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Abstract

To address the problem of semantic heterogeneity, there has been a large body of
research directed toward the study of semantic mapping technologies. Although
various semantic mapping technologies have been investigated, facilitating the
process for domain experts to perform a semantic data integration task is still not
easy. This is because one is required not only to possess domain expertise but also to
have a good understanding of knowledge engineering. This thesis proposes an
approach that automatically transforms an abstract semantic mapping syntax into a
concrete executable mapping syntax, | call this approach MOUSE (Mapping
Ontologies using UML for System Engineers). In order to evaluate MOUSE, an
implementation of this approach for a semantic data integration use case has been
developed (called SDI, Semantic Data Integration). The aim is to enable domain
experts, particularly system engineers, to undertake mappings using a technology
that they are familiar with (UML), while ensuring the created mappings are accurate
and the approach is easy to use. The proposed UML-based abstract mapping syntax
is evaluated through usability experiments conducted in a lab environment by
participants who have skills equivalent to real life system engineers using the SDI
tool. Results from the evaluations show that the participants could correctly
undertake the semantic data integration task using the MOUSE approach while

maintaining accuracy and usability (in terms of ease of use).
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1 Introduction

1.1 Motivation

There has always been a need to integrate an increasing set of diverse devices and
information systems within an enterprise, e.g. sensors, mobile devices, inventory
tracking system, sales system, finance system, human resource system, and so on
[Rho 2007]. Typically these devices and information systems are produced by a
variety of developers with different data schemas, and information integration of
such heterogeneous data is a specialized and brittle process, such that changing the
structure and/or addition of new data sources can force an integration redesign
[Bernstein 2008]. This heterogeneity makes it difficult for third-party enterprises to
manipulate the data of distinct formats and to extract information from the separated
data. However, adding semantics to the data can ease these difficulties caused by
data heterogeneity [Waters 2009]. For this reason, there has been an increasing effort
to embed semantics along with the data in order to ease the integration effort [Duo
2006].

To enable the encoding of semantics with the data, well-known technologies are
RDF (Resource Description Framework) [RDF Syntax] and OWL (Web Ontology
Language) [OWL Overview]. These technologies formally represent the meaning
involved in information. For example, ontology can describe concepts, relationships
between things, and categories of things. These embedded semantics with the data
offer significant advantages such as reasoning over data and dealing with
heterogeneous data sources [Gruber 1993][Fensel 2004]. However, the ontology that
represents the knowledge within a certain domain may be developed within different
engineering  processes resulting in  heterogeneous ontologies in  both
conceptualization and terminology. Conceptual heterogeneity can occur due to the
natural human diversity involved in ontology development of a particular domain or
due to the differences between the ways in modelling and interpreting entities that
depend on differing viewpoints and different portions of the domain [O‘Sullivan

2007][Thomas 2009]. Terminological heterogeneity can occur when mismatches



relating to the naming process of the ontology entities use different words to name
the same entity (synonymy), the same word is used to name different entities
(polysemy), words from different languages (multilingualism) and syntactic
variations of the same word (different acceptable spellings, abbreviations, use of
optional prefixes or suffixes, and so on) [Bouquet 2005][Amrouch 2012].

Ontology heterogeneity typically requires mappings to exchange information in a
semantically sound manner [Kalfoglou 2003]. There have been investigations into
ontology mapping technologies to resolve the ontology heterogeneity issues that are
often encountered during the integration of ontology data from various sources. The
existing ontology mapping approaches [Falconer 2007a] usually require mapping
practitioners to have a considerable amount of expertise in knowledge engineering in
order to perform the mapping process, and ontology mappings are often performed
by knowledge engineers. Hence in most of the current situations, a mapping
practitioner also needs to be a knowledge engineer. In this research, it is argued that
performing a semantic data integration task by system engineers such as
telecommunications system engineers that are considered domain experts is more
realistic because of the complexity in designing semantic mappings for non-trivial
cases in the system. However, since the creation of ontology mappings requires
considerable effort [Cruz 2012] and considerable amount of expertise in knowledge
engineering [Falconer 2007Db], it is understandable that not all the system engineers
are able to perform semantic data integration tasks. The research presented in this
thesis focuses on supporting those system engineers who are expected to have

insufficient ontological knowledge or lack knowledge engineering experience.

Considering that system engineers may have little background in ontology
techniques, the semantic mapping conceptualization needs to be abstract, meaning
that the syntax needs to be more natural to manipulate than a concrete syntax [Miller
1992]. A concrete mapping syntax means that the syntax can be directly executable

in a system to perform integration [Fondement 2005].

Thus in this research an approach is proposed - MOUSE (Mapping Ontologies using

UML for System Engineers) - that will support system engineers expressing the



mappings that they require, and automatically transform these abstract mapping
expressions into executable expressions of the mappings within the system.

1.2 Research Question

The question being addressed in this research is thus:

“To what extent will the proposed MOUSE approach: (i) allow the creation of
mappings using an abstract syntax familiar and usable to system engineers; (ii)
allow the accurate transformation of the abstract mappings into concrete

executable mappings?”

In this question, an abstract mapping syntax needs to be able to represent ontology
mapping relationships accurately using an abstract conceptualization without
ontological knowledge. This abstract mapping syntax also needs to be easy to
understand for system engineers in order to be used without any considerable effort

of learning.

A mapping syntax needs to be automatically transformed from abstract to concrete.
A concrete mapping syntax means that the syntax can be directly executable in a
system to perform integration, and an abstract mapping syntax means the syntax is
more natural to manipulate than a concrete mapping syntax by using abstract
conceptualization that fades away the concepts of ontology and is more intuitive to

represent mappings.

This research identified core mapping types from an industrial ontology integration
situation. These core mapping types are used to examine the expressive capacity of
abstract mapping syntaxes, and they are required to be captured correctly for the
abstract mapping syntax to be usable in a practical integration situation. These
identified core mapping types were observed through empirical derivation from an
industry use case and dataset [Boran 2011a], which is related to the research on
semantic up-lift of the ontology data for the classification of telecommunications
network performance; using real network data collected from an Alcatel-Lucent

femtocell [Small Cell] test bed. These mapping types had more priority than other



mapping types in the given integration situation, and this research focused on how
these mapping types could be captured correctly by the abstract mapping syntax. The
core mapping types were also observed in the literature on correspondence patterns
for ontology alignment by Scharffe [Scharffe 2008], which is well-known research in
ontology mapping field.

1.3 Research Objectives
The following research objectives have been derived from the research question.

1. Survey and review the related research about (i) ontology mapping
relationships; (ii) ontology mapping applications; (iii) abstract mapping
syntaxes that can describe ontology mapping relationships; and (iv) concrete

mapping syntaxes for semantic data integration.

This objective was to identify the gap in current research. Up-to date literature was
reviewed and examined related to (i) correspondence patterns’ to categorize ontology
mapping relationships; (ii) existing ontology mapping applications that supports
ontology mapping processes assisting a mapping practitioner to perform a semantic
data integration task; (iii) abstract mapping syntaxes that are capable of describing
ontology mapping relationships using an abstract conceptualization in order to
develop an abstract mapping syntax that is usable by system engineers - who are
expected to be not familiar with ontology - to perform ontology mappings; and (iv)
concrete mapping syntaxes that can be directly executable in a system to perform an

integration.

2. Define core mapping types that can be used to examine what types of

ontology mapping relationships need to be captured correctly.

! Correspondence patterns inspired from patterns in software engineering. The correspondence
patterns capture regularities recurring when aligning ontologies and facilitate the ontology alignment
process. [Scharffe 2008]



This objective was to identify the scope of the expressivity that a developed abstract
syntax is required to capture correctly to be practically usable. These core mapping
types were used to examine the expressive capacity of abstract mapping syntaxes.
They were derived from an industrial ontology integration situation that classifies the
telecommunications network performance data. The industry use case from an
Alcatel-Lucent industrial test dataset - real network data collected from the Alcatel-
Lucent femtocell test bed - was provided to identify and to prioritize the ontology
mapping types. The core mapping types were also observed from the correspondence
patterns for ontology alignment literature.

3. Develop an abstract mapping syntax that can represent the core mapping
types using technology familiar to system engineers.

This objective facilitated system engineers to describe ontology mappings without
considerable amount of expertise in knowledge engineering. An approach using
UML for an abstract mapping syntax was proposed. In the first stage, an abstract
mapping syntax was developed by combining ODM [ODM 1.0] and OCL [OCL 2.0]
standards. ODM was used to represent ontology vocabularies in UML notations, and
OCL was used to fill the mapping expressiveness gap of ODM. However, the
usability of this initially proposed abstract mapping syntax was shown, through the
feedback of an initial experiment on the tool that implements this proposed mapping
syntax, to be unsatisfactory. It was discovered that, to be usable by system engineers,
the syntax had to be more abstract. Consequently, a more abstract UML-based
mapping syntax was developed without using stereotypes for ontology vocabularies
and by using syntactic sugar® of the OCL standard. This abstract mapping syntax was

shown to be capable of describing the core mapping types.

4. Develop a tool that automatically generates a concrete mapping syntax from

the abstract mapping syntax.

% In computer science, syntactic sugar means features added to a language or other formalism to make
it easier to read or to express for humans to use, while it does not affect the expressiveness
[Raymond 2012]. Syntactic sugar offers the user an alternative way of expressing that is more

succinct or familiar notation [Howe 2014].



In order to demonstrate the proposed MOUSE approach and facilitate its evaluation,
a tool (called SDI, Semantic Data Integration) was developed that automatically
generates a concrete mapping syntax from the proposed abstract mapping syntax.
The tool allows the automatic transformation of UML notations into the Rule
Interchange Format (RIF) [RIF Core] and subsequently into SPARQL [SPARQL
2008] queries which are used as a concrete mapping syntax that is executable within
the system. In this research, RIF was chosen as the intermediate format, as RIF has
the potential to interoperate with other concrete mapping syntaxes. For example,
there is an existing RIF syntax specification for RDF and OWL Compatibility [RIF
SWC]. This strategy potentially enables the transformation between the intermediate
format and other concrete mapping syntaxes such as ontology (for axiom-based
integration) in the future. SPARQL was chosen as the initial concrete mapping
syntax, because the Query-based integration approach using SPARQL has been
shown [Keeney 2011] as the most practical approach among the three different
semantic data integration approaches: Axiom-based integration using ontology
modelling [Flrst 2005], Rule-based integration using the Semantic Web Rule
Language SWRL [Horrocks 2004], and Query-based integration using SPARQL
[Euzenat 2008].

5. Evaluate the accuracy and usability (in terms of ease of use) of the MOUSE

approach.

Using the SDI tool as an example instance of the proposed MOUSE approach, it was
shown that (i) the proposed abstract mapping syntax can correctly capture the
mapping intention of participants for the core mapping types, (ii) the tool can
accurately transform automatically the abstract mapping syntax into the concrete
mapping syntax, (iii) the abstract mapping syntax and the SDI tool using the
MOUSE approach is easy to use for system engineers. User based experiments were

conducted in order to undertake these evaluations.

Analysis of the results suggest that the abstract mapping syntax (i) was able to
capture correctly (for the core mapping types) the mappings without distorting the
modeller’s mapping intention and (ii) was able to accurately generate concrete

mapping syntax from the abstract mapping syntax. The ease of use was evaluated



through a questionnaire, and the answers suggested that the abstract mapping syntax
and the tool were usable for system engineers.

1.4 Contribution

The major contribution of this research is the MOUSE approach, providing a UML-
based abstract syntax for mappings that abstracts away the concepts of ontology vs.
existing semantic mapping syntaxes that tend to rely on a mapping practitioner to
understand the idea of ontological concepts (examined by this research). The
MOUSE approach is easy to use by system engineers and accurately captures their
mapping intentions and automatically transforms their abstract mappings into
mappings executable by the system. This approach lowers the barrier for system
engineers to conduct a semantic data integration task that used to require
considerable amount of ontological knowledge. The MOUSE approach allows
system engineers without sufficient ontological knowledge or knowledge
engineering experience to describe semantic mappings using UML notations familiar
to them [Gasevic 2004].

Minor contributions are (i) defining core mapping types: direct mapping type, data
range mapping type and unit transformation mapping type; and (ii) the development
of SDI (Semantic Data Integration) tool. The core mapping types were identified and
prioritized from mapping relationships in the industry use case [Boran 2011a], i.e.
real network data collected from the Alcatel-Lucent femtocell test bed [Small Cell].
To generalize the use of core mapping types (in other words, to prove that the core
mapping types are usable not only in the telecommunications domain), this research
applied them in another domain (conference domain), and the core mapping types
were proven usable through the examples and experiments conducted by this
research. These core mapping types were used to define the scope of the mapping
expressivity in order to correctly capture the usability of the abstract syntax in a

practical integration situation.



The SDI tool supports precise mappings such as a data range mapping type (a
mapping that requires constraint on the data value of property) and a unit
transformation mapping type (a mapping that transforms the data value of property),
while most applications are designed to only support a direct mapping type (an one-
to-one equivalent/subsumption mapping) [Shvaiko 2005][Thomas 2009]. Moreover
the SDI tool supports automated transformation of the abstract mapping syntax to the
concrete mapping syntax without knowing the intricacy in writing a concrete
mapping syntax for the core mapping types and also, automatically generates an
integrated ontology by computing the concrete mapping syntax on the source and
target ontologies. This eases the semantic data integration task for system engineers.

Publications to date related to the research:

Seung-Hwa Chung, Wei Tai, Aidan Boran and Declan O’Sullivan, “A
Semantic Mapping Representation and Generation Tool using UML for System
Engineers”, the 8th IEEE International Conference on Semantic Computing
(ICSC 2014), California, USA, June 16-18, 2014.

1.5 Thesis Overview

Chapter 2 surveys and reviews: (i) ontology mapping relationships; (ii) ontology
mapping applications; (iii) abstract mapping syntaxes that can describe ontology
mapping relationships; and (iv) concrete mapping syntaxes for semantic data

integration.

Chapter 3 describes three core mapping types: direct mapping type, data range
mapping type and unit transformation mapping type, and the development of an

abstract mapping syntax that can represent the core mapping types.

Chapter 4 describes the development of a tool that implements the proposed abstract

mapping syntax. The tool is called SDI (Semantic Data Integration) tool.



Chapter 5 describes the experiment conducted by system engineers to evaluate the
accuracy and ease of use of the proposed abstract mapping syntax and the developed
SDI tool.

Chapter 6 discusses how well the research question was addressed by evaluating the

experiment’s results and suggesting future work.



2 Related Research

This chapter presents research on ontology mapping relationships in order to
categorize the mapping types that define the scope of the mapping relationships
supported by the abstract mapping syntax. This categorization is done in order to
consider the part of the research question about to what extent will the proposed
MOUSE approach allow the creation of mappings using an abstract syntax. For the
part of the research question about the transformation of the abstract mappings into
concrete executable mappings, this chapter also reviews existing abstract and
concrete mapping syntaxes that can describe ontology mapping relationships. There
is a certain ambiguity between ‘Abstract Syntax’ and ‘Concrete Syntax’ that also
needs to be defined. This research defines these two categorical syntaxes as
following: (1) abstract syntax is the format that is independent of particular
representation, and it is more convenient and natural to manipulate than concrete
syntax [Miller 1992]; and (2) concrete syntax is the format that can be derived from
the abstract syntax, is ready to be used in a system, or is the target of a specific

machine representation or encoding [Fondement 2005].

The evaluation criteria used in this research are their capacity to express the ontology
mapping relationships discussed in the categorization of the mapping types and their
usability to generate and manipulate mapping relationships in the first place by
human perspective. At the end of this chapter, each discussed abstract and concrete
mapping syntax is summarized in a table that describes each mapping syntax’s
capability to support the mapping relationships and usability to generate mapping

relationships from a human perspective.
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2.1 Ontology mapping categorization

There are various kinds of patterns® for classification in the ontology engineering
field [Blomgvist 2005]. This section specifically reviews the work in Francois
Scharffe and Dieter Fensel’s research [Scharffe 2008], which is a renowned research
study in the ontology mapping field. The research study is well-known because the
researchers surveyed patterns in ontology mapping relationships and published
detailed correspondence patterns that are at the top level of abstraction of the
ontology alignment* representation stack [Scharffe 2008]. Table 2-1 shows the
categorization of generic correspondence patterns from their research.

Table 2-1 Ontology mapping categorization by F. Scharffe and D. Fensel

Equivalent correspondence pattern

Subsumption correspondence pattern

The occurrence of a property

Conditional pattern
The value of a property (Data Range)

e.g. a restriction on the scope of a class based on:
The type of a property

Datatype Conversion

Generic Patterns

Transformation pattern
Unit Transformation

e.g. a transformation of a property value about:
Currency Conversion

Union and intersection patterns

Scharffe’s research of correspondence patterns defines mapping relationships in six
generic patterns: (1) Equivalent correspondence pattern: the pattern usually used to

solve a terminological mismatch; (2) Subsumption correspondence pattern: the

® In software engineering, patterns are an accepted way to facilitate and support reuse [Blomgquvist
2005].

* When two ontologies overlap, they can be linked together in order to enable exchange of their
underlying knowledge and this link is called an alignment. An alignment between two ontologies
specifies a set of correspondences, and each correspondence forms a bridge between a set of

ontology entities. [Scharffe 2008]
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pattern typically solves a granularity mismatch; (3) Conditional pattern: the pattern
requires a restriction to narrow down the scope of an entity in an ontology to match
the scope of an entity in the another ontology, e.g. a restriction on the scope of a
class based on 1. the occurrence, 2. the value or 3. the type of an attribute; (4)
Transformation pattern: the pattern requires a transformation of a property value to
fit the corresponding property in the another ontology, e.g. the transformation about
1. data type conversion, 2. unit transformation and 3. currency conversion; and (5)
Union and (6) Intersection patterns: these patterns are used to relate entities modelled
at a different granularity.

In the following sections, the categorization of correspondence patterns will be used
in the discussion of the abstract and concrete syntaxes for semantic mapping to
illustrate their relative capabilities and limitations. In this thesis, instead of using the
terminology ‘correspondence pattern’, this research uses the term ‘mapping type’ in
order to express the category of mapping relationships more plainly.

2.2 Ontology mapping application

There have been investigations into ontology mapping applications that support the
mapping process [Shvaiko 2005][Granitzer 2010], and many of the existing mapping
applications: PROMPT [Noy 2003], CoGZ [Falconer 2007b], COMA++ [Aumuller
2005], OLA [Euzenat 2004a] and Schema Mapper [Raghavan 2005] are designed to

support a matching activity of mapping process.

For example, PROMPT [Noy 2003] application offers ontology entities in a list form
which separates source and target data using different lists. Fig. 2-1 shows the
screenshot of PROMPT tool. In this figure, it can be observed the source and target
ontology entities are listed separately as mapping candidates. This application is
useful to discover many one-to-one mappings. However, the application is designed
to support a matching activity and does not support actual semantic data integration

using the source and target ontologies.
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Figure 2-1 Screenshot of PROMPT by N. F. Noy and M. A. Musen

CoGZ [Falconer 2007b] application offers ontology entities in a tree form which
shows the hierarchy. Fig. 2-2 shows the screenshot of CoGZ tool. In the figures, it
can be observed the mappings between source and target ontologies are expressed
using a line to point between ontology mapped entities. This application is useful as
it expresses the ontology mappings very explicitly among other entities. However,
the application supports only one-to-one mappings, and is designed to support a

matching activity.
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Figure 2-2 Screenshot of CoGZ by S. Falconer and M. A. Storey

This research reviewed two ontology mapping application samples according to their
limitations about the mapping type supports and automated process to facilitate the
semantic data integration task. There are other ontology mapping applications
[Granitzer 2010]. Nevertheless, most applications are designed to only support an
one-to-one equivalent/subsumption mapping [Shvaiko 2005][Thomas 2009], and the
main focus of the current mapping applications is in assisting to discover the possible
mappings between two ontologies [Grau 2013][Shvaiko 2013]. A matching activity
is one of important mapping process. However, more automated process - to generate
a concrete mapping syntax from abstract and to perform the actual integration of
semantic data - is required to facilitate the semantic data integration task for non-
ontology background users, and the mapping applications need to support more
precise mappings such as a mapping that requires constraint on the data value of
property and a mapping that transforms the data value of property to be more usable

in a practical integration situation.

2.3 Abstract syntaxes for semantic mapping

This research surveyed the existing abstract syntaxes: Alignment Format, EDOAL,
C-OWL, SSE, SQWRL, RIF, UML/ODM and UML/OCL, which are able to
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describe semantic mapping relationships at an abstract level. These abstract syntaxes
may require less ontological knowledge than concrete syntaxes, because abstract
syntaxes use a more convenient and natural representation of mapping rules. This
section reviews these abstract syntaxes in order to determine their characteristics and
examine their capability of describing ontology mapping relationships.

2.3.1 Alignment Format

Alignment Format [Euzenat 2010] was developed to express a set of pairs of
mapping elements from source and target ontologies in an XML format. This syntax
describes the general mapping information with the properties: xml, level, type,
ontol, onto2, and map. The detail mapping information between two entities is
described by the properties: entityl, entity2, measure, and relation. This Alignment
Format syntax is well known for its practical use in the Ontology Alignment
Evaluation Initiative (OAEI) Campaign [OAEI 2012] as it is the formal mapping
document format for this initiative. Fig. 2-3 shows an example of an equivalent
mapping type using Alignment Format syntax, ie. ‘MEDTESTFEMTO’ is
equivalent to ‘MediumHandoverFemto’. The measure property refers to the accuracy
of the mapping relationship, e.g. in the figure, measure value 1.0 means the
equivalent relationship is very accurate. As shown in the figure, this syntax uses
simple vocabularies. However, it focuses primarily on one to one mappings and does
not offer much expressiveness. For example, this syntax cannot be used to describe

the conditional mapping type and the transformation mapping type.

<map>
<Cell>
<entityl rdf:resource=“http://www.owl-ontologies.com/femto10.owl#MEDTESTFEMTO”/>
<entity2 rdf:resource=“http://www.owl-
ontologies.com/FemtoOntology.owl#MediumHandoverFemto™/>
<relation>=</relation>
<measure rdf;datatype=xsd:float”>1.0</measure>
</Cell>
</map>

Figure 2-3 Alignment Format syntax example for equivalent mapping type
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2.3.2 EDOAL

Expressive and Declarative Ontology Alignment Language (EDOAL) [Euzenat
2011] extends the Alignment Format by extending the expressiveness. Particularly, it
is designed for the representation of complex mappings. This syntax enables more
precise relationships between entities, more than equivalence or subsumption
relationships, by using the operators: and, or, not, compose, inverse, transitive,
reflexive, and symmetric. This enables more mapping expressiveness than the
Alignment Format syntax. One example of this expressiveness is the conditional
mapping type. Fig. 2-4 shows an example of a conditional mapping type that has a
constraint on the value of a datatype property (data range) using EDOAL syntax, i.e.
‘Femto’ is equivalent to ‘MediumHandoverFemto’ with the data range constraint (40
< ‘MTS_Handover_Failure_Rate’ < 60 and 40 < ‘UMTS_Handover_Failure_Rate’ <
60).

<map>
<cell>
<entityl>
<edoal:Class>
<edoal:and rdf:parseType=“Collection”>
<edoal:Class rdf:about="&ont1;Femto”/>
<edoal:AttributeVValueRestriction>
<edoal:onAttribute>
<edoal:Property rdf:about=“&ontl; MTS Handover_Failure_Rate”/>
</edoal:onAttribute>
<edoal:comparator rdf:resource=*&xsd;lower-than”/>
<edoal:value>60</edoal:value>
</edoal:AttributeVValueRestriction>
<edoal:AttributeVValueRestriction>
<edoal:onAttribute>
<edoal:Property rdf:about=“&ontl; MTS Handover_Failure_Rate”/>
</edoal:onAttribute>
<edoal:comparator rdf:resource=“&xsd;greater-than/>
<edoal:value>40</edoal:value>
</edoal:AttributeVValueRestriction>
<edoal:AttributeVValueRestriction>
<edoal:onAttribute>
<edoal:Property rdf:about=“&ontl; UMTS_Handover_Failure_Rate”/>
</edoal:onAttribute>
<edoal:comparator rdf:resource=*“&xsd;lower-than”/>
<edoal:value>60</edoal:value>
</edoal:AttributeVValueRestriction>
<edoal:AttributeVValueRestriction>
<edoal:onAttribute>
<edoal:Property rdf:about="&ontl; UMTS_Handover_Failure_Rate”/>
</edoal:onAttribute>
<edoal:comparator rdf:resource=“&xsd;greater-than”/>
<edoal:value>40</edoal:value>
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</edoal:AttributeVValueRestriction>
</edoal:and>

</edoal:Class>
</entityl>
<entity2>

<edoal:Class rdf:about="&ont2;MediumHandoverFemto”/>
</entity2>
<relation>Equivalence</relation>
<measure rdf:datatype="&xsd;float”>1.0</measure>

</cell>
</map>

Figure 2-4 EDOAL syntax example for conditional mapping type

Fig. 2-5 shows an example of a transformation mapping type that transforms the data
value of a property (unit transformation) using EDOAL syntax, i.e. the value of
‘VS_NumUserBits EDCH_PS’ is equivalent to the wvalue of ‘UL _E-
DCH_Data_Volume_on RLC SDU’ with the unit transformation
(‘VS_NumUserBits_EDCH_PS’ * 900). However, this syntax supports a limited
transformation mapping type, which transforms only the value of datatype properties
expressed in the entity clause. It is not possible to express the transformation
mapping that requires the combination of multiple datatype properties which belong

to a certain class instance and are not expressed as a source or target entity.

<map> <Cell>
<entityl>
<edoal:Property rdf:about="&ont1;VS_NumUserBits EDCH_PS”/>
</entityl>
<entity2>
<edoal:Property rdf:about="&ont2;UL_E-DCH_Data_Volume_on_RLC_SDU”/>
</entity2>
<measure rdf;datatype=‘&xsd;float‘>1.0</measure>
<relation>Equivalence</relation>
<edoal:transformation>
<edoal: Transformation edoal:type=“-0">
<edoal:entityl>
<edoal:Apply edoal:operator="multiply”>
<edoal:arguments rdf:parseType=“Collection”>
<edoal:Property rdf:about=“&ont1;VS_NumUserBits EDCH_PS”/>
<edoal:Literal edoal:string=900"/>
</edoal:arguments>
</edoal:Apply>
</edoal:entityl>
<edoal:entity2>
<edoal:Property><edoal:compose rdf:parseType=“Collection”/></edoal:Property>
</edoal:entity2>
</edoal:Transformation>
</edoal:transformation>
</Cell> </map>

Figure 2-5 EDOAL syntax example for transformation mapping type

17




2.3.3 C-OWL

Contextualized OWL (C-OWL) [Bouquet 2003] has been developed to map
contextualized ontologies (local models encoding the view of a group of people on a
domain) to a shared ontology (a shared model encoding a common view of different
parties on some domains). C-OWL keeps mappings explicitly and extends the OWL
syntax. It uses bridge rules to express the mapping. These rules have five different
attributes, i.e. equiv, onto, into, compat, and incompat. Each of these attributes
describes a particular relationship, respectively: equivalent, less specific (subsumes),
more specific (subsumedBy), compatible, and disjoint. Fig. 2-6 shows an example of
an equivalent mapping type using C-OWL syntax, i.e. ‘User’ is equivalent to
‘Account’.

<cowl:bridgRule cowl:br-type=-equiv’>
<cowl:sourceConcept
rdf:resource="http://www.semanticweb.org/ontologies/SampleTelcoOnt2.owl#User”/>
<cowl:targedConcept
rdf:resource="http://www.semanticweb.org/ontologies/SampleTelcoOnt1.owl#Account”/>
</cowl:bridgRule>

Figure 2-6 C-OWL syntax example for equivalent mapping type

Fig. 2-7 shows an example of a subsumption mapping type using C-OWL syntax, i.e.
‘WIiFi’ is subsumed by ‘Packet Network’. As shown in the figures, this syntax
represents the mappings in a simple and explicit way between source and target
ontologies. However, because of limited vocabularies for mapping expressions, this

syntax cannot express the conditional mapping type and the transformation mapping

type.

<cowl:bridgRule cowl:br-type=“into”>
<cowl:sourceConcept
rdf:resource=“http://www.semanticweb.org/ontologies/SampleTelcoOnt2.owl#WiFi”/>
<cowl:targedConcept
rdf:resource=“http://www.semanticweb.org/ontologies/SampleTelcoOnt1.owl#Packet Network”/>
</cowl:bridgRule>

Figure 2-7 C-OWL syntax example for subsumption mapping type

2.3.4 SSE

SPARQL Syntax Expressions (SSE) [JENA 2011] has been developed by the JENA

Apache incubator project to abstractly express SPARQL algebra expressions. This
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syntax is capable of describing mappings that may require expression of data range
constraints or unit transformations. Fig. 2-8 shows an example of a conditional
mapping type that has a constraint on the value of a datatype property (data range)
using SSE syntax, i.e. an instance that satisfies the data range condition (40 <
‘MTS_Handover_Failure_Rate’ < 60 and 40 < ‘UMTS_Handover_Failure_Rate’ <
60) is the instance of ‘MediumHandoverFemto’.

(prefix ( (ftoc: <http://sample.org/ontology/test/femto>) )
(distinct
(project ( [triple ?femto a ftoc:MediumHandoverFemto] )
(leftjoin

(BGP
[triple ?femto ftoc:MTS_Handover_Failure_Rate ?v1]
[triple ?femto ftoc:UMTS_Handover_Failure_Rate 7v2]

)

(FILTER (<= 40 2v1))

(FILTER (>= 60 ?v1) )

(FILTER (<=4072v2))

(FILTER (>=60 ?v2))

)

Figure 2-8 SSE syntax example for conditional mapping type

Fig. 2-9 shows an example of a transformation mapping type that transforms the data
value of a property (unit transformation) using SSE syntax, i.e. the value of
‘Handover_Failure_Gauge’ is the result of wunit transformation operation
(‘MTS_Handover_Failure_Rate’ + ‘UMTS_Handover_Failure_Rate’ / 100).

(prefix ( (ftoc: <http://sample.org/ontology/test/femto>) )
(distinct
(project ( [triple ?femto ftoc:Handover_Failure_Gauge ?value] )
(leftjoin
(BGP
[triple ?femto ftoc:MTS_Handover_Failure_Rate ?v1]
[triple ?femto ftoc:UMTS_Handover_Failure_Rate ?v2]

)
( BIND (?value ( (?vl + ?v2) / 100) )
)

Figure 2-9 SSE syntax example for transformation mapping type

2.35 SQWRL

Semantic Query-Enhanced Web Rule Language (SQWRL) [SQWRL 2009] has been
developed by the Stanford Center for Biomedical Information Research Lab in order

to express rules abstractly and to query OWL ontologies. This syntax has been used
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in the Protégé tool [Protégé Project] to facilitate the creation and modification of the
SWRL syntax. Its query structure is based on SWRL and it supports SWRL
expressivity with more abstracted expressions. Fig. 2-10 shows an example of a
conditional mapping type that has a constraint on the value of a datatype property
(data range) using SQWRL syntax, i.e. ‘Femto’ is equivalent to
‘MediumHandoverFemto”  with  the data range constraint (40 <=
‘MTS_Handover_Failure_Rate’ <= 60 and 40 <= ‘UMTS_Handover_Failure_Rate’
<= 60).

Femto(?x), MTS_Handover_Failure_Rate(?x, ?v2), UMTS_Handover_Failure_Rate(?x, ?v1),
greaterThanOrEqual(?vl, “40”"long), greater ThanOrEqual(?v2, “40”long),
lessThanOrEqual(?vl, “60”"long), lessThanOrEqual(?v2, “60”"long)

— MediumHandoverFemto(?x)

Figure 2-10 SQWRL syntax example for conditional mapping type

Fig. 2-11 shows an example of a transformation mapping type that transforms the
data value of a property (unit transformation) using SQWRL syntax, i.e. the value of
‘BSR_cluster_to_ MTS _underlay_Intra_Frequency Hard_Handover_Failure_Rate’ is
the result of unit transformation operation ((1 - (‘VS_HHO_SuccBsrUmtsintraFreq’ /
‘VS_HHO_AttBsrUmtsintraFreq’) * 100)).

Femto(?x), hasNPMData(?x, ?pm1), VS_HHO_AttBsrUmtsintraFreq(?pm1, ?v0),
VS_HHO_SuccBsrUmtsintraFreq(?pm1, ?vl), divide(?divl, ?v1, 2v0), subtract(?subl, “1”long,
2div1), multiply(?ans, “100”\long, ?subl)

— BSR_cluster_to MTS underlay_Intra_Frequency Hard Handover Failure Rate(?x, ?ans)

Figure 2-11 SQWRL syntax example for transformation mapping type

2.3.6 RIF

Rule Interchange Format (RIF) [RIF 2010] has been developed by the W3C RIF
Working Group to create a standard for exchanging rules among rule systems. This
syntax uses many externally defined functions, and these functions offer good
expressiveness to describe mappings that may require expressing data range
constraints or unit transformation. Fig. 2-12 shows an example of a conditional
mapping type that has a constraint on the value of a datatype property (data range)
using RIF syntax, i.e. ‘Femto’ is equivalent to ‘MediumHandoverFemto’ with the
data range constraint (40 < ‘MTS_Handover Failure_Rate’ < 60 and 40 <
‘UMTS_Handover_Failure_Rate’ < 60).
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Document (
Prefix ( ftoc <http://sample.org/ontology/test/femto#> )
Group (
Forall ?Femto ?MediumHandoverFemto ?MTS_Handover_Failure_Rate
?2UMTS_Handover_Failure_Rate (
ftoc:equal( ?Femto ?MediumHandoverFemto ) :-
And (
ftoc:Femto( ?femto )
ftoc:MTS_Handover_Failure_Rate( ?femto ?v1)
ftoc:UMTS_Handover_Failure_Rate( ?femto ?v2 )
External( pred:numeric-greater-than(?vl 40) )
External( pred:numeric-less-than(?v1 60) )
External( pred:numeric-greater-than(?v2 40) )
External( pred:numeric-less-than(?v 60) )

)

Figure 2-12 RIF syntax example for conditional mapping type

Fig. 2-13 shows an example of a transformation mapping type that transforms the
data value of a property (unit transformation) using RIF syntax, i.e. the value of
‘Handover_Failure_Gauge’ is the result of wunit transformation operation
(‘MTS_Handover_Failure_Rate’ + ‘UMTS_Handover_Failure_Rate’ / 100).

Document (
Prefix ( ftoc <http://sample.org/ontology/test/femto#> )
Group (
Forall ?Femto ?Handover_Failure_Gauge ?MTS_Handover_Failure_Rate
?2UMTS_Handover_Failure_Rate (
ftoc:Handover_Failure_Gauge( ?Femto ?value ) :-
And (
ftoc:Femto( ?femto )
ftoc:MTS_Handover_Failure_Rate( ?femto ?v1)
ftoc:UMTS_Handover_Failure_Rate( ?femto ?v2 )
?2v3 = External( func:add(?v1 ?v2))
?value = External( func:devide(?v3 100) )

)

Figure 2-13 RIF syntax example for transformation mapping type

2.3.7 UML/ODM

Unified Modeling Language (UML) [UML 2011] is widely used in many areas to
model data structure, application structure, application behaviour, and business
processes in a standardized and easy-to-understand manner [Kogut 2002]. It offers a
graphical representation of entities and relationships, which is more readable to non-
technical users than a text based expression. Attempts have been made [Baclawski
2001][Brockmans 2004][Brockmans 2006] to create stereotypes in UML to enable
the representation of ontologies using UML. Subsequently, the OMG group [OMG
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2010] has standardized ontology definition metamodel specification, called the ODM
[ODM 1.0]. This standard describes how ontological terms can be mapped to UML
notations. For example, the UML generalization with <<rdfsSubClassOf>>
stereotype is used to represent “subClassOf” vocabulary in RDFS syntax [RDF
Schema]. Fig. 2-14 shows an example of UML notations that represent an ontology
class and property. In this figure, the UML notations represent a ‘Network Device’
ontology class that has ‘hasPort’ ontology property whose value is an instance of
‘Interface’ ontology class.

<<rdfsClass>> <<rdfsClass>>
Network Device <<rdfProperty>> +hasPort Interf

Figure 2-14 UML/ODM example for ontology class and property

Fig. 2-15 shows an example of UML notations that represent an ontology datatype
property. In this figure, the UML notations represent a ‘Byte’ ontology datatype
property that has the value type ‘Integer’.

[<<datatypeProperty>> | .
ata vgit;oper ¥ <<rdfsRange>> <<rdfsLiteral>>

+value : String = Integer

Figure 2-15 UML/ODM example for ontology datatype property

Fig. 2-16 shows an example of an equivalent mapping type using UML notations

according to ODM specification, i.e. ‘Router’ is equivalent to ‘Layer3Switch’.
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]

<<rdfDocument>> { xmlIBase =

"http://sample/
ontl" } SampleOnt1 o— |

<<OWICIass>>
Router

I
I
I
<<equivalentClass>> DirectMapping
I
|
|
I
I

— |

|
<<OWIClass>>
Laver3Switch

<<rdfDocument>> { xmlIBase =

"http://sample/
ont2" } SampleOnt?2 o— |

Figure 2-16 UML/ODM example for equivalent mapping type

There are limitations on describing mapping relationships using ODM. Firstly this
ODM specification only supports OWL version 1 and shares the limitations of OWL
version 1, i.e. the lack of the ability to describe the data range constraints (this
expression is supported from OWL version 2 [Horrocks 2010]), and secondly this

specification does not support arithmetic expressions.

2.3.8 UML/OCL

Object Constraint Language (OCL) [OCL 2.0] is a formal language that enables
UML constraints to be modelled in an unambiguous means. It avoids contradictions
in the intended UML semantics by describing rules between UML notations. For
example, OCL can describe the mapping that constrains property values using the
comparison or arithmetic operation between UML notations. This language is
expressed in UML constraint® notation. Fig. 2-17 shows an example of a conditional
mapping type that has a constraint on the value of a datatype property (data range)

using OCL syntax, i.e. an instance in ‘Femto’ class that satisfies the data range

> A UML constraint is a condition or restriction expressed in natural language text or in a machine
readable language for the purpose of declaring some of the semantics of an element. The constraint
can be predefined (e.g. OCL) in UML or user-defined. The syntax and interpretation of a user-defined
UML constraint is a tool responsibility. [UML 2.0]
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condition (50 < ‘handoverFailureRate’ < 90) is the instance of

‘MediumHandoverFemto’.

Femto MdiumHandoverFemto|

-handoverFailureRate: Integer q—

CONTEXT Femto INV:
SELF.is_a -> forAll{ f:Femto | f.handoverFailureRate < 90 ) AND
SELF.is_a -> forAll{ f:Femto | f.handoverFailureRate > 50 )

IMPLIES
SELF.oclIsKindOf(MediumHandover Femto)

Figure 2-17 UML/OCL example for conditional mapping type

Fig. 2-18 shows an example of a transformation mapping type that transforms the
data value of a property (unit transformation) using OCL syntax, i.e. the value of
‘byte’ is the result of unit transformation operation (‘bit’ * 8).

Unit

CONTEXT Unit

INV: SELF.bit.ocllsTypeOf( Integer )
INV: SELF.byte.ocllsTypeOf( Integer )
IMPLIES

SELF.byte = SELF.bit * 8

-bit : Integer
-byte : Integer

Figure 2-18 UML/OCL example for transformation mapping type

2.4 Concrete syntaxes for semantic mapping

This section reviews three concrete syntaxes: OWL, SWRL and SPARQL for their
ability to represent mappings that are directly executable by the system such as the
JENA query execution engine [JENA 2013], which enables the automation of data
processing through the defined functions. These concrete syntaxes can be derived

from the abstract syntax as an executable output, and these three syntaxes represent
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three different approaches of integration that are popular: Axiomatic, Rule and Query
[Keeney 2011].

2.4.1 Using OWL for semantic mapping

Web Ontology Language (OWL) [Bechhofer 2004] is a semantic markup language
for publishing and sharing ontologies on the World Wide Web. This language has
XML elements such as equivalentClass and equivalentProperty that can be used to
describe mappings. If the application is ontologically based, this syntax is generally
considered first to use as a concrete syntax to perform the integration task. However,
the syntax has some limitations. First, mappings can be more manifest and easier to
modify in a separate document. Using OWL for the mappings mixes the definitions
of the concepts and mapping information [Keeney 2011]. Second, this syntax does
not support data value transformation (arithmetic operations) that might be required
for mapping. Fig. 2-19 shows an example of a conditional mapping type that has a
constraint on the value of a datatype property (data range) using OWL syntax. In this
example, ‘Femto’ class with the property ‘MTS_Handover_ Failure_Rate’ value
between 40 and 60, and the property ‘UMTS_Handover Failure_Rate’ value

between 40 and 60 is equivalent to ‘MediumHandoverFemto’ class.

<owl:Class rdf:about="http://www.owl-ontologies.com/femto.owl#MediumHandoverFemto”>
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType=“Collection”>
<rdf:Description rdf:about="http://www.owl-ontologies.com/femto.owl#Femto”/>
<owl:Restriction>
<owl:onProperty rdf:resource="http://www.owl-
ontologies.com/femto.owl#MTS_Handover_Failure_Rate”/>
<owl:someValuesFrom>
<rdfs:Datatype>
<owl:onDatatype rdf:resource=*“&xsd;integer”/>
<owl:withRestrictions rdf:parseType=“Collection”>
<rdf:Description>
<xsd:maxInclusive rdf.datatype="“&xsd;integer’>60</xsd:maxInclusive>
</rdf:Description>
<rdf:Description>
<xsd:minlinclusive rdf:datatype=“&xsd;integer”>40</xsd:minInclusive>
</rdf:Description>
</owl:withRestrictions>
</rdfs:Datatype>
</owl:someValuesFrom>
</owl:Restriction>
<owl:Restriction>
<owl:onProperty rdf:resource=“http://www.owl-ontologies.com/femto.owl#UMTS
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_Handover_Failure_Rate”/>
<owl:someValuesFrom>
<rdfs:Datatype>
<owl:onDatatype rdf:resource="“&xsd;integer”/>
<owl:withRestrictions rdf:parseType=“Collection”>
<rdf:Description>
<xsd:maxInclusive rdf:datatype="“&xsd;integer”>60</xsd:maxInclusive>
</rdf:Description>
<rdf:Description>
<xsd:minInclusive rdf:datatype="&xsd;integer’>40</xsd:minInclusive>
</rdf:Description>
</owl:withRestrictions>
</rdfs:Datatype>
</owl:someValuesFrom>
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>

Figure 2-19 OWL syntax example for conditional mapping type

242 SWRL

Semantic Web Rule Language (SWRL) [Horrocks 2004] is a rule language used to
express the rules in an ontology in addition to concept definitions. This syntax is
based on a combination of OWL and RuleML [Boley 2011], which is a sublanguage
of the Rule Markup Language. The syntax includes a high-level abstract syntax for
Horn-like rules [Horn 1951] and uses the following vocabularies: XSD, OWLX,
RuleML, SWRLX, and SWRLB. These vocabularies offer good expressiveness to
describe mappings that may require expressing data range constraints or data value
transformations (arithmetic operation). However, this syntax is difficult to generate
for its rigidity that often requires domain experts to have intensive training on writing
rules. Fig. 2-20 shows an example of a conditional mapping type that has a constraint
on the value of a datatype property (data range) using SWRL syntax. In this example,
‘Femto’ class instances that have the property ‘UMTS Handover Failure Rate’
value greater than or equal to 40 and less than or equal to 60, and the property
‘MTS_Handover_Failure_Rate’ value greater than or equal to 40 and less than or

equal to 60 are the instances of ‘MediumHandoverFemto’ class.

<swrl:lmp>

<swrl:body>

<swrl: AtomList><rdf:first>
<swrl:ClassAtom>

<swrl:classPredicate rdf:resource=#tFemto”/>
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<swrl:argumentl rdf:resource="#x"/>

</swrl:ClassAtom></rdf:first><rdf:rest><swrl: AtomList><rdf:first>
<swrl:DatavaluedPropertyAtom>

<swrl:propertyPredicate rdf:resource="#UMTS_Handover_Failure_Rate”/>
<swrl:argumentl rdf:resource="#x"/>

<swrl:argument?2 rdf:resource="#v1”/>
</swrl:DatavaluedPropertyAtom></rdf:first><rdf:rest><swrl: AtomList><rdf:first>
<swrl:DatavaluedPropertyAtom>

<swrl:propertyPredicate rdf:resource="“#MTS_Handover_Failure_Rate”/>
<swrl:argument1 rdf:resource="#x"/>

<swrl:argument?2 rdf:resource="#v2”/>
</swrl:DatavaluedPropertyAtom></rdf:first><rdf:rest><swrl: AtomList><rdf:first>
<swrl:BuiltinAtom>

<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#greater ThanOrEqual”/>
<swrl:arguments><rdf:List><rdf:first rdf:resource="#v1’/><rdf:rest><rdf:List>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#long”>40</rdf:first>
<rdf:rest rdf:resource="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#nil”/>
</rdf:List></rdf.rest></rdf:List>

</swrl:arguments>

</swrl:BuiltinAtom></rdf:first><rdf.rest><swrl: AtomList><rdf:first>
<swrl:BuiltinAtom>

<swrl:builtin rdf:resource=“http://www.w3.0rg/2003/11/swrlb#lessThanOrEqual”/>
<swrl:arguments>

<rdf;List><rdf:rest><rdf:List>

<rdf:first rdf:datatype="http://mwww.w3.0rg/2001/XMLSchema#long”>60</rdf:first>
<rdf:rest rdf:resource="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#nil”/>
</rdf:List></rdf:rest><rdf:first rdf:resource="#v1”/></rdf:List></swrl:arguments>
</swrl:BuiltinAtom></rdf:first><rdf.rest><swrl: AtomList><rdf:first>
<swrl:BuiltinAtom>

<swrl:builtin rdf:resource=“http://www.w3.0rg/2003/11/swrlb#greater ThanOrEqual”/>
<swrl:arguments><rdf:List><rdf:first rdf:resource="#v2”/><rdf.rest><rdf: List>
<rdf:first rdf:datatype=“http://mww.w3.0rg/2001/XMLSchema#long”>40</rdf first>
<rdf:rest rdf:resource="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#nil”/>
</rdf:List></rdf:rest></rdf:List>

</swrl:arguments>

</swrl:BuiltinAtom></rdf:first><rdf:rest><swrl: AtomList><rdf:rest
rdf:resource=“http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil”/><rdf:first><swrl:BuiltinAtom>
<swrl:builtin rdf:resource=“http://www.w3.0rg/2003/11/swrlb#lessThanOrEqual”/>
<swrl:arguments><rdf:List><rdf:first rdf:resource="#v2”/><rdf.rest><rdf: List>
<rdf:first rdf:datatype=“http://mww.w3.0rg/2001/XMLSchema#long”>60</rdf first>
<rdf:rest rdf:resource="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#nil”/>
</rdf:List></rdf:rest></rdf:List>

</swrl:arguments>

</swrl:BuiltinAtom>

</rdf:first></swrl: AtomList></rdf:rest></swrl: AtomList></rdf:rest></swrl: AtomList></rdf:rest></sw
rl: AtomList></rdf:rest></swrl: AtomList></rdf:rest></swrl:AtomList></rdf:rest></swrl: AtomList>
</swrl:body>

<swrl:head>

<swrl:AtomList><rdf:first>

<swrl:ClassAtom>

<swrl:classPredicate rdf:resource=“#MediumHandoverFemto”/>

<swrl:argument1 rdf:resource="#x"/>

</swrl:ClassAtom></rdf:first><rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-
ns#nil”/></swrl: AtomList>

</swrl:head>

</swrl:Imp>

Figure 2-20 SWRL syntax example for conditional mapping type
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Fig. 2-21 shows an example of a transformation mapping type that transforms the
data value of a property (unit transformation) using SWRL syntax. In this example,
the property ‘MTS_Handover_Failure_Rate’ value of the instance in ‘Femto’ class
will be assigned by the transformation of values of the ‘hasNPMData’ instance
properties ‘VS_HHO_AttBsrUmtsIntraFreq’ and ‘VS_HHO_SuccBsrUmtslntraFreq’
by the arithmetic operation ((1 subtract by (‘VS_HHO_SuccBsrUmtsintraFreq’ value
divide by ‘VS_HHO_AttBsrUmtsintraFreq’ value)) multiply by 100).

<swrl:Imp>

<swrl:body>

<swrl:AtomList><rdf:first><swrl:ClassAtom><swrl:classPredicate rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#Femto”/><swrl:argumentl rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#x”’/></swrl:ClassAtom></rdf:first><rdf:rest><swrl: AtomL
ist><rdf:rest><swrl: AtomList><rdf:first><swrl:DatavaluedPropertyAtom><swrl:propertyPredicate
rdf:resource="http://www.owl-

ontologies.com/Ontology1304066878.owl#VS HHO_AttBsrUmtsIntraFreq”/><swrl:argumentl
rdf:resource=“http://www.owl-ontologies.com/Ontology1304066878.owl#pm1”/><swrl:argument2
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#v0”/></swrl:DatavaluedPropertyAtom></rdf:first><rdf:res
t><swrl: AtomList><rdf:rest><swrl: AtomList><rdf:first>

<swrl:BuiltinAtom><swrl:builtin rdf:resource=“&swrlb;divide”/>

<swrl:arguments rdf:parseType=“Collection”><rdf:Description rdf.about=*http://www.owl-
ontologies.com/Ontology1304066878.owl#div1”/><rdf:Description rdf:about="http://mww.owl-
ontologies.com/Ontology1304066878.owl#v1”/><rdf:Description rdf:about="http://mww.owl-
ontologies.com/Ontology1304066878.owl#v0”/></swrl:arguments></swrl:Builtin Atom></rdf:first><
rdf:rest><swrl: AtomList><rdf:first>

<swrl:BuiltinAtom><swrl:builtin rdf:resource=“&swrlb;multiply”/>
<swrl:arguments><rdf:Description><rdf:type rdf:resource=“&rdf;List”/><rdf:first
rdf:resource=“http://www.owl-

ontologies.com/Ontology1304066878.owl#ans”/><rdf.rest><rdf: Description><rdf:type
rdf:resource=“&rdf;List”/><rdf:first rdf:datatype=“&xsd;long”>100</rdf:first><rdf:rest
rdf:parseType=“Collection”><rdf:Description rdf:about="http://www.owl-
ontologies.com/Ontology1304066878.owl#subl”/></rdf.rest></rdf:Description></rdf:rest></rdf:Desc
ription></swrl:arguments></swrl:BuiltinAtom></rdf:first><rdf:rest><swrl: AtomList><rdf:rest
rdf:resource="“&rdf;nil”/><rdf:first>

<swrl:BuiltinAtom><swrl:builtin rdf:resource="“&swrlb;subtract”/>
<swrl:arguments><rdf:Description><rdf:type rdf:resource=“&rdf;List”/><rdf:first
rdf:resource=“http://www.owl-

ontologies.com/Ontology1304066878.owl#subl”/><rdf:rest><rdf: Description><rdf:type
rdf:resource=“&rdf;List”/><rdf:first rdf:datatype=“&xsd;long”>1</rdf:first><rdf:rest
rdf:parseType=“Collection”><rdf:Description rdf:about="http://www.owl-
ontologies.com/Ontology1304066878.owl#div1”/></rdf:rest></rdf:Description></rdf:rest></rdf:Desc
ription></swrl:arguments></swrl:BuiltinAtom></rdf:first></swrl: AtomList>

</rdf:rest></swrl: AtomList>

</rdf:rest></swrl: AtomList>
</rdf:rest><rdf:first><swrl:DatavaluedPropertyAtom><swrl:propertyPredicate
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#VS_HHO_SuccBsrUmtsintraFreq”/><swrl:argumentl
rdf:resource="http://www.owl-ontologies.com/Ontology1304066878.owl#pm1”/><swrl:argument2
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#v1”/></swrl:DatavaluedPropertyAtom></rdf:first></swrl:
AtomL.ist>
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</rdf:rest></swrl: AtomList>
</rdf:rest><rdf:first><swrl:IndividualPropertyAtom><swrl:propertyPredicate
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#hasNPMData”/><swrl:argument2
rdf:resource="http://www.owl-ontologies.com/Ontology1304066878.owl#pm1”/><swrl:argumentl
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#x”’/></swrl:IndividualPropertyAtom></rdf:first></swrl: At
omList>

</rdf:rest></swrl: AtomList>

</swrl:body>

<swrl:head>

<swrl:AtomList><rdf:rest
rdf:resource="“&rdf;nil”/><rdf:first><swrl:DatavaluedPropertyAtom><swrl:propertyPredicate
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#MTS_Handover_Failure_Rate”/><swrl:argument2
rdf:resource="http://www.owl-ontologies.com/Ontology1304066878.owl#ans”/><swrl:argumentl
rdf:resource="http://www.owl-
ontologies.com/Ontology1304066878.owl#x”’/></swrl:DatavaluedPropertyAtom></rdf:first></swrl: A
tomList>

</swrl:head>

</swrl:Imp>

Figure 2-21 SWRL syntax example for transformation mapping type

243 SPARQL

SPARQL Protocol and RDF Query Language (SPARQL) [SPARQL 2008] is a query
language for RDF [RDF Concepts], which is a directed and labelled graph data
format for representing information. SPARQL can transform semantic data at query
time using a CONSTRUCT statement that can generate the desired RDF graph based
on the results of the query. This syntax supports conditional and transformation
mapping types that may require expressing data range constraints or data value
transformations (arithmetic operation). However, this syntax requires ontological
knowledge such as RDF statements to generate a query and specific query writing
skills including built-in functions [SPARQL 2008]. Fig. 2-22 shows an example of a
conditional mapping type that has a constraint on the value of a datatype property
(data range) using SPARQL syntax. In this example, ‘Femto’ class instances that
have the property ‘MTS_Handover_Failure_Rate’ and
‘UMTS_Handover_Failure_Rate’ values within the comparison operation (40 <=
‘UMTS_Handover_Failure_Rate’ <= 60 and 40 <= ‘MTS_Handover_Failure_Rate’

<= 60) are the instances of ‘MediumHandoverFemto’ class.
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CONSTRUCT { $femto a :MediumHandoverFemto . }
WHERE {
$femto :MTS Handover Failure Rate  $v2;
:UMTS _Handover_Failure_Rate $v1.
FILTER (40 <=$vl && vl <= 60 && 40 <= $v2 && $v2 <= 60 )

}

Figure 2-22 SPARQL syntax example for conditional mapping type

Fig. 2-23 shows an example of a transformation mapping type that transforms the
data value of a property (unit transformation) using SPARQL syntax. In this example,
the ‘Femto’ instance will have the property ‘MTS_Handover_Failure_Rate’ value
that is the transformation result of the values of ‘hasNPMData’ instance properties
‘VS_HHO_AttBsrUmtsiIntraFreq’ and ‘VS_HHO_SuccBsrUmtsintraFreq’ by the
arithmetic  operation ((1 - (‘VS_HHO_SuccBsrUmtsIntraFreq® value /
‘VS_HHO_AttBsrUmtsintraFreq’ value)) * 100).

CONSTRUCT { $femto :MTS_Handover_Failure_Rate $kpi . }
WHERE {

$femto a :Femto ;

:hasNPMData ~ $npm .

$npm  :VS_HHO_AttBsrUmtsintraFreq $v0.

$npm  :VS_HHO_SuccBsrUmtsintraFreq $v1.

BIND ( (1 - ($v1/$v0)) * 100 as $kpi )
}

Figure 2-23 SPARQL syntax example for transformation mapping type

2.5 Summary Tables

This section summarizes each discussed mapping syntax’s capability to support
mapping types and their relative usability to generate mapping relationships in the
first place by human perspective in the opinion of the author of this thesis as shown
in table 2-2 and table 2-3.
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Table 2-2 Summary table of the supported mapping types for concrete and abstract mapping

syntaxes

Supported Mapping Types

Concrete Syntax

E. Type S. Type C. Type T. Type U. Type l. Type
OWL2 X X X X X
SWRL X X X X X X
SPARQL X X X X X X
Abstract Syntax Supported Mapping Types

E. Type S. Type C. Type T. Type U. Type I. Type
Alignment Format X X
EDOAL X X X X X X
C-OwWL X X
SSE X X X X X X
SOWRL X X X X X X
RIF X X X X X X
UML/ODM X X X X
UML/OCL X X X X X X

E. Type: Equivalent mapping type
S. Type: Subsumption mapping type

C. Type: Conditional mapping type
T. Type: Transformation mapping type
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Table 2-3 Summary table of the usability and type of expression for concrete and abstract

mapping syntaxes

Concrete Syntax

Usability

Type of Expression

OWL2

SWRL

SPARQL

Difficult to Generate,
Very Difficult to Update

Difficult to Generate,
Difficult to Update

Difficult to Generate,
Easy to Update

Structured and Text-based Expression

Structured and Text-based Expression

Structured and Text-based Expression

Abstract Syntax

Usability

Type of Expression

Alignment Format
EDOAL

C-OWL

SSE

SQWRL

RIF

UML/ODM

UML/OCL

Very Easy to Generate,
Very Easy to Update

Difficult to Generate,
Difficult to Update

Very Easy to Generate,
Very Easy to Update

Very Difficult to Generate,
Easy to Update

Easy to Generate,
Difficult to Update

Difficult to Generate,
Easy to Update

Very Easy to Generate,
Easy to Update

Difficult to Generate,
Easy to Update

Structured and Text-based Expression

Structured and Text-based Expression

Structured and Text-based Expression

Structured and Text-based Expression

Enumerated and Text-based Expression

Structured and Text-based Expression

Graphic-based Expression

Graphic and Text (Structured) based
Expression

Usability: Indication of how difficult to generatein the first place and to update (manipulate) by human perspective
- Level: Very Easy, Easy, Difficult, Very Difficult

Type of Expression: The expression is classified into four types.

1. Enumerated: Expressing relationship in line formation

2. Structured: Expressing relationship in structure formation

3. Text-based Expression: If the expression is represented based on text

4. Graphic-based Expression: If the expression is represented graphically such as diagram

Table 2-3 shows the summary of usability and the type of expression for each

discussed mapping syntax. The expression of the mapping relationships of each

syntax can be classified into two categories, and this affects the usability of how

difficult to generate and to manipulate. One category is enumerated type expression.

This means mapping relationships are expressed in line formation such as SQWRL.

This form of expression is syntactically simple to generate as the author can create

the mapping relationships just by listing them. However, this form may not be easy

to manipulate. For example, the discovery of the mapping relationships and the
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modification of the mapped entities are not quite obvious because the result of each
consequent of the rules is not explicit in this expression.

The other category is structured type expression. This means mapping relationships
are expressed in structured formation such as RIF. They are relatively more difficult
to generate in the first place by human perspective than enumerated expression
because this expression separates each rule or mapped entity with order. However,
the discovery of the mapping relationships and the modification of the mapped
entities are quite obvious because the result of each consequent of the rules is
explicitly grouped in a structured form.

Fig. 2-24 shows the contrast between enumerated type expression (SQWRL syntax)
and structured type expression (RIF syntax). For example, an arithmetic operation
‘add’, that uses SWRL math built-ins, in SQWRL is described with other properties
in a line, and there is ambiguity of the operation process and the usage of the
parameters (?vl, ?v2, ?v3). In RIF, the same arithmetic operation ‘func:add’, that
uses RIF functional built-ins, is described in a structured form with the
discrimination between the result (?v3) of the operation and the parameters

(?v1, ?v2), and this facilitates the introspection for the manipulation.
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SQWRL: Enumerated Expression (Expressing relationship in line formation)
Femto(?x), MTS Handover Failure Rate(?x, ?vl), UMTS Handover Failure Rate(?x, ?v2),
add(?v3, ?v1, ?v2), devide(?value, ?v3, "100""long) — Handover Failure Gauge(?x, ?
value)

RIF: Structured Expression (Expressing relationship in structure formation)
Document (

Prefix ( floc <http://sample.org/ontology/test/femto#=> )

Group (

Forall ?Femto ?Handover Failure Gauge ?MTS Handover Failure Rate 2UMTS Handover
_Failure Rate (
ftoc:Handover Failure Gauge( ?Femto ?value ) :-
And (
fioc:Femto( ?femto )
ftoc:MTS Handover Failure Rate( ?femto ?v1)
ftoc:UMTS Handover Failure Rate( ?femto ?v2 )
?v3 = External( func:add(?v1l ?v2))
?value = External( func:devide(?v3 100))

D)

Figure 2-24 Enumerated and structured type expression

In the case of usability, Alignment Format, C-OWL and UML have been observed as
the most suitable representations. However, part of their (excluding UML) simplicity
is derived from their lack of capacity to support certain mapping types. SQWRL uses
an enumerated type expression and this makes SQWRL easy to generate in the first
place. However, it is difficult to manipulate the mapping relationships using SQWRL,
e.g. the discovery of the mapping relationships and the modification of the mapped
entities are not obvious because the result of each rule is not explicit in this
expression. In the case of SSE and RIF, they both use a structured expression.
Consequently, they are more difficult to generate than SQWRL. However, the source
for the manipulation is easier. For example, the discovery of the mapping
relationships and the modification of the mapped entities are quite obvious in a
structured form. If generating this expression type of syntax can be automated by a

tool, then it is more suitable than a syntax that uses an enumerated type expression.

Generally, text-based expression is less preferred than graphic-based expression for a
novice user who does not have enough knowledge on the specific technical
engineering skill to work on mappings. Graphic-based expression offers better

interaction to a novice user because a novice user can work with the graphical
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assistance. UML uses a graphic-based expression that is traditionally proven as a
better approach than a text-based approach. In addition, UML [UML 2011] is widely
used in many areas to model data structure, application structure, application
behaviour, and business processes in a standardized and easy-to-understand manner
[Kogut 2002]. It is the dominant language becoming the de facto standard for
describing system applications, and system engineers are familiar with UML
notations [Gasevic 2004]. It was thus decided in our research to use UML as the

means to allow a system engineer to express mappings in an abstract manner.

This chapter presented related research about ontology mapping categorization and
used their categorization of mapping types in the discussion of existing abstract and
concrete syntaxes for semantic mapping. Through the examination of each syntax,
this research summarized their capability to support the mapping types and their
relative usability to generate in the first place by human perspective. The next
chapter further discusses about mapping relationships in order to define the scope of
the mapping types that will be supported by a developed abstract mapping syntax.
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3 MOUSE Approach

This chapter describes three core mapping types derived from the industry use case,
and the development of a UML-based abstract mapping syntax that can represent
defined core mapping types.

3.1 The Core Mapping Types

This section describes three core mapping types: (1) Direct Mapping Type, (2) Data
Range Mapping Type and (3) Unit Transformation Mapping Type that need to be
captured correctly for the abstract syntax to be usable in a practical integration

situation.

3.1.1 Industry Use Case

SDAP® (Semantic Data Access) is a research program initiated by Alcatel-Lucent Bell
Labs Ireland [Boran 2011b]. This program constitutes several modules of industry
and PhD research that aim to create a semantic data access plane within the
telecommunications network. This access plane will facilitate the modelling of,
integration of, and reasoning of heterogeneous data sources and will support third-
party enterprises accessing data in a unified approach for lifting rough refined raw
semantic data to rich semantic data. Because parts of this study fit within this large
industrial research program inside Alcatel-Lucent Bell Labs Ireland, which provided
the semantic mapping representation to support the SDA, there was collaboration
with Bell Labs Ireland throughout this research; mainly supplying their industry use

case.

This industry use case was the result of the research [Boran 2011a] conducted by

Bell Labs Ireland about empirical analysis for network performance classification.

® The SDA program research area includes: semantic mapping representation by KDEG in TCD,
ontology development for sensor devices by CLARITY in UCD, data transformation from raw data
into RDF triples using XSPARQL by DERI in NUIG, optimizing the query on semantic data for the

integration in Oxford, performance evaluation of the instruments and deployment.
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The use case is about the classification of network performance by semantic up-lift
using real network ontology data collected from an Alcatel-Lucent femtocell [Small
Cell] test bed. The performance management (PM) data is periodically collected and
stored as an instance in raw-level ontology and then processed to generate key
performance indicators (KPI) from the calculation over the PM data. The
performance of the femtocell network is evaluated according to the KPIs - in total 19
rules were required to compute the set of 19 KPIs - and classified the femtocells into
15 performance-related classifications in femto-level ontology. APPENDIX A shows
femto-level (femtoclassifier.owl) ontology and raw-level (femtoinstances.owl)
ontology from the industry use case. In the appendix, all the ontology individuals are

removed because of the large volume.

This process requires semantic mappings to integrate a femtocell instance in raw-
level ontology to femto-level ontology. For example, a femtocell is classified as
‘HighHandoverFemto” in femto ontology if the generated KPI value of
‘BSR_cluster_to_ MTS _underlay_Intra_Frequency Hard_Handover_Failure_Rate’ is
higher or equal to 90. The KPI values are generated by processing the PM data
collected from the femtocell in the telecommunications network, i.e.
‘BSR_cluster_to_ MTS _underlay_Intra_Frequency Hard_Handover_Failure_Rate’ =
(2 - (‘“VS_HHO_SuccBsrUmtsIntraFreq’ value / “VS_HHO_AttBsrUmtsintraFreq’
value)) * 100).

From the industry use case, i.e. 1000 raw-level femto instances that were collected
from the femtocell test bed with the 15 minutes sampling interval, this research has
observed that the semantic mappings were performed only within the scope of the
ontology class or the datatype property (it is understandable considering the industry
use case is from telecommunications network performance data). All the semantic
data integrations for the mappings were tested both by the query-based integration
approach using SPARQL and the rule-based integration approach using SWRL for
the performance evaluation purpose. The semantic data integration using SPARQL
has been shown to demonstrate better performance in terms of integration process
speed. Table 3-1 shows the mapping between the identified semantic integration

situations and the defined three core mapping types.
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Table 3-1 Relationship between the semantic intergration situations and the core mapping

types
Integration situations Mapping relationships Mapping types
Integration of ontology class Equivalent or subsumption Direct mapping
instances into another ontology __ mappingrelationship __ type
class without any constraint - -
Integration of selected Conditional mapping Datarange
instances in one ontologyclass relationshipthat constraints mapping type
into another ontology classby  __ the value of property (data —
the range constraint of the ~ range) -
property value
Integration of ontology class Transformation mapping Unit
instances into another ontology relationship that transforms transformation
class with the value — the value of property (unit — Mmapping type
transformation of the instance ~ transformation) -

property

As shown in the table 3-1, these identified semantic integrations are (1) integration of
ontology class instances into another ontology class without any constraint, (2)
integration of selected instances in one ontology class into another ontology class by
the range constraint of the property value and (3) integration of ontology class
instances into another ontology class with the value transformation of the instance
property. Each of them requires a particular mapping relationship, which is
respectively: (1) equivalent or subsumption mapping relationship, (2) conditional
mapping relationship that constraints the value of property (data range) and (3)
transformation mapping relationship that transforms the value of property (unit
transformation). This research defines each identified mapping relationship as either
(1) direct mapping type, (2) data range mapping type or (3) unit transformation
mapping type. These mapping types had more priority than others because, they were
the only three semantic mapping types from the supplied industry use case in the
telecommunications network performance domain. To satisfy the needs of the
industry use case, a proposed abstract mapping syntax must express these core

mapping types in order to be usable in a practical integration situation.
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In addition, the core mapping types identified from the industry use case were also
observed in the state of the art section 2.1 ontology mapping categorization. Table 3-
2 shows the relationship between these core mapping types and the correspondence
patterns.

Table 3-2 Relationship between the generic mapping types and the core mapping types

Core Mapping Types Link Generic Patterns

Equivalent correspondence pattern

Direct Mapping Type
equivalentto | §ybsumption correspondence pattern

Conditional pattern

e.g. arestriction on the scope of a class based on:
C - The occurrence of a property

- The value of a property (Data Range)

- The type of a property

Data Range Mapping Type

subset of

Transformation pattern

C e.g. a transformation of a property value about:
- Datatype Conversion

- Unit Transformation

- Currency Conversion

Unit Transformation Mapping Type

subset of

void Union and intersection patterns

As shown in the table 3-2, (1) direct mapping type can be used for the semantic
integration that requires equivalent or subsumption mapping relationships; (2) data
range mapping type can be used for the semantic integration that requires conditional
mapping relationships that constrain the value of a property (data range); and (3) unit
transformation mapping type can be used for the semantic integration that requires
transformation mapping relationships that transform the value of a property (unit

transformation).

It was determined that these core mapping types would be required to be captured
correctly for the abstract syntax to be usable in a practical integration situation.
Therefore, the initial focus was placed on these three mapping types in order to
develop the SDI (Semantic Data Integration) tool to implement the proposed abstract
mapping syntax; allowing it to be used in experiments to evaluate the proposed
MOUSE approach.
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3.1.2 Core mapping type example

This section explains each core mapping type identified in the industry use case with
a logical example.

1) Direct Mapping Type

This mapping type represents a mapping relationship, i.e. a class is equivalent to
or subset of another class. This type has the integration property corresponding to
“Unite the source class individuals to the target class”. Fig. 3-1 shows a logical
example of this mapping type. As shown in the figure, Router class and Layer 3
Switch class are equivalent. So individuals in the Router class can be integrated
into the Layer 3 Switch class.

Router Network
OWLID1 subClassOf Device
. Network
- Layer 3 Switch .
OWL1D2 - subClassOf Device

Direct Mapping Type — Router Layer 3 Switch
equivalentClass

Figure 3-1 Logical example of the direct mapping type
2) Data Range Mapping Type

This mapping type represents a mapping relationship, i.e. a source ontology class
constrained by the data range of single or multiple ontology datatype properties
in the class and is equivalent to the target ontology class. This type has the
integration property corresponding to “Unite the source ontology class
individuals, which satisfy the data range constraint on single or multiple datatype
properties on the individuals, to the target ontology class”. Fig. 3-2 shows a
logical example of this mapping type. As shown in the figure, Femto class and

Medium Handover Femto class are equivalent only if the data range constraint on



the Handover Failure Rate property is satisfied. Only individuals in the Femto
class that satisfy this condition can be integrated into the Medium Handover

Femto class.
OWLID1 — Femto >{ value
Handover Failure Rate
Medium Handover
OWLID2 — Femt I> Femto
i subClassOf

4 Femto has Handove r\

Failure Rate value in

the data-range,

Handover Bigger than - <0
Failure Rate -

Data Range Mapping Type —
m Less than

equivalentClass

Constraint

)

o

Medium Handover

Femto

Figure 3-2 Logical example of the data range mapping type
3) Unit Transformation Mapping Type

This mapping type represents a mapping relationship, i.e. a source ontology class
constrained by the arithmetic transformation of one or more ontology datatype
properties in the class and is equivalent to the target ontology class. This type has
the integration property corresponding to “Unite the source ontology class
individuals to the target ontology class with the new assigned data value in the
constrained datatype property by the arithmetic transformation of single or
multiple datatype properties of the source ontology class”. Fig. 3-3 shows a
logical example of this mapping type. As shown in the figure, the Byte property
can be equivalent to the Bit property only if there is an arithmetic transformation

on the value of the Byte property.
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OWLID1 —

OWLID2 —

Unit Transformation Mapping Type -

==}
=
©
A 4

Unit
subPropertyOf

Bit

v

valuel

:

Multiply by 8
4

@

Bit

Figure 3-3 Logical example of the unit transformation type

Unit
subPropertyOf

Constraint

equivalentProperty

This section explained the industry semantic integration situation within the

telecommunications domain and defined the core mapping types (direct mapping

type, data range mapping type and unit transformation mapping type) from the

industry use case. These core mapping types are required to be captured correctly for

the abstract syntax to be usable in a practical integration situation. The following

section describes the development of a UML-based abstract mapping syntax that

supports the core mapping types.
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3.2 UML Notations Development

This section describes the development of a UML-based abstract mapping syntax
that can represent the core mapping types. From the related research, UML/ODM
supports expressing ontological terms using UML notations and UML/OCL supports
more precise mappings by describing rules between UML notations. This research
had initially developed a UML-based abstract mapping syntax that combines ODM
and OCL standards because using the existing standards can reduce the learning
curve of a new syntax and comply with the tools that already support them. ODM
has limitations in describing some of the core mapping types (data range mapping
type and unit transformation mapping). This research tried to cope with these
deficiencies in expressing mapping relationships by using the OCL standard with
ODM notations. This research conducted the experiment on this ODM and OCL
combined abstract mapping syntax with experts. Fig. 3-4 and Fig. 3-5 show this
initially developed UML-based abstract mapping syntax for different ontology
mapping types: data range mapping type and unit transformation mapping type. As
shown in the figures, ODM represents ontology vocabularies using stereotyped UML
notations, and OCL is used to fill the mapping expressiveness gap of ODM. Fig. 3-4
shows ODM and OCL combined abstract mapping syntax that describes an ontology
mapping in data range mapping type, i.e. ‘Femto’ is equivalent to
‘MediumHandoverFemto’  with  the data range constraint (50 <

‘handoverFailureRate’ < 90).
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[ 1

<<rdfDocument>> [ xmlBase =
"http://sample/
ontl" } SampleOnt1

<<gguivalentClass>> DataRangeMapping
1

zrdfstiass
| MediumHandoverfFemto | -
<<rdfDocument>> { xmlBase =
"http://sample/
ont2" } SampleOnt2

{
-- DataRangeMapping
CONTEXT <<rdfDocument>>SampleOntl::<<rdfsClass>>Femto INV:
<<rdfDocument>>SampleOntl::<<rdfsClass>>Femto.allinstances() ->
FORALL( blankNode

| ( blankNode.handoverFailureRate < 90) AND (blankNode.handoverFailureRate >50)
IMPLIES
blankNode.ocllsKindOf{ <<rdfDocument>>SampleOnt2::<<rdfsClass>>MediumHandoverFemto ) )
}

Figure 3-4 ODM and OCL combined abstract mapping syntax for conditional mapping
type

Fig. 3-5 shows an ODM and OCL combined abstract mapping syntax that describes
an ontology mapping in unit transformation mapping type, i.e. the value of
‘FailureGauge’ is equivalent to the result value of arithmetic operation
(‘FailureRatel’ + ‘FailureRate2”).
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1

<<rdfDocument>> { xmlBase =
"http://sample/
ont1" } SampleOnt1

=t

datalyperroperty datatyperroperty
FailureRatel FailureRate2

<<equivalentProperty=> UnitfTransformationMapping

datatyperToperty=> |

FailureGauge

<<rdfDocument>> { xmlBase =
"http://sample/
ont2" } SampleOnt2

{

-- UnitTransformationMapping
CONTEXT <<rdfDocument>>SampleOnt2::<<rdfsClass>>FailureGauge INV:
<<rdfDocument=>>SampleOnt2::<<rdfsClass>>FailureGauge.allinstances() ->
FORALL( blankNodel
, blankNode2 : <<rdfDocument>>SampleOnt1::<<rdfsClass>>FailureRatel
, blankNode3 : <<rdfDocument>>SampleOntl::<<rdfsClass>> FailureRate2
| blankNodel.oclisTypeOf{ Integer ) AND blankNode2.oclisTypeOf( Integer ) AND
blankNode3.ocllsTypeOf( Integer )
IMPLIES
blankNodel = blankNode2 + blankNode3 )
}

Figure 3-5 ODM and OCL combined abstract mapping syntax for transformation mapping

type

An initial experiment was conducted to evaluate the accuracy of the ODM and OCL
combined abstract mapping syntax. From the experiment, the usability of this
initially proposed abstract mapping syntax was shown to be unsatisfactory through
the feedback of the experiment on the tool that implements this proposed mapping
syntax. For example, participant ID2 commented: “Overall it is very difficult to write
the OCL constraint for data range mappings. It seems that this tool cannot parse the
constraint with multiple datatype properties. This tool can parse AND relationship
well but it cannot parse the OR operator in the constraint”. APPENDIX E shows an

OWL view of the initial experiment ontologies using the Protégé tool [Protégé
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Project]. The tool source code and initial experiment results from each participant are
available on the accompanying DVD for this thesis, see APPENDIX L.

It was discovered that the ODM and OCL combined abstract mapping syntax needed
to be more abstract to be usable by non-ontology experts because the ODM standard
uses customized stereotypes in UML to define terms in ontology. Unfortunately, the
user of the combined notation must be a knowledge engineer who understands
ontologies in the first place to use these customized stereotypes for ontology
vocabularies. The syntax had to be more abstract to be usable by system engineers.
This research further developed a more abstract UML-based mapping syntax without
using stereotypes for ontology vocabularies and even without a deep understanding
of UML constraint language such as OCL than the initially developed UML-based
abstract mapping syntax.

The following sections describe the detailed specification of the more abstract UML-
based mapping syntax that uses UML notations without stereotypes for ontology
vocabularies and UML constraint expressions, which are the syntactic sugar to
facilitate the use of OCL constraints. UML constraint expression is a user-defined
expression using usual programming arithmetic and logical expressions [Banahan
1991] in UML constraint notation using the UML 2.0 standard [UML 2.0] to express
more precise semantic mappings. This more abstract syntax should improve the

usability for system engineers.

3.3 UML Notations for Ontology Elements

3.3.1 Ontology Document

Semantic mapping requires one or more ontology documents that describe
vocabularies [OWL Overview] of a specific domain. This ontology document

notation distinguishes the ownership of the ontology elements.

UML Notation
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e Package::ownedMember classifier - represents an ontology document and a
vocabulary that is described in the document.

e First part of the classifier separated by a double colon (::’) - represents the
name of the ontology document.

Graphical Representation

Package::ownedMember classifier in the name field of UML::Class and
UML.::Association is used to represent an ontology document. Fig. 3-6 shows the
UML notations that represent ‘Device’, ‘Cable’, and ‘hasinterface’ ontology
vocabularies, which are described in ‘Network’ ontology document.

Network :: Device Network - hasinterface Network :: Cable

Figure 3-6 UML notation example for ontology document

3.3.2 Ontology Class

Ontology class defines a group of individuals that belong together because they share
some properties [OWL Overview]. For example, ‘femtocelll’ and ‘femtocell2’ are
both members of the class ‘Femto’. Ontology vocabularies can be aligned into a
collection of triples, i.e. RDF statement [RDF Concepts], each consisting of a subject,
a predicate and an object. An ontology class can be a subject or an object in the

statement.
UML Notation
e UML.::Class - represents an ontology class.

e Second part of the classifier in the name field of UML.::Class separated by a

double colon (“::”) - represents the name of the ontology class.

Graphical Representation
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UML.::Class is used to represent an ontology class. Fig. 3-7 shows the UML notation
that represents the ontology class ‘Femto’.

Telecom :: Femto

Figure 3-7 UML notation example for ontology class

Fig. 3-8 shows the UML notations which each notation corresponds to each node in
RDF statement, i.e. Subject (Femto) - Predicate (hasNPM) - Object (NPM).

Telecom :: Femto Telecom - hasNPM Telecom :: NPM

Figure 3-8 UML notation example for RDF statement

3.3.3 Ontology Individual

An individual is an instance of a class, and properties may be used to relate one
individual to another [OWL Overview]. For example, an individual named
‘femtocelll” may be described as an instance of the class ‘Femto’ and the property
‘hasNPM’ may be used to relate the individual ‘femtocelll’ to the individual
‘networkdatal’. An ontology individual can be a subject or an object in a RDF

statement.
UML Notation
e UML.::InstanceSpecification - represents an ontology individual.

e First part of the classifier in the name field of UML.::InstanceSpecification

separated by a colon (°:’) - represents the name of the individual.

e Second part of the classifier in the name field of UML.::InstanceSpecification

separated by a colon (“:”) - represents the ontology document and class name
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of the individual that has this class extension. The individuals in the class
extension are called the instances of the class.

Graphical Representation

UML.::InstanceSpecification is used to represent an ontology individual. Fig. 3-9
shows the UML notation that represents the ontology individual ‘femtocelll’ of the
ontology class ‘Femto’.

femtocell1 : Telecom :: Femto

Figure 3-9 UML notation example for ontology individual

Fig. 3-10 shows the UML notations which each notation corresponds to each node in
a RDF statement, i.e. Subject (femtocelll) - Predicate (hasNPM) - Object
(networkdatal).

femtocell1 : Telecom :: Femto networkdata1 : Telecom :: Femto

Telecom :: hasNPM

Figure 3-10 UML notation example for RDF statement

3.3.4 Ontology Object Property

Ontology object property can be used to state relationships between instances of two
classes [OWL Guide]. For example, the object property ‘hasinterface’ can be used to
relate an instance of the class ‘Device’ to an instance of the class ‘Cable’. An
ontology object property can be a predicate in a RDF statement, and there should be

classes or individuals as a subject and an object.
UML Notation

e UML::Association - represents an ontology object property. The property

links from a subject to an object with unidirectional navigation.
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e Second part of the classifier in the name field of UML.::Association separated

by a double colon (*::*) - represents the name of the ontology object property.
Graphical Representation

UML.::Association is used to represent an ontology object property. Fig. 3-11 shows
the UML notation that represents the ontology object property ‘hasinterface’.

Network :: hasInterface

Figure 3-11 UML notation example for ontology object property

Fig. 3-12 shows the UML notations which each notation corresponds to each node in
a RDF statement, i.e. Subject (routerl) - Predicate (hasinterface) - Object (rj45).

router1 : Network :: Device Network - hasinterface rj45 . Network :: Cable

Figure 3-12 UML notation example for RDF statement

3.3.5 Ontology Datatype Property

Ontology datatype property can be used to state relationships between instances of
classes and RDF literals and XML schema data types [ XML Datatype][OWL Guide].
For example, the datatype property ‘successRate’ can be used to relate an instance of
the class ‘Femto’ to a value of the data type ‘double’. An ontology datatype property
can be a predicate in RDF statement, and there should be a RDF literal or XML

Schema data type as an object.
UML Notation
e UML.::Property - represents an ontology datatype property.

e Second part of the classifier in the property name separated by a double colon

(“:2”) - represents the name of the ontology datatype property.

e Property type - represents the data type of the ontology datatype property.
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Graphical Representation

UML.::Property is used to represent an ontology datatype property. Fig. 3-13 shows
the UML notation that represents the ontology datatype property ‘successRate’.

Telecom :: Femto

+ Telecom :: successRate

Figure 3-13 UML notation example for ontology datatype property

Fig. 3-14 shows the UML notation which each element: Instance name, Property
name and Property value, corresponds to each node in a RDF statement, i.e. Subject
(femtocelll) - Predicate (successRate) - Value (90.0)

femtocell1 : Telecom :: Femto

Telecom :: successRate : Double = 90.0

Figure 3-14 UML notation example for RDF statement

3.4 UML Notations for Semantic Mappings

UML notations for ontology elements use the standard way of naming UML
notations [UML 2.0]. For semantic mappings, this research uses <<Unite>>
stereotyped UML::AssociationClass to represent the semantic mapping that
integrates class instances. UML.::AssociationClass can be used in a UML diagram
without the encoded meaning of a semantic mapping. To distinguish
UML.::AssociationClass that encodes the meaning of semantic mapping from the
general use of UML::AssociationClass, <<Unite>> stereotype is used with the
classifier: DirectMapping, DataRangeMapping, and UnitTransformationMapping. A
numeric identification label is used following each mapping type classifier in order
to track the sequence of semantic mappings for the semantic data integration. For

example, semantic mapping <<Unite>> DataRangeMapping 3 will be executed after
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<<Unite>> UnitTransformationMapping 2. In case the same sequence number

appears, the order of mapping executions is dependent on the implementation.

3.4.1 Direct Mapping Type

This mapping type represents a mapping relationship, i.e. a class is equivalent to or
subset of another class. This type has the integration property corresponding to
“Unite the source class individuals to the target class”.

UML Notation

e <<Unite>> with base class of UML::AssociationClass - represents the
semantic mapping to integrate between two associated classes with

unidirectional navigation.

e ‘DirectMapping’ label with numeric identification in the postfix in the name
field of <<Unite>> stereotyped UML::AssociationClass - represents that the
mapping is a direct mapping type.

Graphical Representation

<<Unite>> stereotyped UML.::AssociationClass is used to represent a direct mapping
type. Fig. 3-15 shows the UML notations that represent the integration property

corresponding to “Unite the Layer3Switch class individuals to the Router class”.

Telecom?2 :: Layer3Switch

<<Unite>> DirectMappingl

Telecom1 :: Router

Figure 3-15 UML notation example for direct mapping type
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3.4.2 Data Range Mapping Type

This mapping type represents a mapping relationship, i.e. a source ontology class,
which is constrained by the data range of single or multiple ontology datatype
properties in the class and is equivalent to the target ontology class. This type has the
integration property corresponding to “Unite the source ontology class individuals,
which satisfy the data range constraint on single or multiple datatype properties on
the individuals, to the target ontology class”.

UML Notation

e <<Unite>> with base class of UML::AssociationClass - represents the
semantic mapping to integrate between two associated classes with

unidirectional navigation.

o ‘DataRangeMapping’ label with numeric identification in the postfix in the
name field of <<Unite>> stereotyped UML.::AssociationClass - represents
that the mapping is a data range mapping type.

e UML::Constraint at the end of the UML.::Property entry which has the
property name ‘constraint’ - represents the specification of this mapping

relationship.

Note: UML constraint expression is used in the constraint following the property
‘constraint’. <<Unite>> stereotyped association class can only have the ‘constraint’

named property followed by the constraint.
UML constraint expression

Fig. 3-16 shows the BNF (Backus Normal Form) style syntax expression for the

UML constraint expression in data range mapping type.
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Var ;= Classifier

Operator = "=="| "<="| <" | <=7 | =7 =2

Atomic = ( Var Operator Constant )

Formula = Atomic | Atomic ( ‘AND’| ‘OR’ ) Formula *

For example: Var1 =90 AND Var2 =90 OR Var3d < 10

Figure 3-16 BNF style syntax expression for data range mapping

e Comparison operation - represents a mapping relationship that the individuals
of the source ontology class can be united to the target ontology class, only if
the comparison operation is satisfied.

e Comparison operator between a property classifier and a data value - can be
equal (‘=="), not equal (‘<>’), less than (‘<’), less than or equal (‘<=),
greater than (“>”), or greater than or equal (‘>=").

e AND or OR operator between sets of a comparison operation - represents the
Boolean logic. For example, in the case of ‘AND’, both comparison
operations need to be satisfied, and in the case of ‘OR’, at least one of the

comparison operation needs to be satisfied.
Graphical Representation

<<Unite>> stereotyped UML.::AssociationClass with UML::Constraint in
UML.::Property is used to represent a data range mapping type. Fig. 3-17 shows the
UML notations that represent the integration property corresponding to “Unite the
Femto class individuals that satisfies the constraint of comparison operation with the

successRatel datatype property, to the HighHandoverFemto class”.
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Telecom1 :: Femto

+ Telecom:; successRate1: Double

<<Unite>> DataRangeMappingl

——————————————— + Constraint { Telecom? :: successRate1>90}

Telecom2 :: HighHandoverFemto

Figure 3-17 UML notation example for data range mapping type with single ontology

datatype property in constraint

Fig. 3-18 shows the UML notations that represent an integration property
corresponding to “Unite the Femto class individuals that satisfies the constraint of
comparison operations with the successRatel and successRate2 datatype properties,

to the HighHandoverFemto class”.

Telecom1 :: Femto

+ Telecom:: successRate1: Double
+ Telecom:: successRate2: Double

<<Unite>> DataRangeMapping2

——————————————— + Constraint { Telecom1 :: successRate1> 90 AND Telecom1:: successRate2>80}

Telecom?2 :: HighHandoverFemto

Figure 3-18 UML notation example for data range mapping type with multiple ontology
datatype properties in constraint

UML notations and the constraint expression shown in Fig. 3-17 and Fig. 3-18 can
be corresponded to the OCL constraint language. Table 3-3 shows how a UML
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constraint expression can be translated to the OCL syntax, and Fig. 3-19 shows the
OCL syntax result translated from the UML constraint expression used in Fig. 3-17.

Table 3-3 Correspondence between UML constraint expression and OCL syntax for data
range mapping type

UML constraint expression OCL Syntax Comment
‘Constraint’ UML::Property used in CONTEXT <<Unite>> DataRangeMapping | Specifying the UML context
<<Unite>> stereotyped INV:

UML::AssociationClass with the name
‘DataRangeMapping’

The constraintis scoped for all the Telecom1::Femto.allinstances() -> Indicating the scope of the
Telecom1::Femto classinstances at the FORALL constraint to apply
association from

Telecom1::successRatel > 90 blankNode | The comparison operation
( blankNode.Telecom1::successRatel > 90 )

Unite the instances that satisfy the IMPLIES Indicating the target class
constraintto the blankNode.ocllsKindOf( Telecom2::HighH
Telecom2::HighHandoverFemto class at andoverFemto )

the associationto

{

CONTEXT <<Unite>> DataRangeMapping INV:
Telecom1::Femto .alllnstances{) -> FORALL
(
blankNode | (blankNode. Telecom1::successRate1 > 90 )
IMPLIES
blankNode.ocllsKindOf{  Telecom2::HighHandoverFemto )
)
}

Figure 3-19 OCL syntax translated from UML constraint expression for data range mapping

type

Table 3-4 shows how a UML constraint expression can be translated to the OCL
syntax, and Fig. 3-20 shows the OCL syntax result translated from the UML

constraint expression used in Fig. 3-18.
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Table 3-4 Correspondence between UML constraint expression and OCL syntax for data
range mapping type

UML constraint expression OCL Syntax Comment
‘Constraint’ UML::Property used in CONTEXT <<Unite>> DataRangeMapping | Specifying the UML context
<<Unite>> stereotyped INV:

UML::AssociationClass with the name
‘DataRangeMapping’

The constraintis scoped for all the Telecom1::Femto.allinstances() -> Indicating the scope of the
Telecom1::Femto classinstances at the FORALL constraint to apply
association from

Telecom1::successRatel > 90 AND blankNode | The comparison operation
Telecom1::successRate2 > 80 ( blankNode.Telecom1::successRatel > 90 )
AND

( blankNode.Telecom1::successRate2 > 80 )

Unite the instances that satisfy the IMPLIES Indicating the target class
constraintto the blankNode.ocllsKindOf( Telecom2::HighH
Telecom2::HighHandoverFemto class at andoverFemto )

the associationto

{
CONTEXT <<Unite=> DataRangeMapping INV:

Telecom1:-Femto .allinstances() -> FORALL
(
blankNode | ( blankNode. Telecom1::successRate1 > 90 ) AND ( blankNode. Telecom1::successRate2 > 80 )
IMPLIES
blankNode.ocllsKindOf(  Telecom2::HighHandoverFemto )
)
}

Figure 3-20 OCL syntax translated from UML constraint expression for data range mapping

type

3.4.3 Unit Transformation Mapping Type

This mapping type represents a mapping relationship, i.e. a source ontology class,
which is constrained by the arithmetic transformation of one or more ontology
datatype properties in the class and is equivalent to the target ontology class. This
type has the integration property corresponding to “Unite the source ontology class

individuals to the target ontology class with the new assigned data value in the
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constrained datatype property by the arithmetic transformation of single or multiple
datatype properties of the source ontology class”.

UML Notation

e <<Unite>> with base class of UML::AssociationClass - represents the
semantic mapping to integrate between two associated classes with

unidirectional navigation.

e ‘UnitTransformationMapping’ label with numeric identification in the postfix
in the name field of <<Unite>> stereotyped UML::AssociationClass -

represents that the mapping is a unit transformation mapping type.

e UML::Constraint at the end of the UML::Property entry which has the

property name ‘constraint’ - represents the specification of this mapping
relationship.

Note: UML constraint expression is used in the constraint following the property
‘constraint’. <<Unite>> stereotyped association class can only have the ‘constraint’

named property followed by the constraint.
UML constraint expression

Fig. 3-21 shows the BNF (Backus Normal Form) style syntax expression for the

UML constraint expression in unit transformation mapping type.

Var = Classifier

Operator =+ || ™| T

Calc == Var| ( Var| Constant ) Operator Calc *
Formula = Var =" Calc

For example: Var3 =Var1 + Var2

Figure 3-21 BNF style syntax expression for unit transformation mapping

e Arithmetic equation - represents a mapping relationship in which the
individuals of the source ontology class can be united to the target ontology

class, only if the data value of the source ontology datatype property of the
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individual is transformed by the arithmetic equation and the result value is
assigned to the target ontology datatype property.

e A property classifier in the left side of an equals sign (‘=") of the arithmetic
equation - represents the target ontology datatype property that the data value
of the property will have the result value by the arithmetic operation in the
right side of the equation.

e Left side of an equals (‘=) sign in the arithmetic equation - can only be
placed by singe target ontology datatype property.

e Property classifiers in the arithmetic operation in the right side of an equals
sign (‘=") of the equation - represents the source ontology datatype properties
that the data values need to be transformed by the operation.

e Right side of an equals (‘=) sign in the arithmetic equation - can have
combinations of numeric and source ontology datatype properties with add

(‘“+7), subtraction (*-*), multiply (‘**), and divide (‘/’) operation.
Graphical Representation

<<Unite>> stereotyped UML::AssociationClass with UML::Constraint in
UML.::Property is used to represent a unit transformation mapping type. Fig. 3-22
shows the UML notations that represent the integration property corresponding to
“Unite the Femto class individuals that have the FailureRate datatype property to the
Device class that has the FailureGauge datatype property with the new assigned data
value for the FailureGauge datatype property by the arithmetic operation of the

FailureRate datatype property of the Femto class individual”.
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Telecom1 :: Femto

+ Telecom1:: FailureRate : Double

<<Unite>> UnitTransformationMappingl

____________ + Constraint { Telecom?2 :: FailureGauge = Telecom? :: FailureRate * 100}

Telecom2 :: Device

+ Telecom2:: FailureGauge : Double

Figure 3-22 UML notation example for unit transformation mapping type with single

ontology datatype property operation in constraint

Fig. 3-23 shows the UML notations that represent an integration property
corresponding to “Unite the Femto class individuals that have the FailureRatel and
FailureRate2 datatype properties to the Device class that has the FailureGauge
datatype property with the new assigned data value for the FailureGauge datatype
property by the arithmetic operation of the FailureRatel and FailureRate2 datatype

properties of the Femto class individual”.

Telecom1 :: Femto

+ Telecom1 :: FailureRate1 : Double
+ Telecom:: FailureRate2 : Double

<<Unite>> UnitTransformationMapping2

———————— + Constraint { Telecom2 :: FailureGauge = Telecom1 :: FailureRate1 + Telecom1:: FailureRate2}

Telecom?2 :: Device

+ Telecom2:: FailureGauge : Double

Figure 3-23 UML notation example for unit transformation mapping type with multiple

ontology datatype properties operation in constraint
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UML notations and the constraint expression shown in Fig. 3-22 and Fig. 3-23 can
be corresponded to the OCL constraint language. Table 3-5 shows how a UML
constraint expression can be translated to the OCL syntax, and Fig. 3-24 shows the
OCL syntax result translated from the UML constraint expression used in Fig. 3-22.

Table 3-5 Correspondence between UML constraint expression and OCL syntax for unit

transformation mapping type

UML constraint expression OCL Syntax Comment
‘Constraint’ UML::Property used in CONTEXT <<Unite>> Specifying the UML context
<<Unite>> stereotyped UnitTransformationMapping INV:

UML::AssociationClass with the name
‘UnitTransformationMapping’

The constraintis scoped for all the Telecom1::Femto.allinstances() -» Indicating the scope of the
Telecom1::Femto classinstances at the FORALL constraint to apply
association from

Telecom2::FailureGauge = blankNode1, blankNode2 : The arithmetic operation
Telecom1::FailureRate * 100 Telecom2::Device

| blankNode2.FailureGauge =
blankNodel.FailureRate * 100

Unite the instances that satisfy the IMPLIES Indicating the target class
constraint to the Telecom?2::Device class at | blankNodel.ocllsKindOf( Telecom2::Devi
the association to ce )
{
CONTEXT  <<Unite=> UnitTransformationMapping INV:
Telecom1::Femto.allinstances() -> FORALL
(

blankNodel , blankNode2 : Telecom2::Device
| blankNode2.FailureGauge = blankNodel.FailureRate * 100
IMPLIES
blankNodel.oclisKindOf{ Telecom2::Device )
)
}

Figure 3-24 OCL syntax translated from UML constraint expression for unit transformation

mapping type

Table 3-6 shows how a UML constraint expression can be translated to the OCL
syntax, and Fig. 3-25 shows the OCL syntax result translated from the UML

constraint expression used in Fig. 3-23.
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Table 3-6 Correspondence between UML constraint expression and OCL syntax for unit
transformation mapping type

UML constraint expression OCL Syntax Comment
‘Constraint’ UML::Property used in CONTEXT <<Unite>> Specifying the UML context
<<Unite>> stereotyped UnitTransformationMapping INV:

UML::AssociationClass with the name
‘UnitTransformationMapping’

The constraintis scoped for all the Telecom1::Femto.allinstances() -» Indicating the scope of the
Telecom1::Femto classinstances at the FORALL constraint to apply
association from

Telecom2::FailureGauge = blankNode1, blankNode2 : The arithmetic operation
Telecom1::FailureRatel + Telecom?2::Device
Telecom1::FailureRate2 | blankNode2.FailureGauge =

blankNodel.FailureRatel +
blankNode1.FailureRate2

Unite the instances that satisfy the IMPLIES Indicating the target class
constraint to the Telecom?2::Device class at | blankNodel.ocllsKindOf( Telecom2::Devi
the associationto ce )
{
CONTEXT  <<Unite>> UnifTransformationiMapping INV:
Telecom1::Femto.alllnstances() -> FORALL
(

blankNodel , blankNode2 : Telecom2::Device
| blankNode2.FailureGauge = blankNodel.FailureRatel + blankNodel.FailureRate2
IMPLIES
blankNodel.ocllsKindOff Telecom2::Device )
)
}

Figure 3-25 OCL syntax translated from UML constraint expression for unit transformation

mapping type

3.5 A walked through example

This subsection describes the use of the proposed abstract mapping syntax explained
in previous sections. To generalize the use of the core mapping types (not limited to
the telecommunications domain), this research tried to apply these core mapping
types in another domain, and the conference domain was selected because this

domain is more generalized than the telecommunications domain (that normally
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requires deep understanding of the domain specific knowledge) and is generally
understandable by more people with a system engineering background.

Fig. 3-26 shows two conference ontologies turned into UML notations, e.g.
“SourceOnt|Article” class with ‘hasSize’ and ‘hasScore’ properties in the UML
model represents the ontology class ‘Article’ with datatype property ‘hasSize’ and
‘hasScore’ in SourceOnt ontology. This figure also shows how the conference UML
models can be mapped together using UML notations outlined earlier. In the figure,
there are examples of applications for the three core mapping types: direct mapping,
data range mapping and unit transformation mapping. For example, the
“DataRangeMapping2” association class with the constraint in property represents

the semantic mapping of data range mapping type.

Source Ontology Target Ontology

TargetOnt|PaperAbstracted
+hasMark

SourceOnt|Proceeding

+hasSize

TargetOnt|PaperAccepted
+hasFullPages TargetOnt|Paper
H
SourceOnt|Document SourceOnt| Article fasork +hasMark
<<Unite>>
+hasSize I<J— +hassize DataRangeMapping2
+hasScore -
+constraint { hasSize <=2} TargetOnt|PaperRejected
+hasFullPages
+hasMark
SourceOnt | Thing <<Unite>> TargetOnt| Thing
DirectMapping1
SourceOnt|Author
\ TargetOnt|Author
+hasRegisterFee +hasPhoneNumber
4}/ ? +hasMemberfee
SourceOnt|Person

+hasRegisterFee

TargetOnt|Member

+hasMemberfFee

<<Unite>>
UnitTransformationMapping3 TargetOnt|CoAuthor

SourceOnt|Attendee
+hasRegisterFee

+constraint { hasMemberFee =hasRegisterFee *1.2} | |+hasMemberFee

Figure 3-26 Example of the UML-based abstract mapping syntax

63



3.5.1 Direct Mapping

UML.::AssociationClass ‘<<Unite>> DirectMappingl’ will be executed first among
the three semantic mappings in the UML diagram. Author class (which has
hasMobileNumber and hasRegisterFee properties) in the source ontology and Author
class (which has hasPhoneNumber and hasMemberFee properties) in the target
ontology are connected via a DirectMapping association class indicating that the
Author class in the source ontology is mapped to the other Author class in the target
ontology with the integration property corresponding to “Unite the source class
(Author) individuals to the target class (Author)”.

3.5.2 Data Range Mapping

UML.::AssociationClass ‘<<Unite>> DataRangeMapping2’ will be executed second
among the three semantic mappings in the UML diagram. Article class (which has
hasSize and hasScore properties) in the source ontology and PaperAbstracted class
(which has hasMark property) in the target ontology are connected via a
DataRangeMapping association class indicating that the Article class in the source
ontology is mapped to the PaperAbstracted class in the target ontology with the
integration property corresponding to “Unite the source ontology class (Article)
individuals, that satisfies the data range constraint (hasSize <= 2), to the target
ontology class (PaperAbstracted)”. This means that a paper with less than or equal to
2 pages in the Article class corresponds to an abstract paper in the PaperAbstracted

class.

3.5.3 Unit Transformation Mapping

UML.::AssociationClass ‘<<Unite>> UnitTransformationMapping3’ will be executed
third among the three semantic mappings in the UML diagram. Person class (which
has hasRegisterFee) in the source ontology and Member class (which has
hasMemberFee) in  the target ontology are connected via a
UnitTransformationMapping association class indicating that the Person class in the
ontology is mapped to the Member class in the target ontology with the integration
property corresponding to “Unite the source ontology class (Person) individuals to

the target ontology class (Member) with the new assigned data value (hasMemberFee
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= hasRegisterFee*1.2) for the datatype property (hasMemberFee) by the arithmetic
transformation of the datatype properties (hasRegisterFee)”. This means the
registration fee is multiplied by 1.2 (e.g. because of the currency difference) paid by
a person in the Person class corresponds to the amount of the member fee paid by a
person in the Member class.

3.5.4 Limitation

There is a limitation in the developed UML notations for semantic mappings. When
using the proposed UML notations, it is not possible to perform a sematic data
integration that requires both a unit transformation mapping and a data range
mapping without the use of a spare class. The spare class is an intermediate class to
facilitate the mapping. For example, if integration requires a data range mapping
after a unit transformation mapping, there must be an existence of a spare class that
will temporary save the result instances of the unit transformation mapping. The
spare class will allow these result instances to be integrated by the data range
mapping. This research does not offer a mapping type that combines a unit

transformation mapping and a data range mapping.

This chapter described the development of a UML-based abstract mapping syntax
that supports the core mapping types. This developed abstract mapping syntax will
allow a system engineer (without sufficient ontological knowledge or knowledge
engineering experience) to describe semantic mappings using familiar technology to
them. The following chapter describes the development of a tool that supports the

core mapping types using the developed UML-based abstract mapping syntax.
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4 SDI Tool Development

This chapter describes the development of a tool that implements the proposed
abstract mapping syntax and the automatic transformation process that constitutes the
MOUSE approach. The tool, called SDI (Semantic Data Integration), allows a
system engineer to express mappings using UML and then, automatically generates
the corresponding executable semantic mappings. It also generates an integrated
ontology as a computation result of executing the generated executable mappings on
the source and target ontologies. This tool is designed to make it easier for system
engineers to perform a semantic data integration task.

4.1 Conversion Process

The SDI tool enables the transformation of UML notations into the Rule Interchange
Format (RIF) [RIF Core] and subsequently into SPARQL [SPARQL 2008] queries
which is a concrete mapping syntax and ready to be executable. In this research, RIF
was chosen as the intermediate format because it has the potential to interoperate
with other concrete mapping syntaxes. For example, there is an existing RIF syntax
specification [RIF SWC] for RDF and OWL Compatibility. This strategy potentially
enables the transformation between the intermediate format and other concrete
mapping syntaxes such as the ontology for axiom-based integration in future.
SPARQL was chosen as a target concrete mapping syntax for Query-based
integration approach. Using SPARQL has proven to be the most practical approach -
in terms of integration process speed - among three different semantic data
integration approaches [Keeney 2011], i.e. Axiom-based integration using ontology,
Rule-based integration using SWRL and Query-based integration using SPARQL.
There is no loss of expressivity in using RIF as an intermediate syntax between UML
notations and SPARQL queries for the core mapping types because the proposed
UML notations are designed to support the core mapping types. RIF and SPARQL
support direct, conditional and transformation mapping types that may require
expressing data range constraints or data value transformations (arithmetic operation)

as discussed in related research. Fig. 4-1 shows the overall SDI tool generation
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process transforming the UML notations into concrete executable mappings in
SPARQL queries through the intermediate RIF syntax.

[ UML Parsing Process J

W
[ UML Analysis Process J

v

[ RIF Analysis Process ]

|

[ RIF Generation Process ]

A4
[ SPARQL Analysis Process ]

\ 4
[ SPARQL Generation Process ]

Figure 4-1 SDI tool generation process overview

4.2 UML to RIF Conversion

The UML notations (UML and UML constraint expressions) are interpreted into the
RIF syntax. The following sections describe the translation method from UML

notations into the RIF syntax for each core mapping type.

4.2.1 Direct Mapping Type

This section describes the translation method and an example from UML notations
into the RIF syntax for the direct mapping type. Table 4-1 shows the RIF syntax

according to UML notations with corresponding ontology syntax for the notation.
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Table 4-1 Correspondence between UML notation and RIF syntax for direct mapping type

UMIL Notation

OWL Syntax

RIF Syntax

Comment

Package::ownedMember
Classifier

Ontology Document

Importwith OWLRDF-
Based entailment

Package name is the document
name.

Multiple documents can be
imported.

First part of the classifier
separated by a double
colon (")

A prefix that represents
the namespace of
document

Prefix ( <Name>
< <Namespace> >)

<Name> is an string entity that
represents <Namespace> in
IRI/URI form.

UML::Class with the
classifier ‘Ont1::Class1’in
the name field

<owl:Class
rdf:about="0Ont1:Class1"/>

?blankNode [ rdf:type ->
Ontl:Classl]

This type of syntaxis called RIF
frame formula of the RDF triple
correspondent form.

Each ‘?hlankNode’, ‘rdf:type’,
and ‘Ont1:Class1’ corresponds
to subject, predicate, and object
in RDF triple.

<<Unite>> stereotyped
UML::AssociationClass
with the name
‘DirectMapping’

<owl:Class
rdf:about="#Class2">
<owl:equivalentClass
rdf:resource="#Class1"/>
<fowl:Class>

?blankNode [ rdf:type ->
<UML::Class1>] :-
?blankNode [ rdf:type ->
<UML::Class2>]

“tb - " is a rule implication.
Consequent () is true, when
the antecedent (W) is true.

Fig. 4-2 shows a translation example of UML notations into the RIF syntax

according to the table 4-1. In this figure, bold and italic keywords in the RIF syntax

are a template which means these keywords will not be altered by the UML notation

changes in this mapping type. UML notations in Fig. 4-2 represent the mapping

corresponding to “Integrate ‘Layer3Switch’ class individuals to ‘Router’ class”.
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SampleOnt2::Layer3Switch

<<Unite>> DirectMappingl

SampleOntl::Router

Document |
Prefix [ SampleOntl <http://sample/ontl#> )
Prefix ( SampleOnt2 <http://sample/ont2#=> )
Import { <http://sample/ontl> <http//www.w3.org/ns/entailment/OWL-RDF-Based>)
Import { <http://sample/ont2> <http//www.w3.org/ns/entailment/OWL-RDF-Based>)

Group [
Forall PblankNode (
?blankNeode [ rdf:type -> SampleOnt1:Router ] :-
?blankNode [ rdf:type -> SampleOnt2:Layer3Switch ]
)
)

Figure 4-2 Translation example of UML notations to RIF syntax for direct mapping type

4.2.2 Data Range Mapping Type

This section describes the translation method and examples from UML notations into
the RIF syntax for the data range mapping type. Table 4-2 shows the RIF syntax

according to UML notations with corresponding ontology syntax for the notation.
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Table 4-2 Correspondence between UML notation and RIF syntax for data range mapping

type

UMIL Notation

OWL Syntax

RIF Syntax

Comment

<<Unite>> stereotyped
UML::AssociationClass
with the name
‘DataRangeMapping’

Prefix ( pred
<http://www.w3.org/2007 /rif
-builtin-predicate#> )

Prefix for RIF predicate built-
ins for comparison operation

Comparison operatorin
UML::Constraint such as
It IS gt int it o iy

’

External ( pred: <RIF
predicate built-in for
comparison operation>)

<RIF predicate built-in for
comparison operation>can
be one of following: numeric-
equal(), numeric-not-equal(),
numeric-less-than(), numeric-
less-than-or-equal(),
numeric-greater-than(), or
numeric-greater-than-or-
equal(). [RIF Built-Ins]

Classifier used in
UML::Constraint of the
property ‘Constraint’
represents UML::Property
of a certain UML::Class.

<owl:DatatypeProperty
rdf:ID="A" />

?blankNode [ A -> ?value |

?value can be usedas a
variable bounded in a RULE.

Classifier used in
UML::Constraint of the
property ‘Constraint’
represents UML::Property
of a certain UML::Class.

<owl:DatatypeProperty
rdf:ID="A" />
<owl:DatatypeProperty
rdf:1D="B" />

?blankNode [ A ->?v1]
?hlankNode [B -> ?v2 ]

Adding the RIF frame formula
in FORMULA part of RULE
within ‘And’ or ‘Or’ relation
depending on the number of
datatypeProperty variables.
?vland ?v2 canbe usedas a
variable bounded in a RULE.

UML::Class at the
associationto represents a
target class.

<rdf:Description
rdf:ID="blankNode”>
<rdf:type
rdf:resource="#object” />
</rdf:Description>

?blankNode [ rdf:type -
> ?object ]

This represents the
constrained class instances,
i.e. blankNode, are member
of the Pobject class.

Fig. 4-3 and Fig. 4-4 show translation examples of UML notations into the RIF

syntax according to the table 4-2. In these figures, bold and italic keywords in the

RIF syntax are a template which means these keywords will not be altered by the

UML notation changes in this mapping type. UML notations in Fig. 4-3 represent the

mapping corresponding to “Integrate ‘Femto’ class individuals that are constrained

by the data range (successRatel > 90) of single datatype property ‘successRatel’ to

‘HighHandoverFemto’ class”.
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SampleOnt1::Femto

+SampleOntlsuccessRatel @ Double

<<Unite>> DataRangeMappingl

————————————— +Constraint { SampleOntl::successRatel > 90 }

SampleOnt2::HighHandoverFemto

Document (

Prefix ( pred <htp/www.w3.org/2007/rif-builtin-predicate#> )

Prefix ( SampleOnt1 <http://samplefont1#= )

Prefix { SampleCOnt2 <http://sample/ont2#= )

Imponrt ( <http:./isample/ontl= <htp:/iwww.w3.org/ns/entailment/OWL-RDF-Based>)
Imponrt ( <http:.//sample/ont2= <htp:/iwww.w3.org/ns/entailment/OWL-RDF-Based>)

Group (
Forall ?blankNode ?value (
?blankNode [ rdf:type -> SampleOnt2:HighHandoverFemto ] :-
And (
?blankNode [ rdf:type -> SampleOnt1:Femto |
?blankNode [ SampleOnt1:successRate1 -> ?value |
External ( pred: numeric-greater-than( ?value 90) )
)
)
)

Figure 4-3 Translation example of UML notations to RIF syntax for data range mapping

type

UML notations in Fig. 4-4 represent the mapping corresponding to “Integrate
‘Femto’ class individuals that are constrained by the data range (successRatel > 90
AND successRate2 > 80) of multiple datatype properties ‘successRatel’ and

‘successRate2’ to ‘HighHandoverFemto’ class”.
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SampleOnt1::Femto

+SampleOntl::successRatel : Double
+SampleOntl::successRate2 : Double

<<Unite>> DataRangeMapping2

—————————————— +Constraint { SampleOntl::successRatel > 90 AND SampleOntl::successRate2 > 80}

SampleOnt2::HighHandoverFemto

Document (

Prefix ( pred <http:2/www.w3.0rg/2007/rif-builtin-predicate#> )

Prefix ( SampleOnt1 <http://sample/ont1#= )

Prefix ( SampleOnt2 <http://sample/ont2#= )

Import ( <http://samplefont1= <http:/www.w3.org/ns/entailment/OWL-RDF-Based>)
Import ( <http://samplefont2= <http:/www.w3.org/ns/entailment/OWL-RDF-Based>)

Group (
Forall ?blankNode ?value1 ?value2 (
?blankNode [ rdf:type -> SampleOnt2:HighHandoverFemto | :-
And (
?blankNode [ rdf:type -> SampleOnt1:Femto |
?blankNode [ SampleOnt1:successRate1 -> ?valuet]
?blankNode [ SampleOnt1:successRate2 -> ?value2]
External ( pred: numeric-greater-than( ?value790))
External ( pred: numeric-greater-than({ ?value280))
)
)
)

Figure 4-4 Translation example of UML notations to RIF syntax for data range mapping

type

4.2.3 Unit Transformation Mapping Type

This section describes the translation method and examples from UML notations into
the RIF syntax for the unit transformation mapping type. Table 4-3 shows the RIF
syntax according to UML notations with corresponding ontology syntax for the

notation.
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Table 4-3 Correspondence between UML notation and RIF syntax for unit transformation
mapping type

UMIL Notation

OWL Syntax

RIF Syntax

Comment

<<Unite>> stereotyped
UML::AssociationClass with
the name
‘UnitTransformationMapping’

Prefix ( func
<http://www.w3.0rg/2007 /rif
-builtin-function#>)

Prefix for RIF functional built-
ins for arithmetic operation

Arithmetic operatorin
UML::Constraint such as ¥,
.‘;ﬂ 1+.r or, .r_.'

External ( pred: <RIF
functional built-in for
mathematical operation>)

<RIF functional built-in for
mathematical operation>can
be one of following:
numeric-add(), numeric-
subtract(), numeric-multiply(),
numeric-divide(). [RIF Built-
Ins]

Classifier used in
UML::Constraint of the
property ‘Constraint’
represents UML::Property of
a certain UML::Class.

<owl:DatatypeProperty
rdf:ID="A" />
<owl:DatatypeProperty
rdf:1D="8" />

?blankNode [ A -> Pvaluel ]
?blankNode [ B -> ?value2 ]

?Pvaluel and ?value? can be
used as a variable bounded in
a RULE.

UML::Class at the association
to represents a target class.

<rdf:Description
rdf:ID="blankNode">
<rdf:type
rdf:resource="#fobject”
/>

</rdf:Description>

?blankNode [ rdf:type -
> Pobject ]

This represents the
constrained class instances,
i.e. blankNode, are member
of the ?object class.

Fig. 4-5 and Fig. 4-6 show translation examples of UML notations into the RIF

syntax according to the table 4-3. In these figures, bold and italic keywords in the

RIF syntax are a template which means these keywords will not be altered by the

UML notation changes in this mapping type. UML notations in Fig. 4-5 represent the

mapping corresponding to “Integrate ‘Femto’ class individuals that have the datatype

property

‘FailureRate’

to ‘Device’

class that has the

datatype property

‘FailureGauge’ with the transformed value by the arithmetic operation (FailureGauge

= FailureRate * 100)”.
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SampleOntl::Femto

+SampleOnt1::FailureRate : Double

<<Unite>> UnitTransformationMappingl

———————————— +Constraint { SampleOnt2::FailureGauge = SampleOnt1::FailureRate * 100 }

SampleOnt2::Device
+SampleOnt2::FailureGauge : Double

Document (

Prefix ( func <http:2/www.w3.0rg/2007/rif-builtin-function#> )

Prefix ( SampleOnt1 <http:/isample/ont1#= )

Prefix ( SampleOnt2 <http://sample/ont2#= )

Import ( <http://sample/ont1= <http2/www.w3.org/ns/entailment/OWL-RDF-Based>)
Import ( <http:fisample/ont2= <http//www.w3.org/ns/entailment/OWL-RDF-Based>)

Group (
Forall ?blankNode ?value1 ?value2 (
And (
?blankNode [ rdf:type -> SampleOnt2:Device |
?blankNode [ SampleOnt2:FailureGauge -> ?value2 ]
) -
And (
?blankNode [ rdf:type -> SampleOnt1:Femto |
?blankNode [ SampleOnt1:FailureRate -> Pvaluet]
?value2 = External ( func: numeric-multiply( ?value? 100))
)
)
)

Figure 4-5 Translation example of UML notations to RIF syntax for unit transformation

mapping type

UML notations in Fig. 4-6 represent the mapping corresponding to “Integrates
‘Femto’ class individuals that have the datatype properties: ‘FailureRatel’ and
‘FailureRate2’ to ‘Device’ class that has the datatype property ‘FailureGauge’ with
the transformed value by the arithmetic operation (FailureGauge = FailureRatel +
FailureRate2)”.
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SampleOnt1::Femto

+SampleOntl::FailureRatel : Double
+SampleOntl::FailureRate2 : Double

<<Unite>> UnitTransformationMapping2

——————— +Constraint { SampleOnt2::FailureGauge = SampleOntl::FailureRatel + SampleOntl::FailureRate2 }

SampleOnt2::Device

+SampleOnt2::FailureGauge : Double

Document (

Prefix ( func <htp://www.w3.org/2007/rif-builtin-function#= )

Prefix ( SampleOnt1 <http://lsample/ont1#= )

Prefix ( SampleOnt2 <http://sample/ont2#= )

Import ( <http://sample/ont1= <htp:/iwww.w3.org/ns/entailment/OWL-RDF-Based>)
Import ( <http://sample/ont2= <htp:/iwww.w3.org/ns/entailment/OWL-RDF-Based>)

Group (
Forall ?blankNode ?value1 ?value2 ?value3 (
And (
?blankNode [ rdf:type -> SampleOnt2:Device |
?blankNode [ SampleOnt2:FailureGauge -> ?value3]
)=
And (
?blankNode [ rdf:type -> SampleOnt1:Femto ]
?blankNode [ SampleOnt1:FailureRate1 -> ?valuet]
?blankNode [ SampleOnt1:FailureRate2 -> ?value2]
?value3 = External ( func: numeric-add( ?value1 ?value2))
)
)
)

Figure 4-6 Translation example of UML notations to RIF syntax for unit transformation

mapping type

4.3 RIF to SPARQL Conversion

The RIF syntax interpreted from the UML notations is translated into SPARQL
queries. This section describes the translation method from the RIF syntax to
SPARQL queries and examples for each core mapping type. Table 4-4 shows the
SPARQL syntax based on the RIF syntax which is based on the UML notations.
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Table 4-4 Correspondence between RIF syntax and SPARQL syntax

RIF Syntax SPARQL Syntax Comment

Prefix PREFIX Prefix places in the beginning of RIF document.

Group A guery consists of RIF document can contain several groups, and

CONSTRUCT and each group represents one complete SPARQL
WHERE clauses. guery.

?blankNode Sinstance ?blankNode is used in a RULE. RULE is the term
used in RIF for a rule implication (¢ :- ).
Consequent (¢) is true, when the antecedent
(W) is true.

rdf:type a rdf:type places in Frame used in RULE. Frame s
the term used in RIF for “TERM ‘[* (TERM ‘-’
TERM)* ‘1" where TERM can be “constant,
variable, list or (external) expression”.

ATOMIC Frame CONSTRUCT clause ATOMICin RIF means consequent part (¢) of
the rule.

FORMULA WHERE clause FORMULA in RIF means antecedent part (\)) of
the rule.

RIF predicate built-in FILTER FILTER in SPARQL is used to express the

for comparison constraint. In this case, comparison operation is

operation expressed in this filter.

RIF functional built-in | BIND BIND in SPARQL allows a value to be assigned

for arithmetic to a variable from a graph pattern.

operation

Fig. 4-7 shows a translation example of a RIF document to SPARQL query
according to Table 4-4 for the direct mapping type. SPARQL query in Fig. 4-7
represents the mapping that all the instances in Layer3Switch class by WHERE

clause will be an instance of Router class by CONSTRUCT clause.
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Document |
Prefix [ SampleOnt1 <http://sample/ont1#> )
Prefix [ SampleOnt2 <http://samplefont24= )
Import [ <http://sample/ont1> <http//www.w3.org/ns/entailment/OWL-RDF-Based>)
Import [ <http://samplefont2> <http://www.w3.org/ns/entailment/OWL-RDF-Based>)

Group [
Forall ?blankNode (
?blankNode [ rdf:type -> SampleOnt1:Router ] =-
?blankNode [ rdf:type -> SampleOnt2:Layer3Switch ]
)
!

-

PREFIX SampleOnt1: <http://sample/ont1#>
PREFIX SampleOnt2: <http://sample/ont2#>

CONSTRUCT {
Sinstance a SampleOnt1:Router .

!

WHERE {
Sinstance a SampleOnt2:Layer3Switch .

}

Figure 4-7 Translation example of RIF document to SPARQL query for direct mapping type

Fig. 4-8 shows a translation example of a RIF document to SPARQL query
according to Table 4-4 for the data range mapping type. SPARQL query in Fig. 4-8
represents the mapping that the instances in Femto class, which the property
successRatel is constrained by FILTER (value of the property > 90), will be an
instance of HighHandoverFemto class by CONSTRUCT clause.
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Document (
Prefix ( pred <htp:/iwww.w3.0rg/2007/rif-builtin-predicate#= )
Prefix ( SampleOnt1 <hitp-//sample/ont1#= )
Prefix ( SampleOnt2 <http://sample/ont2#= )
Import ( <http://sample/ont1= <huap:/www.w3.org/ns/entailment/OWL-RDF-Based>)
Import ( <http//sample/ont2= <hip:/www.w3.org/ns/entailment/OWL-RDF-Based>)

Group (
Forall ?blankNode ?value (
?blankNode [ rdf:type -> SampleOnt2:HighHandoverFemto ] -
And (
?blankNode [ rdf:type -> SampleOnt1:Femto |
?blankNode [ SampleOnt1:successRate1 -= ?value]
External ( pred: numeric-greater-than{ ?value 90) )
)
)
)

PREFIX SampleOnt1: <htip://sample/ont1#=
PREFIX SampleOnt2: <hftp://sample/ont2#=

CONSTRUCT{

§ instance a SampleOnt2:HighHandoverFemto .

}

WHERE {
$ instance a SampleOnt1:Femto .
$ instance SampleOnt1:successRate1 $value .

FILTER ( $value = 90 )

Figure 4-8 Translation example of RIF document to SPARQL query for data range mapping
type

Fig. 4-9 shows a translation example of a RIF document to SPARQL query
according to Table 4-4 for the unit transformation mapping type. SPARQL query in
Fig. 4-9 represents the mapping that the instances in Femto class, which the value of
property FailureRate is assigned to a variable with arithmetic operation by BIND
(value of the property * 100), will be an instance of Device class by CONSTRUCT

clause with a new value of property FailureGauge from the variable in BIND clause.
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Document (
Prefix ( func <http://www.w3.0rg/2007/rif-builtin-function#> )
Prefix ( SampleOnt1 <http://sample/ont1#= )
Prefix ( SampleOnt2 <hftp://sample/ont2#= )
Import ( <http://[sample/ont1= <htip:/www.w3.org/ns/entailment/OWL-RDF-Based=)
Import ( <http://[sample/ont2> <htip:/www.w3.org/ns/entailment/OWL-RDF-Based=)

Group (
Forall ?blankNode ?value1 ?value2 (
And (
?blankNode [ rdf:type -> SampleOnt2:Device |
?blankNode [ SampleOnt2:FailureGauge -> ?value2 |
)=
And (
?blankNode [ rdf:type -> SampleOnt1:Femto |
?blankNode [ SampleOnt1:FailureRate -> ?valueT ]
?value2 = External ( func: numeric-multiply( ?valuet 100))
)
)
)

<

PREFIX SampleOnt1: <hftp://sample/ont1#=
PREFIX SampleOnt2: <hitp://sample/ont2#=

CONSTRUCT {
$instance a SampleOnt2:Device .
$instance SampleOnt2:FailureGauge $value2 .

}

WHERE {
$instance a SampleOnt1:Femto .
$instance SampleOnt1:FailureRate $valued .
BIND ( ( $value1 * 100) AS $value2 )

Figure 4-9 Translation example of RIF document to SPARQL query for unit transformation

mapping type

4.4 Implementation

The SDI tool was developed in order to evaluate the MOUSE approach. This tool
allows a system engineer to express mappings using UML and then automatically
generates the corresponding executable semantic mappings. It also generates an
integrated ontology as a computation result of executing the generated semantic
mappings on the source and target ontologies. To select a UML modelling tool, this
research surveyed open source tools because the implementation of the SDI tool may
require a modification of the tool’s source codes for customization. In the initial

experiment, the Modelio modelling tool [Modelio Tool] was selected because there
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were few open source tools that support expressing OCL constraint language.
Modelio tool is a heavy-weight application that is equipped with unnecessary
functions such as supporting BPMN (Business Process Model and Notation) which is
not used in this research, and the tool is not user-friendly in the case of UML
notations alignment and creation. StarUML’ modelling tool [StarUML Project]
version 5.0 was selected to draw UML notations for the mappings in this
implementation. StarUML tool functions are modularized and any unnecessary
modules can be disabled. This tool offers plugin programming that enables an
external application to be executed inside the tool for the customization. The
development was undertaken using Java language with the version 1.6.0.20 for the
SDI tool, and the developed tool is embedded into the StarUML by using plugin
programming. Fig. 4-10 shows the overall architecture of the tool.
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Figure 4-10 SDI tool architecture overview

" StarUML is an open source project to develop a fast, flexible, extensible, featureful, and freely-
available UML tool. The goal of the StarUML project is to build a software modelling tool that is a

compelling replacement of commercial UML tools. [StarUML Project]
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4.4.1 SDI Tool Modules

This section describes each module in the tool architecture shown in Fig. 4-10.

1) UML Parsing Module: This module extracts UML elements from the

serialized UML model in XML format. For parsing XML, the module uses

java DOM(Document Object Model) core 2.0 version library that is based on
org.w3c.dom.Node interface [DOM Core]. This library treats all XML

elements as nodes and parses them into a tree structured model. The memory

holds the whole XML document using this library. This enables fast

processing by allowing random access to the required information of the

XML document. This module returns parsed UML notations that are designed

by the user using the graphic user interface of the tool.

2) UML Analysis Module: This module creates data in the structured UML

information model from the parsed UML notations drawn by the user.

3) RIF Analysis Module: This module creates data in the structured RIF

information model from the data in the structured UML information model

using the translation method described in the section 4.2 UML to RIF

Conversion.

4) RIF Generation Module: This module generates a RIF document from the

data in the structured RIF information model. This module shows the output

file information and the process time information to generate a RIF document.

5) SPARQL Analysis Module: This module creates data in the structured

SPARQL information model from the data in the structured RIF information

model using the translation method described in the section 4.3 RIF to

SPARQL Conversion.

6) SPARQL Generation Module: This module generates SPARQL queries

from the data in the structured SPARQL information model. This module

shows the output files information and the process time information to

generate SPARQL queries.
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4.4.2 Structured Information Models

This tool uses three different structured information models. The data in these
information models are saved in memory during the process time and deleted after
the conversion process finishes. Each structured information model holds the
elements and relationships between the elements of UML notations, RIF document,
and SPARQL queries.

The first structured information model holds the UML notations information. Fig. 4-
11 shows a UML class diagram for this structured information model. This model
saves and keeps the relationships of UML notations drawn by the user. For example,
in the diagram, UMLClass, @ UMLProperty, = UMLAssociation  and
UMLAssociationClass can be mapped to UML class, property, association and

association class notations.
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Figure 4-11 UML Class diagram for structured UML information model

The second structured information model holds the RIF document information. Fig.

4-12 shows a UML class diagram for this structured information model. This model

saves RIF information with relationships for rule implications.
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For example,

in the diagram, RIFGroup has rdfGraphList4Consequent and

rdfGraphList4Antecedent properties. Each property can be mapped to the consequent

and antecedent part of the RIF rule implication.
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Figure 4-12 UML Class diagram for structured RIF information model
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The third structured information model holds the SPARQL queries information. Fig.
4-13 shows a UML class diagram for this structured information model. This model
saves SPARQL information to generate SPARQL queries. For example, in the
diagram, SPARQLConstructClause, SPARQLWhereClause, SPARQLFilterClause
and SPARQLBIndClause can be mapped to SPARQL construct, where, filter and
bind clauses in the query syntax.
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Figure 4-13 UML Class diagram for structured SPARQL information model
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4.5 A walked through example

This subsection describes a running example of the SDI tool. The tool does not
automatically import ontologies and represent them in UML notations. This auto-
representation of UML notations for ontologies will be available in the future. In the
current version of the tool, a manual drawing of the UML notations that represent
source and target ontologies must be used. This research assumes that the ontologies
are first represented in the proposed UML notations as a prerequisite to conduct the
mappings. Fig. 4-14 shows a mapping represented by using UML notations in the
StarUML graphic user interface. There is a hidden UML class that encodes the
mapping information about ontology prefix and namespace [OWL Guide]. For
example, this hidden class has the information about the actual namespace

‘http://kdeg.scss.tcd.ie/ontology/test/source’  for  prefixed ontology classifier

‘SourceOnt’. In this figure, ‘ClassSB’ class is mapped to ‘ClassTB’ class with the
data range constraint (20 < AttributeSB1 < 50 or AttributeSB2 > 50) on the
properties in ‘ClassSB’ class.

File Edit Format Model View Tools

bexEE | 4B

Help

I ZEE B, 15% -a e @[,

2 | SDIUML Diagram (UML Model)

|Too\box

Annotation | 2] sorumL viagram |
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Figure 4-14 ScreenShot of the StarUML graphic user interface
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The Boolean expressions in the implemented SDI tool are tested up to two
combinations of Boolean logics. This means the tool supports up to 4 Boolean
expression combinations by two Boolean logics, i.e. AND(&&) and OR(]|). For
example, in the case of ‘comparison operation 1 && comparison operation 2 &&
comparison operation 3’, all the comparison operations need to be satisfied to be
integrated. In the case of ‘comparison operation 1 || comparison operation 2 ||
comparison operation 3’, at least one of the comparison operation needs to be
satisfied to be integrated. In the case of ‘comparison operation 1 && comparison
operation 2 || comparison operation 3’, either both comparison operations 1 and 2
need to be satisfied or comparison operation 3 needs to be satisfied to be integrated.
In the case of ‘comparison operation 1 || comparison operation 2 && comparison
operation 3’, either comparison operation 1 needs to be satisfied or both comparison
operations 2 and 3 need to be satisfied to be integrated.

The SDI tool automatically transforms UML notations shown in Fig. 4-14 to
SPARQL queries through intermediate RIF document. Fig. 4-15 shows the RIF
document generated from the UML notations. In the figure, it can be seen that RIF
predicate built-in functions (pred:numeric-greater-than and pred:numeric-less-than)

are used to express the data range mapping.
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H f 1 i 2 i 3 i 4 i 5 i 6 i 7 i 8 t S t

Document (

Prefix ( TargetOnt <http://kdeg.scss.tcd.ie/targetOnt#> )
Prefix ( SourceOnt <http://kdeg.scss.tcd.ie/sourceOnt#> )

Import ( <http://kdeg.scss.tcd.ie/targetOnt> <http://www.w3.org/ns/entailment/OWL-RDF-Based> )
Import ( <http://kdeg.scss.tcd.ie/sourceOnt> <http://www.w3.org/ns/entailment/OWL-RDF-Based> )

Group (
Forall ?blankNode2 ?Pvaluel ?value2 (
?blankNode2 [ rdf:type -> TargetOnt:ClassTB ] :-
And (
?blankNode2 [ rdf:type -> SourceOnt:ClassSB ]
?blankNode2 [ SourceOnt:AttributeSBl -> ?valuel ]
?blankNode2 [ SourceOnt:AttributeSB2 -> ?Pvalue2 ]
or (
And (
External ( pred:numeric-greater-than( ?valuel 28 ) )
External ( pred:numeric-less-than( ?valuel 5@ ) )
)
External ( pred:numeric-greater-than( ?value2 5@ ) )
)
)
)
)
)

Figure 4-15 RIF document generated from the UML notations

Fig. 4-16 shows a SPARQL query generated from the RIF document in Fig. 4-15. In
Fig. 4-16, it can be seen that FILTER is used in the WHERE clause to express the
data range constraint and CONSTRUCT is used to generate the desired RDF graph

according to the mapping result.

(]

f 1 f 2 f 3 f 4 f 5
PREFIX TargetOnt: <http://kdeg.scss.tcd.ie/targetOnt#>
PREFIX SourceOnt: <http://kdeg.scss.tcd.ie/sourceOnt#>

CONSTRUCT {
Pinstance2 a TargetOnt:ClassTB .

}
WHERE {
?instance2 a SourceOnt:ClassSB .
?instance2 SourceOnt:AttributeSBl ?valuel .
?Pinstance2 SourceOnt:AttributeSB2 ?Pvalue2 .
FILTER ( ?valuel > 20 && ?valuel < 58 || Pvalue2 > 5@ )
}

Figure 4-16 SPARQL query generated from the RIF document
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For more details about the tool, APPENDIX B shows the SDI tool user manual in
GUI mode with examples, and APPENDIX C shows the SDI tool java archive file
[JAR Spec] usage in command line mode.

This chapter described the development of the SDI tool that implements the proposed
UML-based abstract mapping syntax and supports the core mapping types. The tool
accurately and automatically transforms the abstract mapping syntax into a concrete
mapping syntax. This developed tool will ease the performance of semantic data
integration by a system engineer. The following chapter describes the user based
experiments that evaluated the MOUSE approach by conducting a semantic data
integration task using the SDI tool.
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5 System Engineers Experiment

This chapter describes the experiment undertaken by system engineers to evaluate
the proposed MOUSE approach that incorporates the abstract mapping syntax and
automatic translation into executable mappings. The subsections of this chapter
describe the experiment question, hypothesis, method and analysis.

5.1 Experiment Question

The question investigated through this experiment was “Can a participant undertake
ontology mappings using the UML-based abstract mapping syntax in order to

successfully perform a semantic data integration task? ”

In this question, a participant means a system engineer who will not be an ontology
expert or have knowledge engineering experience. To evaluate success of the
semantic data integration task, the mappings that were auto-generated by the tool on
behalf of each participant were executed in order to create an integrated ontology

which in turn was then examined.

5.2 Experiment Hypothesis

From the experiment question stated above, four hypotheses were formulated to be

evaluated.

1. The SDI tool can correctly capture the mapping intention of a participant

for the core mapping types.

2. The SDI tool can accurately transform the abstract mappings of each

participant into SPARQL executable mappings.

3. The proposed UML-based abstract mapping syntax is easy to use for the

participants.

4. The SDI tool is easy to use for participants.
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5.3 Experiment Method

This section explains how the experiment was carried out. First, the details of the
participants in the experiment are explained. Second, the materials used in the
experiment are described. Finally, the procedure of the experiment is outlined.

5.3.1 Participants

The experiment was conducted by 15 participants who were postgraduate students or
academics in the School of Computer Science and Statistics in Trinity College
Dublin or were an employee of Alcatel-Lucent Bell Labs Ireland. They were selected
by email distribution using the mailing lists of the department. 15 participants can be
considered a reasonable number to evaluate the SDI tool; considering that in
ontology mapping research [Noy 2003][Raghavan 2005][Aumuller 2005][Falconer
2007b] the number of participants typically used for evaluation has been less than 10

participants.

The participants are computer science researchers with varying levels of experience
as software engineering practitioners, and were all expected to have basic UML
knowledge. Participants had at least basic knowledge to draw essential UML
notations as a system engineer. The expertise about ontology knowledge varied for
each participant. Most of them did not have sufficient ontological knowledge that
would be needed to perform a semantic data integration task directly. The ontology
expertise distribution for the participants was the following: one participant from
Alcatel-Lucent was an ontology expert, 3 participants had knowledge engineering
experience but were not familiar with ontology mappings, and 11 participants had no

background in ontology knowledge.

5.3.2 Materials

The experiment used mapping design worksheets in order to capture a participant’s
mapping intentions on paper. APPENDIX D shows blank mapping design
worksheets. The mapping design worksheet showed source and target ontologies
using UML notations and the participants were asked to describe the mappings using

natural language and drew lines if necessary. The selected domain for the experiment
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was conference because this domain is generally understandable by most people
with a system engineering background. The experiment ontologies used were
carefully created by the author of this thesis in order to have many potential variable
mappings, and all of the ontology class names about the conference, such as
AcademicEvent, NonAcademicEvent, Tutorial, Workshop, MealEvent, SocialEvent,
Accepted_Paper, Rejected Paper, Undecided_Paper, Abstract_of Paper,
Short_Paper, Poster, CommitteeMember, Primary_Reviewer, Secondary_Reviewer,
Author, Participant, Early_Paid_Applicant, Late Paid_Applicant,
Registered_Applicant, Important_Dates, Date_of_Conference,
Abstract_Submission_Date, and Full_Paper_Submission_Date, in the experiment
ontologies are from the OAEI2013 conference ontologies dataset [OAEI 2013] in
order to be more realistic because the OAEI dataset is widely used in conference
domain for experimental purposes. APPENDIX F shows an OWL view of the
experiment ontologies using the Protégé tool [Protégé Project], and APPENDIX G
shows potential mapping candidates using these experiment ontologies that were
derived by the author of this thesis and can be considered a gold standard for
comparison purposes. There were more than 40 different mappings available, and

each mapping type had more than 10 potential mappings to be tested.

Two videos were used to explain the research and experiment. To minimize the risk
of giving different amounts of information about the experiment to each participant,
the experiment used videos to inform the participants. These two videos are
accessible on the accompanying DVD for this thesis, see APPENDIX L. The first
video explained what the MOUSE approach is, and the second video showed an

example of how to use the SDI tool developed by this study.

The SDI tool was used by participants to draw mappings on the computer using
UML notations from the mapping design worksheets. A brief mapping guide for the
core mapping types was provided to the participants as a reference while using the
tool during the mapping process. APPENDIX H shows this brief mapping guide. The
tool automatically generated a concrete mapping syntax (SPARQL queries) from the

abstract mapping syntax using UML. The last experiment output by the tool was an
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integrated ontology, which was generated by executing auto-generated concrete
mapping syntaxes on the source and target ontologies.

A questionnaire was provided to the participants to evaluate user satisfaction.
APPENDIX | shows some blank questionnaire sheets. This questionnaire was based
on the System Usability Scale (SUS) [Brooke 1996] questions to assess the ease of
use for the abstract mapping syntax and the SDI tool. In addition, this questionnaire
also had a simple ease of use indication (scale from 1 to 5) question such as “I think
UML representation of semantic data and mapping is easy to understand for system
engineers.” to get an overall instant user satisfaction level for the abstract mapping
syntax.

5.3.3 Procedure

Ethical approval was granted for the experiment in late August 2013 by the Research
Committee of the School of Computer Science and Statistics in Trinity College
Dublin. Participants were invited by making a general call from the School of
Computer Science and Statistics and Alcatel-Lucent Bell Labs Ireland. Each
experiment was conducted with one participant at a time. The experiment was carried
out over a period of three months which started in late August 2013 and finished in
early October 2013.

Each participant was asked to complete five tasks in the course of the experiment,
and the process of each experiment followed the task sheet as shown in APPENDIX
J. First, a participant watched a video giving an overview of the MOUSE approach
and the SDI tool. The video was about 2 minutes long. Second, the participant
described mappings (a total of six different mappings) on mapping design
worksheets. This task took about 25 minutes. Third, the participant watched another
video showing an example of how to use the tool. The video lasted about 7 minutes.
Fourth, the participant conducted a semantic data integration task using the SDI tool.
The participant used the tool to draw mappings using UML notations from the
mapping design worksheets. This task took about 10 minutes. Subsequently, the tool
automatically generated a concrete mapping syntax (SPARQL queries) and an

integrated ontology that was generated by executing auto-generated concrete
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mapping syntaxes on the source and target ontologies. This auto-generation time
lasted about two seconds. Finally, the participant answered a questionnaire.
Answering the questionnaire took about 5 minutes. The total experiment time took
about an hour per participant.

After the experiment finished, the collected results were analysed and evaluated not
just by the author of this thesis but also the assistant supervisor of this research in
order to be objective and transparent. During the analysis phase, if there was an
unclear description of a mapping intention on the mapping design worksheets and/or
UML notations in the SDI tool, feedback was obtained through a follow-up interview
with the participant in question.

5.3.4 Metrics

1) Accuracy

There were two types of accuracy to measure. The first one was whether the tool
could accurately auto-generate the mapping syntax from abstract to concrete. The
ontology mapping representation using the MOUSE approach needed to be
accurately and automatically transformed to a concrete mapping syntax in order
to correctly perform the semantic data integration task. This accuracy was
measured rigorously by manual syntax check by the author of this thesis and his
assistant supervisor and using the JENA library syntax checker [JENA 2013] for
the generated SPARQL queries corresponding to the abstract mapping syntax.

The second type of accuracy was whether the mapping intention of the
participant was correctly captured and performed in the semantic data integration
task. This accuracy was measured by the author of this thesis and his assistant
supervisor by comparing the mapping design worksheets against the integrated
ontology produced as a result of the auto-generated SPARQL queries from the
tool. If the integrated ontology correctly corresponded to the mapping intention,
then it was considered that the semantic data integration task accurately captured

the participant’s mapping intention.

2) Ease of use
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There were two aspects to measure for ease of use. The first aspect was whether
the ontology mapping using the MOUSE approach was easy to use for the
participants. The second aspect was whether the tool was easy to use to facilitate
the semantic data integration task. The semantic data integration task using the
developed tool that implements the MOUSE approach needs to be easily
performed by system engineers without any considerable learning effort. Because
there is yet to be a comparable tool that supports semantic data integration by
system engineers and that does not require the knowledge of ontological concepts
and is assisted by the auto-generation from abstract to a concrete mapping syntax,
the ease of use for the abstract mapping syntax and the tool were measured using
a questionnaire. This questionnaire is based on the System Usability Scale (SUS)
questions. The SUS has become an industry standard with references in over
1,300 articles and publications [Usability 2014], and the SUS questions in the
questionnaire gave us the assessment of usability by a score that scales from 0 to
100. In addition, this questionnaire also had a simple ease of use indication (scale
from 1 to 5) question such as “I think UML representation of semantic data and
mapping is easy to understand for system engineers.” to get an overall instant
user satisfaction level for the abstract mapping syntax using the MOUSE

approach.

5.4 Experiment Analysis

This section outlines the results of the experiment. All the paper outputs from the

experiment such as signed informed consent forms of the ethical application,

mapping design worksheets, and questionnaires are kept in a paper document folder

(total 255 pages, 17 pages per participant). APPENDIX K shows a sample of a

scanned full paper record documentation from participant 1D02 and ID13. In the

appendix, participant’s name and signature are removed for anonymity. The source

code for the SDI tool and experiment input/output files such as serialized UML
model, RIF document, SPARQL queries, integrated OWL, and log of the tool

generated by each participant are available on the accompanying DVD for this thesis,
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see APPENDIX L. As the experiment metrics stated in the previous subsection, the
analysis is split into the two areas: (1) Accuracy and (2) Ease of use.

5.4.1 Accuracy

There were two types of accuracy to measure. The first was the accuracy of the auto-
generation of the mapping syntax from abstract to concrete. This accuracy was
measured by both a manual and mechanical syntax check according to the UML-
based abstract mapping syntax. Fig. 5-1, Fig. 5-2, and Fig. 5-3 show an example of
the accuracy analysis of the mapping syntaxes, and these figures are extracted from

actual results of the experiment conducted by participant 1D02.

SDI UML Diagram |

—————
Source Ontology <<Unite>> Target Ontology
DataRangeMapping1
+constraint { paper_size <=2} TargetOnt | Rejected_Paper
SourceOnt | Short_Paper +hasPages
- +hasRate
+paper_size .
+score \ 7
\ﬂ TargetOnt | Accepted_Paper Targetont | Paper
SourceOnt | Paper +hasPages —_l > 4hasp
_____—.—————_’_B' +hasRate m::Raa%.:s
+paper_size '

SourceOnt | Document Q‘_’ +score :
K <<Unite>> /7

UnitTransformationMapping2
TargetOnt|Undecided_Paper

B - . \
SourceOnt | Poster +constraint { hasRate = score * 100 } thasPages
+score +hasRate

Figure 5-1 A sample abstract mapping syntax for ontology mappings from the experiment

In Fig. 5-1, ontology mappings (data range mapping and unit transformation
mapping) are described using the SDI tool by a participant using the proposed UML-
based abstract mapping syntax. SPARQL queries were auto-generated according to
these mappings by the tool for the semantic data integration. Fig. 5-2 shows the
SPARQL query syntax corresponding to the data range mapping shown in Fig. 5-1.
Fig. 5-3 shows the SPARQL query syntax corresponding to the unit transformation
mapping shown in Fig. 5-1. If the auto-generated SPARQL queries had correct

syntax corresponding to the mappings described in the abstract mapping syntax, then
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this study considered auto-generation of the mapping syntax from abstract to

concrete was accurate.

B ——t———-1-———+-———2-———4-———3————4————4————4———-5————4————6~
PREFIX TargetOnt: <http://experiment/ontology1/conference/targetOnt#t>
PREFIX SourceOnt: <http://experiment/ontology2/conference/sourceOntit>

CONSTRUCT {
?instance3 a TargetOnt:Accepted_Paper.
I
WHERE {
?instance3 a SourceOnt:Short_Paper.
?instance3 SourceOnt:paper_size ?Pvaluel .
FILTER ( ?valuel <=2)
1

Figure 5-2 Auto-generated SPARQL query syntax for the data range mapping

e e | e e St o
PREFIX TargetOnt: <http://experiment/ontologyl/conference/targetOnt#>
PREFIX SourceOnt: <http://experiment/ontology2/conference/sourceOnti>

CONSTRUCT {
?instanceb a TargetOnt:Accepted_Paper.
?instanceb TargetOnt:hasRate ?value2 .

}

WHERE {
Pinstance6 a SourceOnt:Paper.
?instanceb SourceOnt:score ?valuel .
BIND ( ?valuel * 100 AS ?value? )

Figure 5-3 Auto-generated SPARQL query syntax for the unit transformation mapping

There were a total of 90 ontology mappings conducted by the participants during the
experiments: 30 mappings in the direct mapping type, 30 mappings in the data range

mapping type and 30 mappings in the unit transformation mapping type. Table 5-1
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shows the results of the accuracy for the auto-generation of the mapping syntax from

abstract to concrete.

Table 5-1 Number of correctly auto-generated mappings corresponding to abstract mapping

syntax

Participant ID

Ontology mappings described using the abstract mapping syntax

# of Direct Mappings

# of Data Range Mappings

# of Unit Transformation

Mappings

# of correctly
auto-generated

mappings
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In the table 5-1, it can be seen that the total number of ontology mappings described

using the proposed abstract mapping syntax was 90, and the total number of correctly

auto-generated mappings was 90 as well. The 90 mappings generated by the

participants were not all distinct from each other. However, at least 46 different

mappings in the gold standard for experiment ontologies, see APPENDIX G, were

accurately auto-generated, and the tool accurately auto-generated most of the cases

of semantic mappings conducted by the participants. This means the tool can

correctly auto-generate the ontology mappings from abstract to concrete at least for

the typical mapping cases in the experiment ontologies. The accuracy rate of the

auto-generation was satisfactory.
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The second accuracy measured by this experiment was the accuracy of capturing the
mapping intention of the participant in the semantic data integration task. This
accuracy was measured by comparing the mapping design worksheets and the
integrated ontology from the computation result of the auto-generated SPARQL
queries by the tool. If the integrated ontology correctly corresponded to the mapping
intentions, then it was considered that the participant’s mapping intention had been

correctly captured.

For example, from the actual result of the experiment, participant 1D02 described his
mapping intention “Short papers are published if they have less than 3 pages”
between classes (Short Paper in source ontology and Accepted Paper in target
ontology) on the mapping design worksheet. The participant meant the instances of
the Short Paper class need to be integrated into the Accepted Paper class only if the
number of pages of a short paper is less than 3 pages. This study examined the
instances in the Accepted Paper class in the integrated ontology performed by this
participant, and the Accepted Paper class included the instances from the Short Paper
class that satisfied the constraint of the number of pages less than 3. In this case, the
semantic data integration task using the MOUSE approach correctly performed
according to the participant’s mapping intention. Table 5-2 shows the results of the

accuracy of capturing participants’ mapping intentions.
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Table 5-2 Number of correctly captured mappings corresponding to participant 's mapping

intention
Mappings described in mapping design worksheets # of correctly captured mappings in the integrated ontology
Participant P
D # of Direct # of Data Range e # of Direct # of Data Range # of Unit Transfor
Mappings Mappings Mappings Mappings mation Mappings
Mappings
PO1 2 2 2 2 2 2
P02 2 2 2 2 2 2
P03 2 2 2 2 2 2
P04 2 2 2 2 2 2
PO5 2 2 2 2 2 2
PO6 2 2 2 2 2 2
PO7 2 2 2 0 2 2
PO8 2 2 2 2 2 2
P09 2 2 2 2 2 2
P10 2 2 2 2 2 1
P11 2 2 2 2 2 2
P12 2 2 2 2 2 2
P13 2 2 2 1 2 2
P14 2 2 2 2 2 2
P15 2 2 2 2 2 2
Total # 30 30 30 27 30 29

In the table 5-2, it can be seen that the total number of mappings described in
mapping design worksheets was 90, and the total number of correctly performed
mappings during the semantic data integration task according to the participant’s
mapping intention was 86. There were 4 mappings that could not correctly capture

the participant’s mapping intention.

For example, participant ID13 described his mapping intention “Instances in
ConferenceEvent in source ontology class need to be integrated into Event in target
ontology class. Because they have the same level of abstraction and their subclasses
are comparable.” on the mapping design worksheet. This study examined the
instances in Event class in the integrated ontology performed by this participant, and

the Event class did not include the instances from the ConferenceEvent class. So
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there was further investigation in this case. Fig. 5-4 shows the mappings drawn by
this participant on the SDI tool.
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Figure 5-4 A sample mappings on the SDI tool from the experiment

In Fig. 5-4, it can be observed that the participant made the mapping between the
ConferenceEvent class and the Working_Event class, not with the Event class. This
study interviewed this participant for feedback, and he mentioned that he made a
mistake. Because the target UML class (Event) was partially out of screen, he drew
this mapping unintentionally. There were further interviews with the participants
(participant 1D07, 1D10, and 1D13), whose mapping intentions were not captured
correctly in the semantic integration task; asking why their semantic data integration
task could not correctly capture their mapping intentions. From the 4 inaccurate
ontology mappings, three of these mappings were the result of mis-drawn UML
notations by the participant’s unintentional mistake and the other one was the result
of an intended mis-drawing of UML notation; meaning the participant changed his
mind to make a different mapping during the semantic data integration task on the
tool but did not apply his change to the mapping design worksheet. From the
feedback of the participants, it has been identified that there can be graphical

intricacy of UML notations.
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Figure 5-5 A sample mappings on the SDI tool from the experiment

Fig. 5-5 shows the mappings drawn on the tool by the participant ID06 and 1D12. In
this figure, it can be observed that there is a potential graphical intricacy on the
drawing of UML notations due to crossing and overlapping lines and arrows between
classes and associations for representing multiple mappings in complex ontology

relationships.

From the experiments, the number of correctly captured mapping intentions during

the semantic data integration tasks was 86 out of 90, and this result suggests that the
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semantic data integration task using the MOUSE approach can correctly capture each
participant’s mapping intention; at least for the core mapping types.

5.4.2 Ease of use

There were two things to measure for ease of use. The first was to assess the ease of
use of the abstract mapping syntax using the MOUSE approach to represent ontology
mappings. The second was to assess the ease of use of the SDI tool that facilitates the
semantic data integration task by supporting the auto-generation of a concrete
mapping syntax from the proposed abstract mapping syntax. The ease of use for the
abstract mapping syntax and the tool were measured using two SUS based
questionnaires. One questionnaire was used for the proposed abstract mapping syntax
and the other questionnaire was used for the tool. These SUS questions gave the
assessment of usability by a score that scales from 0 to 100. Table 5-3 and Fig. 5-6
show the analysis results of the ease of use from the SUS scores for the proposed
abstract mapping syntax and the implemented tool using the MOUSE approach.
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Table 5-3 SUS scores for the proposed abstract mapping syntax and the implemented tool

System Usability Scale Score
Participant ID
Abstract Mapping Syntax SDI Tool
P01 87.5 87.5
P02 70 77.5
P03 85 92.5
P04 92.5 25
P05 97.5 97.5
P06 85 85
P07 77.5 85
P08 70 70
P09 95 100
P10 92.5 100
P11 72.5 85
P12 80 77.5
P13 62.5 52.5
P14 92.5 90
P15 60 95
Average 81.3 86
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M Abstract Mapping Syntax H 5D Tool

Figure 5-6 SUS scores bar graph for the abstract mapping syntax and the tool

In the table 5-3 and Fig. 5-6, it can be seen that the average SUS score for the
abstract mapping syntax was 81.3 and the tool was 86. In the case of SUS scores, if it
is higher than 80.3, which is the top 10% of scores by the percentile ranks associated
with SUS scores [Sauro 2011], then it indicates “A” grade usability meaning the
users are more likely to recommend the representation [Sauro 2010]. Both SUS
scores for the abstract mapping syntax and the tool using the MOUSE approach were
assessed “A” grades by the SUS score percentile rank. These results suggest that they
were easy to use for the participants (system engineers). This research also
recalculated the ease of use result values without participant 1D06, 1D08, 1D09, and
ID10 because these participants are ontology experts or have knowledge engineering
experience. The average SUS score - by the 11 participants who had no background
in ontology knowledge - for the abstract mapping syntax was 79.7 and the tool was
85. There was little decrease on the average SUS score values. However, both SUS
scores still suggest that the proposed abstract mapping syntax and the developed tool

were easy to use for the participants.

There was also a simple question asking the participant’s opinion about whether the

ontology mapping using UML representation was easy to use from a system
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engineer’s perspective. Table 5-4 and Fig. 5-7 show the analysis results of this
simple ease of use indication question.

Table 5-4 A simple ease of use indication question scores for the abstract mapping syntax

Simple ease of use indication
for the abstract mapping syntax
Participant ID
Range 1 (Very difficult)
to5 (very easy) Percentage (%)
P01 5 100
P02 5 100
P03 5 100
P04 5 100
P05 5 100
PO6 5 100
P07 4 80
Po8 5 100
P09 5 100
P10 5 100
P11 5 100
P12 4 80
P13 4 80
P14 5 100
P15 3 60
Average 4.66 93
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1 = Strongly Disagree, 5 = Strongly Agree

B Question: |think UML representation of semantic data and mapping is easy to understand for system engineers.

5 -
4
3
2
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Average = 4.66 (93%)

Figure 5-7 A simple ease of use indication question scores bar graph for the abstract

mapping syntax

From this question, this study could get an overall intuitive user satisfaction level for
the proposed abstract mapping syntax. In the table 5-4 and Fig. 5-7, it can be seen
that the average score for this indication question was 4.66 (93%). This average score
was also recalculated without participant 1D06, ID08, 1D09, and ID10 because these
participants are ontology experts or have knowledge engineering experience. The
recalculated average score for this indication question was 4.55 (91%). Both
calculated average scores were very high. This means the participants strongly
agreed that the abstract mapping syntax was easy to use for the system engineers, and
overall, the participants were highly satisfied with the abstract mapping syntax using
the MOUSE approach.

Some participants did criticise the tool. For example, participants ID13 who gave the
lowest SUS score from the experiment commented: “The interface for the tool
presents several Ul challenges. Firstly there are lots of opportunities to make
mistakes, more constraint in the actions the user can perform is necessary. Allowing
users to enter free text is liable to error that could be avoided by using dropdowns.
Secondly there are too many options in the right-hand column when I’'m only using 6
of the many available. Thirdly there is an issue with association arrows overlap and

it becomes hard to distinguish associations. ”
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In addition, from the feedback, this study could also observe that the participants did
not like to go through several steps in the tool for the semantic data integration task.
For example, the steps in the sequence the participants needed to follow in the tool to
perform the semantic data integration included “Exporting XMI”, “Initializing SDI
Tool”, “Generating RIF document and SPARQL queries”, “Executing SPARQL
queries on the ontologies” and “Archiving generated files”. Instead of these steps,
most of users wanted an automated complete work with one-click after drawing their
mappings. They wanted the interaction with the tool to be as simple (few) as possible
for their task.

This chapter explained and analysed the user based experiments undertaken by
system engineers (in a lab environment by participants who have skills equivalent to
real life system engineers) to evaluate the proposed MOUSE approach that
incorporates the abstract mapping syntax and automatic translation into a concrete
mapping syntax. The following chapter describes how well the research question was

addressed by evaluating the experiment’s results and suggests future work.
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6 Conclusion

This chapter gives an answer to the research question:

“To what extent will the proposed MOUSE approach: (i) allow the creation of
mappings using an abstract syntax familiar and usable to system engineers; (ii)
allow the accurate transformation of the abstract mappings into concrete

executable mappings?”

by evaluating the experiment results according to the experiment hypotheses and by

suggesting future work.

1. The SDI tool can correctly capture the mapping intention of a participant
for the core mapping types.

True: For each core mapping type (direct mapping, data range mapping and unit
transformation mapping), 30 mappings were analysed. For the direct mapping type,
27 mappings correctly captured the participant’s mapping intention. For the data
range mapping, 30 mappings correctly captured the participant’s mapping intention.
For the unit transformation mapping, 29 mappings correctly captured the
participant’s mapping intention. There were 4 mappings out of total 90 mappings that
did not correctly capture the participant’s mapping intention. From the feedback,
these inaccurate ontology mappings were identified as the result of mis-drawing
UML notations. From the analysis of the results, this hypothesis can be considered

true.

2. The SDI tool can accurately transform the abstract mappings of each

participant into SPARQL executable mappings.

True: The total number of ontology mappings conducted by the participants was 90,
and the total number of correctly auto-generated mappings was 90 as well. The
accuracy rate of the auto-generation was satisfactory. From the analysis of the

results, this hypothesis is proven true at least for the core mapping types.
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3. The proposed UML-based abstract mapping syntax is easy to use for the
participants.

True: To evaluate the ease of use of the proposed abstract mapping syntax, two
assessment methods were used. The first was a SUS based questionnaire and the
second was a simple overview indication question asking the participant’s opinion
about whether the ontology mapping using UML-based mapping syntax was easy to
use in a system engineer’s perspective. Both assessments for the ease of use of the
UML-based abstract mapping syntax scored very high. From the analysis of the
results, this hypothesis can be considered true.

4. The SDI tool is easy to use for participants.

True: To evaluate the ease of use for the tool, a SUS based questionnaire was used.
The SUS assessment for the ease of use of the tool to perform a semantic data
integration task scored very high. From the analysis of the results, this hypothesis can
be considered true.

This research has identified the core mapping types to be correctly captured by the
abstract mapping syntax and reviewed existing semantic mapping syntaxes that tend
to rely on a mapping practitioner to understand the idea of ontological concepts. In
our research, it is proposed to have a UML-based abstract semantic mapping
representation that tries to abstract away the concepts of ontology and is more
intuitive to use in order to represent the mapping intentions of domain experts who
have system engineering backgrounds. The abstract mapping syntax and tool has
been developed into the MOUSE approach, which is usable for system engineers to
accomplish their semantic data integration tasks. From the experiment, it is suggested
that system engineers can perform the semantic data integration task including
ontology mappings without knowing the ontological knowledge by using the
proposed UML-based abstract mapping syntax and a tool that they are familiar with,

while maintaining accuracy and usability (in terms of ease of use).
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6.1 Future Works

The current MOUSE approach is assessed by two criteria. One criterion is the
evaluation of the MOUSE approach within the core mapping types, and the other
criterion is the evaluation of the MOUSE approach supporting only query-based
semantic integration. Since there can be too many possible mapping relationships for
different semantic integration situations, there was a need to first scope the mapping
relationships and second, create tangible practical semantic integration solutions.
Therefore, this research identified and prioritized the mapping relationships that
mostly occurred in the industry use case. Three core mapping types were defined to
realize the proposed MOUSE approach. This research tried to generalize the use of
these core mapping types - in other words, to prove that the core mapping types are
usable not only in the telecommunications domain. The core mapping types were
applied in another domain (conference) and were proven usable through the
examples and experiments conducted by this research.

The MOUSE approach supports only query-based semantic integration. There are
three different semantic data integration approaches: (1) Query-based integration
using SPARQL, (2) Rule-based integration using SWRL, and (3) Axiom-based
integration using ontology. This research selected query-based integration approach
to begin the tool development that implements the MOUSE approach because from
the related research, query-based integration using SPARQL has proven to be the
most practical approach. This does not mean that this research abandoned the other
integration approaches. The SDI tool generates an intermediate RIF document
because RIF has the potential to interoperate with another integration approach. For
example, there is an existing RIF specification for RDF and OWL Compatibility.
This strategy potentially enables the transformation between RIF and OWL for

axiom-based integration in future.
There are some suggested future works to improve the current MOUSE approach.

1) Further experiments on the MOUSE approach in another domain
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In this research, the telecommunications domain and conference domain were
tested to prove the approach can be generalized. Experiments on two different
ontology domain datasets to generalize the theory can be considered a reasonable
number in light of ontology mapping research [Brockmans 2006][Keeney
2011][Lukichev 2008][Scharffe 2008] stating that the number of ontology
domains typically used to argue a theory was between 1 and 3. However, it is
always better to test a theory with more varied domain datasets in order to
support the argument for the generalization of the approach.

2) Extending the core mapping types to cover more mapping relationships

In this research, three core mapping types: direct mapping, data range mapping,
and unit transformation mapping, were derived from the industry use case. It has
been proven that the core mapping types are usable outside the
telecommunications domain. However, to cover more integration situations, there

is a need to extend the current core mapping types.
3) Generating another concrete mapping syntaxes

In this research, only the query-based integration approach using SPARQL
queries was implemented. The generation of other concrete mapping syntaxes
from the abstract mapping syntax will enable different semantic data integration
approaches such as the axiom-based integration approach using OWL or rule-

based integration approach using SWRL.
4) Resolving the graphical intricacy of the drawing UML notations

Because of this problem, some mapping intentions of the experiment participants
- to evaluate the accuracy of the SDI tool - could not be captured correctly.
Graphical intricacy occurs when there are several crossings and overlappings
between UML classes and associations for representing multiple mappings in
complex ontology relationships. This graphical intricacy existed in UML long
before this research. Normally, the graphical intricacy was treated in the tool
level such as the auto-alignment function for UML notations. The SDI tool can

be improved and made to be more user-friendly with such a function.
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APPENDIX A Ontologies from the industry use case

Appendix A.1 Femto level ontology - femtoclassifier.owl

<?xml version=*1.0"?>

<IDOCTYPE rdf:RDF [

<IENTITY owl “http://www.w3.0rg/2002/07/owl#” >

<IENTITY xsd “http://www.w3.0rg/2001/XMLSchema#” >
<IENTITY xml “http://www.w3.0rg/XML/1998/namespace” >
<IENTITY rdfs “http://mww.w3.0rg/2000/01/rdf-schema#” >
<IENTITY rdf “http://www.w3.0rg/1999/02/22-rdf-syntax-ns#” >
1>

<rdf:RDF xmIns="http://femto.testbed.alcatel-lucent.com/femtoclassifier#”
xml:base=*http://femto.testbed.alcatel-lucent.com/femtoclassifier”
xmins:rdfs=“http://www.w3.0rg/2000/01/rdf-schema#”
xmins:owl=“http://www.w3.0rg/2002/07/owl#”
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#”
xmins:rdf=“http://www.w3.0rg/1999/02/22-rdf-syntax-ns#”
xmlns:xml=“http://mww.w3.0org/ XML/1998/namespace”>

<owl:Ontology rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier.owl”/>

<l--
[
1l

/I Classes

1l
[ T

-->

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#Accessability -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Accessability”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#AccessabilityLevels -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#AccessabilitylL evels”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#Handover -->

<owl:Class rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#Handover”>

<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>

</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#HandoverLevels -->
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<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HandoverLevels’>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#HighHandoverFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighHandoverFemto>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#HandoverLevels’/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#HighPSDataFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighPSDataFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSDatal evels”/>
</owl:Class>

<!-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighRABFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighRABFemto>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#RABLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighlyAccessibilyFemtos -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighlyAccessibilyFemtos”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#AccessabilityLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighlyReliableFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HighlyReliableFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#ReliabilityLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#HomeNetwork -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#HomeNetwork>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowAccessibilityFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowAccessibilityFemto”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#AccessabilityLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowHandoverFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowHandoverFemto”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#HandoverLevels”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#LowPSDataFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowPSDataFemto”>

<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSDatalL evels”/>
</owl:Class>
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<!-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowRABFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowRABFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#RABLevels”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#LowReliabilibiltyFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#LowReliabilibiltyFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#ReliabilityLevels”/>
</owl:Class>

<!-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumAccessibilityFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumAccessibilityFemto”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#AccessabilityLevels”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#MediumHandoverFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier##MediumHandoverFemto”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#HandoverLevels’/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#MediumPSDataFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumPSDataFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSDatal evels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumRABFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumRABFemto”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#RABLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumReliabilityFemto -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#MediumReliabilityFemto”>
<rdfs:subClassOf rdf:resource=‘http://femto.testbed.alcatel-lucent.com/femtoclassifier#ReliabilityLevels”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#NPM -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NPM”>

<rdfs:subClassOf rdf:resource=‘http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkData”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkData -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkData”/>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData">

<rdfs:comment rdf:datatype="“&xsd;string”>these subclasses come for the KPI categories.</rdfs:comment>
</owl:Class>
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<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#PSData -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSData”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData™/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#PSDatalLevels -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSDatal evels”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#RAB -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#RAB”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#RABLevels -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#RABLevels’>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
</owl:Class>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#Reliability -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Reliability”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#ReliabilityLevels -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#ReliabilityLevels”>
<rdfs:subClassOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#Security -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Security”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#System -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#System”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData/>
</owl:Class>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#Traffic -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Traffic”>
<rdfs:subClassOf rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>
</owl:Class>

<l--
T T T
1

/] Object Properties
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1

T |
>

<!-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasAccesabilityKPI -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasAccesabilityKP1”>
<rdfs:range rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#Accessability”/>
<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKP1”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasHandoverKPI -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasHandoverKPI’>
<rdfs:range rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#Handover”/>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#haskP1”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasHomeNetworkKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasHomeNetwork KP1>
<rdfs:range rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#HomeNetwork”/>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKP1”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKP1”>
<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
<rdfs:range rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#NetworkHealthData”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasNPMData -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasNPMData”>
<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#Femto”/>
<rdfs:range rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#NPM”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasPMData -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasPMData”/>
<I-- http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasPSDataKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasPSDataKP1>
<rdfs:range rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#PSData”/>
<rdfs:subPropertyOf rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKPI”/>
</owl:ObjectProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#hasRABKPI -->

<owl:ObjectProperty rdf:about=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#thasRABKPI”>
<rdfs:range rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoclassifier#RAB”/>

<rdfs:subPropertyOf rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKP1”/>
</owl:ObjectProperty>
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<!-- http://[femto.testbed.alcatel-lucent.com/femtoclassifier#hasTrafficKPI -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasTrafficKP1”>
<rdfs:range rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#Traffic’’/>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoclassifier#hasKP1”/>
</owl:ObjectProperty>

</rdf:RDF>

Appendix A.2 Raw level ontology - femtoinstances.owl

<?xml version=*1.0"?>

<IDOCTYPE rdf:RDF [

<IENTITY owl “http://www.w3.0rg/2002/07/owl#” >

<IENTITY xsd “http://mwww.w3.0rg/2001/XMLSchema#” >
<IENTITY xml “http://www.w3.0rg/XML/1998/namespace” >
<IENTITY rdfs “http://mww.w3.0rg/2000/01/rdf-schema#” >
<IENTITY rdf “http://www.w3.0rg/1999/02/22-rdf-syntax-ns#” >

1>

<rdf:RDF xmIns=*http://femto.testbed.alcatel-lucent.com/femtoinstances#”
xml:base=*http://femto.testbed.alcatel-lucent.com/femtoinstances”
xmlns:rdfs=*“http://mww.w3.0rg/2000/01/rdf-schema#”
xmins:owl=“http://www.w3.0rg/2002/07/owl#”
xmlns:xsd="http://mww.w3.0rg/2001/XMLSchema#”
xmins:rdf="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#”
xmlns:xml=“http://mww.w3.0org/ XML/1998/namespace”>

<owl:Ontology rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances.owl”/>

<l--
T e o
Il

/I Classes

1l
T e oo

-->

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto -->

<owl:Class rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”>
<rdfs:subClassOf rdf:resource=‘http://femto.testbed.alcatel-lucent.com/femtoinstances#NetworkData/>
</owl:Class>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NetworkData -->

<owl:Class rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#NetworkData”/>

<I--

T T T ]
1
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/I Object Properties
1

T e e
>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstancest#thasAccesabilityKPl -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#hasAccesabilityKP1”’>
<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#haskKPI”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#hasHandoverKPI -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#hasHandoverKPI”’>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#haskKPI”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#hasHomeNetworkKPI -->
<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#hasHomeNetwork KPI”’>
<rdfs:subPropertyOf rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#haskKPI”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#hasKPI -->

<owl:ObjectProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#hasKPI”>
<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#thasNPMData -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#thasNPMData”>
<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<rdfs:range rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#thasPMData -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#hasPMData”/>
<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#hasPSDataKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#hasPSDataKPI”>
<rdfs:subPropertyOf rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#hasKP1”/>
</owl:ObjectProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstancest#thasRABKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#thasRABKPI>
<rdfs:subPropertyOf rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#hasKPI”/>
</owl:ObjectProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#hasTrafficKPI -->

<owl:ObjectProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#hasTrafficKPI”>

<rdfs:subPropertyOf rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#haskKPI”/>
</owl:ObjectProperty>
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<I--
e
1

/I Data properties

1
e

>

<!-- http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to GSM_Hard_Handovers_CS_Voice Failure_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to GSM_Hard_Handovers CS_Voice Failure_Rate”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to MTS_underlay_Intra_Frequency Hard_Handover Failure_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to MTS_underlay_Intra_Frequency Hard Handover_Failure_Rate”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to UMTS_underlay Hard_Handover_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to UMTS_underlay Hard_Handover_Success_Rate”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”’/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster to UMTS _underlay_Inter_Frequency Hard_Handover_Failure_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#BSR_cluster_to UMTS_underlay Inter_Frequency Hard Handover Failure Rate”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#CSD_RAB_Establishment_Success_Rate -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#CSD_RAB_Establishment_Success Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#CS_Data_Call_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#CS_Data_Call_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#CS_Speech_Call_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#CS_Speech_Call_Success Rate”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#CS_Successful RRC_Connection_Establishment_Rate
-->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#CS_Successful RRC_Connection_Establishment_Rate”>
<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#CS_Voice RAB_Establishment_Success Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#CS_Voice  RAB_Establishment_Success_Rate”>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#DCH_PS_RAB_Establishment_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#DCH_PS RAB_Establishment_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#DCH_PS_RAB_Success -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#DCH_PS RAB_Success”>
<rdfs:range rdf:resource="“&xsd;integer”/>
</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#DatatypeProperty 2 -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-lucent.com/femtoinstances#DatatypeProperty 2>
<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tE-DCH_Call_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#E-
DCH_Call_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tE-DCH_PS_RAB_Establishment_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#E-
DCH_PS RAB_Establishment_Success_Rate”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tFemto-BSR_to Femto-
BSR_CS Hard_Handover_in_same_Femto-BSR_Cluster_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto-BSR_to_Femto-
BSR_CS Hard_Handover_in_same_Femto-BSR_Cluster_Success_Rate”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstancestHHO_AttBsrGSMCSVoice -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#HHO_AttBsrGSMCSVoice”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tHHO _SuccBsrGSMCSVoice -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#HHO_SuccBsrGSMCSVoice”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tHSDPA_Call_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#HSDPA_Call_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#HSDPA_PS_RAB_Establishment_Success_Rate -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
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lucent.com/femtoinstances#tHSDPA PS RAB_Establishment_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstancestHSDPA PS RAB_Success -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#HSDPA_PS _RAB_Success”>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#HomeNetwork _Local Routing_Success Rate -->

<owl:DatatypeProperty rdf:about=*http://femto.testbed.alcatel-
lucent.com/femtoinstances#HomeNetwork Local Routing_Success_Rate”>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#KPl_2G_Macro_to_Femto-
BSR_CS Handover_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#KPI_2G_Macro_to_Femto-BSR_CS Handover_Success_Rate”>
<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#KPl_3G_Macro_to_Femto-
BSR_CS Handover_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#KPI_3G_Macro_to_Femto-BSR_CS Handover_Success_Rate”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#MM_ AttCsPagingProc -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#MM_AttCsPagingProc>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#MM_ AttPsPagingProc -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#MM_AttPsPagingProc”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#MM_SuccCsPagingProc -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#MM_SuccCsPagingProc>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#MM _SuccPsPagingProc -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#MM_SuccPsPagingProc”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumCellUpdate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#NumCellUpdate’>
<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>

<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#NumRBReconfAtt_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumRBReconfAtt_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumRBReconfFail_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumRBReconfFail_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumSuccCellUpdate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#NumSuccCellUpdate>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits HSDPADL -->
<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-

lucent.com/femtoinstances#NumUserBits HSDPADL”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>
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<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>
</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS128DL -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits_PS128DL”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS128UL -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits PS128UL">

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS384DL -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits_PS384DL">

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS384UL -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits PS384UL">

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS64DL -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits_PS64DL"">

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#NumUserBits_PS64UL -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#NumUserBits_PS64UL”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#Num_PreEmptCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#Num_PreEmptCall”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>

<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Number_of Full EAP-
AKA_Authentication_Attempts -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#Number_of Full_EAP-
AKA_Authentication_Attempts”>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-
lucent.com/femtoinstances#Number_of_Transmission_octets_on_Signalling_type_traffic -->

<owl:DatatypeProperty rdf:about=*http://femto.testbed.alcatel-
lucent.com/femtoinstances#Number_of_Transmission_octets_on_Signalling_type_traffic”>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Oam_Bootup_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#Oam_Bootup_Sum”>
<rdf:type rdf:resource="&owl;FunctionalProperty”’/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>

<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Oam_CellUnavailable_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Oam_CellUnavailable_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Oam_HardwareRfFailure_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Oam_HardwareRfFailure_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Oam_SoftwareError_Sum -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#Oam_SoftwareError_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#PS_RAB_Establishment_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#PS_RAB_Establishment_Success Rate”>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#PS_Successful_RRC_Connection_Establishment_Rate
-->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#PS_Successful RRC_Connection_Establishment_Rate”>
<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Proportional UTRAN_E-DCH_RAB Drop_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Proportional_ UTRAN_E-DCH_RAB_Drop_Rate”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#R99 PS Call_Success_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#R99_PS_Call_Success_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabCS_Conv -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabCS_Conv”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabCS_Data -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabCS_Data”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabPS DCH_DCH -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabPS DCH DCH”>
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<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabPS DCH_HSDSCH -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabPS DCH HSDSCH”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabPS EDCH -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabPS EDCH”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabPS sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabPS_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_AttEstabSecondPS_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_AttEstabSecondPS_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_FailEstabCS_Conv -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_FailEstabCS_Conv’>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_FailEstabCS_Data -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_FailEstabCS_Data”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_FailEstabPS_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_FailEstabPS _sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_Rel DropCSData_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_Rel DropCSData_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_Rel DropCSVoice_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_Rel_DropCSVoice_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tRAB_Rel_DropPS_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_Rel_DropPS_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_SuccEstabCS_Conv -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_SuccEstabCS_Conv”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_SuccEstabCS_Data -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_SuccEstabCS_Data”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_SuccEstabPSNoQueuing_ DCH_DCH -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
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lucent.com/femtoinstances#RAB_SuccEstabPSNoQueuing DCH_DCH”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_SuccEstabPSNoQueuing DCH_HSDSCH -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_SuccEstabPSNoQueuing DCH_HSDSCH”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RAB_SuccEstabPS EDCH -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_SuccEstabPS EDCH”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tRAB_SuccEstabPS_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RAB_SuccEstabPS_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_CallReestab -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_CallReestab”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_Detach -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_Detach”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_Emergency -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_Emergency”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>
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</owl:DatatypeProperty>
<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigBgrdCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigBgrdCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigConvCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigConvCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigHiPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigHiPrioSign”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OriglintactCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OriglntactCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigLoPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigLoPrioSign”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigStrmCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigStrmCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_OrigSubscrTrafficCall -->
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<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_OrigSubscrTrafficCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_Registration -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_Registration”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermBgrdCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermBgrdCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermCauseUnknown -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermCauseUnknown”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermConvCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermConvCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermHiPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermHiPrioSign”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermIntactCall -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermIntactCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
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<rdfs:range rdf:resource="&xsd;integer”/>
</owl:DatatypeProperty>

<I-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermLoPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermLoPrioSign”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_TermStrmCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_TermStrmCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_AttConnEstab_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_AttConnEstab_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_ConnReject_Congestion -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_ConnReject_Congestion”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tRRC_ConnSRBDrop_CS -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_ConnSRBDrop_CS”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tRRC_ConnSRBDrop_PS -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_ConnSRBDrop_PS”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_CallReestab -->
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<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_CallReestab”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_Detach -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_Detach”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_Emergency -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_Emergency”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigBgrdCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigBgrdCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigConvCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigConvCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigHiPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigHiPrioSign™>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OriglntactCall -->
<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-

lucent.com/femtoinstances#RRC_SuccConnEstab_OriglntactCall”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>
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<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>
</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigLoPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigLoPrioSign’>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigStrmCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigStrmCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_OrigSubscrTrafficCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_OrigSubscrTrafficCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_Registration -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_Registration”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermBgrdCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermBgrdCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermCauseUnknown -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermCauseUnknown™>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermConvCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermConvCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermHiPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermHiPrioSign”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermintactCall -->

<owl:DatatypeProperty rdf:about=*http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermintactCall”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermLoPrioSign -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermLoPrioSign”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_TermStrmCall -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_TermStrmCall”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”’/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#RRC_SuccConnEstab_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#RRC_SuccConnEstab_sum™>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#Standalone_CS_SRB_Drop_Rate -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#Standalone_CS_SRB Drop_Rate”>
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<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Standalone_CS_SRB_Drop_Rate _name -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Standalone_CS_SRB_Drop_Rate_name”/>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Standalone_CS_SRB _Drop_Rate value -->

<owl:DatatypeProperty rdf:about=*http://femto.testbed.alcatel-
lucent.com/femtoinstances#Standalone_ CS_SRB_Drop_Rate value”/>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Standalone_PS_SRB_Drop_Rate -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Standalone_PS SRB Drop_Rate”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#System_CPULoad_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#System_CPULoad_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#System_MemoryUsage_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#System_MemoryUsage Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#System_SoftwareRestart_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#System_SoftwareRestart_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_RxCsDropPacket_Sum -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxCsDropPacket_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>
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</owl:DatatypeProperty>
<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic RxCsOctet_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxCsOctet_Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic RxCsPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxCsPacket Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic. RxOamOctet_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxOamOctet_Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”’/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_ RxOamPacket_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_ RxOamPacket_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic_ RxPsDropPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxPsDropPacket Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic RxPsOctet Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxPsOctet_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_RxPsPacket_Sum -->
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<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxPsPacket Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic RxSigOctet_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxSigOctet_ Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_RxSigPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxSigPacket Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic RxSyncOctet_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxSyncOctet_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic_ RxSyncPacket_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_RxSyncPacket Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_ TxCsOctet Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxCsOctet_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxCsPacket_Sum -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxCsPacket Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
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<rdfs:range rdf:resource="&xsd;integer”/>
</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_ TxOamOctet_Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxOamOctet_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic_TxOamPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxOamPacket Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxPsOctet_ Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxPsOctet_Sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxPsPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxPsPacket Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances# Traffic_TxSigOctet Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxSigOctet Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxSigPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxSigPacket_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxSyncOctet_ Sum -->
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<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxSyncOctet_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Traffic_TxSyncPacket Sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Traffic_TxSyncPacket_Sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#tUL_E-DCH_Data_Volume_on_RLC SDU -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#UL_E-
DCH_Data_Volume_on_RLC SDU”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#VS_AttActiveCallReDirect2G -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_AttActiveCallReDirect2G>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_AttActiveCallReDirectUMTS -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_AttActiveCallReDirectUMTS”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_Att_FastAuth EAPAKA -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_Att FastAuth EAPAKA”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_Att FullAuth_EAPAKA -->
<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-

lucent.com/femtoinstances#VS_Att FullAuth EAPAKA”>
<rdf:type rdf:resource=“&owl;FunctionalProperty”/>
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<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>
</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_Fail_FastAuth_ EAPAKA -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_Fail_FastAuth_ EAPAKA”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_Fail_FullAuth EAPAKA -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_Fail_FullAuth_EAPAKA”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HARQRetransmissionsThree. EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HARQRetransmissionsThree_EDCH_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HARQRetransmissionsTwo_EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HARQRetransmissionsTwo_EDCH_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HARQRetransmissionsZero EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HARQRetransmissionsZero EDCH_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_ACRPSCallDrop -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_ACRPSCallDrop”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_AttBsrToBsrCSHOSameCluster -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_AttBsrToBsrCSHOSameCluster”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_AttBsrUmtsinterFreq -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_AttBsrUmtsinterFreq”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_AttBsrUmtsintraFreq -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_AttBsrUmtsintraFreq”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VVS_HHO_PSCallDrop -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_PSCallDrop”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_SuccBsrToBsrCSHOSameCluster -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_SuccBsrToBsrCSHOSameCluster”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource=*“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VVS_HHO_SuccBsrUmtsinterFreq -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_HHO_SuccBsrUmtsinterFreq”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#VS_HHO_SuccBsrUmtsintraFreq -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS _HHO SuccBsrUmtsintraFreq”>
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<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#VS_MaxAvailDLBandwidth -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_MaxAvailDLBandwidth’>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_MaxAvailULBandwidth -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_MaxAvailULBandwidth>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf.resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumAttActCall TransCAC -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_NumAttActCallTransCAC”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumCallRejectTransCAC -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_NumcCallRejectTransCAC”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumDLTransCACFail -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_NumDLTransCACFail”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumSuccActCallTransCAC -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_NumSuccActCallTransCAC”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>
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<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumULTransCACFail -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_NumULTransCACFail”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_NumUserBits EDCH_PS -->

<owl:DatatypeProperty rdf:about=*http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS NumUserBits EDCH_PS”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#VS_RAB_Rel DropPS EDCH -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#VS_RAB_Rel DropPS EDCH”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Vs_HARQFail EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Vs_HARQFail EDCH_sum”>

<rdf:type rdf:resource="&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstances#tNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Vs_HARQRetransmissionsGTthree EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Vs_HARQRetransmissionsGTthree. EDCH_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”’/>

<rdfs:domain rdf:resource=“http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstances#Vs_HARQRetransmissionsOne_ EDCH_sum -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Vs_HARQRetransmissionsOne_ EDCH_sum”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#Vs_SuccActiveCallReDirect2G -->

<owl:DatatypeProperty rdf:about=“http://femto.testbed.alcatel-
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lucent.com/femtoinstances#Vs_SuccActiveCallReDirect2G”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstances#NPM”/>
<rdfs:range rdf:resource="&xsd;integer”/>

</owl:DatatypeProperty>

<!-- http://[femto.testbed.alcatel-lucent.com/femtoinstances#Vs_SuccActiveCallReDirectUMTS -->
<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-
lucent.com/femtoinstances#Vs_SuccActiveCallReDirectUMTS”>

<rdf:type rdf:resource=“&owl;FunctionalProperty”/>

<rdfs:domain rdf:resource="http://femto.testbed.alcatel-lucent.com/femtoinstancestNPM”/>
<rdfs:range rdf:resource="“&xsd;integer”/>

</owl:DatatypeProperty>

<I-- http://femto.testbed.alcatel-lucent.com/femtoinstancestdatatypeProperty 3 -->
<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#datatypeProperty 3”/>
<!-- http://femto.testbed.alcatel-lucent.com/femtoinstances#femtoid -->

<owl:DatatypeProperty rdf:about="http://femto.testbed.alcatel-lucent.com/femtoinstances#femtoid”’>
<rdfs:domain rdf:resource=*http://femto.testbed.alcatel-lucent.com/femtoinstances#Femto”/>
</owl:DatatypeProperty>

</rdf:RDF>
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APPENDIX B SDI tool user manual in GUI mode with

examples

Reference
Manual for SDI Tool
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The tool is composed by four separate parts:

Diagram View, Diagram Overview: to show UML Diagram
Toolbox: to connect <<Unite>> UML class with UML classes
Model Explorer: to drag and drop <<Unite>> UML classes
Menu: to generate mapping outputs

AV NN

The contents of this manual:

1. Example of how to create DireCtMapPINg ..........ccccoiiiiiiii ettt
2. Example of how to create DataRaNgEMAaPPING ... . ..ottt ee e eeenas
3. Example of how to create UnitTransformationMapping ... e

4. Example of how to generate Mapping OURPULS ... ..o 11
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Appendix B.1 Example of how to create direct mapping

1. Example of how to create DirectMapping

This mapping type represents the expression for one ontology class (A) corresponding to another ontology
class (B) with the integration property corresponding to “Unite the instances of class (A) to class (B)".

1. Create UML Association between source and target UML Classes
— Select UML Association in Toolbox.
— Click source UML class in Diagram View and drag to target UML class.

A StarUML - Experiment Ontologies.uml
: Fle Edit Format Model View Tools Help [Semantic Data Integration]
DEE&(smeX|ocnBIF|@B %, s .
] T ase 0w &4 -

TEFE | m
Toolbox o x \SDI UML Diagram (Ontologies)

Annotation SDI UML Diagram |
Class
SDI UML MNotations

[} Select

‘ UML Assodation

Person

UML Assodation for ((Unite)) Class

[
1=
-
& starUML - Experiment Ontologies.umi c
: Fle Edit Format Model View Tools Help [Semantic Data Integration] o
EDI?"H&“%E)( ﬂf‘M‘EE%|gfﬁtvétso% -%QEV
| -] A7 | D&l |FE = i I iR | T TR I T
‘Tuolbnx o X‘ SDI UML Diagram (Ontologies) o
o SDI UML D\agraml 0
Class )
SDI UML Notations |~ <
[y Select Ont1|Person
UML Association Ont2 | Member
UML Association for ((Unite)) Class
Ont1 | Article Ont2|Paper
+hasDate +hasFullPages
+hasSize %] v

Now, you can see Directed UML Association Line between Classes.
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2. Create <<Unite>> stereotyped UML Class
— Select <<Unite>> DirectMappingl or DirectMapping2 in Model Explorer.
— Drag and Drop <<Unite>> DirectMappingl or 2 in Model Explorer into Diagram View.

; -9 @|F.
SMPHET, IS |RN[E ST DL 0|,
MedelBersr

EIEIE-SE AR

=

Allg- ﬁ mapping
= E] Ontologies
Ont2 | Member 2 sorum. Disgram
’I
- =] ataRangeMapping1
Q taRangeMapping2
B < 6' UnitTransformationMapping 1
B B <] & [ UnitTransformationMapping2
<<Unite>> BB < ‘U Configuration
DirectMapping1 ~Bo 5 P
B ol e
B o o ber
Ont2| Paper oo b
+hasFullPages BB o g_ cted_Paper
H of pted_Paper
w1 (d O kon-ontz|Member)
-
§f \7\ o
°

Now, you can see <<Unite>> DirectMapping1 UML Class.
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3. Create <<Unite>> stereotyped UML Association Class
— Select UML Association for ((Unite)) Class in Toolbox.
— Click UML Association Line in Diagram View and drag to <<Unite>> stereotyped UML class.

Eile Edit Format Model View Tools Help [Semantic Data Integration]
DEE& s2eX|vcnBER |0 %, fmmw -8 @|E.
| T Jasd|tim&d-|zze(amenEs,

esa 1 (S Dagram Oriose)

Annotation & DI UML Diagram |
Class
SDI UML Notations |;
[s Select Ont1]|Person
UML Association
‘ UML Association for ({Unite)) Class < Sel ect

\'_

<<Unite>>
DirectMapping1

View Tools Help [Semantic Data Integration]

X[ BER|@ %, s -a e @|E.

[ Jasd0mod|z2z3 sz, &R%|E S & |T 0L @ |
A |

—_ || [3 so1um piagram |

_ 1]

Ontl|Person Ont2 | Member

Class

Association Class Line

<<Unite>>
DirectMapping1

Ont1]Article Ont2|Paper

+hasFullPages

A

Now, you can see UML Association Class Line between UML Association and <<United>> stereotyped UML
Class.

+hasDate
+hasSize
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Appendix B.2 Example of how to create data range mapping

2. Example of how to create DataRangeMapping

This mapping type represents the expression for an ontology class (A), that is constrained by the data range of
the datatype properties, corresponding to another ontology class (B) with the integration property
corresponding to “Unite the instances of class (A) to class (B) if the instance of class (A) satisfies the data range
constraint”.

1. Create UML Association between source and target UML Classes
— Select UML Association in Toolbox.

— Click source UML class in Diagram View and drag to target UML class.

& StarUML - Experiment Ontologies.uml

: Fle Edit Format Model View Tools Help [Semantic Data Integration]
D& 2R X|lvc@ ZIE & R, 5% -
| T a7 |0 e dl-
Toolbox @ % |SDI UML Diagram (Ontologies)

Annotation SDI UML Diagram |
Class

SDI UML Notations B
[} Select
‘ UML Assodation

TEE |5 m

Select

UML Assodation for ({Unite)) Class

¥ StarUML - Experiment Ontologies.uml

: File Edit Format Model View Tools Help [Semantic Data Integration]
DeEEsseX|v-caBERlaw. in] 2] -aam|m.
f | A 2P Er._“‘.~.;v-:;.|-7—;:7-‘.::27-?&\&"4\%%& i
Toolbox a x ‘SD] UML Diagram {Ontologies) %
Annotation SDI UML Diagram | o
Class -4
5DI UML Notations | = “E
[y Select Ont1]Article 'L—) Ont2 | Paper
UML A: ti
ssociation +hasDate (o] +hasFullPages
UML Association for ((Unite)) Class A (1]
+hasSize 7)) \/

Ont2 | Rejected_Paper

+hasFullPages

Now, you can see Directed UML Association Line between Classes.
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2. Create <<Unite>> stereotyped UML Class
— Select <<Unite>> DataRangeMappingl or DataRangeMapping2 in Model Explorer.
— Drag and Drop <<Unite>> DataRangeMappingl or 2 in Model Explorer into Diagram View.
— Double click on the attribute to change the attribute in <<Unite>> DataRangeMappingl Class.
— Modify default UML constraint which is in between “{* and “}” according to your design of the
mapping.

ools Help [Semantic Data Integration]

W BEE|@ R, s -8 Q @|E.
|a 72| Ca S |223|smartss, ia|R%|(B S & |0 o wms,
SDI UML Diagram (Ontologies) |Mudel Explorer
| & sorumL piagram | FIERE -T2
A || 5 % mapping
= @ Ontologies
Ont1]|Article Ont2| Paper m SDI UML Diagram
B <<Unite>> DirectMapping1
+]
+hasDate hasFuIIPages B <<Unite > DirectMapping2
+hasSize 2] <<Unite >> DataRangeMapping 1
B < > DataRangeMapping2
=B UnitTransformationMappi
G )i TransformationMappi
= B Q Configuration
=
e =] ;
Bq- er
- 2R = |
OntZIRe]ected_PW w5 9 red_paper
=4 O |pted Paper
+hasFu|IPages _ pn-Ont2|Member)
7
B _ le-Ont2|Rejected_Paper)
DataRtiflgzltl::l:Pingl [ = g ricntzember rectic
Q
+constraint { Attribute > 10 } o
3
e
(o]

1

/

Ont2 | Rejected_I

+hasFullPages

<<Unite>>
DataRangeMappingl

y constraint { Attribute > 10 }|

Double Click

+hasFul

<<Unite>>
DataRangeMapping1

+constraint { hasDate < 20130729 } <

Now, you can see <<Unite>> DataRangeMappingl UML Class with your intended constraint.
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3. Create <<Unite>> stereotyped UML Association Class
— Select UML Association for ((Unite)) Class in Toolbox.

Click UML Association Line in Diagram View and drag to <<Unite>> stereotyped UML class.

le Edit Format Model View Tools Help [Semantic Data Integration]

BEHES R X0 cmBEAGR| DR, s

-] & O -
H - 1A 72 |0 a-dd |2 |smadtss. ia(um|Eaa|F
FSECKIAIS] 551 U Gagram Gricloges
Annotation (=] sp1UML Disgram |
Class
SDI UML Notations | ~
[} select Ont1]Article Ont2 | Paper
UML Association
+hasFullPages
| UML Association for {{Unite)) Class Sel ect 9

L

Ont2 | Rejected_Paper

+hasFullPages

<<Unite>>
DataRangeMapping1

ile Edit Format Model View Tools Help [Semantic Data Integration]

BES| 2R X|o @ ZTEE|B ¥, sw

-a e @[E.

T Jase b méadzzz|smesn=s.iaw%2as|Tce
| Toolbox o x|
Annotation (2] sorUML Diagram |
Class
SDI UML Notations | =
[Ty select Ont1|Article Ont2|Paper
UML Association
+hasFullPages
UML Association for ((Unite)) Class +hasD.ate :
+hasSize

N

Associate Class Line

Ont2 | Rejected_Paper

+hasFullPages

<<Unite>>
DataRangeMapping1

+constraint { hasDate < 20130729 }

Now, you can see UML Association Class Line between UML Association and <<United>> stereotyped UML
Class.
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Appendix B.3 Example of how to create unit transformation mapping

3. Example of how to create UnitTransformationMapping

This mapping type represents the expression for an ontology class (A), that is constrained by the arithmetic
transformation of the data value of the datatype properties, corresponding to another ontology class (B) with
the integration property corresponding to “Unite the instances of class (A) to class (B) with the unit
transformation according the constraint”.

1. Create UML Association between source and target UML Classes
— Select UML Association in Toolbox.
— Click source UML class in Diagram View and drag to target UML class.

A StarUML - Experiment Ontologies.uml
S Fle Edit Format Model View Tools Help  [Semantic Data Integration)

DEEHS| s RX (v IED (@ R, 5% .
| 1T Jasd0add|22z%|sm
Toolbax 0 X |SDI UML Diagram (Ontologies)

Annotation

SDI UML Diagram |

Class
SDI UML Notations | =]

R§ Select

| UML Assodation

Select

UML Association for ({(Unite)) Class

4 StarUML - Experiment Ontologies.um!
: File Edit Format Model View Tools Help [Semantic Data Integration]

DER&| 4l x| nBEE B R, s - Q @[3,
{ T Jas»|ta @ |Z223|amertiss, id|B%|ES |0 L.
Toolbox L % | [SDI UML Diagram {Ontologies)
Annotation SDI UML Diagram |
Class
SDI UML Notations | =
k Select Ontl IArtiCIe Dnt2| Paper
UML Association ___—_'_______?
+hasFullPages
UML Assodation for {{Unite)) Class +ha5D_ate 9
+hasSize \z
(7]
7]
(o)
0,
)
(==
O ||Rejected_p
3 jected_Paper
[ FullPages
-
®

Now, you can see Directed UML Association Line between Classes.
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2. Create <<Unite>> stereotyped UML Class

Select <<Unite>> UnitTransformationMappingl or 2 in Model Explorer.

Drag and Drop <<Unite>> UnitTransformationMappingl or 2 in Model Explorer into Diagram
View.

Double click on the attribute to change the attribute in  <<Unite>>
UnitTransformationMappingl Class.

Modify default UML constraint which is in between “{" and “}” according to your design of the

mapping.

ools Help [Semantic Data Integration]

o REE|E %, e -aa@|@,
AP |D'a Q@ T2 smPHns & (G%|E S E|F Lo
SDI UML Diagram (Ontologies) Model Explorer

SDI UML Diagram |

HIEAE-MA AR R
= i mapping
= Ontologies

Ont1 | Article Ont2| Paper ; SDI UML Diagram

+hasDate
+hasSize

e +hasFullPages Bl <<Unite>> DirectMapping1

<<Unite >> DirectMapping2
< <Unite > > DataRangeMapping1

< <Unite >> DataRangeMapping2

<<Unite > > UnitTransformationMapping 1
<<Unite> ransformationMapping2

&
D@ Dmm

A
\.

<<Uni ation

"

UnitTransformationMapping1

Onf
Ont1]Ar
ont2jmd

<<Unite>>

N -

+constraint { Attribute = Attribute + 10 }

Ont2|Pa|

ected_Paper Ont2jRel

B

er

Ont2]Ad|

3

per
IMember)

Paper)

|Member -DirectMapping

+hasFullPages Ont1P

(ont1A
{ont1lP

®
J¥L LD mmm

<<Unite>>
UnitTransformationMapping1

doaQg pue beiq 2119

Double Click constraint { Attribute = Attribute + 10 } =_€?_'_=:_T Qger

UnitTransformationMapping1

<<Unite>>

| +constraint { hasFullPages = hasSize + 2 }

Now, you can see <<Unite>> UnitTransformationMappingl UML Class with your intended constraint.

169



3. Create <<Unite>> stereotyped UML Association Class
— Select UML Association for ((Unite)) Class in Toolbox.

Click UML Association Line in Diagram View and drag to <<Unite>> stereotyped UML class.

EEiIe Edit Format Model View Tools Help [Semantic Data Integration]

*némgx\nnmaam@%- : 150% -6 6@ F.
\ 1 ald T |amrET & a%(B ST L
I 55 o i |
Annotation (&) sDIUML Diagram |
Class
SDI UML Notations B
&Select

nt1]Article Ont2| Paper

. +hasFullPages
Select

N— |

<<Unite>>
UnitTransformationMapping1

UML Association

[ UML Assodation for ({Unite)) Class

+constraint { hasFullPages = hasSize + 2 } ected_Paper
+hasFullPages
: Fle Edit Format Model Wiew Tools Help [Semantic Data Integration]
BE& YRR X oo C150% -6 e @ [E.

] | I|Al&|Dv-JEGI'ZZE—ul}v"v:E,énuH}ﬂ‘leel%‘Tﬂ_ﬂf}
[Toolbox x|
Annotation SDI UML Diagram |
Class
SDI UML Notations |~
[ k Select Ont1| Article 0nt2| Paper

UML Association —__‘____'_____3

+hasFullPages
UML Assodiation for ((Unite)) Class +hasD_ate ¢ g
+hasSize

N

Associate Class Line

<<Unite>>
UnitTransformationMapping1

+constraint { hasFullPages = hasSize + 2 }

ected_Paper
+hasFullPages

Now, you can see UML Association Class Line between UML Association and <<United>> stereotyped UML
Class.

10
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Appendix B.4 Example of how to generate mapping outputs

4. Example of how to generate Mapping Outputs

= Export XMl

Select [Semantic Data Integration] in the Menu.
Click “1. Export XMI (mapping.xmi) ...” in the Menu.
Click OK when Export to XMI popup window appears.
Click OK when XMI export complete window appears.

[Semantic Data Integration]

1. Export XMI (mapping.xmi) ...
2. Initialize SDITool and Move Generated XMI

s

| I

3. Generate RIF document and SPARQL queries
Annotation o1 Ut 4. Execute SPARQL queries on the ontologies
Class 5. Archive Generated files to Report g -
SDI UML Notations |~ P
| Select +numt
m +year

/| Generate diagram and view elements
[ Generate LUID
() Generate Timestamp

Progress:

Fie name: C:'WProgram Files (x86) WStarUML W(Experime

XMI Version

© XMI 1.1 for UML 1.3 © XMI 1.1 for UML 1.3Rose Extended <<Unite>>
DirectMapping1

Options

»

p—

0

C

e .
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Initialize SDITool and Move Generated XMl
— Select [Semantic Data Integration] in the Menu.
— Click “2. Initialize SDITool and Move Generated XMI” in the Menu.
— CMD window appears with 1 file(s) moved information.
— Click any key to make the window disappear.

Fie Edit Format Model View Tools Help | [Semantic Data Integration)
D=E& % &

1. Export XMI (mapping.xmi) ...
2. Initialize SDITool and Move Generated XMI

Select

3. Generate RIF document and SPARQL queries

Toolbox

Annotation i Q o1 ut 4. Execute SPARQL queries on the ontologies
lass

Ca 5. Archive Generated files to Report

SDI UML Notations |

[y Select . /

G C\Windows\system32\cmd.exe

Initialize SDITool and Move Generated XMI

SDITool for UML,. RIF, SPARQL]
1 file(s> moved.

any key to continue .
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= Generate RIF document and SPARQL queries

Eile

Select [Semantic Data Integration] in the Menu.

Click “3. Generate RIF Document and SPARQL queries” in the Menu.
CMD window appears with the mappings information.

Click any key to make the window disappear.

Edit Format Model View Tools Help | [Semantic Data Integration]

DEE& ¥ B 1. Export XMI (mapping.xmi) ...
2. Initialize SDITool and Move Generated XMI
Toolbox 3. Generate RIF document and SPARQL queries

Annotat

on

o

. Execute SPARQL queries on the ontologies

a

Clas§ C:\Windows\system32\cmd.exe

1.

2.

-

1.

i

iStep 3. Generate RIF document and SPARQL quer

-
wcc ful. (Please, proceed to the next step) =
0 0 0 - - - 0 0/
are total 3 mappings with no error.
Mapping{DirectMappingl)
from Cla SourceOnt iGovernor) to Cla TargetOnt IAdninistrativeStaff)
» There no error in this mapping.

Mapping{DataRangeMappingl)
from Cla SourceOnt iGraduateStudent) to Class(TargetOnt iGraduate)
with Constraint(StudentGrade>50)
* There no error in this mapping.

Mapping{UnitTransformationMappingl)

from Cla ourceOnt iUndergraduateStudent) to Cl TargetOnt iUndergraduate)

with Constraint{price=StudentTuition + 1000)
* There no error in this mapping.

[Generated Output RIF Filel

Jheiftmapping..rif

[Generated Output SPARQL Files)

parglt¥mapping_1.
parglimapping
Mspargl¥mapping _3.rq

B )

ne: Hourd(d®) Minute(BB) Second(BB> Millisecond(837)

B )

P

€ any key to continue

If * Mappings are not successful, please check the mappings according to the error and re-generate mapping
outputs from the Export XMI.
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Execute SPARQL queries on the ontologies

Select [Semantic Data Integration] in the Menu.

Click “4. Execute SPARQL queries on the ontologies” in the Menu.
— CMD window appears with the output information.

— Click any key to make the window disappear.

Fle Edit Format Model View Tools Help | [Semantic Data Integration)

DEEE& 4 B 44 O . Export XMI (mapping.xmi) ...

-

fo]

2. Initialize SDITool and Move Generated XMI
Toolbox 3. Generate RIF document and SPARQL queries
Annotation 4. Execute SPARQL queries on the ontologies
- S. Archive Generated files to Report
SDI UML Notations - T
k Se |

ecute SPARQL quer on the ontologies

J OVWL Folder]
TEST _SourceOntology.owl
TEST _TargetOntology.owl

1. mapping_1
. mapping_2

3. mapping

[Generated Output OWL Filel

1. mapping.owl

any key to continue
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= Archive Generated Files
— Select [Semantic Data Integration] in the Menu.
— Click “5. Archive Generated files to Report” in the Menu.
— CMD window appears with the archived file information.
— Click any key to make the window disappear.

File Edit Format Model View Tools Help | [Semantic Data Integration]

DEE& ¥ B I Y 1. Export XMI (mapping.xmi) ... @
2. Initialize SDITool and Move Generated XMI

Toolbox 0 x| 'SDIUML Dia 3. Generate RIF document and SPARQL queries |
Annotation = N 4. Execute SPARQL queries on the ontologies '
Con Select 5. Archive Generated files to Report —
SDI UML Notations I - I

[} Select I I

. Archive Generated files to Report

into a zip file{Archive _20130715_142816_696

(x86>WStarUMLl¥noduleststarunl-sdi¥sditoolWirchive _20130715_142816_696.zip

1 file{s) moved.
any key to continue

v' Thank you.
The mapping experiment on SDI Tool is finished. (Please answer the questionnaire.)
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APPENDIX C SDI tool java archive file usage in

command line mode

Appendix C.1 Usage of “sditool.jar” in command line mode

1. “java -jar sditool.jar -1

- Initialize the tool by creating/deleting the folders for UML, RIF, SPARQL.
2. “java -jar sditool.jar” (Without any parameter)

- Generate RIF document and SPARQL queries from UML file.
3. “java -jar sditool.jar -S”

- Compute SPARQL queries on merged OWL file and generate result OWL file.
4. “java -jar sditool.jar -A”

- Archive the output files into a zip file with the unique name.
5. “-L” or “-D” parameter can be used in any of above execution.

“-L” parameter creates log files

“-D” parameter shows log only in console.

e.g. “java -jar sditool.jar -S -D”

- This will compute SPARQL queries and the process will be shown in console.
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Appendix C.2 Composition of the sditool.jar file

root folder - There is an executable “sditool.jar” file of the tool and a sample outputs
archived file.

lib folder - This folder has library (jar) files used in the tool. There are 10 external
libraries: apache-jena-core-2.10.0.jar, apache-jena-arg-2.10.0.jar, apache-jena-iri-
0.9.5.jar, commons-codec-1.6.jar, log4j-1.2.16.jar, slf4j-api-1.6.4.jar, slf4j-log4j12-
1.6.4.jar, xercesimpl-2.10.0.jar, xml-apis-1.4.01.jar, commons-compress-1.5.jar.

bin folder - This folder has compiled class files.
src folder - This folder has source code files.

uml folder - This folder has “mapping.xml” file that is in serialized XMI format of
UML representation.

owl folder - This folder has source and target ontology files.

[Model] folder - This folder has UML diagrams of the data structure.
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APPENDIX D Mapping design worksheets

Appendix D.1 Mapping design worksheets for direct mapping type

Participant ID:

Mapping Design Worksheet
for Direct Mapping Type

Instruction:

1) Please review "Example Mapping Design for Direct Mapping Type".

2) Please describe briefly two direct mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1) (2)

Mapping Design Worksheet Example Mapping Design

for Direct Mapping Type for Direct Mapping Type
Instruction

(3) (4)

UML Representation Description of Mapping Intention
of the conference ontologies for Direct Mapping-ID 1 & 2
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(2) Example Mapping Design for Direct Mapping Type
This mapping type represents the expression for one ontology class (A) corresponding to another ontology
class (B) with the integration property corresponding to “Unite the instances of class (A) to class (B)”.

TargetOnt | PaperAbstracted

SourceOnt | Proceeding
+hasMark

+hasSize

TargetOnt | PaperAccepted
DM1 +|‘L135Fullpages — TargetOnt | Paper
SourceOnt | Document SourceOnt | Article +hasMark
+hasSize =2 '— +hasSize
+hasScore
N TargetOnt | PaperRejected
i it N +hasFullPages
S +hasMark

 Ma . :

SourceOnt | Thing , p e - TargetOnt| Thing

SourceOnt|Author ¢

+hasMobileNumber \
+hasRegisterFee TargetOnt | Author

&/’/ DM2

SourceOnt | Person +hasPhoneMumber

+hasMemberFee

+hasRegisterFee

TargetOnt| Member

+hasMemberFee

I
A

SourceOnt| Attendee
TargetOnt | CoAuthor

+hasRegisterFee
+hasMemberFee

Direct Mapping 1

Please explain your intention of the mapping.

Instancesin [ SourceOnt|Article ]class needto be mappedto[ TargetOnt|Paper ] class.

because Article can be subclass of Paper.

Direct Mapping 2

Please explain your intention of the mapping.

Instancesin [ SourceOnt|Author ]classneedtobe mappedto[ TargetOnt|Author ]class.

because Both Author can be considered same.
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(3) UML Representation of the conference ontologies

SourceOnt | AcademicEvent

+conference_fee
+tutorial_fee Cdmlicin
+workshop_fee

TargetOnt | Conference

TargetOnt| Tutorial

hasFee —N
SourceOnt| Conferencetvent | +hasFee

[ ]
Targetont | Workshop \
+hasFee

[ ]
TargetOnt | Event
+hasFee

| Working_Event

SourceOnt | NonAcademicEvent

+reception_fee
+banquet_fee

+rip_fee TargetOnt| MealEvent
+hasFee

TargetOnt | SocialEvent

+hasFee

SourceOnt|Short_Paper

+paper_size

ACHE TargetOnt | Accepted_Paper
+hasPages
+hasRate
SourceOnt | Paper T |Paper
z +hasP:
+oapersie TargetOnt|Rejected Paper | ) el
core
+hasPages
+hasRate ﬁ
Targetont | Article
SourceOnt| Poster TargetOnt | Undecided_Paper +hasPages
+hasPages +hasRate
sk +hasRate
N
1 ‘\
v ’ Jp— .. TargetOnt | Abstract_of_Paper
| ~
= N +hasPages
SourceOnt | Thing ' Map - bl
1 " -
_____ .
|-
SourceOnt | Reviewer
! TargetOnt | Primary_Reviewer
+max_number_of_reviews YR
+number_of_reviews phed e
stk +hasReviewedPapers
SourceOnt| Author TargetOnt| Secondary_Reviewer TargetOnt | CommitteelMember
+hasMaxReviews +hasMaxReviews
e +hasRevienecPapers s oyl
TargetOnt| Author
SoiceOut| pastopant +hasContacthumber
+registered_date +hasUserld
+telephone
e Targetont| Early_Paid_Applicant
+hasContacthumber
+hasUserld
Ty TargetOnt|Registered_Applicant
+hasContacthumber
TargetOnt| Late_Paid_Appli +hasUserld
+hasContacthumber
+hasUserld
SourceOnt| Important_Dates
+is_an_sbstract_submission_date
+is_a_full_paper_submission_date
e »_confererce_date TargetOnt| Date_of_Conference
+hasDate
TargetOnt | Abstract_Submission_Date
+hasDate
TargetOnt | Date
+hasDate
TargetOnt| Full_Paper_Submission_Date
+hasDate
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(4) Description of Mapping Intention for Direct Mapping-ID 1 & 2

For the conference ontologies:
You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

1. conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)

2. reception_fee, banquet_fee, trip_fee, hasFee: #.## (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
3. paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

4. score: ## (Decimal Range from 0 to 10, e.g. 5)

5.
6
7
8
9

hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

. max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)
. number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10)

. telephone, hasContactNumber: ########## (10 Decimal Digits, e.g. 1234567890)

. id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678)

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)
11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

Direct Mapping 1

Please explain your intention of the mapping.

Instances in [ ] class need to be integrated into [ ] class.
Because
Direct Mapping 2
Please explain your intention of the mapping.
Instances in [ ] class need to be integrated into [ ] class.
Because

4
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Appendix D.2 Mapping design worksheets for data range mapping type

Mapping Design Worksheet

Participant ID:

for Data Range Mapping Type

Instruction:

1) Please review "Example Mapping Design for Data Range Mapping Type".
2) Please describe briefly two data range mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1)

Mapping Desigh Worksheet
for Data Range Mapping Type
Instruction

(2)

Example Mapping Design
for Data Range Mapping Type

(3)

UML Representation
of the conference ontologies

(4)

Description of Mapping Intention
for Data Range Mapping-ID1 & 2
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(2) Example Mapping Design for Data Range Mapping Type

This mapping type represents the expression for an ontology class (A), that is constrained by the data range of
the datatype properties, corresponding to another ontology class (B) with the integration property
corresponding to “Unite the instances of class (A) to class (B) if the instance of class (A) satisfies the data range

constraint”.

TargetOnt | PaperAbstracted
+hasMark

SourceOnt | Proceeding

+hasSize

TargetOnt | PaperAccepted

+hasFulPages TargetOnt | Paper
+hasMark 9 I Prpe
SourceOnt | Document SourceOnt | Article +hasMark
+hasSize =2 '— +hasSize
+hasScore
N TargetOnt | PaperRejected
i it N +hasFullPages
S +hasMark
 Ma .
SourceOnt | Thing , p e - TargetOnt| Thing
L
SourceOnt | Author
+hasMobileNumber
+hasRegisterFee TargetOnt | Author
SourceOnt|Person &/—” +hasPhoneMumber
+hasMemberFee
+hasRegisterFee TargetOnt| Member
+hasMemberFee

I
A

SourceOnt| Attendee
TargetOnt | CoAuthor

+hasRegisterFee

+hasMemberFee

Data Range Mapping 1

Please explain your intention of the mapping.
Instances in [ SourceOnt| Article ] class need to be integrated into [ TargetOnt | PaperAbstracted ] class

with the constraint { hasSize <= 2 }

because Articles, that have less than or equal to 2 pages, are an abstracted paper.

Data Range Mapping 2

Please explain your intention of the mapping.
Instances in [ SourceOnt|Article ] class need to be integrated into [ TargetOnt| PaperRejected ] class

with the constraint { hasScore < 5 }

because Articles, that have less than 5 score, are a rejected paper.
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(3) UML Representation of the conference ontologies

SourceOnt | AcademicEvent

+conference_fee
+tutorial_fee Cdmlicin
+workshop_fee

TargetOnt | Conference

TargetOnt| Tutorial

hasFee —N
SourceOnt| Conferencetvent | +hasFee

[ ]
Targetont | Workshop \
+hasFee

[ ]
TargetOnt | Event
+hasFee

| Working_Event

SourceOnt | NonAcademicEvent

+reception_fee
+banquet_fee

+rip_fee TargetOnt| MealEvent
+hasFee

TargetOnt | SocialEvent

+hasFee

SourceOnt|Short_Paper

+paper_size

ACHE TargetOnt | Accepted_Paper
+hasPages
+hasRate
SourceOnt | Paper T |Paper
z +hasP:
+oapersie TargetOnt|Rejected Paper | ) el
core
+hasPages
+hasRate ﬁ
Targetont | Article
SourceOnt| Poster TargetOnt | Undecided_Paper +hasPages
+hasPages +hasRate
sk +hasRate
N
1 ‘\
v ’ Jp— .. TargetOnt | Abstract_of_Paper
| ~
= N +hasPages
SourceOnt | Thing ' Map - bl
1 " -
_____ .
|-
SourceOnt | Reviewer
! TargetOnt | Primary_Reviewer
+max_number_of_reviews YR
+number_of_reviews phed e
stk +hasReviewedPapers
SourceOnt| Author TargetOnt| Secondary_Reviewer TargetOnt | CommitteelMember
+hasMaxReviews +hasMaxReviews
e +hasRevienecPapers s oyl
TargetOnt| Author
SoiceOut| pastopant +hasContacthumber
+registered_date +hasUserld
+telephone
e Targetont| Early_Paid_Applicant
+hasContacthumber
+hasUserld
Ty TargetOnt|Registered_Applicant
+hasContacthumber
TargetOnt| Late_Paid_Appli +hasUserld
+hasContacthumber
+hasUserld
SourceOnt| Important_Dates
+is_an_sbstract_submission_date
+is_a_full_paper_submission_date
e »_confererce_date TargetOnt| Date_of_Conference
+hasDate
TargetOnt | Abstract_Submission_Date
+hasDate
TargetOnt | Date
+hasDate
TargetOnt| Full_Paper_Submission_Date
+hasDate
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(4) Description of Mapping Intention for Data Range Mapping-I1D 1 & 2

For the conference ontologies:
You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

1. conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)

2. reception_fee, banquet_fee, trip_fee, hasFee: #.## (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
3. paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

4. score: ## (Decimal Range from 0 to 10, e.g. 5)

5.
6
7
8
9

hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

. max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)
. number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10)

. telephone, hasContactNumber: ########## (10 Decimal Digits, e.g. 1234567890)

. id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678)

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)
11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

Data Range Mapping 1

Please explain your intention of the mapping.

Instances in [ ] class need to be integrated into [ ] class.
with the constraint { }
because
Data Range Mapping 2
Please explain your intention of the mapping.
Instances in [ ] class need to be integrated into [ ] class.
with the constraint { }
because

8
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Appendix D.3 Mapping design worksheets for unit transformation mapping

type

Participant ID:

Mapping Design Worksheet
for Unit Transformation Mapping Type

Instruction:

1) Please review "Example Mapping Design for Unit Transformation Mapping Type".

2) Please describe briefly two unit transformation mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:
(1) (2)
Mapping Desigh Worksheet Example Mapping Design

for Unit Transformation Mapping Type | for Unit Transformation Mapping Type
Instruction

(3) (4)

UML Representation Description of Mapping Intention

of the conference ontologies for Unit Transformation Mapping
-iD1&2
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(2) Example Mapping Design for Unit Transformation Mapping Type

This mapping type represents the expression for an ontology class (A), that is constrained by the arithmetic
transformation of the data value of the datatype properties, corresponding to another ontology class (B) with
the integration property corresponding to “Unite the instances of class (A) to class (B) with the unit
transformation according the constraint”.

TargetOnt | PaperAbstracted
+hasMark

SourceOnt | Proceeding

+hasSize

TargetOnt | PaperAccepted
+hasFulPages TargetOnt | Paper
+hasMark o |Pape
SourceOnt | Document SourceOnt | Artidle sHhettork
+hasSize = '— +hasSize
+hasScore
"~ TargetOnt | PaperRejected
! i N +hasFullPages
S +hasMark
I
' Map ,” TargetOnt | Thing

SourceOnt| Thing

SourceOnt|Author ¢
+hasMobileNumber \
+hasRegisterFee UTM1 TargetOnt | Author

SourceOnt | Person +hasPhoneMumber

+hasMemberFee
+hasRegisterFee ‘Lk-{\_*x TargetOnt| Member
UTM2 +hasMemberFee

SourceOnt| Attendee /,/V

TargetOnt | CoAuthor
+hasMemberFee

+hasRegisterFee

Unit Transformation Mapping 1

Please explain your intention of the mapping.
Instancesin [ SourceOnt|Person ]class need to be integrated into[ TargetOnt|Member ] class
with the constraint { hasMemberFee = hasRegisterFee * 1.12 }

because There is currency difference between RegisterFee and MemberFee.

Unit Transformation Mapping 2

Please explain your intention of the mapping.
Instancesin [ SourceOnt|Author ]class need to beintegratedinto[ TargetOnt|Author ]class
with the constraint { hasPhoneNumber = hasMobileNumber }

because PhoneNumber value needs to be same as the value of MobileNumber.

10
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(3) UML Representation of the conference ontologies

SourceOnt | AcademicEvent

+conference_fee
+tutorial_fee Cdmlicin
+workshop_fee

TargetOnt | Conference

TargetOnt| Tutorial

hasFee —N
SourceOnt| Conferencetvent | +hasFee

[ ]
Targetont | Workshop \
+hasFee

[ ]
TargetOnt | Event
+hasFee

| Working_Event

SourceOnt | NonAcademicEvent

+reception_fee
+banquet_fee

+rip_fee TargetOnt| MealEvent
+hasFee

TargetOnt | SocialEvent

+hasFee

SourceOnt|Short_Paper

+paper_size

ACHE TargetOnt | Accepted_Paper
+hasPages
+hasRate
SourceOnt | Paper T |Paper
z +hasP:
+oapersie TargetOnt|Rejected Paper | ) el
core
+hasPages
+hasRate ﬁ
Targetont | Article
SourceOnt| Poster TargetOnt | Undecided_Paper +hasPages
+hasPages +hasRate
sk +hasRate
N
1 ‘\
v ’ Jp— .. TargetOnt | Abstract_of_Paper
| ~
= N +hasPages
SourceOnt | Thing ' Map - bl
1 " -
_____ .
|-
SourceOnt | Reviewer
! TargetOnt | Primary_Reviewer
+max_number_of_reviews YR
+number_of_reviews phed e
stk +hasReviewedPapers
SourceOnt| Author TargetOnt| Secondary_Reviewer TargetOnt | CommitteelMember
+hasMaxReviews +hasMaxReviews
e +hasRevienecPapers s oyl
TargetOnt| Author
SoiceOut| pastopant +hasContacthumber
+registered_date +hasUserld
+telephone
e Targetont| Early_Paid_Applicant
+hasContacthumber
+hasUserld
Ty TargetOnt|Registered_Applicant
+hasContacthumber
TargetOnt| Late_Paid_Appli +hasUserld
+hasContacthumber
+hasUserld
SourceOnt| Important_Dates
+is_an_sbstract_submission_date
+is_a_full_paper_submission_date
e »_confererce_date TargetOnt| Date_of_Conference
+hasDate
TargetOnt | Abstract_Submission_Date
+hasDate
TargetOnt | Date
+hasDate
TargetOnt| Full_Paper_Submission_Date
+hasDate

11
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(4) Description of Mapping Intention for Unit Transformation Mapping-ID 1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

1. conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)

2. reception_fee, banquet_fee, trip_fee, hasFee: #.## (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
3. paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

4. score: ## (Decimal Range from 0 to 10, e.g. 5)

5. hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

6. max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)

7. number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10)

8. telephone, hasContactNumber: ########## (10 Decimal Digits, e.g. 1234567890)

9. id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678)

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)

11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

Unit Transformation Mapping 1

Please explain your intention of the mapping.

Instances in [ ] class need to be integrated into [ ] class.
with the constraint { }
because

Unit Transformation Mapping 2

Please explain your intention of the mapping.

Instances in [ ] class need to be integrated into [ ] class.
with the constraint { }
because

12
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APPENDIX E OWL view of initial experiment ontologies

in Protége tool

Appendix E.1 NC ontology

[ Active Ontology | Entties | Classes | Object Properties | Data Properties | individuals | OWLWiz | DLQuery | OntoGraf |

%8| | B

¥ Thing

@ Action

@ dateTime
@ decimal
@ string

Data property hierarchy: topDataProperty

==

v-mstopDataProperty

MactionName
MarguementValue
MargumentName

mstatusLabel
mstatusValue
m\eight
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Appendix E.2 TRO069 ontology

[ Active Ontology | Entiies | Classes | Object Properties | Data Properties | individuals | OWLViz | DL Query | OntoGraf |

i [o]a]viE|ofa] x]E [<]=] | =]

v~ Thing

----- @ Device = —

i i I'/IZ:c-mponentl‘n‘ln:-\:lvel 'F
Y@ DeviceDataHierarchyElements

i —
- & ActiveNotifyValue o . PR
-~ Attribute (‘_’Eevicel'u'lodellnformationr_ L C’Servicel'u'lodel}

- & ComponentStatusValue
- @ Description

- DeviceComponent

- DeviceManagedObject
- DeviceParameter

- @ Profile

- E ReadWriteAccessValue

¥ @ DeviceModellnformation

Y @ componentModel Awecomponent )

.DEVII:Ecﬂnflguratlﬂnlnfﬂrmatlﬂn (De\rlceDataHlerarchyElement
@ DeviceFaultinformation T m_ﬂ_& "\f'_roﬂf)
.~ ®DevicePerformancelnformation J&“‘w -

v @ serviceModel \(}H,ibute‘)

[ Asserted model | Inferred model |

— — —

(:I-)evicel'u'lanaged[)hjec{:)

::Devioe)

“- @ DeviceServicelnformation

Descriptio_D

Data property hierarchy: topDataProperty

¥--matopDataProperty

----- mAttributeName

----- W AttributeValue
¥-#ModelComponentProperty
--maComponentid
mComponentName
T--mModelObjectProperty

- EMMOEnableParameter

- M OId

- EMMOMaxEntries

- EMOMInEntries

- EMMOName
v--mModelParameterProperty
~-IMParameterForcedinform
- IMParameterid
~-IMParameterName
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Appendix E.3 Femto ontology

| Active Ontology | Entiies | Classes | Object Properties | Data Properties | Individuals | OWLViz | DL Query | OntoGraf |
% o/ a|v[e[o]a] x|E|[<][x] @]

¥ (2 Thing (Asserted model | Inferred model |
v Femto

v @ AccessabilityLevels
----- @ HighlyAccessibilyFemtos _ [
----- @ LowAccessibilityFemto '/HomeNeMOf:»'
----- @ MediumAccessibilityFemto
v @ HandoverLevels

----- @ HighHandoverFemto

----- @ LowHandoverFemto

----- @ MediumHandoverFemto

Secur;;!/\,l

v-- @ PSDataLevels (T
----- © HighPSDataFemto — L e — T

_____ (. NetwohkHealthData | . -
@ LowPSDataFemto Y _df-—.ts»_a____f -

----- @ MediumPSDataFemto
v-- @ RABLevels

\j& '\‘ﬂ_\_c cessa bili};_::}
i Ea ndove rﬁ;l

----- @ HighRABFemto

----- © LowRABFemto '::

----- @ MediumRABFemto PSData )
v @ ReliabilityLevels —

----- @ HighlyReliableFemto TN

----- @ LowReliabilibiltyFemto i S

- .
'\‘F' SDatalewve Is}

-

----- @ MediumReliabilityFemto
v @ NetworkData

— i
'\hHellabllﬂyLeveE:D

¥ @ NetworkHealthData

----- @ Accessability - P
""" .Handnver Femto ::HandoverLevel?}
----- @ HomeNetwork — —
""" @ PsData ( Netwn n:[:-a;-“} ' Che essabilityLe;_elq:E'
..... .RAB e —_ e
""" ©Reliability Y st ) RABLevels b
----- @ Security A —
----- @ system is-a —
""" @ Traffic __thwi,/l

""" O stuffit

Data property hierarchy: topDataProperty

v matopDataProperty
----- WBSR_cluster_to_GSM_Hard_Ha

-~ WMBSR_cluster_to_MTS_underlay_

mBSR_ cluster to UMTS underla
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APPENDIX F OWL view of experiment ontologies in

Protége tool

Appendix F.1 Source conference ontology

r Active Ontology r Ertities r Classes |/ Ohject Properties |/ Data Properties r Individuals |/ OV iz |/ DL Guery |

o] aJ [ o] (x5 <[] [®) [

8 Thlng r Azserted model |/ Inferred model |
v--@ ConferenceEvent —
AcademicEvent A\ Paeer)
NonAcademicEvent g
-~ i ",
— [ Poster |
L I

— - - —
( Document iy
b g o __——-.-"-___ __-"'\
Short_P )
T

Paper
Poster
Short_Paper
v @ Human
D Author
Participant
~-DReviewer
------ @lmportant_Dates

lﬁcademicEven?:l

2"

~ 'Q_FF o~ . .
(_ ConferenceEvent J<—2—— NonAcademicEvent )

- . Pl -
Human \Kﬂ—m—( Authar )
S . p A

T—iga -

Bt It
[ Paricipant )
\amean/

I:\__I_rn portant_D atejj}

----- WHis_a_conference_date

----- #is_a_full_paper_submission_date
----- #Wis_an_abstract_submission_date
----- Smax_number_of reviews

----- number_of_reviews

----- Wpaper_size

----- WEreception_fee

----- mitelephone
----- wutrip_fee

----- =tutorial_fee

----- myworkshop_fee
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Appendix F.2 Target conference ontology

r Active Ontology |/ Entities |/ Classes |/ Ohject Properties |/ Drsta Properties |/ Indlivicuals |/ LY iz |/ DL Query |

v @ Article

©Undecided_Paper
b0 Date

@ MealEvent
SocialEvent

Working Event

@ conference

@ Tuterial

D workshop
v-@Person

@ Author
CommitteeMember

@ Primary_Reviewer

@ Secondary Reviewer
V@ Registered_Applicant
@ Early_Paid_Applicant
~-@ Late_Paid_Applicant

----- W hasContactNumber
----- WhasDate
----- ®hasFee

WhasMaxReviews
®hasPages
hasRate
WhasReviewedPapers
whasUserld

r Azzerted mocdsl r Inferred madel |

¢ Hejected_F'aper\\'

. e

P i ~ I
A -~ — GRS
isg— a

~ . — e — T
| Articl { Abstract_of_P )  Undecided_P h]
" |cf/_ \“H-._Iic o __E_Eir’, \Hq_n__e_cl e __ElEir_/

C:F_uII_F'aper_Suhmission_Dat;:D

Qbs{ract_Submission_D at;_)
_ima ——

s
is-a I —
T gate of. Confelenc:‘\'
_of_| P

o _"\I

I . _______J_\Autho r/

- B 154 — —
|\F BIs0 n\l‘i"_—_

CSecondaw_Heviewel::}
iga — —

a —

—— ed — _ — —

[ ,:]_ls-_a_‘ ]
\RE_ommlﬂeeMernEE[/ \f_rimary Review

|\

(Rlegisteled_AppIicawally_Paid_ﬁpplica ;t::j-

. _isa

—

e -
( Late_Paid_applicant )
— R
. _@orkshoD
- - _ iwa ———
— — S
[, Working_Ewvent . o
I T, _iS:aa—ﬁ___'_A““'-— - —__'_—Ls;a——.____/"_ B
{ Event T - s | Conference‘jl
M Siza — N~
E— MealE t
isa _C_L__e_a vfy ——
Tutarial

D
L4 SociaIEvenrj
— -
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APPENDIX G Potential mapping candidates in

experiment ontologies

SourceOnt| AcademicEvent TargetOnt| Conference

+conference_fee
+utorial_fes hades
+workshop_fee

TargetOnt | Tutorial
TargetOnt| Working_Event

‘ +hasFee ——_[> s

SourceOnt| ConferenceEvent

TargetOnt | Workshop

+hasF
osree TargetOnt | Event
SourceOnt | NonAcademicEvent +hasFee
+reception_fee
+banquet_fee
+rip_fee TargetOnt | MealEvent
+hasFee

TargetOnt | SocialEvent
+hasFee

SourceOnt | Short_Paper

+paper_size

TargetOnt | Accepted_Paper
+hasPages
+hasRate
SourceOnt| Paper Torperone|Raper
= +hasPages
[ +paper_size TargetOnt| Rejected_Paper | thesae
SourceOnt | Document +hasPages
1

+hasRate %

TargetOnt| Article
P T N Targetont|Undecided_Paper P
+hasPages +hasRate
+s
asta +hasRate
TargetOnt| Abstract_of_Paper
+hasPages
SourceOnt | Thing friovia
SourceOnt | Reviewer
TargetOnt| Primary_Reviewer
+max_number_of_reviews
rasber aE oW +hasMaxReviens
+hasReviewedPapers
L= PR PR TargetOnt| Secondary_Reviewer TargetOnt| CommittecMember ok s s
SourceOnt | Human e ]

+hasMaxReviews = +hasMaxReviews

+teleph
Sicdertione +hasReviewedPapers +hasReviewedPapers

Targetont | Author

TargetOnt| Person
SourceOnt | Participant +hasContactiumber

registered_date hasUserld
+telephone
+d TargetOnt|Early_Paid_Applicant
~+hasContactMumber
+hasUserld

TargetOnt | Registered_Applicant

+hasContactMumber
+hasUserld

TargetOnt | Late_Paid_applicant

+hasContactNumber
+hasUserld

SourceOnt | Important_Dates

+is_an_abstract_submission_date
~+s_a_full_paper_submission_date
+is_a_conference_date

TargetOnt | Date_of_Conference

+hasDate

TargetOnt | Abstract_Submission_Date

+hasDate

TargetOnt | Date
+hasDate

TargetOnt | Full_Paper_Submission_Date
+hasDate
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There are 46 potential mapping cadidates in the experiment ontologies.

Note: There can be more mapping candidates depending on the assumption made by

experiment participants.

Appendix G.1 Potential mapping candidates in direct mapping type

<Source Ontology> - <Target Ontology>
1. ConferenceEvent - Event

2. AcademicEvent - Working_Event
3. NonAcademicEvent - SocialEvent
4. Document - Article

5. Short_Paper - Paper

6. Paper - Paper

7. Human - Person

8. Author - Author

9. Reviewer - CommitteeMember

10. Participant - Registered_Applicant

11. Important_Dates - Date
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Appendix G.2 Potential mapping candidates in data range mapping type

<Source Ontology> - <Target Ontology> { <Constraint> }

1. AcademicEvent - Conference { conference_fee >0 }

2. AcademicEvent - Tutorial { tutorial_fee >0 }

3. AcademicEvent - Workshop { workshop_fee >0 }

4. NonAcademicEvent - MealEvent { reception_fee > 0 || banquet_fee >0 }
5. NonAcademicEvent - SocialEvent { trip_fee >0 }

6. Paper - Abstract_of Paper { paper_size <=4}

7. Paper - Accepted_Paper { score >5}

8. Paper - Rejected_Paper { score <5}

9. Paper - Undecided_Paper { score ==5}

10. Short_Paper - Abstract_of Paper { paper_size <2 }

11. Short_Paper - Accepted_Paper { score >5 }

12. Short_Paper - Rejected_Paper { score <5 }

13. Short_Paper - Undecided_Paper { score ==5 }

14. Reviewer - Primary_Reviewer { number_of reviews >= 10 }

15. Reviewer - Secondary_Reviewer { number_of reviews <10 }

16. Reviewer - Primary_Reviewer { max_number_of reviews >= 15 }
17. Reviewer - Secondary_Reviewer { max_number_of reviews < 15 }
18. Participant - Early_Paid_Applicant { registered_date < 20130701 }

19. Participant - Late_Paid_Applicant { registered_date > 20130831 }
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Appendix G.3 Potential mapping candidates in unit transformation mapping
type

<Source Ontology> - <Target Ontology> { <Constraint> }

1. AcademicEvent - Working_Event { hasFee = (conference_fee + tutorial_fee +
workshop_fee) * 1.2 }

2. NonAcademicEvent - MealEvent { hasFee = (reception_fee + banquet_fee) * 1.2 }
3. NonAcademicEvent - SocialEvent { hasFee = trip_fee * 1.2 }

4. Short_Paper - Paper { hasRate = score * 10 }

5. Paper - Paper { hasRate = score * 10 }

6. Short_Paper - Paper { hasPages = paper_size + 2 }

7. Paper - Paper { hasPages = paper_size + 2 }

8. Reviewer - CommitteeMember { hasMaxReviews = max_number_of reviews + 5

©

. Reviewer - CommitteeMember { hasReviewedPapers = number_of reviews }
10. Author - Author { hasContactNumber = telephone }

11. Author - Author { hasUserld = id * 1000 + telephone }

12. Participant - Registered_Applicant { hasContactNumber = telephone }

13. Participant - Registered_Applicant { hasUserld = id * 1000 + telephone }
14. Important_Dates - Date_of Conference { hasDate = is_a_conference_date }

15. Important_Dates - Abstract_Submission_Date { hasDate =

is_an_abstract_submission_date }

16. Important_Dates - Full_Paper_Submission_Date { hasDate =

is_a_full_paper_submission_date }
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APPENDIX H Brief mapping guide for core mapping
types

Appendix H.1 Brief mapping guide for direct mapping type

Reference
Brief Mapping Guide

1. Direct Mapping Type

— This mapping type represents the expression for one ontology class (A)
corresponding to another ontology class (B) with the integration property
corresponding to “Unite the instances of class (A) to class (B)”.

. Example of UML Representation

SourceOnt|Class1 TargetOnt| Class2

+Attributel - +attributel
+Attribute2 +attribute2

<<Unite>>
DirectMappingl

. Above UML Representation can be interpreted as:
— Theinstances of “SourceOnt|Class1” can be mapped to “TargetOnt|Class2”.

Note!
Direct Mapping does not require any constraint.
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Appendix H.2 Brief mapping guide for data range mapping type

Reference
Brief Mapping Guide

2. Data Range Mapping Type

This mapping type represents the expression for an ontology class (A), that is
constrained by the data range of the datatype properties, corresponding to
another ontology class (B) with the integration property corresponding to
“Unite the instances of class (A) to class (B) if the instance of class (A)
satisfies the data range constraint”.

. Example of UML Representation

SourceOnt | Class1 TargetOnt|Class2

+Attributel
+Attribute2

+attributel
+attribute2

<<Unite>>
DataRangeMappingl

+constraint { Attributel > 10 }

. Above UML Representation can be interpreted as:

Note!

The instances of “SourceOnt|Class1” can be mapped to “TargetOnt|Class2”, if
the attribute value of “Attribute1” of the instance is bigger than 10.

Data Range Mapping requires a constraint expressed with comparison operation.
egl. Attribute1 > 10
eg2. Attribute1 <= 100
eg3. Attribute1 > 10 && Attribute1 < 90
egd. Attribute1 > 50 || Attribute2 < 50
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Appendix H.3 Brief mapping guide for unit transformation mapping type

Reference
Brief Mapping Guide

3. Unlt Transformation Mapping Type

This mapping type represents the expression for an ontology class (A), that is
constrained by the arithmetic transformation of the data value of the datatype
properties, corresponding to another ontology class (B) with the integration
property corresponding to “Unite the instances of class (A) to class (B) with

the unit transformation according the constraint”.

. Example of UML Representation

SourceOnt | Class1

+Attributel

TargetOnt | Class2

+Attribute2

+attributel
+attribute2

UnitTransformationMapping1

<<Unite>>

+constraint { attributel = Attributel + 10 }

. Above UML Representation can be interpreted as:

— The instances of “SourceOnt|Class1” can be mapped to “TargetOnt|Class2”
with the constraint that the value of “attribute1” in “TargetOnt|Class2” will

have the value of “Attribute1” in “SourceOnt|Class1” plus 10.

Note!

Unit Transformation Mapping requires a constraint expressed with arithmetic operation.

egl. attribute1 = Attribute1 + 10
eg2. attribute1 = Attribute1 / 100

eg3. attribute1 = (Attribute1 + Attribute2) / 2

egd. attribute1 = Attribute1
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APPENDIX I Questionnaire sheets based on the System
Usability Scale

Participant ID:

Questionnaire

Instruction: For each of the following statements, mark one box that best describes your reactions to the UML
representation and the tool you have just used to design the semantic mappings and to auto-generate
semantic mapping documents. Each question is optional. Feel free to omit a response to any question;
however the researcher would be grateful if all questions are responded to.

Part1/2:
SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using UML
representation of ontologies to design the semantic mappings.

Strongly Strongly
Disagree Agree
1. | think that | would like to design the semantic mapping
. . ; O O O O O
using the UML representation of ontologies frequently.
2. | found the semantic mapping on the UML
. . ) O O O O O
representation of ontologies is unnecessarily complex.
3. | thought the semantic mapping on the UML
O O O 0 O

representation of ontologies was easy to design.

4. | think that | would need the support of an expert
person to be able to design the semantic mapping on O O O O O
the UML representation of ontologies.

5. 1 found UML notations related to the semantic data and
mappings in UML class diagram were well integrated.

6. | thought there was too much inconsistency to represent
semantic data and mappings using UML notations.

7. 1 would imagine that most people would learn to design
the semantic mapping using the UML representation of O O O O O
ontologies very quickly.

8. | found the UML representation of ontologies very
cumbersome to design the semantic mapping.

9. | felt very confident to design the semantic mapping
using the UML representation of ontologies.

10. | needed to learn a lot of things before | could get going
to design the semantic mapping with the UML O O O O O
representation of ontologies.

11. 1 found Data Range Mapping and Unit Transformation
Mapping useful in expressing more precise mapping.
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12. 1 think UML representation of semantic data and
mapping is easy to understand for system engineers.

Part2/2:
SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using the SDI Tool to
auto-generate semantic mapping documents (and an integrated ontology).

Strongly Strongly
Disagree Agree

1. | think that | would like to use the SDI tool frequently. O O O O O
2. | found the SDI tool is unnecessarily complex. O O O O O
3. | thought the SDI tool was easy to use. O O O O |
4.1 think that | would need the support of a technical

person to be able to use the SDI tool. a a g g g
5. | found the various functions in the SDI tool were well

integrated. u U U 0 U
6. | thought there was too much inconsistency in the SDI

won] u| O O 0 u|
7. 1 would imagine that most people would learn to use the

SDI tool very quickly. 0 O O O O
8. | found the SDI tool very cumbersome to use. O O O O O
9. | felt very confident using the SDI tool. O O O O O
10. | needed to learn a lot of things before | could get going

with the SDI tool. 0 O O O O
11. I think the SDI tool requires ontology expert knowledge

to conduct semantic data integration. u u U 0 .
The experiment is completed. Thank you!

2
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APPENDIX J Experiment overall task sheet

Participant ID: Date: / /

Task Sheet

1. Brief Explanation about SDI Tool
1) Watch overview video

2. Describe Mappings on Mapping Design Worksheets
1) You need to describe in total six different mappings:
- Two mappings of direct mapping type using the mapping design worksheet for direct mapping type
- Two mappings of data range mapping type using the mapping design worksheet for data range
mapping type
- Two mappings of unit transformation mapping type using the mapping design worksheet for unit
transformation mapping type
Total three mapping design worksheets will be given, and please describe two mappings for each mapping
design worksheet.

Please indicate start and end time of the mappings' design. (Hour:Minute Format)

Start time: End time

3. Watch the video of SDI tool use examples

4. Conduct Semantic Data Integration using SDI Tool
1) You need to conduct integration task with the tool according to the description on the mapping design
worksheets. You can refer to Brief Mapping Guide and Manual for SDI Tool that describes examples of how
to use the tool.

Please indicate start and end time of the integration task on the tool. (Hour:Minute Format)

Start time: End time

5. Answer Questionnaire
1) Please now fill in the questionnaire.

Thank you!
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APPENDIX K Scanned paper result from the experiment

Appendix K.1 Experiment result from participant 1D02

4
/(’j D
TRINITY COLLEGE DUBLIN—

INFORMED CONSENT FORM

LEAD RESEARCHER: Seung-Hwa Chung

BACKGROUND OF RESEARCH:

Semantic Data Integration is normally conducted-by ontology-experts, and most existing semantic
mapping tools support only one-to-one correspondence mapping and typically require a high level
of technical expertise which limits the-users of the toels to knowledge engineers-or users who have
received substantial training.

The experiment will evaluate the usability of a SDI Tool, designed-to offer usable semantic data
integration for non-ontology expert system engineers. It uses UML class diagrams as a semantic
data and mapping representation for the users and then auto-generates semantic mapping
documents (and an integrated ontology).

PROCEDURES OF THIS STUDY:

In the experiment, participants will conduct a semantic integration task on- the given UML
representation of ontologies using the developed SDI ook The selected ontology domain,
conferences, is general and understandable by most people with a system.engineering background.
“This experiment tries to aveid a demain specific ontolegy-that requires deep understanding of the
specific knowledge, so that system engineers in any domain-carm condict. the-experiment and be
able to describe the intentions behind-their mappings.

The participant will be asked to complete several tasks in the-course of the experiment: designing
total six different mappings on the mapping design worksheets {two mappings in-direct mapping
type, two mappings in data range mapping type and two mappings in unit transformation. mapping
type); conducting semantic data integration using SDI tool according to the designed mappings;
and answering a guestionnaire. However the participation is voluntary and-individual tasks or the
experiment as a whole may be abandoned.

in the case of the questionnaire, all participants can omit the entire questionnaire—or individual
questions if they wish. At the end of the study the lead researcher-may contact the participant via
email for feedback on the experiment outcomesor vice versa.

There are no particular risks to participating in this experiment beyond those inherent using any
computer application.

PUBLICATION:

All the research results will be used within the following venues, and will be presented without any
personal identifier of participants. Individual results will be aggregated anonymously and research
reported on aggregate results:

1. The researcher's thesis
2. Conference papers
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DECLARATION:

e |am 18 years or older and am competent to provide consent.

o | have read, or had read to me, a document providing information about this research and
this consent form. | have had the opportunity to ask questions and all my questions have
been answered to my satisfaction and understand the description of the research that is
being provided to me. .

o |agree that my data is used for scientific purposes and | have no objection that my dataiis
published in scientific publications in a way that does not reveal my identity.

e | understand that if | make illicit activities known, these will be reported to appropriate
authorities.

e | understand that| may stop electrenic recordings at any time, and that | may at any time,
even subsequent to my participation have such recordings destroyed (except in situations
such as above).

o | understand that, subject to the constraints above, no recordings will be replayed in any
public forum or made available to any audience other than the current
researchers/research team.

o | freely and voluntarily agree to be part of this research study, though without prejudice to
my legal and ethical rights.

e | understand that | may refuse to answer any question and that | may withdraw at any time
without penalty.

o | understand that my participation is fully anonymous and that no personal details about
me will be recorded.

e | understand thatif | or anyone in my family has a history of epilepsy then | am proceeding
at my own risk.

e | have received a copy of this agreement.

PARTICIPANT’S NAME:

PARTICIPANT’S SIGNATURE:

y
/ 7
Date: 77 <4

Statement of investigator’s responsibility:

| have explained the nature and purpose of this research study, the procedures to be undertaken
and any risks that may be involved. | have offered to answer any questions and fully answered
such questions. | believe that the participant understands my explanation and has freely given
informed consent.

RESEARCHERS CONTACT DETAILS:
Name: Seung-Hwa Chung

Email: schung@tcd.ie

INVESTIGATOR’S SIGNATURE:
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ﬁ-
Ol Date: 20/3/ 7 / /S

Larticipant ID:

Task Sheet

1. Brief Explanation about SDI Tool
1) Watch overview video

2. Describe Mappings on Mapping Design Worksheets
1) You need to describe in total six different mappings:
- Two mappings of direct mapping type using the mapping design worksheet for direct mapping type
- Two mappings of data range mapping type using-the mapping-design worksheet for data range
mapping type
- Two mappings of unit transformation mapping type using the mapping design worksheet for unit
transformation mapping type ‘
Total three mapping design worksheets will be given, and please-describe two mappings for each mapping
design worksheet.

Please indicate start and end time of the mappings' design. {Hour:Minute Format)-

Stemima:r q: 5'5'%%4 o End time: /O'-/iﬂrn/l
‘ 20 am

3. Watch the video of SDI tool use examples

4, Conduct Semantic Data Integration using SDI Tool
1) You need to conduct integration task with the tool according to the description on the-mapping.design
worksheets. You can refer to Brief Mapping Guide and Manual for SDI Tool that describes examples of how
to-use the tool.

Please indicate start and end time of the integration task on thetool. {Hour:Minute Format)

Start time: /O' 20 MV\ éndlime: /O, ‘lg am

5. Answer Questionnaire 2 M
1) Please now fill in the questionnaire. ;

Thank you!
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) . . ParticipantiD:

Mapping Design Worksheet

for Direct Mapping Type

Instruction:

1) Please review "Example Mapping Design for Direct Mapping Type".

2) Please describe briefly two direct mappings on UML representation(3).

3) Please describe detail intention of the mapping in section (4).

Sections:

(1) , (2)

Mapping Desigh Worksheet Example Mapping Design

for Direct Mapping Type for Direct Mapping Type

Instruction

(3) (4)

UML Representation Description of Mapping Intention

of the conference ontologies for Direct Mapping -1D 1 & 2
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7

(2) Example Mapping Design for Direct Mapping Type
This mapping type represents the expression for one ontology class (A) corresponding to another ontology
class {B) with the integration property corresponding to “Unite the instances of class (A) to class (B)".

TargetOnt|PaperAbstracted
SourceCnt | Proceeding i ” |Paper.
+hasSize
TargetOnt | PaperAccepted
DML ahasFulPages S Paper
SourceOnt | Document | article e
r— T +hassize
™. TargetQnk|Paperfejected
Fo [ V
r CMap > |
:
----- —
—— [Pt —
5 SourceUnt |Author g "
“hashcbleNamber '\
+hasRegisterfee DM2 TargetOnt | Author
Source0nt | Person éi‘// e orarber
hasRegisterrae | T Targetont Member
\ﬁ\ +hasMemberFee
B
SourceOnt [Attendee T m -
+hasRegisterFee

Direct Mapping 1

+hasMemberfes

Please explain your intention of the mapping.
Instances in [ SourceOnt|Article

because Article can be subclass of Paper.

] class need to be mapped to [

TargetOnt|Paper

} class.

Direct Mapping 2

Please explain your intention of the mapping.

Instances in [

because Both Author can be considered same.

SourceOnt| Author ] class need to be mapped to [

TargetOnt| Author

] class.
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(3) UML Representation of the conference ontologies

SourceOnt| AcademicEvent TargetOnt | Conference
“conference_fee
+utorl_fee B
wvorkshop_fee
T Tutorial
A argetont| 7 Targetont| Working_Event
+hasFe
5 e
Sourceont | Conferencetvent
e ——— R
V: TargetOnt| Workshop v
thasFee Targetont| Event
SourceOnt [llonAcademicEvent hasFes
“recepton_fee

?,:'}:Lm Targetont| HealEvent /7
+hacFee

TargetOnt | SocialEvent

hasFee
SourceOnt | Short_Paper
“+paper_sze
score TargetOnt| Accepted_Paper
+hacPages
+hasfate
SourceOnt | Paper T s
Jre—— Targetont| Rejected_Paper irainges
+score
+hasPages

= |

TargetOnt | Undecided_Paper

+hasPages
HhesPages +hasRate
+hazRate
Vs TargetOnt | Abstract_of_Paper
+hasPe
SourceOnt|Thing pritong
e =]

= )
0

SourceOnt | Reviewe:
{8eviomer Targetont | Primary_Reviewer

+hasMaxRevews

mx_mwb‘et_of f_reviews
skl deiiad +hasReviewedPepers

Sourceont | Author Targetont | Secondary_Reviewer Targetont |
Jephone +hasMaiReviens T
b +hasReviewedPepers +hasRevenedepers

SourceOnt| Participant TS [
+cegsiered_date i +hasUserld
Helephone

5
e Targetont| Early_PaiApplcant

+hasContacthumber
+hasUsesid

TargetOnt | Registered_Applicant

+hasContacthiumber
TargetOnt| Late_Paid_Applicant Hoskleerid
hasContactiiumber
+hasuserld

SourceOnt | Important_Dates

+4s_sn_shstract_submisson_date
+45_a_ful_paper_submsson_date
te

TargetOnt| Date_of_Conference
+hasDate

TargetOnt | Abstract_Submission_Date
+hasDate

N Targetontivate

+hasDate

Targetont|Full_Paper_Submission_Date
+hasDate
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(4) Description of Mapping Intention for Direct Mapping -1D 1 & 2

For the conference ontologies:
You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:
conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)
reception_fee, banquet_fee, trip_fee, hasFee: #.## (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)
score: ## (Decimal Range from 0 to 10, e.g. 5)
hasRate: ### (Decimal Range from 0 to 100, e.g. 50)
max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)
_of_reviews, | i iPapers: ## (Decimal Range from 0 to 20, e.g. 10)
telephone, hasContactNumber: ########## (10 Decimal Digits, e.g. 1234567890)
id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678)
10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)
11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

1

AD 00NN AR o W )

Direct Mapping 1

Please explain your intention of the mapping.

N \
Instances in [ SN’“'J“& \ﬁwd(wu ] class need to be integrated into [ D\f“f}\ Dk VJM’““) ] class.
Beny Gresd

Because

bdn oan 2 cosied e Gan

Direct Mapping 2

Please explain your intention of the mapping.
Instances in @mﬂi f)r“v\\@f\wm ] class need to be integrated into [ TNQO/\T)J‘H QBSLA?\GJ?J ] class.

Ao\t
Because

. e ¥ cAme.

211




7

Mapping Design Worksheet

o=

Participant {D:

for Data Range Mapping Type

Instruction:

1) Please review "Example Mapping Design for Data Range Mapping Type".
2) Please describe briefly two data range mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:
(1) (2)
Mapping Design Worksheet Example Mapping Design

for Data Range Mapping Type

for Data Range Mapping Type

of the conference ontologies

Instruction
(3) (4)
UML Representation Description of Mapping intention

for Data Range Mapping -ID1 & 2
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(2) Example Mapping Design for Data Range Mapping Type

This mapping type represents the expression for an ontology class {A), that is constrained by the data range of
the datatype properties, corresponding to another ontology class (B) with the integration property
corresponding to “Unite the instances of class (A) to class (B} if the instance of class {A) satisfies the data range
constraint”.

TargetOnt | PaperAbstracted
Somcctnrocecdng e
+hasSize !
DRM1
TargetOnt | PaperAccepted
thasFulPages
Btivorbny ie] TargetOnt | Faper
Sourcetnt| Document SourceOnt] Article DRM2 ek
s <= [— +hasSze
il +hasScore
™. Targetont| PaperRejected
v, | C N -thmFLI;agm
. ! . hashir
{ Map >
----- 4 ———
— T .
 ——— P I
‘ SourceOnt| Author v
“HhasMoblefhumber
“thasRegisterFes TargetOnt Author
SourceOnt]Person M +hasPhioneNumier
+hasMembrerFee
+hasRegiiziFes | T~ Targetontitember
N +haghenberFee
SourceOnt | Attendes T 1 shar
+hasReglsterFee L

Data Range Mapping 1

Please explain your intention of the mapping.

Instances in [ SourceOnt|Article ] class need to be integrated into [ TargetOnt|PaperAbstracted | class

with the constraint { hasSize <= 2 }
because Articles, that have less than or equal to 2 pages, are an abstracted paper.
Data Range Mapping 2

Please explain your intention of the mapping.
Instances in [ SourceOnt | Article ] class need to be integrated into [ TargetOnt|PaperRejected ] class
with the constraint { hasScore < 5 }

because Articles, that have less than 5 score, are a rejected paper.
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(3) UML Representation of the conference ontologies

SourceOnt | AcademicEvent TargetOnt | Conference
+conference_fee hast
+tutonal_fee =
wverkshop._fee \A

TargetOnt| Tutorial

MR E +hasFee

ng_Event

SourceOnt| Conferencetvent

TargetOnt| Workshop

S TargetOnt| Event
SourceOnt |NonAcademicEvent +hasFee
TargetOnt| HealEvent \7
+hasFee

TargetOnt | SocialEvent
+hasFee

SourceOnt| Short_Paper

4paper_size
+score

TargetOnt| Accepted_Paper

hacPages
+hasiate

Targetont|Rejected_Paper Hichions
+hasages
+hesRate

TargetOnt| Undecided_Paper

+hasPages
+hasRate

TargetOnt|Abstract_of_Paper

+haPages
+haRate

V
| e —

m———
N>

SourceOnt | Reviewer

+max_number_of reviews
mm'b«_of_r;wz_»:ls +hasMaxReviews

TargetOnt|Primary_Reviewer

“hamevenadPapers
S
Sourceont | Author TargetOnt | Secondary_Reviewer TargetOnt| Thing
. i ens [ thotierRevens
+id +hasReviewedPapers +hasReviewedPapers
= i
SourceOnt| Participant = [ erson

wcegstered_date +hasUserid
+elephone
b Targetont | Early_Paid_Applicant

+hasContactiumber

+hasUserld

T TargetontiRegtered_Apphcant
+hasContactiumber
TargetOnt|Eate_Paid_Applicant hasUserld
+hasContacthumber
+hastiserld
SourceOnt|Important_Dates
Targetont| Date_of_Conference
<hasDate
Targetont| Abstract_Submission_Date e
+hasDote ~A
TargetOnt|Date

+hasDate

Targetont | Full_Paper_submission_Date
+hasDate
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(4) Description of Mapping Intention for Data Range Mapping -ID 1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)
reception_fee, banquet_fee, trip_fee, hasFee: #.## (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

score: ## (Decimal Range from 0 to 10, e.g. 5)

hasRate: #it# (Decimal Range from 0 to 100, e.g. 50)

max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)

number_of_reviews, hasRevi dPapers: ## (Decimal Range from 0 to 20, e.g. 10)

telephone, hasContactNumber: ########## (10 Decimal Digits, e.g. 1234567890)

id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678)

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)

11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

e bl ol ol A

©

Data Range Mapping 1

Please explain your intention of the mapping.

Instanices in [mo’\\, 18‘&)(\ Qf{’(/ ] class need to be integrated into [Tﬁf/)( l Recope] ?L('U] class.
with the constraint { \\D(\Cﬁ Q‘O(YW’S"Q‘C W\)\N‘? \< 2 }

g s
because %‘079( | Q”(’% Al ("’ﬁ% hed \'{ F&) hell. Y5 fhn 3 V‘%‘S .

Data Range Mapping 2

Please explain your intention of the mapping.
Instances in [ g‘)\,ﬂd Qﬁqe\r ] class need to be integrated into [ [D(SM ] Fwﬁceq-w) ‘V”{f:] class.
with the constraint { W\(U,S e >/ ¢ }

because Wﬂwl lewltL pqe My bt o) Jeaddt G fages.

215




Mapping Design Worksheet

o=

Participant ID:

for Unit Transformation Mapping Type

Instruction:

1) Please review "Example Mapping Design for Unit Transformation Mapping Type".
2) Please describe briefly two unit transformation mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1

Mapping Design Worksheet
for Unit Transformation Mapping Type
Instruction

()

Example Mapping Design
for Unit Transformation Mapping Type

(3)

UML Representation
of the conference ontologies

()

Description of Mapping Intention
for Unit Transformation Mapping
-iD1&2
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(2) Example Mapping Design for Unit Transformation Mapping Type

This mapping type represents the expression for an ontology class (A), that is constrained by the arithmetic
transformation of the data value of the datatype properties, corresponding to another ontology class (B) with
the integration property corresponding to “Unite the instances of class (A) to class (B} with the unit
transformation according the constraint”,

TargetOnt|PaperAbstracted
+hasMark

SourceGnt | Proceeding
+hassize

TargetOnt | Faperaccepted
+hasFulPages T t{Pal
wh amﬂ:ﬂ {Paper
‘SaurceOnt| Document Sowroednt | Article +hasMa
+hassize
thasSize +hasSaore
I'\.‘ TargetOat|PaperRejected
il \\ +hasFullPages '
7 ' Ma ~’\ hasMark
Sowrceont Thing i ooP
----- —
I [Its —
— ‘
+hasiiobieMuamber -
+hasRegisterFes UTM1. TargetOnt | Author
SourceOnt]Person mm
+hasRegstafes
Urm2 N menbeTes
SourceOnt [Attende: -
! = TargetOnt | CoAnthar
+hasRegisterFee
bl +hasMemberFes

Unit Transformation Mapping 1

Please explain your intention of the mapping.
Instancesin[ SourceOnt|Person | class need to be integrated into [ TargetOnt|Member ] class
with the constraint { hasMemberFee = hasRegisterfee * 1.12 }

because There is currency difference between RegisterFee and MemberFee.

Unit Transformation Mapping 2

Please explain your intention of the mapping.
Instancesin [ SourceOnt|Author ] class need to be integrated into[ TargetOnt]Author ] class
with the constraint { hasPhoneNumber = hasMobileNumber }

because PhoneNumber value needs to be same as the value of MobileNumber.

10
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(3) UML Representation of the conference ontologies

V&
AN

A
SourceOnt | ConferenceEvent
)

——— — ]
\2

SourceOnt | AcademicEvent

+conference_fee
+tutorial_fee
sworkshop_fee

SourceOnt|NonAcademictvent

<eecepton_fee
+banguet_fee
+trp_fee

SourceOnt | Short_Paper

+paper_size
+score

SourceOnt|Paper

4score

4paper_size

SourceOnt| Poster
+5core

SourceOnt | Reviewer

+max_rumber_of_reviews
+rumber_of revews

SourceOnt | Author

+elephone
+d

SourceOnt| Participant

+registered_date
+telephone
+d

SourceOnt | Important_Dates

|_paper s
conference_date

+i3_an_abstact_submission_date
[ submission_ date

TargetOnt | Conference

+hasFee

TargetOnt| Tutorial

“n

+hasFee

g_Event

C +hasfee

TargetOnt | Workshop

+hasFee

TargetOnt | Healtvent

+hacFee

TargetOnt | Event
+hasFee

A

TargetOnt | SocialEvent

+hasFee

TargetOnt| Accepted_Paper

+hasfiate

+nsFages

Paper

TargetOnt|Rejected_Paper

hasFages
+haska

+hasPages
+hasRate

4

Targetont | Undecided_Paper

Torgetont | Article

+hasRate

+hagPages

+hasPages
+hasRatz

TargetOnt | Abstract_of_Paper

+hasPages
+hasRate

TargetOnt| Primary_Reviewer

+hasMaxReviews
+hasReviewedPapers

~3

TargetOnt | Secondary_Reviewer

shasMarReviews
+hasReviewedPapers

|| thesanrevens
+haevieredPapers

TargetOnt | Early_Paid_Applicant

+hasContacthumber
+hasiserld

TargetOnt|Registered_Applicant

+hasContactiamber

TargetOnt|Late_Paid_Applicant

+hasContactiumber
+hastserld

TargetOnt | Date_of_Conference

+hasDate

TargetOnt | Abstract_Submission_bate

+hasDate

TargetOnt| full_Paper_Submission_Date

+hasDate

218

TargetOnt|Date

+hasDate
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(4) Description of Mapping Intention for Unit Transformation Mapping - ID 1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.

The followings are format examples in detail for each attribute:

[

paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

score: ## (Decimal Range from 0 to 10, e.g. 5)

hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)
number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10)

telephone, hasContact ber: #### (10 Decimal Digits, e.g. 1234567890)

id, hasUserld: ######it# (8 Decimal Digits, e.g. 12345678)

10.is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)
11.is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

D00 NN A SW0IN

Unit Transformation Mapping 1

- conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)
reception_fee, banquet_fee, trip_fee, hasFee: #.4# (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)

Please explain your intention of the mapping.

Instances in [ Couwra l 000182~ ] class need to be integrated into [ IF/L/SAA (walu

] class.
) Mawbe,-
with the constraint { WQ = wzh@u)ec\ QL(WA }
because ' : 4
\& Nunber of  feaes Sy by @ cam
Unit Transformation Mapping 2
Please explain your intention of the mapping.
Instances in [ Qe l Qéﬂ’.( ] class need to be integrated into [ 17»51/{ lNCUQéZJ[ ] class.
17
with the constraint { VXY Q:\J(,Q = Slv ¥ 100 }
because - ta0<
s BF Gl 2 Amcked 5 PPOMALS.
12
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articipant ID:

Questionnaire

Instruction: For each of the following statements, mark one box that best describes your reactions to the UML
representation and the tool you have just used to design the semantic mappings and to auto-generate
semantic mapping documents. Each question is optional. Feel free to omit a response to any question;
however the researcher would be grateful if all questions are responded to.

Parti/2:
SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using UML
representation of ontologies to design the semantic mappings.

Strongly Strongly
Disagree Agree

o o & o |%

[y

. | think that | would like to design the semantic mapping
using the UML representation of ontologies frequently.

N

.| found the semantic mapping on the UML
representation of ontologies is unnecessarily complex.

g‘{\ O
(]
]
0
O
e,

w

. | thought the semantic mapping on the UML
representation of ontologies was easy to design.

o o

(|
0

=

.1 think that | would need the support of an expert
person to be able to design the semantic mapping on
the UML representation’of ontologies.

Q\D

w

. I found UML notations related to the semantic data and
mappings in UML class diagram were well integrated.

KC}
a
| BB
(]

Y °
-
O
O

6. | thought there was too much inconsistency to represent
semantic data and mappings using UML notations.

~

. I would imagine that most people would learn to design
the semantic mapping using the UML representation of
ontologies very quickly.

||

8. I found the UML representation of ontologies very
cumbersome to design the semantic mapping.

9. | felt very confident to design the semantic mapping
using the UML representation of ontologies.

10. | needed to learn a lot of things before | could get going
to design the semantic mapping with the UML
representation of ontologies.

N
O
(]
(]

: .
NEREVENENE
o :
: .
5 .
o m= Al — =

11. | found Data Range Mapping and Unit Transformation
Mapping useful in expressing more precise mapping.
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12. I think UML representation of semantic data and

mapping is easy to understand for system engineers.

/|

Part2/2:
SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using the SDI Tool to
auto-generate semantic mapping documents (and an integrated ontology).

Strongly Strongly
Disagree Agree
1. | think that | would like to use the SDI tool frequently. O O B/ O
2. | found the SDI tool is unnecessarily complex. O D/ O O
3. I thought the SDI tool was easy to use. 0O a E}/ 0
4. | think that | would need the support of a technical O Q/ O
person to be able to use the SDI tool. o
5. | found the various functions in the SDI tool were well
integrated. o o g a
6. | thought there was too much inconsistency in the SDI
tool. . nid U 0
7. 1 would imagine that most people would learn to use the 0 O O D/
SDI tool very quickly.
8. | found the SDI tool very cumbersome to use. O [D/ O 0
9. | felt very confident using the SDI tcol. O 0 O Q/
10. I needed to learn a lot of things before | could get going 0 [9/ 0 0
with the SDI tool.
11. | think the SDI too! requires ontology expert knowledge B/ 0 0 0

to conduct semantic data integration.

The experiment is completed. Thank you!
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Appendix K.2 Experiment result from participant ID13

' i 3 oA g
* t\/a\ ,}’\JO é\)ﬁ‘k
TRINITY COLLEGE DUBLIN © g2 j(7
Yk \
INFORMED CONSENT FORM @ e o @WK
)

LEAD RESEARCHER: Seung-Hwa Chung ‘& L ((‘\ ' o J"‘(X \)
. 4 W »
BACKGROUND OF RESEARCH: \(W 2 /E\Ie/‘/ﬁ/

Semantic Data Integration is normally conducted by ontology experts, and most existing semantic
mapping tools support only one-to-one correspondence mapping and typically require a high level
of technical expertise which limits the users of the tools to knowledge engineers or users who have
received substantial training.

The experiment will evaluate the usability of a SDI Tool, designed to offer usable semantic data
integration for non-ontology expert system engineers. It uses UML class diagrams as a semantic
data and mapping representation for the users and then auto-generates semantic mapping
documents (and an integrated ontology).

PROCEDURES OF THIS STUDY:

In the experiment, participants will conduct a semantic integration task on the given UML
representation of ontologies using the developed SDI Tool. The selected ontology domain,
conferences, is general and understandable by most people with a system engineering background.
This experiment tries to avoid a domain specific ontology that requires deep understanding of the
specific knowledge, so that system engineers in any domain can conduct the experiment and be
able to describe the intentions behind their mappings.

The participant will be asked to complete several tasks in the course of the experiment: designing
total six different mappings on the mapping design worksheets (two mappings in direct mapping
type, two mappings in data range mapping type and two mappings in unit transformation mapping
type); conducting semantic data integration using SDI tool according to the designed mappings;
and answering a questionnaire. However the participation is voluntary and individual tasks or the
experiment as a whole may be abandoned.

In the case of the questionnaire, all participants can omit the entire questionnaire or individual
questions if they wish. At the end of the study the lead researcher may contact the participant via
email for feedback on the experiment outcomes or vice versa.

There are no particular risks to participating in this experiment beyond those inherent using any
computer application.

PUBLICATION:

All the research results will be used within the following venues, and will be presented without any
personal identifier of participants. Individual results will be aggregated anonymously and research
reported on aggregate results:

1. The researcher's thesis
2. Conference papers
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DECLARATION:

¢ |am 18 years or older and am competent to provide consent.

¢ | have read, or had read to me, a document providing information about this research and
this consent form. | have had the opportunity to ask questions and all my questions have
been answered to my satisfaction and understand the description of the research that is
being provided to me.

e | agree that my data is used for scientific purposes and | have no objection that my data is
published in scientific publications in a way that does not reveal my identity.

e | understand that if | make illicit activities known, these will be reported to appropriate
authorities.

+ | understand that | may stop electronic recordings at any time, and that | may at any time,
even subsequent to my participation have such recordings destroyed (except in situations
such as above).

+ | understand that, subject to the constraints above, no recordings will be replayed in any
public forum or made available to any audience other than the current
researchers/research team.

o | freely and voluntarily agree to be part of this research study, though without prejudice to
my legal and ethical rights.

¢ |understand that | may refuse to answer any question and that | may withdraw at any time
without penalty.

¢ lunderstand that my participation is fully anonymous and that no personal details about
me will be recorded. '

s lunderstand that if | or anyone in my family has a history of epilepsy then | am proceeding
at my own risk.

« | have received a copy of this agreement.

PARTICIPANT’S NAME:

PARTICIPANT’S SIGNATURE:

Date: )/JO 2013

Statement of investigator’s responsibility:

| have explained the nature and purpose of this research study, the procedures to be undertaken
and any risks that may be involved. | have offered to answer any questions and fully answered
such guestions. | believe that the participant understands my explanation and has freely given
informed consent.

RESEARCHERS CONTACT DETAILS:
Name: Seung-Hwa Chung
Email: schung@tcd.ie

INVESTIGATOR’S SIGNATURE:

Date:
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/

/5 Date:%{?/ /D/ /

Participant ID:

Task Sheet

1. Brief Explanation about SDI Tool
1) Watch overview video

2. Describe Mappings on Mapping Design Worksheets

1) You need to describe in total six different mappings:
- Two mappings of direct mapping type using the mapping design worksheet for direct mapping type

- Two mappings of data range mapping type using the mapping design worksheet for data range

mapping type
- Two mappings of unit transformation mapping type using the mapping design worksheet for unit

transformation mapping type
Total three mapping design worksheets will be given, and please describe two mappings for each mapping

design worksheet.

Please indicate start and end time of the mappings' design. (HGur‘iMinute Format)

Start time: 2 ' ZFD_ 6?7,,' End time: %" é[ﬂ@m

N
3. Watch the video of SDI tool use examples ) an

4. Conduct Semantic Data Integration using SDI1 Tool
1) You need to conduct integration task with the tool according to the description on the mapping design
worksheets. You can refer to Brief Mapping Guide and Manual for SDI Tool that describes examples of how

to use the tool.

Please indicate start and end time of the integration task on the tool. (Hour:Minute Format)

Start time: g: ] %Tﬁ?fl - End time: g C2d JIM

5. Answer Questionnaire
1) Please now fill in the questionnaire. )

Thank you!
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Participant 1D: 3
Mapping Design Worksheet o 7/

for Direct Mapping Type

Instruction:

1) Please review "Example Mapping Design for Direct Mapping Type".

2) Please describe briefly two direct mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1) : (2)

Mapping Design Worksheet Example Mapping Design
for Direct Mapping Type for Direct Mapping Type

Instruction

(3) (4
UML Representation Description of Mapping Intention
of the conference ontologies for Direct Mapping-ID 1 & 2
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(2) Example Mapping Design for Direct Mapping Type
This mapping type represents the expression for one ontology class {A) corresponding to another ontology
class {B) with the integration property corresponding to “Unite the instances of class (A) to class (B)”.

TargetOnt jPaperAbstracted
SourceOnt | Proceeding 1Paper,
+hashark
+hasSize
TargetOnt | PaperAccepted \\K\
DM1 hasFulPages B t| Paper
SourceOnt | Document SourceOnt| Article +hasMark
+hassize <} +hasSize
. TargetOnt|PaperRejected
T N +hagFulPages J
% 1 Ma p S +hasMark
i Map TargeontTTong
..... — —|
[ —
— W

‘ Source0ut | Asthor
+hasMobileNumber \
+hasRegisterFee TargetOnt | Author

A1 DM2
SourceOnt|Person ﬁgwmmhw
+hasMemberFee
asRegisterree " TargetOnt|Member
+hasMemberFee
x
SourceOnt | Attendes B _/"7
TargetOnt |CoAuthar
+hasRegisterFee
= ks +hasMemberFee

Direct Mapping 1

Please explain your intention of the mapping.

Instancesin [ SourceOnt|Article ] class need to be mappedto[ TargetOnt|Paper ]class.

because Article can be subclass of Paper.

Direct Mapping 2

Please explain your intention of the mapping.

Instancesin [ SourceOnt]|Author ] class need to be mappedto| TargetOntjAuthor ]class.

because Both Author can be considered same.
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(3) UML Representation of the conference ontologies

SowrceOnt jConferencetvent «

SourceOnt | ionAcademicEvent

4score

SourceOnt| Short_Paper

SourceOnt | Paper

4acore

SourceOnt| Thing

SourceOnt| Paster

SourceOnt| Reviewer

+max_number_of_reviews.
Anumber_of revizvis

SourceOat|Auther

stelephans
+id

SourceOnt | Participant

+egetered_dste
+elephone
+d

SourceOnt| Important_Dates

“His_sn_sbsiract_submission_date
+i5_2_full papes_miniission_date
+e_a_ronferenca_date

" Targetont| Tutorial

Fargetont | Conference
thasree.

Targetont | Working_Event
hatFee
thasFee
TargetOntWarkshop
TargetOnt | Event
+hasFer

Targetont|Mealevent |
ke

TargetOnt | Socialfeent
+hasFes

TargetOnt | Accepted_Paper

+hasPages
+hosfate

L N vargetontipaper

‘TargetOnt | Rejected_Paper

+hasPages
+hasRate

[ 4haspages.
thasRate

el

Fargetont | Article

TargetOnt | Undecided_Paper

+hasPages
+harRate

+hasPages
+hasRate

TargetOat| Abstract_of_Paper
+hasPages
+hasate

Targetont | Primary_Reviewear

+hasMaxaviews
| +hasReviewadPapers

N

TargetOnt | Secondary_Reviewsr

TargetOnt | CommitteeHember

TargetOnt| Thing|

HhasmReviens
+hasRevienecPapers

HasMaxReviews
shasRevieedPapers

TorgetOnt | Author

shast
+hasUsertd
TargetOnt] Early_Paid_Applicant
HiasContactiumber
~thasserld
e

TargetOnt|Registered_Applicant

TargetOnt |Late_Paid_Applicant

HasContactburider
+hasUsesid

hasContactumbser
+hasiserld

Targetont [Date_of_Conference

+hasDate

TargetOnt | Abstract_Submission_Date

-hasDate

TargetOnt|Ful_Paper_Ssbmission_Date

+hasDate
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(4) Description of Mapping Intention for Direct Mapping-1D1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.

The followings are format examples in detail for each attribute:

conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)
reception_fee, banquet_fee, trip_fee, hasFee: #.4# (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

score; ## (Decimal Range from 0 to 10, e.g. 5)

hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)

number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10}

telephone, hasContactNumber: #itti###### (10 Decimal Digits, e.g. 1234567890}

id, hasUserld: ######## (8 Decimal Digits, e.g. 12345678}

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)

11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

00 NMn R W e

Direct Mapping 1

Please explain your intention of the mapping.

Instances in [§0: Conkere~celoven+ ] class need to be integrate'd into [T Even + ] class.
Because
TL'j L\M :l'l/\.& ¢t [Lu\uﬁ' 01— thfwu etthn ond thelr

Subdsss are cam@rab{z ]
Direct Mapping 2
Please explain your intention of the mapping.
Instances in [0 Auingr ] class need to be integrated into [ TO: Avainor ] class.
Because

S‘M%Lw;rj ol otictbuses, Nethe close hes  gabelosses.

a4
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Participant ID:

Mapping Design Worksheet
for Data Range Mapping Type

Instruction:

1) Please review "Example Mapping Design for Data Range Mapping Type".

2) Please describe briefly two data range mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1) . (2)

Mapping Design Worksheet Example Mapping Design

for Data Range Mapping Type for Data Range Mapping Type
Instruction

(3) (4)

UML Representation Description of Mapping Intention
of the conference ontologies for Data Range Mapping -ID1 & 2
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(2) Example Mapping Design for Data Range Mapping Type

This mapping type represents the expression for an ontology class (A), that is constrained by the data range of
the datatype properties, corresponding to another ontology class (B) with the integration property
corresponding to “Unite the instances of class (A) to class (B) if the instance of class (A) satisfies the data range
constraint”.

TargetOnt | PaperAbstracted
+hasMark

SourceOnt| Proceeding
+hasSize

+hasRegistarFee

TargetOnt|PaperAccepted
HeaFulPages Targetont|Pa
~+hasiark . ‘argetOnt| Paper
SourceOnt | Document SourceOnt| Article hasark
+hasSize
Hhessize ﬂ— +hasScore
I TargetOnk]PaperRejected
AN +hasFulPages Y
7 1 Map - hasttark
-----
e I
I "
SoarceOnt | Author
+hasMobileNumber
+hasRegisterFee TargetOnt|Author
SourceOnt|Person +hasPhonebumber
+hasMemberFes

TargetOnt|Member

+hesMemberfes

»

SosrceOnt | Attendee
+hasRegisterFes

Ta rgetOnt | CoAuthor
+hasMemberFes

Data Range Mappiﬁg 1

Please explain your intention of the mapping.

Instances in [ SourceOnt | Article ] class need to be integrated into [ TargetOnt|PaperAbstracted ] class
with the constraint { hasSize <= 2 }

because Articles, that have less than or equal to 2 pages, are an abstracted paper.

Data Range Mapping 2

Please explain your intention of the mapping.

Instances in [ SourceOnt| Article ] class need to be integrated into [ TargetOnt | PaperRejected | class
with the constraint { hasScore < 5 }

because Articles, that have less than 5 score, are a rejected paper.
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SourceOnt | AcadenicEvent.

SourceOnt| Short_Paper

peper_size
#scove

SourceOnt]Paper

SourceOnt| Participant

sreqistered_date
ez
i

+a_an_sbstract_subrission_date
+s_p_ful_paper_submission_date
+#4_5_conferenca_date

{3) UML Representation of the conference ontologies

Targetont| Conference

+hasFze

TargetOnt | Tutorfal

HasFee

Targetont| Working_Event

L e

Targetont | Workshop

Torgetont| Healfvent

+hacFee

_—
| TargetOnt|Accepted_Paper

TargetOut | SocialEvent
+hagFes

TargetOnt | Event

+hasFee

e

v

FargelOnt| Primary_Reviewer

+hasMmRaviens

+hasRevienedPapers

S

+haPages
+hasRate
Paper
+has?
TargetOnt|Rejected_Paper > rinirte-
T #hacpages
+hasRate
TargetOnt | Articke
TargetOnt Undecded_Paper yrees—
Shaspages AhseRate
+nacgate
\\ TasgetOnt| Abstract_of_Paper
o +hasPages
. +hasRate
.
.

TargetOnt|Secondary_Reviewer

hasmReizws
+hesfievieviedPapers

I~ AhmsblaxReviens
shasileviewedPapers

Targetont{Author
+hasContacthumber
thasiiserId
TaretOnt{Early_Paid_Applicant
saaContactier
Ahasliserid
N aetontiRegtered_Appimant

TargetOnt{Late_Paid_Applicant

+hasContactihmber
+hasiserld

+haslisarid

TargetOnt|Date_of Conference

+hasDate

Targetont | Abstract_Submission_Date

+hasDate

‘Targetont]Full_Paper_Sabralssion_Date

+hasDate
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(4) Description of Mapping Intention for Data Range Mapping-ID 1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)
reception_fee, banquet_fee, trip_fee, hasFee: #.4# (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

score: ## (Decimal Range from 0 to 10, e.g. 5)

hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

max_number_of_reviews, hasMaxReviews: ##f (Decimal Range from 0 to 20, e.g. 10)

number_of_reviews, hasReviewedPapers: ## (Decimal Range from 0 to 20, e.g. 10)

telephone, hasContactNumber: #iH###### (10 Decimal Digits, e.g. 1234567890)

id, hasUserld: #H###t##4 (8 Decimal Digits, e.g. 12345678)

10. is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)

11. is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

LNt RWN R

Data Range Mapping 1

Please explain your intention of the mapping.

Instances in [0« Pg,m, ] class need to be integrated into [ T0: @;jeu-eé »-rafa- ] class.
with the constraint { sgeore £ 6 }
because

quae-s ong 30}1340 be rtjewd "n" Scone (6

Data Range Mapping 2

Please explain your intention of the mapping.

Instances in [Sp: Am:[,,,,,;c@w, ] class need to be integrated into [T¢ . \Marltdvf ] class.
with the constraint { workgl-wr__ﬂfz:, >0 }
because

When @ wodishee Jeo s @l Heesz egges Oee B?MPVVJ&“I
(encepsr dor e case of o Joee M’kfl\af)
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Mapping Design Worksheet

3

Participant 1D:

for Unit Transformation Mapping Type

Instruction:

1) Please review “Example Mapping Design for Unit Transformation Mapping Type".
2) Please describe briefly two unit transformation mappings on UML representation(3).
3) Please describe detail intention of the mapping in section (4).

Sections:

(1)

Mapping Design Worksheet
for Unit Transformation Mapping Type
Instruction

()

Example Mapping Design
for Unit Transformation Mapping Type

(3)

UML Representation
of the conference ontologies

(4)

Description of Mapping Intention
for Unit Transformation Mapping
-iD1&2
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(2) Example Mapping Design for Unit Transformation Mapping Type

This mapping type represents the expression for an ontology class (A), that is constrained by the arithmetic
transformation of the data value of the datatype properties, corresponding to another ontology class (B} with
the integration property corresponding to “Unite the instances of class (A) to class (B) with the unit
transformation according the constraint”,

TargetOnt| PaperAbstracted

SourceOnt | Proceeding pr—
+hasSize a
TargetOnt | PaperAccepted
+hasFulPages TargetOnt|Pa;
+hasMark —1[-7" SrpetOnt | Faper
SourceOnt | Document SourceCat|Article +hasMark
hassize e
I' . TargetOnt| PaperRejected
=== “\ +hasFulPages ‘
' Ma . hasMack
| Map -
_____
I 1L 1
I ’ I
SourceOnt| Author v
+hasMobilehumber
e \ T X Aathar
uT™m1 rgeto
+hasPhoneNumber
[Person 4hasMenber:e ' -
+hasRegisterFee Tar fMember
\/\ uTm2 N +hasMemberFes
SourceOnt| Attend - -
e ; ! = TargetOnt | CoAuthor
SRegbteTee +hasMemberFes

Unit Transformation Mapping 1

Please explain your intention of the mapping.
Instances in [ SourceOnt|Person | class need to be integrated into[ TargetOnt|Member ] class
with the constraint { hasMemberFee = hasRegisterFee * 1.12 }

because There is currency difference between RegisterFee and MemberFee.

Unit Transformation Mapping 2

Please explain your intention of the mapping.
Instancesin [ SourceOnt|Author ] class need to be integrated into[ TargetOnt]Author ] class
with the constraint { hasPhoneNumber = hasMobileNumber }

because PhoneNumber value needs to be same as the value of MobileNumber.

10
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(3) UML Representation of the conference ontologies

SourceOnt| AcademicEvent Targetont| Conference
Hconferente_fee shasFes
+tutpnal_fee
+warkshiop_fee
] D —
£3 Shosfee Fhasker
©
TargetOnt |viork<hop \Q
shaFee TargetOnt | Event
SourccOnt | HonAcadenticEvent hasFee
eceptonfee
Hanqel § Targetont | Realivent
thacee
FargetOnt| SotialEvent
thacFes
SourceDnt | Short,_Paper
Anaper_size
+score TargetOnt | Accepted_Paper
+hasPages
+hasRate
SourceOnt|Paper aper
e
Apaper_size Targetont| Refected_Paper ’_pfhm:f
: +hasPages
shasfate ﬁ
TargetOnt | Article
Targetont | Undedided_Paper prevm—
preese +haskista
+hasRate
I |
g ]

TargetOnt]Abstract_of_Paper

S hasPages
4 +haskate

TargetOnt | Primary_Reviewer
+hacManReviens ©
hasevenedPapers
Sourceont| Author TargetOnt | Secondary_Reviewer Targetont| Co b TargetOnt| Thing
™~ Fre e p—] e
\ +hasRevievedPapers “tnashevievedPepers
‘SourceDnt|Farticipant . s - | L i
registered_date +haslserTd
Helephone
TargetOnt|Early_Paki_Applicant
“hasContactikimber
1 +hastiserld

-ib TargetOnt| Registered_Applicant

+hasContacttkimber
TargetOnt {Late_Paid_Applicant Hhastsertd
harContacthumber
|prasteertd
SourceOnt| Important_Dates
“Ha_pn_abtract_subalsson_ate
+p ] eubssion, date
#is_7_conferenca,_late TargetOnt| Date_of_Canference
hathate

TargetOut | Abstract_Subimission_Date
+hasDate

ull_Paper. Date

+hasDate

11

235




(4) Description of Mapping Intention for Unit Transformation Mapping - ID 1 & 2

For the conference ontologies:

You can make any assumption on the elements (please describe) and assume all the attributes are numeric types.
The followings are format examples in detail for each attribute:

1. conference_fee, tutorial_fee, workshop_fee: #.## (Upto 2 digits below point, e.g. 123.45, Currency is not yet decided.)

2. reception_fee, banquet_fee, trip_fee, hasFee: #.4# (Upto 2 digits below point, e.g. 1234.56, Currency is not yet decided.)
3. paper_size, hasPages: ## (Decimal Range from 1 to 40, e.g. 20)

4. score: ## (Decimal Range from 0 to 10, e.g. 5)

5. hasRate: ### (Decimal Range from 0 to 100, e.g. 50)

6. max_number_of_reviews, hasMaxReviews: ## (Decimal Range from 0 to 20, e.g. 10)

7. number_of_reviews, hasReviewedPapers: it#f (Decimal Range from 0 to 20, e.g. 10)

8. telephone, hasContactNumber: #i######### (10 Decimal Digits, e.g. 1234567890)

9.id, hasUserld: #####8### (8 Decimal Digits, e.g, 12345678)

10.is_an_abstract_submission_date, is_a_full_paper_submission_date: YYYYDDMM (e.g. 20130731)
11.is_a_conference_date, registered_date, hasDate: YYYYDDMM (e.g. 20130801)

Unit Transformation Mapping 1

Please explain your intention of the mapping.

s

Instances in [ S : ﬂ‘f“’-’ ] class need to be integrated into [ TO: P,.@, ] class.
with the constraint { haefutre = Scor e #* 10 )
because

hes Rate hot & e~ fonge 10 +ines Feater than  Scone

Unit Transformation Mapping 2

Please explain your intention of the mapping.

Instances in [§o - koA os ] class need to be integrated into [T() ‘,Am thor ] class.
with the constraint { g5 (ot cv Nombe, = *’rAe,l.q_‘?'-\;ne }
because

Twﬂ pres QW"JM

12

236




— I

Participant ID: / g
Questionnaire

Instruction: For each of the following statements, mark one box that best describes your reactions to the UML
representation and the tool you have just used to design the semantic mappings and to auto-generate
semantic mapping documents. Each question is optional. Feel free to omit a response to any question;
however the researcher would be grateful if all questions are responded to.

Part1/2:
SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using UML
representation of ontologies to design the semantic mappings.

Strangly Strongly
Disagree Agree
1.1 think fﬁgt ! woﬁld like to design the semantic mapping ' 0 Kk 0 0 / 0

using the UML representation of ontologies frequently.

2. | found the semantic mapping on the UML
representation of ontologies is unnecessarily complex. 0 gg O o o
3. I thought the semantic mapping on the UML 0 % . ’ﬁ 0 0
representation of ontologies was easy to design.
4.1 think that | would need the support of an expert ]
person to be able to design the semantic mapping on W] d ] ] ||
the UML representation of ontologies.
5, | found UML notations related to the semantic data and.” | 0 ' 0 o o 0
mappings in UML class diagram were well integrated. :
6. | thought there was too much inconsistency to represent d
8 ot u| 0 0 u

semantic data and mappings using UML notations.

7.1 would ima_giﬁe thaf most p.eople would learn to,design
the sgmantic mapping using the UML representation of d ] O Ef O
ontologies very quickly. .

W W20 wWwp Ww

8. | found the UML representation of ontologies very 0 E{ 0 O 0
cumbersome to design the semantic mapping.

9. I felt very confident to design the semantic mapping 0 0 E( 0 0
using the UML representation of ontologies.

10. | needed to learn a lot of things before | could get going
to design the semantic mapping with the UML 0 0 @/ M 0
representation of ontologies.

11. | found Data Range Mapping and Unit Transformation

o 8 O O 0 o 0

Mapping useful in expressing more precise mapping.

/] — .
615 , ) C> 5 , >
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12. I think UML representation of semantic data and
mapping is easy to understand for system engineers.

Part2/2:

SUS (System Usability Scale) and Research Specific Questions for the user satisfaction of using the SDI Tool to

auto-generate semantic mapping documents (and an integrated ontology).

Strongly Strongly
Disagree Agree
1. 1 think that | would like to use the SDI tool frequently. O g/ 0 0
2. | found the SDI tool is unnecessarily complex. ‘ ) 0 0 0
3. I thought the SDI tool was easy to use. ] g ‘0 0
4. | think that | would need the support of a technical 0 a
person to be able to use the SDI tool. g g
5, | found the various functions in the SDI tool were well e d
integrated. i a o ; i
6. | thought there was too much inconsistency in the SDI
& < 0 O o 0
tool.
7. | would imagine that most people would learn to use the ; v (5
SDI tool very quickly. B u g O
8. 1 found the SDI tool very cumbersome to use. | ) d N
9. | felt very confident using the SDI tool. O E{ O . 0
10. | needed to learn a lot of things before | could get going 0
with the SDI tool. a a
11. | think the SDI tool requires ontology expert knowledge 0 0 0 0

to conduct semantic data integration.

The experiment is completed. Thank you!
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v If you have any comments

/A‘ tsednice \A// rhe  fool presenrs seves . UZ
J‘uj{m?e; Fl‘rffg thare ave los oF gppirtanies 45

1} ! "
”"a/ﬁe e ymo~e  on Speanr (0 he. dck1onS e

Uge— Con F‘f‘é"m B reoessiry., /Mo«-"rsj USlre 4o

eroer Lree texs 15 (bl +0 erwes thae c‘aq,(['bg
aW'féeJ b_j UIS‘,'Ll d‘—ar JO‘”"S- .get.onJ .rﬁ\e,——g ane
+60  waeng Df‘ﬂlhfj in the ighs ~haad [jcalumn when
Ilm 0;.,[:’ U-S’L:‘j é Dﬁ( O’L\R ’VLMJ o\quIL dg(ﬂ.. fLw_Jg P&&’P
aSsSociaria,, O OA-S Ob‘b‘[a’a On.:l

l‘S o ISSa€ w”'h

, . Vosoond
¢ bewnes Mé( 0 J/S’rr‘f\ﬁb'dl‘ A8 iamong

Thank you!
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APPENDIX L Accompanying DVD: Table of Contents

e Thesis.pdf: This file is a digital copy of the thesis.

e Experiment 2012 for Confirmation Report Folder: This folder contains the initial
experiment on the tool that implements the ODM and OCL combined abstract
mapping syntax.

o Experiment Preparation and Code Subfolder: This folder contains the

experiment ontologies, tool source code, demo samples and documents.

o Experiment Results from Participants Subfolder: This folder contains the

experiment results from the participants.

e Experiment 2013 for PhD Thesis Folder: This folder contains the system

engineers experiment on the SDI tool.

o Experiment Ethical Applications Subfolder: This folder contains the

approved ethical applications for the experiment.

o Experiment Materials and Code Subfolder: This folder contains the
experiment ontologies, tool source code and hand-out materials for the

experiment.

o Experiment Results from Participants Subfolder: This folder contains the
experiment input/output file results from the participants and a sample of a

scanned full paper record documentation from participant ID02 and 1D13.
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