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Abstract. Global ontologies include common vocabularies to provide interoperahitigng different applications. These
ontologies require a balancereusabilityusability to minimie the ontology reuse effort in different applications. To achieve

such a balance, reusable and usable ontology design methodologies provide guidetisigs tandl develop layered ontology
networks. Layered ontology networks classify into different abstraction layers the domain knowledge relevant to many
applications (common domain knowledge) and the domain knowledge relevant only to certain applicegi¢ratygmnt domain
knowledge). This knowledge classification is performed from scratch by domain experts and ontology engineers. This process
is a heavy workload, making it difficult to design the layered structures of reusable and usable global ar@aogiésring

how common and variant software features are classified when designing Software Product Lines (SPLs), we argue that SPL
engineeringechniques can facilitate the domain knowledge classificatikimg as reference existing ontologigsis paer

presents a methodology that provides guidelittesesign the layered structure musable and usable ontologies called
MODDALS. In contrast to previous methods, MODDALS applies SPL engineering techniques to systematically (1) identify the
ontology canmon and variant domain knowledge and (2) classify it into different abstraction layers taking as reference existing
ontologiesThi s approach compl ement s d o neapertisepeexeptag them dromaclassifyiognt ol o gy
the domain knowldge from scratcHacilitating the design of the layered ontology structiWEDDDALS methodology is
evaluated in the design tife layered structure afreusable and usable global ontology for the energy domain. The results show
thatMODDALS enables to cksify the domain knowledge taking as reference existing ontologies.

Keywords Layered ontologyetworks methodologyontology reusability, ontology usabilitgPL engineering

1. Introduction

In the context of computer sciences, ontologiesformal vocabulées usedo describe and represent a
data domain as a set of concepts and relations between@malogies enabl® represena generic
knowledge that can be shared across different software applicétiehsler, Fisher, Blace, & Perez
Lopez, 2011)Some of thenainontologyelementsare classes (to represemtitieg, propertiesielations
usedto relateclass membe)sandaxioms(restrictions on the properties éapresdacts aboutoncepts
that are always trgéGruber, 2009)

Ontologies are developed by different engineers, who have different viewpoints when it comes to
represent the knoledge of the same data domaifsus, the creation of ontologies by different
developers leads to ontologies that represent the knowledge of the same data domains with different
vocabularies. This domain representation diversity, knowrseasantic heterogeneityeads to an
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interoperability problem thatampers the knowledge exchange between knowledged applications
andhinders the full adoption of ontologies in real scengfiteree & Belkhatir, 2015)

To date,global or sharedontologies have been developed in different domains to overcome these
interoperability issues, i.eSoupa(H. Chen, Perich, Finin, & Joshi, 2004Elobal ontologies are
ontologies that include common vocabularies to provide a common representation and a shared
understanding of the doma&i@hoi, Song, & Han, 2006; Wache et al., 200)e common knowledge of
global ontologies is reused to develop ontologies for different applicdtioizhen et al., 2004; Niknam
& Karshenas, 2017)This common knowledge representation overcomes the terminological differences
of existing ontologieqthe ones that are already developadthe dmain concerned, enabling the
knowledge exchange between knowledge bases and applications that ugehthieeb al., 2006; Wache
et al., 2001)

A global ontology must provideupport to different applications in a given domain and must be easily
adaptable. That is, it must lveusable(Spyns, Tang, & Meersman, 2008hus, the ontology must
include abstract domain knowledge reused by many applications. However, each application has
individual knowledge requirements. If the global ontology is too abstiaeteffort of adapting and
customizing the knowledge to satisfy specific knowledge requirements would be high. Thus, ontology
developers are less likely to reuse the global ontology to develop ontologies for their applications.
Considering this, algbal ontology must also minimésthe ontology reuse effort when it is reused to
develop ontologies for specific applications. That is, it mustdable(Spyns et al., 2008)rhus, the
knowledge of the ontology must be as specifipossible to ease its custoatisn to specific application
requirements. Nevertheless, if the ontologgresents the knowledge required by a specific application,
the effort of adapting the ontology to applications with different knowledge requirements would be high.

With this in mind, both ontology reusammifliiitcy 0a
(Morbach, Wiesner, & Maraardt, 2009) so there is a need to achieve a balance betweer(hanpach
et al., 2009; Spyns et al., 2008)

1.1.Motivation

To date)ayeredontology netwdtshave been applied as the main ontology design approach to achieve
a balance of reusabiliysability, i.e., OntoCapéMorbach et al., 2009)Layeredontology networks
classify into different abstraction layers tbemmon domain knowled@esused by most applications)
and thevariant doman knowledgg(reused by specific application types). We consideagplication
typea family of applications that perform similaiskes or have similar objectiveSuch a classification
enables ontology developers to reuse only the necessary knowlatigepetper level of abstraction to
develop ontologies that satisfy specific application requirements. Hence, the ontology reuse effort in
different applications is reducéiorbach, Yang, & Marquardt, 20Q7)

Previous works have proposed methodologedesignand devedp reusable and usable ontologies
that follow the structure o layeredontology network These methodologies follow different paths to
design and develop the ontologiésit in all of themthe layered structure of the ontology must be
designedThe layeed ontology structuris an informal modethatincludes the ontology layers and the
knowledge they must include at a conceptual léaglthe set of concepts and relations that they must
includewithout going into implementation detaildlorbach et al., 2007)

When t comes to desigthis structure previousreusable and usable ontology desigethodologies
provide guidelines to define the ontology abstraction layers and to classify the common and variant
domain knowledge into different layers. In these methodologies,classification of the domain
knowl edge is performed from scratch based on dom
analyse the theoretical framework and the knowledge requirements of the application types that will be
supported by thealered ontologynetwork (in collaboration with stakeholders). Based on the gained
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expertise andhe identified knowledge requirementie ontology knowledgedefined ands classified

into common and variaifand, by extension, into different laygrslene, a significant effort is required

to classify the ontology knowledge from scratch by applying existing reusable and usable ontology design
methodologies. This effort hinders the development of reusable and usable ontologies that represent
complex domainand support different applications.

In the software engineering field, the main approach to develop reusable and usable software are
Software Product Lines (SPLs): software families that contain common reusable parts and variable parts
that depend onpgcific custome needs to support mass custaatiisn (Pohl, Béckle, & Der Linden,

2005) For that purpose, software features for a set of apiplicatare analysed and classified into
common featurecommon to most applications) andriant featureqonly implemented by specific
applications)Apel, Batory, Kastner, & Saake, 2016; Pohl et al., 2008 software features of SPLs
can be reusetb develop new software mininiigy the effort of adapting the reused software to specific
requirements. Thus, layeraxhtology networkshat provide a reusabilitysability balance are quite
similar in concept to SPLs.

When designing SPLs, the software feature classification is performed through a procedseliad
analysis.Unlike the design of layered ontologysttures, the design of SPLs rarely starts from scratch
(Pohl et al., 2005)The domain analysiss usually performed systematically taking as mefiee the
software feature similarities and differences of existing applications and legacy sgstamgsCohen,

Hess, Novak, & Peterson, 1990; Pohl et al., 20DBpending on how many applications implement them,

the softvare features are classified into common and variant. This approach makes the SPL design process
easier and complements domain experts and softwagserrs expertise, thus miniimg their
involvement and effor@Fantechi, Gnesi, John, Lami, & Ddrr, 2003; Pohl et al., 2005)

After several decades of building semantic web applications in diffecenaids, many developed
ontologies e availablgVandenbussche, Atemezing, Povadlalon, & Vatant, 2017) Ontologies are
usually developed to be reused and support certain application types. In dwitiaaiseady devieped
ontologies thedomainanalysis of existing applications applied to design SPLs can be replicated in the
ontology engineering field to design the layered structure of reusable and usable ontologies. In particular,
the similarities and differences tife knowledge represented by existing ontologies can be analysed to
classify the common and variant domain knowledigigending on how many ontologies represeiitiis
analysis would complement domain expethénsfomnd ont
classifying the domain knowledge from scratch.

As far as we knowpreviousreusable and usable ontology design methodologies do not take advantage
of existing ontologies to save effort when designing lthered ontology structuréas SPL design
approaches doThe design effort reduction is a key enabler of the development of reusable and usable
ontologies in complex domains. Therefore, there is the need to define a methddalegign layered
ontology structures of reusable and usable onieéoigom an existing set of ontologies.

Bearing in mind this challengéhe requirements that guide the construction of such methodology are the
following:

1. Themain requirement of thproposed methodology that itshouldprovide techniques to
enable thelassification othe domain knowledge taking as reference existing ontologies.

2. In addition, & well as previous reusable and usable ontology design methodplthgies
proposedmethodology should definprecisely the steps conducted to design the layered
ontology structureln particular the methodologghouldstate clearlyhe purpose, inputs and
outputs, the actors involvednd the techniques to be applied in each. step
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1.2.Contribution

This paperpresents the MODDAL$Methodology for Ontology Design bed in Domain Analysis
and Layered Structurapethodology MODDALS guides domain experts and ontology engineers to
design the layered structure of reusable and usable ontologies. The output of this process is an informal
model with the ontology layers anbet knowledge they include at a conceptual level. To define the
layeredontology structure, MODDALS applies the main activities and design principlespirevious
reusable and usable ontology design methodolgllesbach et al., 2009; Spyns et al., 2008; Thakker et
al., 2011)

In contrast to these methodologies, MODID3applies SPL engineering techniquesystematically
(1) identify the ontology common and variant domain knowledge and (2) classify it into different
abstraction layersakingas reference already implemented ontolagié®e knowledge of thentologies
developed for specific application types is usually defined through the collaboration between domain
experts and application stakeholders, who translate their knowledge into the ofBulaggz-igueroa,
2010) In MODDALS, this knowledge is exploited by domain experts and ontology engineers to classify
the damain knowledge when designing the layered structure. Therdfienedo not need to analyse the
knowledge requirements of different applications and to define and classify the ontology domain
knowledge from scratchacilitating the design of the layeredtology structure

This paper is structured as follows: In Section 2, MODDALS is compared and positioned respecting
to previousontology design and development methd8sction 3 explains the steps in MODDALS.
Section 4 shows how MODDALS was applied toigesthe layered ontologgtructure of a global
ontology for the energy domaisection 5 presents an empirical evaluation of MODDAE&ction 6
summarizes the conclusions of the study as well as future lines of work.

2. Related Work

This section compares thRIODDALS methodology with welknown ontology development
methodologies anpreviousreusable and usable ontolaggsignmethodologiesin addition, we indicate
when it should and should not be applied.

2.1.0ntology Development Methodologies

To date a set of &ll-known ontology development methodologies have been defined, i.e.,
METHONTOLOGY (Fernande#z.6pez, Gbme#érez, & Juristo, 199, Onto-knowledge(Sure, Staab,

& Studer, 2004) DILIGENT (Pinto, Staab, & Tempich, 2004NeOn (SuéarezFigueroa, 2010pand
SABIO (Almeida Falbo, 2014)With the exception of NeOand SABIQ all these methodologies guide
to develop ontologies from scratch and doawrtsider the ontology reuse asp@&tarezFigueroa, 20Q).
NeOn defined different paths to reuse ontologies and to the best of our knovdetigemethodology
that provides more detailepiidelines when reusing ontologidss well as NeOn, SABIO also supports
ontology reuse, with the difference thaABIO is thought to develofppoth domain and operational
ontologiegAlmeida Falbo, 2014)

MODDALS takes as reference the knowledge of existing ontologies to desi¢ayéned ontology
structure Henceonce the structure is designeéide knowledge of existing ontologies will be reused to
implement thdayered ontologynetwork Therefore, MODDALSits better withand can be applied as
an internal step of NeOn. NeOn defines a set of flexible scenarios to develop ontologies and ontology
networks. These scenarios correspond to the methods (i.e., reusendusrgg that can be applied to
reuse existing knowle@gsources (i.e., existing ontologies nonontological resources) to develop
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ontologies. Fig 1, summarizes the different phases that the ontology development process can follow
depending on the Eted scenario (to see more detailed information about each phase, we refer the reader
to (SuarezFigueroa, 2010Q)

Initiation | Reuse ! |_' Merging ' ||,_: Reengineering | Design Implementation Maintenance
Phase I Phase : | | Phase | ' Phase | Phase Bl Phase Phase

~ ~ -

——

Fig. 1: Ontology network lifecycle models proposed ingiNeOn Methodology framewoluarezFigueroa, GomePérez, & Fernandez
Lopez, 2015)

Since MODDALS classifies the awmlogy domain knowledgtaking as referencexisting ontologies,
theknowledge of the designed layered structure incltlde&nowledgdrom these ontologies. Existing
ontologies are analysed to classify this knowledge into different layers. The outpist mfocess is an
informal model of the ontology that contains the ontology layers and the knowledge they include. Hence,
within the ontology lifecycle, MODDALS covers part of the ontology reuse process. In particular, it
proposes a new scenario for ragsontologiesiorganigtion of the various existing ontologies into an
overall layered ontologgtructure

In addition, in MODDALS the knowledge that the ontology must represent is defined (the knowledge
from existing ontologigs In contrast, in NeOn thenowledge of the ontology is defined from scratch as
the functional requirements of the ontology duringdghmlogyinitiation phase. Therefore, MODDALS
coverspart of this phase

Considering the ontology development phases covered by MODDALS, it dhealaplied right after
the ontologyinitiation phaseand before thentology reus@haseof NeOn Fig. 2. During the ontology
initiation phase, the ontology purpose, scope andfanational requirements should be defined. Then,
MODDALS should be applietb (1) search for existing ontologies in the domain concerned, (2) define
the ontology knowledge and (3) define tagered ontology structurdhen, in the ontology reuse phase,
the existing ontologies should be reused so that the developed ontolaperapithe defined knowledge
according to the defined layered structure.

N N N I
Initiation MODDALS . Reuse Merging Reengineering Design Implementation Ontology
phase methodology phase phase phase phase phase maintenance
J AN J .

Fig. 2: Application of MODDALS within NeOrmmethodology phases

They describe and represent a data domain as a set of concepts and relationships eetvteendhte
a generic knowledge that can be shared across different software applications.

2.2.0ntology Classification Frameworks and Layered Ontologies

The first proposals applied to design ontologies that provide a balance of reusabitithty
correspod to frameworks that classify ontologies according to their generality/specificity (vafino
(1997)presented the first ontology classification framework, which distinguishes between the following
ontologes:

1 Upperontologiesithey represent general and domain independent knowledge and concepts (i.e.,
object, state) that can be reused in different domains.
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1 Domain ontologiesthey extend the knowledge of the upper ontologies, since they represent the
knowledje of a particular domain. Some domain ontologies represent only domdavebp
knowledge, whereas other domain ontologies include despanific knowledge. Thus, some
domain ontologies can extend the knowledge of other domain ontologies.

1 Task ontologis: they extend the knowledge of domain ontologies and represent the knowledge
relatedto generic tasks or activitie¥hus, these ontologies are reused by applications of any
domain that perform similar tasks.

1 Application ontologiesthey are the ontologsethat include the most specific knowledge, since
they represent the knowledge reused by certain applications.

This classification was refined later fyomezPerez, Fernanddzpez, & Corcho(2006) who
introduceddomaintask ontologies These ontologies represent the domain knowledge related to tasks
performed byapplications of a given domaihklence, these ontologies represent the domain knowledge
reused by certain application types within a #iiedomain and they are located between domain and
application ontologies.

The main methods focused on improving the ontology reusabgapility balance deal with designing
layeredontology networksbased on previous ontology classification framewotks/eredontology
networks classify represented domain knowledge in different abstraction layers according to their
knowledge generality/specificity level, thus separating the common and variant domain knowledge
(Morbach et al., 2009; Thakker et al., 201The knowledge of each layer is classified into ontology
modules that represent the knowledge of a particular topic of the represented @baAtaim, 2012)

An example of the structure ofayered ontologyetworkis shown in Fig 3. Tofevel layers include
upper ontologies to represent general knowledge.-leoel layers include domain and domdadrsk
ontologies to represent the common and variant knowledge about represented domains. The lower the
layeris, the more specific concepts and relatidimscludes. Within this layered structure, some ontology
modules extend the knowledge of other modubdsce they represent more specific concepts and
relations The ontology modulemclude the knowledge of thentology modules they extend. These
ontologies are reused, adapted and combined by ontology engineers to develop appiitatigies
that fit applicatiorspecific knowledge requirementdlith the layered structure, ontology developers can
analyse and s$ect at the proper level of abstraction the necessary knowledge to develop application
ontologiegMorbach et al., 2007Hence, the ontology reuse effort in different applications is reduced.
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notation
Top-level layers Low level layers Application 50 |includes| _o_©
(upper ontologies) (domain and domain-task ontologies) ontologies s |‘ ,‘:’o:o0
Ontology Ontology
I[ \ |f 1 |' ]I module 1 maodule 2
Domain-task
Upper entology 1 Domain ontology 1 ontology 1 Application ontology 1
= s} -0 | Domain-task I3
ODO OD:-O e—— " UD_QO ontology2 | __ | |@¥ .-O'Q_
%o %0 B e P -0 o
p*
Upper ontology 2 Domain ontology 2 Domain-task 2
00 0O ontology 3
[ fpyo) ol o I 0| Domain-task icati
108 / ——t - } Application ontology 2
o ) ontology 4 S
Upper antalogy 3 Domain ontology 3 CO.O.O E— O’_:'- o O
o -0 o©o] | 4+— L=® ©0% o
(}_OZO ] ] o O . Domain-tas
0 N e g ) ontology 5
2 g
[ gt N |
[ o0
| S

General knowledge

Specific knowledge

Fig. 3: Sample structure of a layered ontologywark
2.3.Reusable and Usable Ontology Design Methods

In the last decade, Ontology Design Patterns (ODPs) have been researched as the main solution for
improving ontology reusability (Gangemi, 2005; Hitzler et al., 2016). ODPs are small ontologies that
represeh domain independent knowledge and act as ontology building blocks to improve ontology
reusability. In contrast to ODPs, MODDALS is focused on desigtiindayered ontology structure to
represenbnly the domain knowledge of the ontology. Therefore, dpiglicable to design the lelgvel
layers of thdayeredontologystructure The knowledge represented by ODPs is more abstract and would
be located in upper layers within a layered ontologiwork Hence, MODDALS is complementary to
ODPs.

On the other &nd, in the last decade sevearathodologies have been proposed to desigh and develop
reusable and usable ontologies that follow the structure of a layered ontology network. These
methodologies follow different paths to design and develop the ontolagi@s ddl of them, the layered
structure of the ontology must be designed.

Spyns et al(2008) presented the OGMA methodology, which is based on the DOGMA framework
(Jarrar & Meersman, 2008The DOGMA framework specifies how to represent and separate the
common and variant domain knowledge within a rewsahb usable ontologyhakker et al(2011)set
out a methodology to develop reusable and usable ontologies that repredefihell and complex
domains. This methodology proposes a set of ontology l&yetassify the common and variant domain
knowledge and explains which knowledge should be included in each layer. In contrast to previous
approachesMorbach et al.(2009) developed the OntoCape ontology, a highly reusable and usable
ontology for the chemical process engineedogain. Morbach et a(Morbach et al., 2007etail the
OntoCape ontology design and implementation methodology and process.

When it comes to design the layered ontology structheemain activities conducted by previous
methodologies are the followingl) define he ontology abstraction layers and the kind of knowledge
theywill include (common or variant), (2) define the ontology knowledge, (3) classify the common and
variant domain knowledge into different layers and g#tyicturethe knowledge in each layeilhe
classification of the domain knowledge is perfor
engineersoO6 expertise
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In contrast to these methods, MODDALS provides guidelines to classify the domain knowledge based
on a domain analysis of existiogtologies applyingPL engineering techniques. MODDALS also has
common aspects witbreviousreusable and usable ontology desigethodologies. MODDALS applies
the main activities and ontology design principles applietthbsemethodologies. Thereforthe purpose
of MODDALS is not to substitute theseethodologies to improve the domain knowledge classification.

It offers an alternative method to classify the common and variant domain knowledge.

2.4.MODDALS Usage

Bearing in mind the features of MODDALS aitd position with respect to the previous works, it
should be applied when the following conditions are met:
1. Thedevelopedntologymust provide a balance of reusabilityability, since iis developed to
be reused by different applications in a givemdn.
2. There are already developed ontologies that support different application types in the domain.
3. Thedeveloped ontology will be applied in a complex domain
4. Thedevelopedntologywill representdomain knowledge.

Otherwise, it should not be appliedtive following cases:
1. The ontology is developed for a specific application.
2. There are no ontologies developadhe domain concerned.
3. Thedomain where the developed ontology is applegbt complex.
4. Thedevelopedntologywill no represendomain indepedent knowledge.

3. MODDALS Methodology

This section explains the steps in MODDALS, whigére defined bearing in mind tliequiremersg
defined in Section 1.Londdering these requirementMODDALS takes as input previous reusable and
usable ontology degn methodologieéMorbach et al., 2009; Spyns et al., 2008; Tleakét al., 2011)
and weltknown SPL engineering techniqu@doon, Yeom, & Chae, 2005; Pohl et al., 2005)

On the one hands well as previous reusable andhlsaontology design methodologiedODDALS
should defingorecisely the steps conducted to design the layered ontology stri@tungdering this
requirementMODDALS steps have been defined bearing in mind the main activities applied by previous
reusableand usable ontologyesign approachgMorbach et al., 2009; Spyes al., 2008; Thakker et al.,
2011) (1) definition of the ontology abstraction layers and the kind of knowledge will include (common
or variant), (2) definition of the ontology knowledge, (3) classification of the common and variant domain
knowledge intdifferent layers and (4tructure th&knowledge in eaclayer.

On the other hand, the main requirement of MODDALS igttavide techniques to enable the
classification of the domain knowledge taking as reference existing ontol@gpesideringthis
requirement, the activitiesapplied to design the layered ontology structure wamtaptedso that
MODDALS classifies the domain knowledge taking as reference existing ontolagistated irsection
1.1, SPL designtechniques enable to classify software features taking as reference the similarities and
differences of existing ggtications.Therefore, MODDALS applieswell-known SPL design techniques
(Moon et al., 2005; Pohl et al., 20ab)classify systematically the domain knowledge.

Based on the aforementionedtivities and techniguesMODDALS encompassefur main steps.
These steps involve the collaboration between domain experts and ontology eragideesconducted
sequentially.In addition, MODDALS takes as reference already developed ontologies to classify the
domain knowledge into different abettionlayers Therefore, before applying the MODDALS steps, a
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preliminary step is requirednalysis and classification of existing ontologi@gace the exiting ontologies
have been selected and analysed, the methodology itself is implenfégteq. (

' PRELIMINARY STEPS

Analysis and
classification of

existing ontologies

ﬁ MODDALS STEPS .
| Step 1: Definition Step 2: Dn_mam ( Step 3: Knowledge Step 4: Layer knowledge i
i of ontology layers = knowledge Plerarchy = classification = structuring :
! creation "
/1—_ Domain/subdomain A /1-. Analysis of existing 1-. Ontology i
definition ontologies modularization ]
2-. Knowledge area 2-. Commonality and 2-. Inclusion hierarchy
definition Variability Analysis (CVA) definition '
! 3-. Knowledge hierarchy 3-. knowledge area layer
H refinement assignment
i \‘— 4-. CVA at the application

i Qype level

Fig. 4: MODDALS methodology steps

3.1.Preliminary Step: Analysis and Classification of Existing Ontologies

In this step, domain experts conduct a state of the art of the existing ontologies and the applications
they support in theaimain concerned.

The main objectives of the ontologies and applications are analysed. The available ontologies that
support analysed applications are selected. The ontologies should be as documented as possible, since
their knowledge is the input to cladysthe knowledge in the designed layered structure. The selected
ontologies are classified according to the application type they support (assuming that they have been
designed and developed in collaboration with domain experts). If already developkegjiestonly
provide support to specific applications, the domain experts group the applications that perform similar
tasks into application types. In the case that the specific applications do not perform similar tasks, each
specific application is consided as an application type.

It is worth mentioning that if there are only a few ontologies already developed in the domain or these
ontologies are reused only by a few application types, the domain analysis will not be representative
enough to classify thdomain knowledge, as well as occurs when designing @i et al., 1990)
Therefore, MODDALS is not applicable in these cases. To define the minimum sample of ontologies to
apply the methodology theeatureOriented Domain Analysis (FODAWodel(Kang et al., 1990} taken
as referencesince it establishes the main prifefp and the main steps of the SPL domain analysis
procesqL. Chen, Ali Babar, & Ali, 2009)According tothe FODAmode| a domain analysis must take
as input at least three applications (as divergent in functionality as possible). Therefore, we consider
ontologies that provide support &b least three application types must be already developed within the
domain where MODDALS is applied as a minimum sample to apply the methodology. If these conditions
are not met, one of the reusable and usable ontology design methods introdeedrir?.3 should be
applied to design the ontology structure.
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The outcome of this step is a classification of existing ontologies according to the application types
where they are reused, which is taken as input by the rest of MODDALS steps.

3.2.Step 1: Definibn of Ontology Layers

In the first step, domain experts define the ontology layers that classify the domain knowledge and the
kind of knowledge they include.

The layered structure proposed by MODDALS has been defined taking as reference the layerd propos
by the previous reusable and usable ontology design methodologies. In addition, the defined layers must
be compatible and comply with the knowledge classification method proposed in MODDALS: a domain
analysis of existing ontologies by applying SPL ergiimg techniques.

When it comes to represent the domain knowledfietha reusable and usable ontology design
methodologies reviewed Bection2.3 propose (13 layer that includes the common domain knowledge
reused by all application types coveredthy ontology and (2) a layer that includes the variant domain
knowledge reused by specific application types. A set of application types in adgiverinwill have
knowledge in common, while each application will require specific knowlé8ggns et al., 2008)
Hence, the aforementioned layers are mandatory in a layered striitiese.layers are compatible with
the knowledge classification method applied on MODDALS, since the domain analysis classifies the
software features (in this case knowledge) into the ones common to all applications and those that are
implemented by specifiapplicationgPohl et al., 2005)

In SPL design, there is no a middle ground when classifying the software features, since they are usually
implemented by most of applications or specific applicatii®on et al., 2005) However, in
MODDALS we apply the domain analysis to classify knowledge instead of software features. Depending
on the knowledge similarities and difé@ces of existing ontologies, there might be knowledge that is not
common but still reusable across a set of application tyfesrefore the ontology must include an
intermediate layer. In these sense, the OntoCape ontdlmypach et al., 2009dds a layer that contains
the domain knaledge not common but still relevant to several application types.

Considering these aspects, we propose in MODDALS a laygtrecture that combines the layers
proposed byreviousapproaches and contains three lay€ig.). These layers constitutetemplate
where the ontology knowledge is classifiedtlre next steps. Previous reusable and usable ontology
design methods do not follow a pestablished standard to name the layers. They name differently the
layers that contain the same kind of knowlkedgence, we have defined the name of the layers based on
the kind of knowledge(common knowledge, variant knowledge still common to more than one
application type, variant knowledge only reused by specific application) tyyEssinclude.

T Thecommordoman layerincludes domain ontologies that represent thddwepl knowledge of
each domain. The domaontology modulef this layer also represent the common domain
knowledge. The knowledge in this layer is extended by the knowledge in the next two layers,
which aremore specific.

1 The variantdomain layerincludes domain ontologies thaepresent the variant domain
knowledge still common to more than one application type.

1 The domaintask layerincludes domaittask ontologies that represent the variant doma
knowledge reused by specific application types. diftelogy modulesf this layer are classified
according to the application type where they are reused. Thus, the structure of this layer can vary
depending on the application types supported by therdalyontologynetwork MODDALS
classifies the domain knowledge taking as reference existing ontologies. Thus, only the
application types supported by existing ontologies are taken as reference to define the ontology
structure of this layer. Possible futusep pl i cati on types are anot
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complete domain theory is lacking in almost any complex (engineering) duMairbach et al.,

2007)

In some domains, a set of applications that belong to an application type can be grouped into a
more specific apptation type, since they have specific objectives in common. In these cases, the
domaintask layeris divided intotwo sublayers. The sublayers separate the knowledge reused
only by a specific application type from the knowledge still relevant for mowifispapplication

types encompassed by the general application type. For instance, let us consider that the
application type lencompasses thapplication type 1.land theapplication type 1.2The
knowledge reused by bo#ipplication type 1. Andapplicaion type 1.Zould be relevant for any

other application type encompassed byapplication type 1This knowledgés placed in the
general application type sublayén contrast, the knowledge reused only byapplication type

1.1is only relevant fothat application type. Therefore, this knowledge is separated from the one
relevant for both application typeBhis knowledge should be placed in gpecific application

type sublayerThe domain expertganalsoname each sublayer using the terms indbenain
concerned to facilitate theistinction between the two sublayers (as doneeicti®n 4,where
MODDALS is applied in the energy domain

The outcome of this step is a hiftvel structure of the ontology with the layers described above.

Common-domain layer  Variant-domain layer

(Common domain (variant domain Domain-task layer
ontologies) ontologies) {domain-task ontologies)
General Specific Applications
application application L
O\'"'O o0 type sublayer | type sublayer Application ontology 1
Q. o 0 -——— Q. O
o o N I,IT'«;:Iplii:a’cii:.tn' - O;Q—D"/Q\ ©
typel ! ot -0 o
\:\ : IAppIicationl
00 /(}O \\ | typell |
a_ 0 Q.__ 0 | e - Application ontology 2
%0 el s N R A T e P o)
g A ) B P
=) CfO\-bO : O/'g‘)-% '\:\ :Application: ©0 o
00>O | "'Of._o B | type 1.2 |
_® — 1 1505 | !
L% | 1 e |
| [P I [ p——]

General domain knowledge

Specific domain knowledge

Fig. 5:
Ontology structure proposed by MODDALS

3.3.Step 2: Domain Knowledgei¢tarchy Creation

In the second step, both domain experts and ontology engineers collaborate to define the ontology
knowledge.

In previous reusable and usable ooty desigmmethodologieghe knowledge of the layered ontology
networkis defined at a conceptual levéh addition, the knowledge is divided into different abstraction
levels and knowledge pieces. This knowledge decomposition enablése($eparatiorof abstract
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knowledge that is likely to be reused in most of applications from the specific knowledge and (2) the
classification of the defined knowledge pieces into different abstraction (8mies et al., 2008)

In previous methodologiesthe knowledge of the ontology is defined from scratch. However,
MODDALS classifies the dology domain knowledge based on a domain analysis of existing ontologies.
Hence the layered ontologgetworkincludesthe knowledge represented by existing ontologies. In this
step,the knowledge from existing ontologiés abstracteddivided and orgased into a knowledge
hierarchythat classifies it into different abstraction levels

The knowledge hierarchy proposed by MODDALS includes three main elerfénts)(

1 Domains:the domains represented by the ontology are located in the first leveltoéthechy.

i Subdomainsextensive domains are divided into subdomains that cover the knowledge of an
important part of the domain. Hence, subdomains are located in the second level of the knowledge
hierarchy.

1 Knowledge areas (KAs)n the third level of he knowledge hierarchy, consider a KA as a
potential module of the layered ontologgtworkthat encompasses the knowledge of a specific
topic of a subdomain. The KAs are the knowledge pieces that are classified into different layers.
EachKAcanbedividd i nt o KAdthatirepreserd mdoe specific knowledge. Therefore,
we can say that a stA extends the knowledge of a spigzKA. In addition, some KAsnay
represent specific knowledge by combining the knowledge from other KAs. In these cases, the
former KAs require the knowledge from the latter. These relations are also reflected in the
knowledge hierarchy.

Domain

Subdomain 1

Knowledge area 1

[ Knowledge area 1.1

Knowledge area 2

Subdomain 2 Requires

Knowledge area 1

Knowledge area 2

Fig. 6: Domain knowledge hierarchy example

Bearing inmind this hierarchical structure, the KAs of the upper levetdude abstract domain
knowledge, while th&As of low levels include more specific domain knowledge. Hence, the knowledge
hierarchy enables to abstract and divide the knowledge from existing ontologies, so that the defined KAs
can be classified ithe next steps into the layers defined in Step 1.

Before explaining the knowledge hierarchy, it is important to distinguish the knowledge it includes
from the knowledge of existing ontologies. Tkrmwledge hierarchincludes the knowledge of existing
ontologies at the conceptual levels a set of concepts and relatidDa the contrary, ontologies include
this knowledge implemented through classes, properties and axgmudo represent the concepts and
relations

To define the hierarchy, the domain expend antology engineers collaborate to perform a manual
analysis of the ontology elements in an ontology editor to identify the domains they represent and to
divide them into KAs.

This stepncludes three activities that are conducted sequentially.

1. Domain/aubdomain definition: in this activity,domain experts and ontology engineers analyse the
knowledge represented by exiting ontologies to identify the domains they represent. -Teheltop

12
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concepts of each domain are also defined by domain experts. Ifrtfendoare too extensive, they
are divided into subdomains according to domai
Knowledge area definition in this activity, ontology engineers (in collaboration with domain
experts) analyse existing ontologies to divide the knowledgfeeadefined subdomains into KAs.

Ontology partitioning and module extraction algorithms/tqolsAquin, 2012; Grau, Horrocks,
Kazakov, & Sattler, 2008; Romero, Kaminski, Grau, & Horrocks, 2ai&weltknown methods to
extract semiautomatically and divide knowledge from ontologi@s Aquin, 2012) However,
existing ontologies are developed by different engineers and with different objectives, so they are
heterogeneous. Thus, to the best of our knowledge, the application of exgofagy partition and
module extraction algorithms/tools in different ontologies would lead to different ontology module
classifications. The same knowledge extracted from different ontologies may be included into
different modules and linked with diffemt knowledge. These issues would lead to an inconsistent
knowledge hierarchy. Hence, a more abstract methddfine KAs is required inMODDALS. To
avoid these issues, the@pdencyQuestiongdCQs)(Grininger & Fox, 1995answered by existing
ontologies can & taken as reference to divide the knowledge they represent intoTKASCQs
correspond to the queries that the ontologies must answer to the applications that query the
represented knowledg€hus theyare a welstablished method to define the ontologguirements
and theknowledge they mustpresenat a conceptual levéBuarez-igueroa, 2010)

To answer each CQ, the ontology must inclindenecessarmyntology elements (classes, properties
and axiomsjhat represent certain concepts and relatidesice, CQs are a natural guide for splitting
ontologiesinto small knowledge fragmen(Ruy, Guizzardi, Falbo, Reginato, & Santos, 205f)
identifying the CQs each ontology answers, the concepts and relations needed to answer them can
also be identified and considered as a whole to define a KA. Hence, this method dmables t
abstraction and division of knowledge from different ontologies regardless of their heterogeneous
knowledge representation.

The CQs defined to develop ontologies are not always ava{Bbleet al., 2017)Therefore, in
MODDALS ontology engineers perform a manuadlgsis of ontology elements to identify the CQs
they answered by existing ontologies (it can be considered as a reverse engineering process) and
divide the knowledge into KAs. This strategy is also followed in when designing SPL taking as
reference existigapplicationgBreivold, Larsson, & Land, 2008; Harhurin & Hartmann, 2088)ce
flegacy systems rarely have an accurate functional specifiéatiterhurin & Hartmann, 2008)n
particular,the requirements and functionalities are extracted from the existing applications before
analysingheir similarities and differences.

The knowledge area definition activinvolves two sulactivities.

2.1 Class hierarchy-based KA definition: in ontologies, the classes arganisd into class
hierarchies. Class hierarchigassifythe ontology classésto a hierarchy where classes that
represent abstract concepts are at thetojthe classes that represent specific concepts are
at the bottomIn the hierarchy, a class can subsurtesses that represent more specific
conceptor be subsumed by othelasseshat represent more abstract concépisbeler et
al., 2011)

Some ontology class hierarchies are-decriptive enough to answer a seCg@Js.Hence,

the class hierarchies of etirgy ontologies are analysed to identify the first CQs. For instance,

a class hierarchy that contains eviceclass with more specific devices (i.e., appliance,
sensor) as subclasses can answer the followingMd@t type of devices are therklence,

the devices KAcorresponding to this CQ could be defined. This KA would encomntpass
deviceconcept anall the concepts (i.e., appliance, sensor) represented by subclasses of the

13
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1 Deviceclass. Considering this, the first KAs of the knowledge hierarchgefieed based
2 on some class hierarchies of existing ontologies and each level of these class hierarchies can
3 be considered as sidA of the previous level. These KAs are named as the subject of the
4 CQ they answer. In the previous example, the subjecteoC@ wasdevices so the KA
5 should be calledevices.
6 However, the existing ontologies may represent the same concepts with different class
7 hierarchy structures. Therefore, a common class hierarchy of these concepts must be defined
8 before defining the KAdn these cases, the class hierarchy that describes each concept with
9 the highest granularity is selected among existing ontologies and is populated with classes
10 from other ontologies according to the domain expert criteria.
11 2.2 Ontology elements relationbased KA definition: the rest of CQs are answered through the
12 relations of a set of ontology elements. Hence, the ontology classes and their relations through
13 properties (and the axioms applied on them) are analysed to identify the remaining CQs. All
14 the conepts and relations represented by the ontology elements that answer these CQs can
15 conform a KA. The CQs that cover similar topics are grouped by domain experts to create
16 new KAs, which encompass all the knowledge required to answer these CQs. Each of these
17 KAs is named by joining the key words of the CQs it encompasses. For example, let us
18 consider that the analysed ontologies contaih#dsNamehasModelandhasSerialNumber
19 properties to describe certain featurePeticesto answer the following CQ8Vhat is the
20 name of a device?, What is the model of a dexandWhat is the serial number of a device?.
21 These CQs describe the information of the device related with the manufacturer, so they can
22 be grouped into thdevicemanufacturer dat&A. This KA enompasses the concepts and
23 relations that answer the aforementioned CQs.
24 By grouping CQs, some KAs may include unnecessary knowledge for certain applications.
25 However, if we define one KA for each identified CQ, the knowledge hierarchy would
26 contain an unmeageable number of KAs and thus the layered ontotawork would
27 contain an unmanageable number of mod(Regy et al., 2017) We must a@ns s u me
28 ontology is never ready for use, but must always be adapted and refined to a knowledge base
29 for the envisioned applit@no (Morbach et al., 2009)Therdore, the CQs are grouped
30 according to domain expertsdéd criteria and t

31 3. Knowledge hierarchy refinement: in this activity, domain experts classify each KA into one

32 domain/sukdomain and one level of the knowledge hiehg, according to the knowledge that the

33 KA represents or extends. In addition, they define the dependencies between KAs. If two KAs require
34 the knowledge of each other, they are joined into a single one to avoid circularity and an inconsistent
35 knowledgehierarchy.

36 Finally, domain expertprovide a complete description of each K#ith the concepts and relations it

37 should includg and write the CQs it encompasstsexplain the knowledge included by the kAd

38 when it should be considered as representédr instance, a description of the samplevice

39 manufacturer dataKA introduced insulact i vi ty 2. 2 c o uHiskknowledgetateae f ol |
40 encompasses all the knowledge used to represent the device features related with the manufacturer (i.e.,
41  brand model, serial number). It does not encompass device features related with operational aspects

42  (i.e., power, heigh9 .

43

44 The outcome of this step is the knowledge hierarchy and the description of KA.
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3.4.Step 3: Knowledge Classification

In the third step, dology engineers classify the KAs defined in Step 2 into each abstraction layer.

A domain analysis of existing ontologies is performed by applying-kmelvn SPL engineering
techniques to classify the knowledge, since it is one of the core requireme@OEFALS. We defined
this step based on the w&hown domain analysis techniques and guidelines proposé&wlnyet al.
(2005)andMoon et al.(2005),which were adapted to be applied in the ontology engineering field.

Before conducting the domain analysis, domain experts analyse the defined KAs to idemtifgsthe
thatmust be commodue to their relevance to the domaicause theyepresent albsact concepts and
relations These KAs are directly included in ttemmonrdomain layerregardless of itpresence in
existing ontologieswhat has influence in the ontology knowledge classificatfatfie classification of
these KAs depended only on ithpresence in existing ontologies, they might be classified inléoel
layers although being relevant for the domain. Hence, as well as in the SBh piecessthe domain
experts have influence in the knowledge classification, which is not 100% digppeon existing
applicationgPohl et al., 2005)

The rest of KAs are classified according to the domain analyses of existing ontologiesefhis st
includes five activities, which are conducted sequentially.

1. Analysis of existing ontologies:existing ontologies are analysed by ontology engineers to see
whether they represent the KAs defined in Step 2. It is worth mentioning that this analysis has a
different purpose and is more exhaustive than the one conducted in Step 2. Intistemblogies
are analysed to identify and divide the knowledge they represent into KAs. In this step the ontologies
are analysed to identify how many of them repreentiefined KAs.

We consider that an ontology represents a KA if it includes the necessary elements
(classes/statements/axioms) to answer at least one of the CQs encompassed by the KA cncerned.
related pointto considerish at i f a f cehnitleddd bKyA tihse roenptroelsogy ,
represents more abstract knowledge is considered repres€hiedule avoids the placement of
abstract concepts in lower lévayers than the specific concepts that extend the abstract concepts.

Most of the otology analysis is performed manually by the ontology engineer by examining in the
ontology editor for the elements that represent the data encompassed by each KA. To identify faster
the ontology elements that represent the knowledge of the KA, the gntatggheer can use the
tools available in the editor (i.e., search engines) to find the key words of the KA and its
description/CQs in the ontology elements.

Apart from ontology engineers, domain experts also take part on this activity. They can assist
ontology engineers with additional explanations and clarifications about the defined KAs. This
collaboration helps ontology engineers to understand better the knowledge encompassed by a KA
when it is not clear whether the KA is represented by an ontology.

2. Commonality and Variability Analysis (CVA): the CVA is the main activity of the domain analysis.

It is the process of identifying and classifying the software common and variant féRiuiket al.,

2005) In MODDALS, ontology engineersonduct a CVA of existing ontologies to determine
whether the KAs of each subdomain are common to application t¥pese are two types of
techniques to perform aV@: the application requiremenisatrix and the prioritybased variability

and checklist based variability analysis. The former classifies software features into common and
variant depending on how many applications require them. The latter classifyredéfamres into
common and variant d e pen.di MOPDALS, a EVfAakapplienlltod e r s 6
determine if the KAs are common to application types based on their presence or not in existing
ontologies. These ontologies already include the kedge defined by domain experts and the
application stakeholders. The prioritased variability and checklist based variability analysis would
involve defining a great part of the common and variant knowledge from scratch and doing meetings
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with stakeholérs to establish their priorities. Hence, we selectedgpicationrequirements matrix
to apply it in MODDALS among existing CVA techniques.

To define this step, we took as reference the applicatiquirements matribased CVA
conducted byoon et al.(2005) since it explains how to the apply applicatr@guirements matrix
technique through an application example. Since the CVA is conducted to idemtifpon and
variant domain knowledge, we defined a new term for the matriagpkcationknowledge matrix
An example of the applicatigknowledge matrix template we propose in MODDALS is shown in
Table 1. The left column contains the KAs of a spesificdomain (i.e., knowledge area 1, knowledge
area 1.1). The top rows list different application types and the ontologies (i.e., ontology 1 (O1),
ontology 2 (02)) according to the application type they support. The matrix indicates if an ontology
representa KA (0 X 6. Withrthis nnéotmationg the ontology engineer deduces which
application types reuse each KA. We consider that an application type reuses a KA if the KA is
represented by at least one ontology that provides support to the appligpgo

To determine whether a KA is common or variant, t@@immonality RatigCV ratio) is taken as
a referenc€Moon et al., 2005)In this case, the CV ratio is the ratio of the number of application
types that reuse a spciKA to the total number of application types. For instance, in Table 1 the
knowledge area I reused by all application types, so it has a CV ratio of 10D84he best of our
knowledge, there is no systematic method to determine the exact thresledithe CV ratio to
identify common and variant software features. The CVAs conducted in the SPL engineering field
(Breivoldet& . | 2008; Moon et al
as common features the ones that are present in most of applications.

Application Application | Application Application
type 1 type 2 type 3 type 4
Ontologies
o1 | 02| 03| 04| o5 06 o7 | os | Commonaliy

Ratio

Knowledgearea:

Knowledge area 1 X - X - X X X 100%

Knowledge area 1.1] X X X X X X X 100%

Knowledge area 1.2] X X - X - - - 50%

Knowledge area 2 X X X X - X 75%

Knowledge area 3 - - X X - - 25%

Knowledge area 4 X - - - 25%

Tablel: Example of an applicaticknowledge matrix

Thus, in MODDALS the ontology engineer determines CV ratio threshold depending on the
number of the application types included in the domainyarsalIn the example, there are four
application types, so we can consider 75% as threshold value to distinguish between common and
variable KAs. The common KAs are the ones that equal or exceed the threshold CV, while the rest
of KAs are considered variain
Knowledge area layer assignmentontology engineers place the KAs in different layers according
to the CVA results. Common KAs are placed in tcbenmordomain layer Variant KAs reused by
more than one application type are assigned tgahant-domainlayer.

Variant KAs reused only by one application type are placed iddheintask layer In addition,
the KAs of this layer are classified according to the application type that reuse it.

CVA at the application type level:if the domaintask layerincludestwo sublayerso represent the
knowledge of general and specific application types, another CVA at the application type level is
required. Ontology engineers conduct this CVA to determine if KAs of this layer are relevant to the
general applicationype or only to the specific application type. The KAs reused by more than one
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specific application types are likely to be reused by more future specific application types. Thus, these
KAs are considered relevant to the general application type and theyaasel in thegeneral
application type sublayeThe KAs reused only by a specific application type are assigned to the
specific application type sublayeFrhe CVA at the application type level is applied to check if KAs
are reused by one or more specdjplication types, so the CV ratio is not taken as a reference.
According to the results of the example CVA (Tablekbhpwledge area andknowledge ared are

only reused bwpplication type 2If we consider that this application type encompasses spefic
application typesapplication type 2.lapplication type 2.2ndapplication type 2.8a CVA at the
application type level is conducted (Table 2). According to the CVA resuitsyledge area &
placed in in thegeneralapplication type sublayeand knowledge area 4s placed in thespecific
application typesublayer

Application type 2
Application Application Application
type 2.1 type 2.2 type 2.3
Knowledge area 3 X X -
Knowledge area 4 - - X

Table2: CVA at appltation type level
The outcome of thdomain analysistep is a list of the KAs of each layer/sublayer.

3.5.Step 4.Layer Knowledge Structuring

The last step is tdefine how the knowledge of each lageffined in step is structuredThis step is
conducted B ontology engineers and takes as input the knowledge hierarchy defined in Stp 2 (
Section 3) and the KA classification obtained in Step 3 (Seetion 34).

The ontologies that follow the structure designed with MODDALSaeuittespond to layeredtology
networksreused by different applications. Hence, the knowledge of the layers must be structured to
facilitate ontology reuse, as well as the inclusion of new knowledge to support new applications. To meet
these requirements, previous reusableusmable ontology approach@dorbach et al., 2009; Thakker et
al., 2011)structure the knowledge of each layer into ontology modaidglefine the higlevel relations
between them when designing thedessd ontology structurén addition, theyapply the mairprinciples
of ontology modularigtion: loosely coupling and seatbntainment. These principles establish that an
ontology module must depend as little as possible on other modules to ease thetanditg, reuse
and maintenanc@ Aquin, 2012; Stuckenschmidt & Klein, 2003)

Considering these principles, this step includes two activities, which are performed by the ontology
engineers and conducted sequentially.

1. Ontology modularisation: the ontology egineers classify the KAs of the ontology into different

modules, which are defined in the following cases:

1 An ontology module is definet include the togevel concepts of each domaand placed in
thecommondomain layer The ontology module takes itame from the domain or the tégvel
concept (ithe moduléncludes only one concepth this way, we abstract the knowledge that is
extended by the rest of ontology modules.

1 Anontology module is defined for each Kihe module encompasses the knowleafgbe KA),
and placed in one ontology layer/sublayer according to the domain analysis results. The ontology
module takes its name from the name of the KA. There are two special cases where further
classification is required. (1) The KAs of tctemmonrdomain layerare likely to be reused in
most ontologies derived from the layered ontologtwork Hence, the KAs of each subdomain
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that belong to theommonrdomain layerare grouped into a single module that represents the
subdomain common domain knowled@®). The ontology modules of tlimmaintask layerare
classified according to the application type where the KA is reused.

2. Inclusion hierarchy definition: the ontology engineers organise previously defined ontology
modules into an inclusion hierarclilyat stablishes the higlevel relations between the ontology
modules Each ontology modulmust includeonly the modules whose knowledge extends or requires.
These relationslefine how the modules will bénked during the ontology implementation. The
relatiors between modulesre defined taking as reference the relations between KAs in the
knowledge hierarchy defined in Step 2. Hence, only the ontology modules that represent closely
related topics areelatedand theirrelationsare limited. This ontology modiei independencwvill
enablean easier reuse of individual modules when constructing appficantologies and the
customisition of particular modules without affecting otinesdulesvhen reusing and extending the
ontology(Morbach et al., 2007)

As summary and examplaf this step,Fig. 7 shows how the KA classification is mapped into an
ontology module hierarchy.

Domain top-level Domain top-level
§ concept ontology
[=] extends extends
T - /\ includes
5a Subdomaly “_\.
£ )
£ Subdomain
S Knowledge area 1 Knowledge area 2 _— ontology
\Extends includes

5 —~
= = Knowledge area Knowledge area 1.1
8 % 11 ontology
S E
> 1 ™

° extends/\reqwr@s includes includes
e [\ / AN
E Application type 1 / \ Application type 2 Application type 1 / \ Application type 2
c @
T B Knowledge area K ledge area Knowledge area 3
T B g nowledg I

. Knowledge area 3 m—
§ 1.1.1 e 1.1.1 ontology ontology

Fig. 7: Ontology modulariation and inclusion hierarchy definition

The outcome of this step the informal model that contairtsetlayered structure of the ontologiis
model corresponds to a schema that includes the ontology modules of eacinthyke higHevel
relations between moduleBhe informal model also includes the descripgiohthe knowledge of each
module at a@nceptual levelThese descriptions are taken from the descriptions of KAs made in Step 2.

4. Application of MODDALS in the Energy Domain

This sectiorillustrateshow the MODDALS methodology was applied in a real use casefigning
the layered ontologytsicture o DABGEO ontology (Domain AnalysiBased Global Energy Ontology)

DABGEO is a reusable and usable ontology for the energy dafes@loped to be reused byergy
management applications. The development of a global ontology is a key chatldegaddressed in

L http://www.purl.org/dabgeo
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the energy domairiCuenca, Larrinaga, Eciolaz& Curry, 2019) The DABGEO ontology is quite
extensive (it includes 97 ontology modules), so the next subsections explain through exammes how
certan partsof thelayered ontologytructurewasdesignedThe same process was followed to design
the rest of the layered ontology structure.

4.1.Preliminary Step: Analysis and Classification of Existing Energy Ontologies

The authors conducted a state of the art of existing energy ontologies and the application types to which
they provide support (Cuenca et 2019).

According to this study, ontologyased energy management applications were classified into different
types according to the Smart Grid scenario where they are deployed such as Smart Homes or organisations.
The energy management application tyfeesvhich energy ontologies aadready developed include (1)

Smart Home energy management applications, (2) building/district/city energy management applications,
(3) organisation energy management applications and (4) Smart Grid Demand Response energy
management application®Ve define these application types Simart Grid scenariogCuenca et al.,

2019) Each Smart Grid scenario encompasses more specific application types. For example, Smart Home
energy management applications encompass home energy assessment, home energy saving advice, and
home appliances DR managent applications.

Finally, the relevant and available energy ontologies were classified according to the Smart Grid
scenarios and specific energy management application types to which they provide support. This
classification is shown later in Sectiod 4.

4.2.Step 1: Definition of DABGEQntologylLayers

The layersproposed inStep 1of the MODDALS methodology (seSection 3.] was defined for
DABGEO by the domain experts taking as reference the ontology classification obtained in the
preliminary step.

Following this structure, DABGEO includes three laydree commordomain layerrepresentshe
top-level knowledgeof energy domains antthe knowledge common to Smart Grid scenaritaiant
domain knowledge still common to more than one Smart Grid scesamuded in thevariantdomain
layer. The domaintask layerincludesthe knowledge reused in specific Smart Grid scenasiod is
divided into two sublayersthe Smart Grid scenariand the application typesublayers The former
represents the knowledgdeeant to a certain Smart Grid scenar the laterepresets the knowledge
reused only bycertain energy management application ypea Smart Grid scenarid’lhe domain
expertsnamed each sublaytr facilitate the ditinction between botsublayers

4.3.Step 2DABGEO Knowledge Hierarchy Definition

In this step,he domain knowledge hierarchy@ABGEO was defined.

Fig. 8 shows part of the whole knowledge hierarchy of DABGEihce the DABGEO domain
knowledge was classified based on a domain analyséxisting energyontologies, the knowledge
hierarchy includes the knowledge represented by existing energy ontologies. The domainaexperts
ontology engineers collaborated to perfamanual analysis of ontology element®intégéo identify
the domins they represent and to divide them into KAs.

Below we describe how Step 2 activities were conducted to define the part of the knowledge hierarchy
shown inFig. 8.
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Energy equipment domain

— Energy consumption systems subdomain

Appliances knowledge area

White goods knowledge area

Refrigeration devices knowledge area
Brown goods knowledge area
—— Appliance working mode knowledge area

Energy consumption systems operation knowledge area—

— Device operation subdomain

Device energy consumption knowledge area Requires

Device state knowledge area

Device functionality knowledge area

Fig. 8: Part of DABGEO knowledge hierarchy for the energyipment domain

Domain/subdomain definition: in this activity,domain experts and ontology engineers analysed the
knowledge represented Byisting energyntologies to identify the domains they represent:
a. Energy equipment domairihe features and operatiodata about energy consumption
production and storage devices.
b. Infrastructure domain:data on structural features and environmental conditions of
infrastructures such as homes or buildings.
c. Energy performance domaimtata on energy performance values amdicators such as
energy consumption or production.
d. Energy external factors domaidata on factors that may hinder the energy performance such
as weather or environmental conditions.
e. Smart Grid stakeholders domaitata on the actors that participatéhia energy market such
as energy consumers and producers.

In addition, the root concepts of each domain were defined by domain experts. For idsanee,
was defined as the root concept of émergy equipmertomainbecause this concept is extended by
the rest of the data (device types, device operation data) included in the domain.

These domains were divided into subdom&insiomain experts becaugey are extensive. For
instance, many concepts are needed to describe the whetgy equipment dormmisince this

domain encompasses data about many device types and their operational aspects. Hence, this domain

was divided intahe energy consumption systeanddevice operatiorsubdomains, among others
(seeFig. 8). The former contains knowledge abeuergy consumption devices such as appliances

or heating systems. The latter represents functional features about devices such as device state or

device functionality.
Knowledge areadefinition: in this activity,the ontology engineers (in collaboratiofttwdomain
experts)analysedhe existing energy ontologies to identify the CQs they answétezl CQs were
taken as referende divide the knowledge of existirenergyontologies intdAs.In total, 10 energy
ontologies were analysed, includifiinkHome and EnergyUse Belowwe explain how the sub
activities of theknowledge area definition and classificatiactivity were conducted tdefinesome
sample KAswithin theenergy consumption systeargldevice operatiosubdomains
2.1 Class hierarchy-based KA definition: firstly, the class hierarchies of the energy ontologies
were analysed by ontology engineers to identify the CQs. Regarding energy consumption
systems data, the energy ontologies representAfiiance class and more specific
appliances asubclasses of this class. Therefore, one of the CQs answered by the class

2 https://www.auto.tuwien.ac.at/downloads/thinkhome/ontology/
3 http://socsem.open.ac.uk/ontoles/eu##
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hierarchies iSNhat type of appliances are theréfence, theappliance KAwas defined,

which encompassdleapplianceconcept and theoncepts represented the subclasses of

the Applianceclass.The ThinkHome ontology is the one that classifies appliances with more
granularity, so the class hierarchy of this ontology was taken as reference to define the
appliance KAand its sublKAs. ThinkHome classifies the&pplianceclass into sbclasses that
represent specific appliance types suctiBamsvn goodsand White goodswhich, in turn,
encompass subclasses that represent specific white and brown good types. The class
hierarchy was populated with specific classes from other ontologiésasuclasses that
represent specific white goods (i.&efrigeration devices)Each of these classes were
defined as KAs that encompass the concepts of all their subclasseg($)eln addition,

each KA of each class was defined as als@lof the caresponding superclass.

Regardingthe device operationdatg the existing energy ontologies answer the following
CQs:What are the device functionality types, What are the device state.tifmes®, the
device functionalitanddevice staté&KAs were defined.

2.2 Ontology elements relatiorbased KA definition: the remaining KAs were defined after

identifying the CQs answered by a set of interrelated elements of existing energy ontologies.
As an exampldrig. 9 and10 sow a set of ontology elements of ThinkHerand EnergyUse
ontologies respectively within a Protégé screenshot. As marked (in rdey.i®, the
ThinkHome ontology includes theconsumesEnergy actuallyConsumesEnergyand
maxConsumesEnergyoperties. These properties describe the energy consumatital

energy consumption and maximum energy consumption of a certain device respectively.
Hence, the ThinkHome ontology answers the following C®#at is the energy
consumption of a deviceMow much energy is a device consumiragf®l What is the
maximum energy consumption of a devid®® the other hand, as shownkig. 10, the
EnergyUse ontology includes thasConsumptioproperty to answer thé&/hat is the energy
consumption of a devicea2Q. All these CQs describe energy consumption of devices, so
they were grouped by the domain experts intodbeice energy consumptis (which also
includes CQs answered by other energy ontologies). This KA encompasses the knowledge
that answers the aforementioned CQs. In the same wagn#grgy consumption systems
operation and appliance working mod&As were defined. These KAs encompass the
knowledge about operational aspects of specific energy consumption systems and appliance
working modes respectively.

Active Ontology = Entities x Individuals by class x DL Query x
prop Datatyp Individual: W hasGainValue
Classes | Object prop Data prop Annotations ~ Object Property Usage
Object property hierarchy: hasGainValue DESE W 1 notations: hasGainValue
=G ﬁ Asserted ¥

» mmbefore “ Charact¢ DEEE § Description: hasGainValue

= ceilingOf

oo i Functiona
= consumesEnergy [
== actuallyConsumesEnergy Inverse fur=
= maxConsumesEnergy Transitive ’
oS g pe - m= owl:topObjectProperty

-

Fig. 9: Ontology elements of ThkHome ontology
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Active Ontology » Entities x | Individuals by class = DL Query =
prop Datatyp Indidual = actuatorOf
Classes  Object prop Data prop A Object Property Usage
Tl G| | 35§ Asserted ¥
:g:z::::tcoimmand -
= hasCeiling Functior ~
Inverse f—
::iisféorm b =
1 = hasFunctionality v W&
2 Fig. 10: Ontology elements of EnergyUse ontology
3 3. Knowledge hierarchy refinement:in this activity,the KAs were placed into a knowledge
4 hierarchy level according to the knowledge they represent and extenatothpketing the
5 knowledge hierarchyFig. 8 shows in which subdomain and hierarchy level was placed each
6 KA introduced in previous examples. In addition, the KA dependencies were also defined. For
7 instance, theenergy consumption systems operation Héscrbes specific states and
8 functionalities of energy consumption systems andompasse€Qs such a®Vhat is the
9 minimum number of states an air condition system hagPo ventilating systems have any
10 notification functionality? Therefore this KA requiresthe knowledge oflevice stateand
11 device functionalityKAs, which include knowledge about possible device states and
12 functionalities respectively. Finally, the domain experts providedmaplete description of
13 each KA, withthe knowledgeandCQs it encompssesAs an example, the following are the
14 descriptions of the brown goods and energy comgion systems operation KAs:
15
16 1 Brown goods:firepresents data about any small appliance such as coffee makers,
17 office, entertainment equipment or multimedia devid&s. consider that this
18 knowledge area is represented by an ontology if any of these devices are represented
19 or if there is a class that explicitly
20 encompasses the following skiiowledge areas: IT equipment aadtertainment
21 equipment .
22 1 Energy consumption systems operatiorfirepresents the states (i.e., on/off states)
23 that any energy consumption system (i.e., heating ventilation and air conditioning
24 (HVAC) systems, appliances or lighting systems) can have antiofalities (i.e.,
25 state notification, command reception) that devices can pedform

26  4.4.Step 3: DABGEO Knowledge Classification

27 A domain analysis of existing energy ontologies was conducted by the ontology engineers to classify
28 the defined KAs into each lay.
29 Firstly, the domain experts included in the comrdomain layers the KAs that represent relevant

30 domain knowledge for the domain. Then, the following activities were conducted.
31 1. Analysis of existing ontologiesexisting energy ontologiesere manuallyanalysed with Protégé to

32 determine ifthey represented tH€As of energy domain&pecifically, tools available in this editor

33 were used to find the KA key words (extracted from the KA description provided by the domain
34 expert) in the ontology elementd.the ontology contained necessary elements or statements to

35 answer the CQs encompassed by the KA, the KA was considered as represented by the ontology. As
36 an examplefrig. 11shows a screenshot of a set of ThinkHome ontology classes that represeiat specifi
37 brown goods (i.e., alarm clock, entertainment equipm@&im@refore, the ontology answers the CQ
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what types of brown goods are therevhich is encompassed by thiewn goods KATaking this
into accountwe considered that the ThinkHome ontology represthiskKA.

r 4 Search
AlarmClock
CoffeeMaker brown
> Communication Case sensitive |_| Whole words V| Ignore white space
Computer
> Entertainment v| Search in IRIs (v Search in annotation values v Searc
Fan Found in Entity
PDA -
elater Display name @ BrownGoods
Scanner IRI BrownGoods
14 WhiteGoods
Boiler rdfs:label BrownGoods
> Cooker DisjointClasses BrownGoods
DeepFreezer

Fig. 11: Representation of the brown goods KA by ThinkHome ontology

The brown goodsKA is an intuitive example that requires only the analysis of certain classes to
determine whether the KA is represented. Howesttter KAs required a more exhaustive analysis,
since they were represented by more specific classes and relations. Taking as an exalenikeethe
energy consumptioldA (described at the end of Section 4.3), only certain properties were applied to
relate device operational aspects with specific energy consumption systems. Hence, a more
exhaustive analysis of energy ontologies was performed to see whether they represent this KA.
Commonality and Variability Analysis: a CVA was conducted to identify command variant
energy KAs of each energy subdomain. An applicakioowledge matrix of each energy subdomain
was created to determine which Smart Grid scenarios reuse each subdomain KA, taking as reference
the representation of these KAs by existing energglogies. As an example, Table 3 shows the
applicationknowledge matrix of some KAs of tlemergy consumption systesubdomain (the ones
included on the knowledge hierarchyFog. 8). The left column includes the KAs, while the top row
includes the Smafkrid scenarios and the ontologies that provide support to the applications deployed
in these scenario$o simplify the table, we omitted several ontologkgisice there are currently four
Smart Grid scenarios for which ontologies were developed (acgdalthe classification performed
by (Cuenca et al., 2010)75% was used as the threshold value to classify the &Asommon or
variantdepending on their CV ratio.

Smart Grid scenarios
Building/ Smart Grid
district/ Organisation energy Demand
Smart Home energy management city energy management Respase
management management
Ontologies
ThinkHome | EnergyUse | SAREF4EE | Mirabel SEMANCO DEFRAM o ProSGV3 Commonality
ontology ontology ontology ontology ontology o?n oJIo dataspace ontology Ratio
Knowledge 9y P
areas
Appliances X X X X X X X X 100%
Brown goods X X - - - - X X 7%
White goods X X X - X X 75%
Refrigeration o
devices X X X 50%
Energy
consumption R R R ~ R ~ o
systems X X 25%
operation
Appliance X - - - - - 25%
working mode

Table3: Applicationknowledge matrix of the energy consumption systems subdomain
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3. Knowledge area layer assignmentthe KAs were classifiednto different layers according to the
CVA results.For instance, theppliances, brown goodsndwhite goodsKAs were classified into
the commondomain layey since their CV ratio was equal of above 75%eTefrigeration devices
KA was placed in theariantdomain layey since it was common to more than one Smart Grid
scenario although its CV ratio was below 75%.

4. CVA at the application type level: the KAs reused only one Smart Grid scenario were classified
into the sublayers of the domaiask layer according to the CVA at the application type level.
Following the sample CVA shown in Table the energy consumption systems operatiowl the
appliance working modé€As were included in this domain analysis, since they were only represented
by ontologies from Smart Home energy management applications. This low represenivenain se
these KAs encompass the knowledge that answers very sgeQiichat only ontologies reused in
Smart Home energy management applications must answer. The domain analysis at the application
type level for these KAs is shown in TallleTheenergy consumption systems operationwas
reused by more than one Smartienergy management application typaenie energy assessment
andhome energy saving adviagplications), so it was placed in tBenart Grid scenario sublayer
The appliance working mode KAvas reused only by one Smart Home energy management
application ype flome appliances DR managemesb it was placed in tregoplication type sublayer.

Smart Home energy management

Homeenergy | Homeenergy Home appliances
. X Demand Response
assessment | saving advice
management
Ontologies| ThinkHome EnergyUse SAREF4EH Mirabel

Knowledgeareas ontology ontology ontology | ontology
Energy consumptions systems X X ) )
operation
Appliance working mode - - X -

Table4: CVA at application level of energy consumption systentsdomain
4.5.Step 4: Structuringf DABGEO Layer Knowledge

Finally, the knowledge of each layer was structured into ontology modules by the ontology engineers,
thus completinghe design oDABGEO layered ontology structure

Fig. 12 showsthe informal modelof part of DABGEO structurecorresponding to theenergy
consumption systemsbdomainBelow we detaihow the activities of this step were carried out, taking

as arexample this subdomain.

1. Ontology modularisation: in Step 2,devicewas defined as the tdpvel concept of thenergy
equipment domaiand, by extension of trenergy consumption systems subdorte@eSection 43).
Hence, théDevice ontology moduleas defined, which represents hevicetop-level concept and
device main properties, i.e., device name. In addition, alctimmon KAs (i.e. appliances, white
goodsKAs) of this subdomain were grouped into #reergy consumption systems ontologlich
includes all the knowledge they encompass. Both ontology modules are placedcomiinenr
domain layer
Then, one ontology nuule was defined for each variant KA (i.eefrigeration devices ontology
and these modules were classified into loleeel layers according to the domain analysis results.
Within theSmart Grid scenariandapplication typesublayers, the ontology moles were classified

24



O~NO O WN B

10

11

12
13
14
15
16
17
18
19
20
21
22

J. Cuenca et al. / MODDALS Methodology faedigning Layered Ontology Structures

depending on the Smart Grid scenario or the specific energy management application type where the

KAs they represent are reused.

2. Inclusion hierarchy definition: the defined ontology modulegere organised into an inclusion
hierarchy hat stablishes the higlevel relations between the ontology modules. The inclusion
hierarchy was definedased orthe knowledgehat the ontology modulesxtend or require (taking
as reference the knowledge hierarchy defined in Step 2). For instanibeyibeontologyis included
by theenergy consumption systems ontolaglyich in turn is included by a set of ontology modules
from lowerlevel layers.

Energy consumption systems Notation
De Subdomain
nt Ontolc
Layer module
gy Includes
ptic Application type
Common-domain layer d \.l’ “,V :
Entertainment r . Sublayer
juipment e dev
}l, Co
Variant-domain layer
/ Smart Home energy management
o ot tert " mot
oncriiion B whita
nto '
Smart Grid scenario sublayer
Domain-task layer —
Home appliances D d Resp
management
2Y Application type sublayer
Fig. 12 Informal model o DABGEO structureoncerning the energy consumptisystems subdomain
5. Evaluation

As stated byDe Ho00g(1998) ifiis extremely difficult to judge the value of a methodology in an

objective way . On the one hand, it

designing the same ®nded ontology using different approaches. On the other hand, the application of
a methodology is a complex process where too many conditions cannot be controlled. Hence, the

S

unil

k el

y

t hat

evaluation of previous ontology development and design methodologies cormsisstbwing the
experiences of applying the methodolagyne or more use casgéhan & Keet, 2015; Kotis & Vouros,
2006; SuareFigueroa et al., 2015 onsidering this, we report in this section how we performed a first

evaluaion of the MODDALS methodology.

As stated in Section 1.1, the main requiremerIGDDALS is to provide techniques to enable the
classification of the domain knowledge taking as reference existing ontoldgiese, the evaluation has
focused on determining if MODDALB&nableghis classification To demonstrate this aspect, we checked
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whether MODDALS steps can be correctly followed by different domain experts and ontology engineers
We consider that MODDALS steps can be followed correctly if different domain experts and ontology
engineers are abte obtain similar knowledge classificatis performing a domain analysis of existing
ontologies.

To evaluate this aspect, MODDALS was applied by different energy domain experts and ontology
engineers to design a part of thgered structure of DABGE® group of domain experts and ontology
engneers conducted Steps 1 and 2, while the ontology engineers (eight in total) conducted Steps 3 and 4
with the collaboration of the experts. Each ontology engineer performed Steps 3 and 4 individually in a
blind process. However, they could contact the a@anexperts for any clarification or additional
explanation about the defined KAs to decide in which layer to place certain KAs. The knowledge
classifications obtained by each engineeranalysed to check if they are similar in Sectah

In addition, to get the experiences of the domain experts and ontology engineers on applying
MODDALS, we performed a survey, which is a wiellown method for evaluating methodologiPsalvia
& Nosek, 1990; SuareBigueroa et al., 2015 he survey includes a questionnaire that the participants
in the MODDALS evaluation answered to (1) identify MODDALS main benefits and drawbacks, (2)
identify future linesof research to improve the methodology and (3) determine whether it is ready to be
applied in other domains apart from the Energy.Skction 52, we show the responses to the
guestionnaire.

5.1.MODDALS Application Results

In this sectionwe first show the esrgy knowledge classification obtained by different ontology
engineers after applying MODDALS to design part of DABGEO layered structure. To compare the
knowledge classifications and analyse whether they are siméaanalysed the number of modules
definedby each engineer in each layEowever, although the number of modules is the same, they may
contain different knowledgélencethedegree of consensudth which the ontology engineers classified
the KAs into different layergvas also analysed he degree of consensus of a K&the percentage of
ontology engineers that classified the KA into the same layer.

Fig. 13shows how many modules were defined by each engineer in each layer of the designed energy
ontology.Fig. 13 also shows the number of mdes of thedomaintask layerthat were classified into
each energy management application type. It is worth mentioning thdbihaintask layerdid not
include any sublayer, since the designed ontology part was only limited to support three applmedion t
home energy saving advice, home appliances DR management and Smart Grid DR management
applications.

In general, the number of modules defined by each ontology engineer was similar in all layers. This
similarity is due to the highegree of consensuwgth which the ontology engineers classified the KAs
into different layersWithin the conducted evaluation, the average degree of consensus of all the KAs
classified by the ontology engineers was 76%. It is worth mentioning that from the sixth ontology
ergineer that applied MODDALS onwards, the average degree of consensus remained stable in 76%.
Therefore, the MODDALS evaluation participants obtained similar ontology designs.
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Ontology modules of each layer

20 o

15 b

10 I

| [ [ T || I | ——— N[

Common-domain layer Variant-domain layer =~ Home energy saving ~ Home appliances DR Smart Grid DR
advice applications management management
| applications applications |
W Engineer1 MWEngineer2 W Engineer3 Engineer 4
mEngineer5 wmEngineer6 MEngineer7 ®Engineer 8 Domain-task layer

Fig. 13: Ontology modules of each layer

Most of theKAs (specifically 80%) whose degree of consensus was above the average (76%) were
classified into theeommonrdomainandvariantdomainlayers. As an example, some of these KAs, as
well as their degree of consensus and the layer/application type wer&#waere placed, are shown
in Fig. 14 Therefore, we can conclude that there was a high consensus when separating the common
domain knowledge from the variant knowledge reused by specific application types.

Knowledge areas with high degree of consensus

Device functionality
White goods

HVAC systems
Entertainment equipment

Appliances

o]

ES

20% 40% 60% 80% 100%

B Common-domain layer
W Variant-domain layer
W Home energy saving advice applications
Home appliances DR management applications
B Smart Grid DR management applications

Fig. 14: KAs with highdegree of consensus

Although ontology engineers could contact the domain experts for any clarification about the
knowledge the KAs encompass, each ontology engineer had their own interpretation about the knowledge
represented by existing ontologies. Thtl®e degree of consensus of some KAs was lower (some
examples are showkig. 19. This aspect constitutes one of the drawbacks of MODDALS, as we discuss
laterin Section 5.2

A significant part (62%) of the KASs with low degree of consensus are childoKK#\s whose
degree of consensus is above the average (76%). Therafiseof the differences in the classification
of knowledge occurred iKAs that represent very specific knowledgéthout affecting the rest of the
classification.
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Fig. 15: KAs with low degree of consensus

Considering these results, domain experts and ontology engineers could follow MODDALS steps to
obtain similar knowledge classifications. This classification was performed based on a domain analysis
of exising ontologies whi ch compl emented domain experts
Therefore,we can state that MODDALS can be applied by different domain experts and ontology
engineers with similar knowledge classification results, enabling to clahsifgomain knowledge by
taking as reference existing ontologies.

5.2.MODDALS Feedback

This section explains the responses of MODDALS evaluation participants to the questionnaire we
provided for feedback on the methodology. The questionnaire included theihgjlquestions:

1 What are the positive aspects of MODDALS?
1 What are the disadvantages of MODDALS?

So far, we received &sponses fromparticipantsnvolved in MODDALS evaluationAccording to
the survey respondenthe main benefits of MODDALS are tlfi@lowing:

1. Due to the domain analysi existing ontologiesMODDALS provides a detailed classification
of the knowledge reused by specific application types, while keeping separate the knowledge
relevant to many applicationSome of the comments of segvrespondents abotltis benefit
w e r Eammdrdomain layerstarts with very general ideas and then it goes to more specific
concepts in the next layérs It gites clear steps for determining which knowledge areas are
common to existent ontologies and ieth knowledge areas are specific to certain
ontologies/applicatiorss ; idediogy of multiple layets [ sdesighed onfblogies are likely to
provide a balance between reusability and usaldilityt isfivery useful to compare different
ontologies and ideify which aspects are common on tliem

2. MODDALS is easy to follow and provides clear and mechanical sgpsae of the comments
of survey respondents abdbts benefitwere:filt gives clear steps (mostly mechanioal)lt i&

a simple process , easfi appracho .

3. MODDALS provides a method to improve the reuse of already developed knowledge to enable
the development of interoperable ontologikseems a good method for refactoring already
available ontologies without discarding what it has been appliedaérdtimain and enhancing
interoperabilityd .
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