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Abstract - Semantic Web tools are beneficial for the smooth transfer, access and interpretation of information in the traditionally
complex insurance industry, which is all-inclusive of local standards, metadata elements and isolated data models. Auto ontology
introduces a new data model for digital insurance. Standardised products and relationships with well-defined properties ensure a
common understanding of information and make explicit domain assumptions, thus allowing organizations to make better sense of
their data and establish interoperability of data between insurers, partners and customers.

The ontology itself is realized using Protégé (Protégé OWL Web Ontology Editor) and is implemented in OWL and queried using
SPARQL query language.
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1. INTRODUCTION:

Auto ontology introduces a new data model for digital automobile insurance. Standardised products and relationships with well-
defined properties ensure a common understanding of information and make explicit domain assumptions, thus allowing
organisations to make better sense of their data and establish interoperability between insurers, partners and customers. Even though
the automobile industry has to standardize data related to the insurance sector, there is still no unified accepted ontology for this.
Due to the presence of different companies, there are different policy terms, which can lead to ambiguities and different
interpretations of the terms in the industry. Due to this, we feel there is a need of universal ontology that can lead to a unified
platform for all the companies together. Auto ontology is a unified ontology that describes a set of concepts within the automobile
insurance domain and the relationships among them, providing a uniform way to enable communication among the associated
stakeholders. Knowledge differs from data and information as data is present in raw and unprocessed form, information is the
processed form of data, whereas knowledge is the self-learning through experiences and skills [1]. The transition of concepts from
data to knowledge is taking place around the world, as is the transition of the web from a document model to a data model. The
Semantic Web, which is an extension of the current web [2], aims to enrich the Web with a layer of machine-interpretable metadata
so that computer programs can predictably derive new information and knowledge, furnishing better data integration, interoperation
and more intelligent support for the end users.

Since the ontology development in the insurance domain is underexplored, we created the ontology from scratch. Auto ontology is
a unique ontology that systematically maps spreadsheet-based insurance data into the ontology with the help of JSON transformation
rules. The ontology is evaluated using SPARQL. It helps to improve interoperability, reusability, and intelligent querying in the
insurance sector.

Ontology creation in any domain requires a syntax for representing metadata and Vocabularies for expressing the metadata. The
W3C (World Wide Web Consortium) has defined such open standards for metadata syntax as RDF (Resource Description
Framework), OWL (Web Ontology Language), SPARQL, SQWRL, etc.

In this paper, a Knowledge Representation (KR) of the automobile insurance sector domain is presented using Semantic Web tools.
Ontology development is an evolving process; there is surely a scope for further enhancement. Section 2 presents a discussion on
related work in multiple domains, followed by a brief overview of the tools and techniques used for knowledge representation,
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which is outlined in Section 3. Section 4 contains the evaluation of the ontology using SPARQL queries, which ends with the
conclusion and future scope of our research in Section 5.

2. RELATED WORK

An extensive amount of work has been done in the field of knowledge representation in various domains using SW technologies. A
thorough literature review was done with the motive to study the different Knowledge Representation (KR) methodologies using
SW technologies.

Research in the Semantic Web has created a robust framework for knowledge representation and interoperability that allows various
concepts, relations and constraints to be machine-interpreted across numerous domains [2, 12]. An ontology-based framework has
become a part of various knowledge-based industrial business applications. The oil and Gas industry has used semantic web
technology to detect the cause of external corrosion. The data of the state of corroding assets was collected in CSV files and
transformed into RDF, and to address the heterogeneity, an ontology model was developed, and knowledge was inferred from the
ontological data [3]. The technology supported the design of a system that could detect corrosion efficiently and precisely. The data
of a city in an urban space domain was also represented using OWL 2. A knowledge base was created to include the public, private
buildings and open spaces in the street. The street knowledge was represented using Urban Morphology Ontology (UMO) and
UrbanGen tool, and the alternatives for street designers were also generated to design street patterns [4]. A complete overview of
SW and KR was given in [5]. The researchers, through their experimentations, extended the capability of ontologies to represent
the temporal knowledge, that is, quantitative and qualitative. The extension of quantitative temporal knowledge was implemented
using Semantic Web Rule Language (SWRL) and OWL axioms [6]. To reason the temporal knowledge, an interval-based ontology,
TL-OWL, was created [7]. Ontology-based knowledge representation and reasoning techniques were also used to provide
knowledge about the environment to the robots [8]. The multiple geometric knowledge representations were performed through
turtle, RDF API JENA, and ontology in the geo-visualisation domain [9]. A KB is created using SPIN (SPARQL Inferencing
Notation) rule engine, and knowledge from multiple rescue missions was stored in different formats, like OWL, RDF triples, etc.
using JSON rules [10].

Before the creation of Auto ontologies, a search was performed for ontologies about Automobile Insurance Data. However, no
available ontologies were found, with the adhering characteristics to the required ontology to be extended and reused. So, the next
step was to create an Automobile Insurance ontology from a starting point using rules and data from the domain of the automobile
insurance sector. The aim is to provide frameworks for representing shareable and reusable knowledge across the insurance domain,
providing interconnectedness and suitable relationship representation leading to interoperable, linked and coherent data.

3. TOOLS AND TECHNIQUES USED FOR REPRESENTATION

An ontology is a formal description of knowledge as a collection of concepts within a domain and the connections between them.
It guarantees a shared interpretation of the data and explicitly states the domain assumptions, enabling companies to better
understand their data.

Ontologies make it easier for the domain to connect individuals, groups, and application systems. A number of formal languages
have evolved for ontology development. These languages make it easier to encode knowledge in specified domains, and they usually
provide reasoning features that allow for the processing of the stored knowledge. Typically, these languages are declarative in
nature, based on description logic or first-order logic [11]. Auto is created using the W3C Web Ontology Language (OWL) [12]
and Protégé 5.5.0 which is an ontology development environment. OWL is a Semantic Web language designed to render
complicated knowledge about objects, their groupings, and the relationships among them.

Data was entered in Protégé tool (version 5.5.0), with the purpose of creating an ontology called Auto containing the automobile
domain insurance classes and their associated object properties. The hierarchical representation is as implemented in Figure 1. The
plugin works with the Java Script Object Notation (JSON) rules. These rules were created while maintaining the integrity of the
data. The rules then generate instances on the basis of the dataset, as shown in Figure 2.
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Figure 1: Hierarchical representation of the automobile domain

The instances are created using Cellfie plugin, such that it includes data into the ontology. The editor included with the Cellfie
plugin is used to construct the transformation rules. The rules are kept as JSON files. According to the transformation rules,
axioms are generated.
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Figure 2: Instances created using JSON rules

These instances are further represented using RDF triples. The representation of the dataset in the form of triples is depicted in the
table given below.

Subject —Predicate, Object
Aadhya A 4]
Aadhya hasPolicyNumber 227811
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A customer dataset pertaining to insurance sector been taken from an online platform, Kaggle.com, and then mapped to the ontology
using Cellfie protégé plugin [13]. The dataset has been cleaned by removing the unnecessary outliers, values and duplicate values.
It includes 500 values which are represented using Cellfie plugin of the Protégé application. Each entity of the dataset has the values
such as customer name, gender, age, policy number, etc. The knowledge of these entities is represented using JSON transformation
rules. A snapshot of the dataset is shown in Figure 3.

A
Customer Name
Aadarsh
Aadarsha
Aadav
Aadhya
Aadir
Aadishree
Aafreen
Aahan
Aakash
Aalok
12 Aanchal
13 Aaradhya
14 Aarav
15 Aashi
16 Aashna
17 Abha
18 Abhay
19 Abhi
20 Abhijeet
21 Abhik
22 |Abhilash
23 Abhimanyu
24 |Abhinav

® N O VR WN =

o v

B
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Male
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Male
Female
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Male
Male
Male
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Female
Female
Female
Male
Male
Male
Male
Male
Male
Male
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212 42 636550 600983 PhD priv-hous¢camping  wife 0 -39300 Single Veh Rear Collis Total Loss Other
235 42 543610 462283 Masters exec-manidancing other-rela 38400 0 Single Veh Front Colli Total Loss Police
447 61 214618 615561 High Schoiexec-maniskydiving other-rela 0  -51000 Multi-vehi Front Colli Major Dar Fire
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Figure 3: Glimpse of the dataset

The resulting mapping of the dataset in the protégé application is the form of knowledge representation of the domain. An
example of the JSON transformation rule has been shown in Table 1. The mapping through the Cellfie 2.1.1 plugin represented
the knowledge in the form of rdf, rdf/s, and ontology. These rules were created for the knowledge representation of 500

individuals.

Using the dataset and knowledge gathered from the domain experts and other sources,4595 axioms and 500 instances were
generated pertaining to 34 classes and 30 data properties.
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{"Collections": [{"sheetName":"Sheet1",
"startColumn":"A",

"endColumn":"A",

"startRow":"2",

"endRow":"+",

"comment": "Creating individuals for the policy holders",
"rule": "Individual: @A*\n

Types: Person\n

Facts: hasName @A*(xsd: string), \n

hasAge @D*(xsd: integer), \n

hasGender @B*(xsd: string), \n
hasMonthsAsCustomer @C* (xsd:decimal),\n
hasPolicyNumber @E*(xsd: double), \n
hasEducation @G* (xsd:string),\n

hasZip @F* (xsd:double)",

"active":true} ]}

Table 1: Transformation rule example
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4. EVALUATION USING SPARQL QUERY

RDF is a data model for defining resources on the World Wide Web and how they relate to each other, as it stores data in the form
of triples. RDF presents data as a data graph, and there is no hierarchy in a data graph. No root node exists. Resources are interrelated
with one another in a graph, with no particular resource taking priority over another. This data model's structure is flexible, and
relationships are not clearly defined. Therefore, a more adaptable query language is required to efficiently query such a data model.
The Semantic Web's SPARQL (SPARQL and RDF Query Language) [14] query language is capable of accessing and modifying
data that has been saved in the RDF format.

The Auto ontology has been evaluated using SPARQL language. To run SPARQL query, Apache Jena Fuseki version 4.5.0 has
been installed and queries executed using command prompt. The snapshot of the Fuseki server is attached via Figure 4.

& Command Prompt - fuseki-server --update --mem /d
i ft Windows [Version

na-fuseki-4.5.

ice

ser --update --

e: template

in-memory

et-stream, Charset=null => RDF/XM Count=4483 Triples=4483 Quads=@

Figure 4: Snapshot of the Fuseki server

The SPARQL query has been executed for the Auto ontology. The auto ontology containing 4596 triples have been uploaded on
the server. We have developed different scenarios to validate our ontology and presented results. The SPARQL query to extract the
names, policy number and age of the policy holders, and another query to find out the persons having age above 40 years, is shown
in the table below:

PREFIX owl: http://www.semanticweb.org/saksh/ontologies/2023/7/untitled-
ontology 13#

PREFIX rdf: http:/www.w3.0re/1999/02/22-rdf-syntax-ns#

PREFIX rdfs: http://www.w3.0rg/2000/01/rdf-schema#

SELECT ?Name ?PolicyNumber ?Age

{

?Person owl:hasName ?Name.
?Person owl:hasPolicynumber ?PolicyNumber.
?Person owl:hasAge ?Age.

}

SELECT ?Person

WHERE

{
?Person owl:hasAge ?Age.
FILTER (?Age >=40)

Table 2: SPARQL Query
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The result of the above query to extract the fields of the dataset, and by applying a Filter condition, is shown in the snapshots below:
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Figure 5: Snapshots of the result of SPARQL query

The query is executed for the dataset of 500 values. So, it has generated 500 results for the first query and 225 results for the second
query.

5. CONCLUSION AND FUTURE SCOPE

The vastness of data generated and ever-enduring data requirements have been propulsive in Semantic Technology research to
progress and to meet the industrial expectations by improving query access, performance, and inferencing competence. An insurance
ontology can play the role of a common, standardized vocabulary that helps communication and knowledge exchange between
insurance partners, in the form of Linked Data. By taking advantage of the Auto ontology, we have shown that it is possible to make
query formulation and execution more comprehensible and to enable reasoning-based queries facilitating industries facing ever-
increasing datasets in making meaningful use out of them, and use semantic analytics as an advantage.

Protégé 5.5.0 served as a reliable tool for the representation the undertaken work for its aptness towards creating interoperable,
reusable and unambiguous ontologies.
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