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Abstract—Although the idea of endorsing meaning with 

web resources gives tremendous success to Semantic Web, but 

on the other side of coin these semantics leads to some serious 

interpretation issues e.g. multiple meaning of a term 

(Ambiguity) and same description in multiple Ontologies 

(Redundancy). In order to fully exploit the features of 

Semantic Web these issues must be treated as a high 

prioritized task. This paper presents Semantic Redundancy 

issue of Semantic Heterogeneity and describes Ontology 

Reuse as Semantic redundancy conflict diminution. An 

analysis of redundancy conflict is presented using Semantic 

Web Search Engines and it is conclude that a) universal 

strategies are required to reuse Ontologies in an effective way 

b) Web Resource dealing with different knowledge domains 

need to relate different Ontologies competently for annotation.   

Keywords—Semantic Heterogeneity; Semantic 

Inconsistency; Semantic Redundancy; Ontology; Ontology 
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I.  INTRODUCTION 

The advancement of Information Technology promotes 

rapid data generation via web pages, blogs, social media and e-

commerce. Every day voluminous big data has been generated 

by millions and millions of users [1]. As Internet is hub of 

heterogeneous distributed data, so people use to search, share, 

and compose information from a wide variety of data sources. 

Moreover, with advanced tools and techniques, it is very easy 

to publish data on internet but this ease of publication can leads 

to data or Semantic conflict. Data Conflict is a clash between 

two or more merging web resources, where some of the data is 

not matched whereas Semantic Conflict is a clash between web 

resources, where resources get merged effectively at 

syntactical/textual level but behave differently with regards to 

meaning of events, operations, objects, actions. 

Semantic Conflict (also called Semantic Inconsistency) is a 

problem generated with Semantic Heterogeneity. Semantic 

Conflict can be classified into two major problems a) Semantic 

Redundancy and b) Semantic Ambiguity.  Semantic 

Redundancy means, a situation where several semantic 

descriptions of different Web resources represent same 

intended meaning either using same term e.g. word 

‘Emergency’ description in three Ontologies or different terms 

e.g. “Cash and Money” in five Ontologies. Semantic 

Ambiguity means, one word/object/event having different 

contexts in different web resources. Both of them are 

hammering problem for Semantic Web Applications [2]. By 

keeping only Semantic Redundancy Conflict in mind, this 

paper elaborates Ontology Reuse as a proactive tact to 

redundancy problem 

Semantic Inconsistency of vast distributive information 

sharing system on internet gives rise to Semantic Conflict onto 

the success path of Semantic Web so the first objective of this 

paper is to understand Semantic Redundancy Conflict of 

Semantic Web. In literature, there is no universally accepted 

Ontology Reuse work flow, because this process is still 

considered as a skill more than an engineering task therefore 

second objective is to present Ontology Reuse as an easiest 

way to lessen Semantic Conflict and to simplify the Ontology 

Reuse by arranging steps in a work flow formation. The third 

objective of this paper is to analyse the redundant term in two 

senses 1) using same term/word 2) using different word.  

Even though reusing is not the only solution for Semantic 

Redundancy Conflict but it is based on “Prevention is better 

than cure” strategy, which is more pragmatic in real world thus 

with above mentioned strategy the paper writing is divided into 

VII sections. Section II discusses related work for Semantic 

Redundancy Conflict and Ontology Reuse. Semantic 

Redundancy and Semantic Web is described in Section III. 

Next, Ontology reuse, its objectives and general Ontology 

Reuse work flow has been talked about in Section IV. In 

Section V, Semantic redundancy Conflict analysis and 

Ontology reuse research gaps is presented. Finally, Section VI 

gives closing remarks and future work.  

II. RELATED WORK 

Gracia and Mena [2] have explained Semantic 
Heterogeneity issues on web. They have proposed two 
solutions: Sense Clustering and Sense Disambiguation for 
Semantic Redundancy and Semantic Ambiguity respectively. 
In [3], a comparative analysis of Ontology engineering 
methodology is presented with a goal, to discover an effective 
methodology for Semantic Conflict detection Ontologies. The 
author recommended a methodology called 
METHONTOLOGY for Semantic Conflict detection.  

A feasibility study on Ontology Reuse has been conducted 
by [4]. The author presents empirical evidence and findings in 
the form of methods, methodologies, tools and techniques of 
Ontology Reuse with two case studies on e-health and e-
recruitment. The results of this paper argue for the need of 
context and task sensitive treatment of Ontologies, Optimal 
Ontology Reuse methodologies and research and development 
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challenges of Ontology Reuse. A basic question “What is 
Ontology reuse?” has been addressed in [5], and they stressed 
on the issue of lack of formal definition and degree of reuse. 
This paper defined Ontology Reuse and Reusability with 
respect to various literature contributions and presents a 
solution for Ontology Reuse by defining seventeen definitions. 
In the Scheme given in [6], several Semantic inconsistency 
detection and Ontology merging algorithms have been 
proposed. The experimental part of these algorithms have been 
implemented on local heterogeneous Ontologies only and the 
results shows the time and cost efficiency with respect to 
existing work.  This paper [6] makes human involvement one 
step down by proposing these algorithms. Recently in 2017, an 
empirical study of Ontology reuse on BioPortal Ontologies is 
given in [7] where inclusion of classes and properties within 
BioPortal Ontologies and from other source Ontologies has 
been examined. 

III. SEMANTIC REDUNDANCY AND SEMANTIC WEB 

The world  have witnessed the accomplishment of 
Semantic Web and its applications in the form of web content 
annotations, software agent, multi-agent systems, knowledge 
representation, information exchange between various web 
resources/organizations, seamless information integration, 
Ontology standardization and  Web services. Semantic Web 
efficiently addressed the Web Interoperability challenge 
between distributive heterogeneous environments and reduces 
pricey human interventions with automatic and semi-automatic 
schemes. Though this achievement of Semantic Web makes it 
a mature field but still many research gaps exist for its full 
realization. One step towards this realization was introduction 
of notion of Ontology for knowledge representation. The 
intrinsic properties of Ontology make it unambiguous, 
sharable, adaptable, and reusable [8] in comparison to the other 
existing ways of classical knowledge base but sometimes the 
variation in knowledge representation causes Semantic 
Conflict. These conflicts occur whenever knowledge based 

systems do not use the identical interpretation [9] of the used 
information.  

Semantic Redundancy Conflicts is assumed one of the 
crucial steps that should be carried out efficiently so as  to pave 
the way towards establishment of Semantic Interoperability 
between heterogeneous [3] Web applications. Consider a 
scenario of redundancy conflict (same description with 
different words) where a Semantic Web content-publisher A 
wants to annotate its content with some Ontology and being 
unaware of existing related Ontologies, A creates new 
Ontology OA where the notion of medical practitioner is 
described by the term Physician. Let’s say another publisher B 
uses same concept with term Doctor and annotated it with an 
Ontology OB (existing Ontology). Now these two Ontologies 
are unaware of one another from automation view point (see 
Fig. 1), whereas the basic rules for a good Ontology says [10] 
that instead of creating new Ontology from starch one should 
reuse the existing Ontology and add the new features to builds 
new Ontology. If the applications based on these two 
Ontologies wants to communicate with each other than due to 
the reusability feature (of Ontology) these two can understand 
redundant terms in a seamless manner. Semi-automatic 
mapping, merging and integration of Ontologies can detect and 
resolve these redundancy case if Ontologies are related to each 
other on the account of inheritance and hierarchical domain 
relationships. Above discussed scenario is also applicable for 
second case where a term is redundantly defined in different 
Ontologies. Message exchange, parameters exchange, and 
integration of some or whole content of Web resources are 
directly affected by this conflict. 

IV. ONTOLOGY REUSE: OBJECTIVE AND WORK FLOW 

Ontology is a ceremonial way to describe the concepts of a 
group of terms linked to a specific domain [11]. Formally it can 
be defined as “a process in which available (ontological) 
knowledge is used as input to generate new Ontologies” [12]. It 
is the mainstay of Semantic Web approach and defines the 
terms used to describe, standardize and represent an area of 
knowledge [13]. Ontology merging and Shared Ontology can 
multiply the degree of interoperability between Web resources 
with single description of overlapping knowledge domains. 
These have been productively implemented for the possible 
solutions of problems deriving from the management of shared 
information, distributed knowledge, and the efficient 
integration of information across applications [14]. The 
construction of these Ontologies from starch is a time 
consuming and mental intensive task but Ontology Reuse can 
arbitrate this task by utilizing the previously defined concepts 
from existing Ontologies. This Ontology Reuse provides a 
manner for resolving semantic heterogeneity and enhancing 
semantic interoperability among data-sharing systems for the 
purpose of knowledge sharing and reuses [15]. 
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Figure 1. Semantic Redundancy conflict scenario 
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The huge amount of literature on Ontology Reuse process 
has attested its importance and utilization. The variation in 
Ontology Reuse steps leads to mystification, one part of 
literature support Reverse Engineering, Restructuring and 
Forward Engineering technique [16][17] as an inseparable part 
of Ontology Reuse process while other does not emphasise on 
this strategy [18-20]. The general Ontology Reuse work flow 
has been diagrammed in Fig. 2. The alphabetic order depicts 
the general steps and numerical order illustrates the process for 
corresponding steps.  The Ontology Reuse process initiated 
with the discovery of relevant Ontologies by looking up to the 
Ontology repository. Once the candidate Ontologies identified, 
the evaluation process starts to choose the best one for reuse. 
Requirements matched against Operations/events/action/ 
parameter of potential Ontologies and after final selection of 
Ontology/Ontologies the actual Ontology Reuse begins. This 
reuse can be with Reverse Engineering or with simple code 
extraction/inheritance of the selected Ontology. Integration and 
merging of Ontologies subject to the translation of uncommon 
terms to common one i.e. common description for overlapping 
terms.   

Reusing Ontology avoids redundancy by means of duplicity 
and supererogatory of terms and it also reduces coding effort 
when reused via a proper channel. It is a preventive approach 
where proactively Ontology Engineer put efforts for 
Reusability and Ambiguity.  The efforts arising from Ontology 
Reuse process could be calculated using a cost estimation 
model ONTOCOM [21-22] but sometimes it is not feasible to 
reuse the Ontology because the reusing cost of Ontology 
exceeded the construction cost of new Ontology, in such rare 
cases cost-benefit analysis recommend the cheaper one. The 
tradeoffs between usability and reusability effort and time is 
still an issue for Ontology Reuse [16], but it is a must practice 
for coding the knowledge because Redundancy reduction 
improves information retrieval by narrowing search space. 

V. AN ANALYSIS OF SEMANTIC REDUNDANCY CONFLICT 

Out of many Semantic Web Search Engines, the Swoogle 
(http://swoogle.umbc.edu) and Watson 
(http://watson.kmi.open.ac.uk/WatsonWUI/) are two most 
popular engines where both uses crawler-oriented indexing 
scheme for the discovery of Semantic Web Content. The other 
Semantic Web Search engines like Semantic Web Search, 
Sindice, and Semantic Web Search Engine are not accessible 
and testable so we have analyzed Semantic redundancy conflict 
using two mentioned popular engines. The online access for 
Semantic description of ‘Doctor’ and ‘Physician’ is presented 
in Table 1. Both the selected engines have discovered many 
Semantic documents containing given words like Watson 
comes with 60 whereas Swoogle gives 578 Semantic 
documents for the word ‘Physician’. Here, a noticeable thing is 
Ontological descriptions for word ‘Doctor’ is 162, this value is 
much bigger than the possible description of this keyword. The 
presence of redundant Ontological description can complicate 
the discovery or reuse of Ontology as in Table 2, where the 
term ‘Doctor’ is redundantly present in four Ontologies. One 
more well defined and fine-grained terminological description 
of term ‘Doctor’ is presented in Systematized Nomenclature of 
Medicine - Clinical Terms (SNOMED CT) 
(http://bioportal.bioontology.org/ontologies/SNOMEDCT/?p=c
lasses&conceptid=http%3A%2F%2Fpurl.bioontology.org%2F
ontology%2FSNOMEDCT%2F112247003https://bioportal.bio
ontology.org/ontologies/BDO) as given in Fig. 3. Although the 
simple reading of these descriptions proves that all these 
descriptions either directly or indirectly indicate the same thing 
but here the problem is automatic selection of one. The 
presented redundancies negatively affect the basic notion of 
Semantic Web Technology that was invented to enhance 
machine readability and understandability [19] by means of 
Interoperable systems. 
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Figure 2. General Ontology Reuse work flow 
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Table 1. Semantic Redundancy through Swoogle and Watson 

Keyword 

Swoogle Watson 
Semantic 
Document Ontology Semantic 

Document 

Doctor 1062 167 Doctor 

Physician 578 92 Physician 

 

Gracia and Mena [2] have suggested a solution to reduce 
the Semantic Redundancy problem using Sense Clustering, 
even though this is a good solution for redundancy reduction 
but here this paper focuses on reusing Ontology or Ontological 
terms which will never demand for such solutions. Reusing 
Ontological based description from more general Ontologies 
can simplify its practice, convenience, and effectiveness. The 
domain-oriented OWL Ontology reuse i.e. Bone Dysplasia 
Ontology (BDO) 
(https://bioportal.bioontology.org/ontologies/HUPSON) and 
Human Physiology Simulation Ontology (HUPSON) 
(https://bioportal.bioontology.org/ontologies/FMA) reuses 
terms of Foundational Model of Anatomy (FMA) Ontology 
(https://bioportal.bioontology.org) of BioPortal [23] (BioPortal, 
an on-line storehouse of 656 bio medical Ontologies) is an 
effective reuse but this sort of reusing is not universal like 
‘Account’, an ambiguous term have redundancy conflict within 
ambiguity conflict and no domain-oriented reuse like BioPortal 
is available for such terms. 

Thus, to realize Semantic Redundancy Diminution there must 
be some universal ways to describe terms once and reuse as 
many times as possible regardless of their Ontological 
language. These universal ways not only increase Semantic 
Interoperability but also lift the efficiency of data discovery 
systems.To develop cost-effective and high-quality Ontologies 
the obvious considered methodologies and guidelines is 
Ontology Reuse. Unfortunately, this reuse still poses a 
considerable amount of challenges for the Ontology developer 
community [5]. The observed challenges are:  

 Non-technical challenge- It is the willingness and level 
of experience of Ontology Engineer for sharing their 
knowledge with others and accepts the knowledge from 
outside Ontologies. It is assumed as an art more than a 
science [4] where recycling and extension of existing 
knowledge is considered.  

  Identification of existing Ontology usability [6] [30] 
by understanding the importance of reusable content. It 
involves the decision making about cost-effectiveness 
of Ontology to be reused. Moreover, lack of efficient 
cost estimation and cost-benefit analysis techniques for 
Ontology Reuse make this challenge more complicated. 
The current paper observes that little work has been 
done in literature for cost estimation analysis for 
successful Ontology Reuse methodologies.  

 The exponential growth of web open Interoperability 
challenge for Ontology Reuse and this growth of web is 
putting intense complex computational load on the 
information systems, which are especially meant for 
discovery, translation, mapping, merging, optimization, 
and integration. The variation of knowledge 
representation among various information sharing 
systems like sharing between Intelligent Systems/Expert 

Systems, Web Services and Web Applications raises 
Intercommunication challenges for Ontology Reuse. 

 The Ontology dependencies hinder integration in 
Ontology Reuse process. These dependencies cause 
interpretation issues. Some research work emphasized 
Generic Ontologies but the lack of sufficient Generic 
Ontologies faded this notion. So here is the high need 
for generic Ontologies and their proper advertisement 
among Ontology Engineers.  

 The state-of-the-art Ontology Merging, Mapping and 
Integration are semi-automatic this means human 
intervention is still required for final Ontology 
selection. Insufficiency of Ontology reusing tools and 
techniques make detection and resolution of semantic 
inconsistency [6] problematic. Some other challenges 
are standardization of reusability definition, degree of 
reusability [5], and requirement of pragmatic methods 
for utilization of source Ontologies to a maximal extent 
[12]. 

Table 2. Ontology Redundancy 

Sr. No 
Doctor 

Description Ontology 

1 ..person who can prescribe 

medication 

http://micra.com/CO

SMO/OlderVersions

/COSMO.owl 

2 

The profession of being a 

medical doctor, i.e. having 

attended medical school and 

being licensed to practice 
medicine. 

OWLS-

TC4_PDDL/OWLS-

TC4_PDDL/htdocs/

ontology/Mid-level-
ontology.owl 

3 

A doctor is an individual who 

practices medicine, which is 

concerned with promoting, 
maintaining or storing human 

health through the study, 

diagnosis, and treatment of 
disease, injury, and other 

physical and mental 

impairments. 

http://semanticscienc

e.org/ontology/sio.o

wl 

4 

A doctor is a general or 

specialized physician under 
medical practitioner 

subcategory of healthcare 

profession category in 
BioPortal. 

https://bioportal.bioo

ntology.org 

 

 

VI. CONCLUSION AND FUTURE SCOPE 

Ontology is the backbone for sharable knowledge 
representation, without utilizing its reusable property it is just a 
classical knowledge base.  It is one of the possible proactive 
and preventive solutions of Semantic Inconsistency or conflicts 
among heterogeneous information system. In this paper 
Semantic Redundancy has been discusses from Ontology 
Reuse perspective and analysed that available Semantic 
documents are not practicing stated standards of Semantic Web 
Technology. Although reusing Ontology reduces redundancy, 
but the limitation of Ontology Reuse approach does not make it 
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best solution where reuse cost is higher and much complicated 
then creating new one.  In near future, the authors are intending 
to increase the scope of Ontology reuse in Semantic Web 
services publication and discovery.  
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Figure 3.  Terminological description of ‘Doctor’ in SNOMED CT [25] 


