More
over, since there are only six ingredients that are explicitly listed, only a small part of Module Ghs_hazard_statement,
Module European_risk_phrases and Module Didlist are needed. Figure 4 illustrates how we identify and form a context
for this laundry detergent product profile modeling scenario. In the first step, relevant ontology modules are identified
and chosen. This step requires that knowledge engineers have a basic understanding of the module’s content. Second
step, the dependencies between modules should be removed, e.g. owl:imports and sub-content or sub-module should
be identified.

In our example, the whole Module Laundry_detergent is needed, thus it is kept entirely. The other three modules
are tailored so that only the useful parts are kept. (The star symbol means that the module should be partly used and a
sub-module is identified. In this scenario, rule modules are ignored.) At last, in the third step, a context involving the
necessary content is formed. Complementary relations can be added and edited in the context. In our case, class with
the same name “FunctionalUnit” are defined in both Module Laundry_detergent and Module Didlist. Axiom Laun-
dry_detergent: FunctionalUnit owl:equivalentClass Didlist: FunctionalUnit and other mapping axioms are inserted in
the context configuration.One of the significant benefits of this contextual integration or partly reuse method is that
the size of the integration outcome is smaller than the one that uses owl:imports. A better reasoning performance is
also obtained with regard to contextual integration.
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Fig. 4. A context is identified from modularized ontology knowledge base.

Table 2 is a comparison between traditional owl:imports method between CIMOn method.

Table 2. Detailed parameters of heavy-duty laundry detergent product profile integrated ontology

integration by owl:imports | contextual integration by CIMOn
Logical axiom count 5049 425
Declaration axioms count 600 198
Class count 68 64
Object property count 52 44
Data property count 21 21
Individual count 459 69
Mean reasoning time (Hermit) 971ms 212ms

5.1. Ontology change management in context based modularization

The strategy of contextual modularization of ontology as described above helps in ontology change management
in two primary ways. First, each context only adopts the useful part of the ontologies and therefore, greatly minimizes
the effect of a change to be cascaded as opposed to the traditional need of importing the entire ontology however small
the contribution of the imported ontology. It can be observed from the case study that Module Iso_standards, Mod-
ule Regulation_european_commission and Module Commission_decision is excluded and only small parts of Module
Ghs_hazard_statement, Module European_risk_phrases and Module Didlist are used in the context for the product pro-
file context. Naturally, changes in any of the unused ontologies or their part will not affect the product profile context.
Furthermore, if some change occurs in the used part, the context provides the related mappings to identify the affected
concepts easily. Secondly, the parallel development of contexts reduces the interdependence among the ontologies
in a network as separate applications may manage the changes locally within their contexts without affecting others.
From the case study, it can be imagined that a company may need to create a number of product profiles. By using
contexts for separate product profiles the company can restrict the change in one product profile from affecting the
other profiles.

6. Conclusion

In this paper, we discussed the issues for ontology change, with a particular emphasis on heterogeneity methods
that have been developed and the management of multiple versions, ontology merging, reusing and integration. Many
of these aspects are connected to each other and therefore, resolution approaches to address more than one of these
aspects. We also discussed the importance of modularization in the semantic web for re-using the existing ontologies
for a certain context, minimizing the effects of changes in the original ontologies. It is evident from the literature
review that a comprehensive method for handling modular ontology in contextual integration needs to be investigated.
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Furthermore, a strategy for integrating different ontology modules based on different contexts is also presented as
a potential solution for managing the ontology changes by reducing the effects of changes and providing ways to
identify the areas for re-adjustments easily from context-specific mapping.
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