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Abstract

Semantic web data sources of Linked Open Data (LoD) like DBpedia are currently
facing significant data inconsistencies. Research has shown that inconsistencies are
still present in the LoD (DBpedia) because of two major reasons firstly, the data
source like Wikipedia contains the human error in the data, resultantly LoD (DB-
pedia) shows inconsistent information. Second reason is, wrong conversion method
(DBpedia Mappings), which extracts inconsistent information from Wikipedia to
LoD (DBpedia). This study aims to determine how to overcome the inconsistent
data problem in DBpedia family relation based information. Building on existing
work on removal of data inconsistencies, it asks: What are the problems in the
data extraction process? In addition, how can we remove the inconsistencies, and

prepare a consistent data store?

Based on the literature review on DBpedia data Inconsistency and enhancement
of the DBpedia Ontology, this study provided the improved conversion method
of DBpedia Ontology, and removed the human error based data in the Wikipedia
source. It also provides a solution, which helps to remove the certain data incon-
sistencies related to the family relation information in the LoD (DBpedia) data
source. Several SPARQL queries are explicitly developed, to fetch the inconsistent
data from the LoD (DBpedia), and results were carefully analyzed to extract the
reason of the inconsistency. The study improved the existing DBpedia Ontology
properties with help of analysis of errors fetched, and enriched DBpedia Ontology
with family relations. Alongside, also provided a solution to update the erroneous
data in the Wikipedia, to remove the inconsistent data in the Wikipedia. Anal-
ysis of the experiment, demonstrated that inconsistencies can be removed from
DBpedia data source, by improving the family relation based DBpedia Ontology
Mapping, and removing human errors from the Wikipedia data source. The result
indicates that the human error based information in the Wikipedia data source,
and wrong conversion methods have an impact on DBpedia data. On this basis, it
is recommended to improve the DBpedia Ontology Mapping scheme, and remove

the inconsistency from the Wikipedia data source.
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Chapter 1

Introduction

1.1 Background

Data stored in form of Semantic information like Resource Data Framework (RDF)
databases are publically accessible on the web server, as DBpedia [1], and Wiki-
Data [2]. The data is extracted from the data sources like Wikipedia [1, 3], and

placed into RDF Databases [4] fulfilling DBpedia Ontology [5] mapping rules.

Wikipedia is an open source encyclopedia, created and updated by volunteers
[6]; it contains articles in multiple languages (English, Deutsch, and many other
languages) [1], related to different entities (persons, company, electronics, etc.).
Wikipedia contains the information mostly in the free text [7], but it also contains
the structured information in the table known as infobox [8, 9], many articles con-
tains an infobox table. An infobox table contains the most important information
about the article like category of the article, picture or image related to article,
latitude/ longitude for places, family details etc [1]. Every Wikipedia infobox
template has a class assigned to it, in DBpedia. Every instance of the infobox
is considered as the property, and is mapped on the respective property in the

mappings of the DBpedia Ontology Classes [10].

DBpedia is a popular Linked Open Data (LoD) based structured database, which
contains data in the form of Resource Descriptive Framework (RDF), extracted

1



Introduction 2

from the Wikipedia data source [11]. The DBpedia database can be accessed
live using the platform [12], to perform query and extract the data. These days,
DBpedia is probably the greatest representative of LoD. First publically accessed
DBpedia dataset was published in the 2007 and the latest was published in April
2016. The most recent release of the DBpedia dataset portrays 6 million entities
[13] shown in table 1.1. DBpedia represents the information in RDF; the most
recent release of DBpedia contains 9.5 Billion RDF triples, which are saved in
multiple languages [13].

TABLE 1.1: DBpedia Entities Language

Language Triples
English 1.3 Billion
Other Languages 5 Billion

DBpedia extracts the data from the Infobox table of the Wikipedia. DBpedia fetch
the data with the help of the extraction framework [14] which contains Mappings
(Class and Properties) available in the DBpedia Ontology. Every distinct template
of Wikipedia Infobox has respective Mapping Class in the DBpedia Ontology [10].
In the Mappings of the DBpedia Ontology, every respective Wikipedia infobox
property is allocated to its respective Mapping Property of the DBpedia Ontology
[10], to fetch the correct data entered in the Wikipedia Infobox. To fetch all of the
infobox data, we need to create the respective mapping property in the respective

DBpedia Ontology for every Infobox information.

The DBpedia Ontology is a shallow, generic, and cross-domain, which is created
manually, based on the most commonly used infoboxes within Wikipedia. DB-
pedia latest version which was released in 2016-04, has more than 5000 template
mappings, (considering all languages) and even more number of infobox properties
[10]. Every distinct language will have different respective mapping in the DBpe-
dia Ontology. Primary purpose of creating a mapping is to map every Wikipedia
infobox template to the DBpedia. Every key value property of the Wikipedia
infobox is saved as the property in the mapping class of the DBpedia Ontology,
every property of the DBpedia Ontology has constraints and details associated
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to it, and Wikipedia data must fulfill them to be extracted, and displayed in the

DBpedia data source.

DBpedia contains semantic data [15] regarding the family relations, existing be-
tween the instances, which has error in it. These errors occur due to two main
reasons [11, 16], firstly the data which is extracted from the source is corrupt,
while it was extracted, and secondly, while conversion of the data after fetching it
from the data source (Wikipedia), it became inconsistent because of error in con-
version method [17]. These issues lead to a critical concern that while answering
the queries on these data sources, it often returns wrong facts. Due to these data
inconsistencies, the semantic computing compromise its basic advantage of high

precision, responding to the query.

In this study, we will extract the inconsistencies in the DBpedia conversion method
by extracting the family relation data from DBpedia with help of SPARQL queries.
DBpedia conversion method helps to extract the information from the Wikipedia
Infobox, converts it to semantic data and save to the DBpedia data dump [18].
We will check the consistency of the data, extract the inconsistent data, and get
the logical reason for the inconsistency and create list of inconsistencies which are
present because of DBpedia, and Wikipeida, and update the conversion method
by adding new rules or improving previous one, so that the data inconsistencies
are removed. In addition to it, we will improve the data stored in the Wikipedia,
by removing the human errors, due to which DBpedia conversion method fetches
the erroneous information. An example of data inconsistency in the DBpedia is

given below, in Figure 1.1.
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DBPEDIA WIKIPEDIA

|ATPIIIG, VIT LIS

Kirsten Cohen (maiden name Nichol) is a fictional chara

Rowan. Kirsten is the wife of Sandy Cohen, mother to § Spouse
portrayed as being unwelcoming towards Ryan in the C (husband; 3 children [1
teenager, going on to accept him as a central member ¢ adopted])

Propery e Significant  James "Jimmy" Cooper

r -boyfrien re pil

oo absiract = Krsten Cohen (makden name Nicho ol (ex UOB" e [DEfO A 01])
s the wie of Sandy Cohen, mother Carter Buckley
unwelcoming towards Ryan inthe G (CfUSh)

a5 a central member of her family. (¢

Children Unbarn child

dpodlias » Kirsten Nichol je)
+ (maiden name) ) (child, with Jimmy, aborted)
Seth Cohen
bl T (son, with Sandy)
wochid + axSelh Cohen Ryan Atwood
« .Jimny_Cooper_(The_0.G) (adoptive son, with Sﬂl‘hd)’)
O Sophie Rose Cohen
w a:Sandy Cohen
—— (daughter, with Sandy)

FiGURE 1.1: DBpedia data inconsistency.

Our work will help to make LoD (DBpedia) more consistent related to family
relations, hence querying family relations will produce consistent data. Also we
will enrich the DBpedia Ontology with the family relation based Mappings which
do not exist previously, and populate the DBpedia data dump with the family

relation based data.

1.2 Problem Statement

DBpedia conversion method helps to extract information from Wikipedia, and
store in DBpedia data dump in the form of semantic data. Existing conversion
method contains inconsistencies related to the Family relation mappings resul-
tantly family relation semantic data stored in publically available LoD (DBpedia)
is not consistent, shown in Figure 1.1 as a result querying family relations does

not produce correct results.
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1.3 Research Question

Frequent amount of data stored in the RDF triple stores (DBpedia) is inconsistent
due to the wrong data conversion method from source (Wikipedia) to the LoD
(DBpedia), or the source (Wikipedia) data contains human error. This decreases

the precision of the query on RDF based databases.

Research Question 1: How can we discover inconsistencies related with family

relations, in RDF triple stores (LoD)?

Research Question 2: What are those inconsistencies?

Research Question 2: What are the consequences of these inconsistencies?
Research Question 4: What are the reasons of these inconsistencies?

Research Question 5: How can we remove the inconsistencies, and prepare a

consistent data store?

Research Question 6: How to populate new defined Wikipedia infobox property
data into DBpedia data dump?

1.4 Scope

There are numerous data inconsistencies available in LoD (DBpedia), which occur
due to wrong conversion method (DBpedia mappings) of the data from the data
source (Wikipedia) to the LoD (DBpedia). In this research, we will expose the
data inconsistencies existing in the family relation based semantic data in LoD
(DBpedia) by implementing the SPARQL based queries on the DBpedia data
source. Afterwards, we will extract the inconsistent data and verify the data
from the source (Wikipedia), either in case the facts are correct in the source; we
will validate the conversion process of the data from data source (Wikipedia) to
the LoD (DBpedia), and update the conversion method (DBpedia Mappings) to

extract the correct facts from the data sources. In case the data is not correctly
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added in the data source (Wikipedia), we will correct the structure of data in the

data source, so that DBpedia conversion method extracts the correct information.

1.5 Purpose

Linked data sources like DBpedia are providing the platform [12] to perform
queries, and extract facts from these databases, for searching operation. How-
ever, frequent family relation based facts extracted from these data sources are
not correct; this compromises the basic advantage of the semantic web of provi-
sion of precise information. Purpose of this research work is to extract the family
relation based data inconsistencies from LoD (DBpedia), and to remove those
data inconsistencies with reasonable accuracy, so that querying Family Relations,

produce precise results.

1.6 Thesis Organization

Rest of the thesis is organized as follows: second chapter presents the methodology.
Third chapter describes the literature review, and the related work. Experiments
for inconsistencies identification are described in fourth chapter. Fifth chapter
presents the removing of inconsistencies from DBpedia Ontology, sixth chapter
contains details related to Wikipedia Infobox inconsistencies removal. Seventh
chapter represents evaluation of the experiments. Eight chapter is about conclu-

sion and future directions of the study.
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Methodology

In this chapter, we are going to explain our methodology. Below listed steps

demonstrate methodology to the problem identification and its solution.

2.1 Methodology Steps

LoD (DBpedia) inconsistencies occurs because of two main reason; error in DBpe-
dia conversion method, and error in the Wikipedia Infobox, from where DBpedia
fetch data. To handle those family relation based inconsistencies in DBpedia data
source, we have performed few experiments, and removed the inconsistencies. The

complete orderly methodology is describe below:

1. Literature Review for data inconsistencies in LoD (DBpedia).
2. Inconsistencies Identification in LoD (DBpedia) and Wikipedia.

2.1 Write SPARQL to extract family relations data from LoD (DBpedia).

2.2 Analysis of the results for inconsistencies due to DBpedia conversion
process (DBpedia Mappings), or Wikipedia data inconsistency, by com-
paring the result of the DBpedia with the data source (Wikipedia).
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2.3 Extract the data inconsistencies in the DBpedia, and Wikipedia In-

fobox.

3. Identify the classes, and properties of the DBpedia Ontology, associated with

data inconsistencies.

3.1 Analyze the DBpedia Ontology properties and classes.

3.2 Modify the DBpedia Ontology properties and classes, so that it does

not fetch the inconsistent information.
4. Discover the reason of the data inconsistency, in Wikipedia.

4.1 Analyze the Wikipedia Infobox table data structure.

4.2 Modify the Wikipedia Infobox data, so that error is removed from the

data source.

5. To evaluate results, repeat the process from point 2 to point 5, to check if
the data inconsistencies have been removed by comparing results extracted,
before removing inconsistencies with the results extracted after removing

inconsistencies.

6. Conclude the results and publish the findings.

Detailed methodology Diagram is shown in Figure 2.1, it reflects the imagery view

of the bullets discussed above.

—

-’ .
—— IH @
ooog NYTH

1. Data source 2. DBT:)edia 4. SPARQL Query

|
Canversion Process - RDF dala source (Family Relations)

-

14. Mod\f}f DBpedia 5. Result
Conversion Process

13. Remove bug =l E E
from ooog <
Wikipedia

12. Analyze 9. LoD Conversion

=Q

1
6. Analyze result

— 7. List of Discrepancies

DBpedia process may 53
Properties and have error -
1
Classes 8. Identify the
reason of
EI,_,_, inconsistency
ooog |=|
11. Analyze Wikipedia L=l
Infobox data 10. Wikipedia infobox

may have error

FicURE 2.1: Methodology Diagram.
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Literature Review

3.1 Overview

The DBpedia project [1] is an effort of community to publish the data of Wikipedia
infobox in the form of RDF. It has large volume of data and is relatively compre-
hensive. During the last few years, a great number of Linked Data datasets have
been published in which entities are linked to their equivalent resource in DBpedia,
making DBpedia a central interlinking hub for the Linked Data [19] datasets. The
data consistency is an important metric for quality of ontologies. There might
be inconsistencies in DBpedia. Error in data might exist in Wikipedia. From
another viewpoint, when the data are extracted from Wikipedia, errors may occur
during the conversion process [17]. For these inconsistencies, solutions have been
provided, how ontology developers can keep away from, and users are capable to

manage those inconsistencies.

Peron et al [20] did not worked on family relation based inconsistencies but they
discovered inconsistencies in the DBpedia data source by comparing the domain
and range of an object property. They defined domain inconsistency and range
inconsistency, by comparing the occurrence of subject, and object resource of a
property that does not belong to domain or range definition. These inconsistencies

leads to proliferation of errors in DBpedia data, mainly related to data instance,

9
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and their related ontology. The reason for existence of these inconsistencies is er-
roneous definition of domain, and range for the property. To overcome this issue,
they introduced a method to quantitatively evaluate domain, and property misuse,
and help fix those problems. For example, the resource dbpedia:The Beach Boys
is not an instance of dbpedia:Person, but it uses the property dbpedia:hometown.
By adding an inheritance relationship between dbpedia:The Beach Boys and db-

pedia:Person may introduce errors on search related to dbpedia:Person.

In another work by Topper et al. [21], they worked on the inconsistencies focused
by Hogan et al. [22], which are referring to accessibility, syntactical correctness,
and consistency of published RDF data, they did not highlighted family relation
inconsistency. They detected such semantic inconsistencies automatically by trans-
forming semantic errors into logical ones by extending the axioms of the underlying
ontology in order to cause a logical contradiction that can then be recognized by a
reasoner. They considered syntactic errors in RDF that can be identified with the
assistance of a RDF parser/validator, and syntactic inconsistencies in DBpedia,
e.g. invalid date data. Because of existence of these inconsistencies, the data in
the RDF database is not accurate, the domain and range of the properties are not
properly fetched. For example, they extracted a fact that quotes Editoral Ana-
grama, that the novel 2666 has been published by Barcelona, which is obviously
wrong, because novel cannot be published by Barcelona (city), as publisher should
be Person or Company. The reason of existence of such inconsistencies are contra-
dicting RDF' triples. In order to remove these inconsistencies, they implemented

new domain and range, and disjoint axioms.

Sheng et al. [17] discovered inconsistencies existing in the DBpedia information
although they did not highlighted the family relation inconsistencies but they
worked on general inconsistencies, which are defined as follow; usage of undefined
class or properties. Secondly, usage of incompatible literals with ranges of data
type properties, and third is, one class is subclass of, and disjoint with another
class, and a class is subclass of two disjoint classes, lastly invalid entity definitions
as members of disjoint classes. Due to these inconsistencies, DBpedia contains

inconsistent data. For example, when they compared DBpedia information of
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LibriVox with Wikipedia infobox, they figured out, it is an online digital library,
while in DBpedia data source it is considered as a member of libraries in the real
world. These inconsistencies exist because of use of wrong classes, and properties of
DBpedia in the A Box of DBpedia. To remove those inconsistencies they conducted
several experiments with UMBEL (Upper Mapping and Binding Exchange Layer)
and DBpedia, by extending the disjoint axioms.

In another work by Cabrio et al. [23], have focused on the reasons for the pro-
duction of inconsistent information. The maintenance of consistency plays an im-
portant role in DBpedia. It is important for sources posing queries to it. Family
relation-based inconsistencies are not discussed by the authors. The inconsisten-
cies include different information that is provided over a same query that might
be giving identical, contradictory or differing answers while querying DBpedia
multilingual chapters. The result set provided as a result of the query will not
be consistent and different information will be provided by the same query. In
the Web of Data, the combination of information related to a single object in
the real-world is incorporated from different data sources, leading to inconsistency
and raising questions over the quality of data itself. Research on how to prepare
a consistent data source has been extensive and continuous. The authors have
proposed an argumentation-based module that is integrated into QAKiS in order
to provide unique and motivated answers to the user through careful reasoning

and scoring.

Wienand and Paulheim [24] have presented the method of outliers detection to
DBpedia. DBpedia is based on crowd-sourced contents and heuristic extraction
methods, hence if a central hub of Linked Open Data and not free of errors. The
paper does not discuss inconsistences related with family relations. The inconsis-
tencies include both factual errors and problems during parsing such as number
formats and issues with units of measurement that are no expected by the DBpe-
dia extraction code. Since missing data and data that is wrongly assigned a type
is present in the DBpedia, it makes DBpedia contain faulty types, hence wrong

information and because data is entered manually from Wikipedia, it is prone to
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errors. The reason of these inconsistencies is that DBpedia is based on heuris-
tic extraction methods and crowd-sourced contents, hence it is not free of errors.
Research on how to prepare a consistent data source has been extensive and con-
tinuous. The authors have proposed unsupervised outlier detection methods using
Interquantile range (IQR), Kernal density functions (KDE) and various dispersion
estimators that are combined with different semantic grouping methods such as

outlier detection and clustering.

Similarly, Herradi et al. [25], presented new ontology, which efficiently represent
relationships between person in a precise manner, and in different cultures/lan-
guages in order to be both, generic and adaptable to users. The author extracted
the inconsistencies by comparing other existing ontologies. They analyzed that
available ontologies does not have the relations defined in them, according to the
cultures, due to which information is not accurately defined according to the dif-
ferent cultures, and the relationships are not properly defined. For example, in
English, the term used to define a cousin relationship is cousin of. In French, there
are two terms defining the relationship: cousin for male and cousine for female.
In Arabic, it defines the cousin (male or female) from the side of the mother or
the father. Therefore, there are eight terms defining the relationship of cousinship
in Arabic. Reason for existence of such inconsistency is that ontologies are not
enriched with culture level definitions. They analyzed different culture and gen-
erated concepts accordingly, and checked either the concept exist in each culture.
If the concept exist in the respective culture then defined it in the ontology in
precise manner using the definitions of the culture, which helped in populating

the multi-language and multi-culture based meaningful data about the concept.

Rico et al. [26] proposed a technique to improve the results of the DBpedia
SPARQL based query. In their work, they worked on the improving the results of
the DBpedia, they did not worked on specifically family relations based queries.
They stated, that users while querying in the DBpedia, do not use alternative
properties in their queries. Consequently, users cannot get the authentic results of
the query. They stated that DBpedia users do not usually use the dbp (properties
not listed in DBpedia), in their queries, instead they use only dbo (properties listed
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in DBpedia). To overcome the issue they proposed to use the dbp properties
as alternative properties, so that the properties which are not available in the
DBpedia. For example, to extract the birth place of a subject, users only considers
dbo:birthPlace property, instead they must also include alternative properties i.e.

dbp:birthPlcace, dbp:birhPlace, and dbp:birtPlace.

Piyawat et al. [27] proposed a method to correct the triple range violation error
from DBpedia data dump. They did not highlighted family relation based incon-
sistencies. Range violation occurs when object of the triple, does not have the
correct range type. For example, jdbr:Sedo, dbo:locationCountry, dbr:Cologne,,
this triple contains the range violation issue, because property (locationCountry)
has the range Country while the object (Cologne) of above given triple is the
City. Due to existence of range violation errors, DBpedia contains erroneous in-
formation, resulting in erroneous results in applications, which use DBpedia as a
database. These inconsistencies occurs because of human errors in the Wikipedia
Infobox table, and inconsistencies in the Infobox template. They corrected range
violation in triples by finding the respective consistent object and replace it with

the existing inconsistent object.

Rico et al. [10] proposed a method to remove the data inconsistencies by improv-
ing the mappings of the DBpedia Ontology. They discovered inconsistencies by
comparing the RDF triples, which have same domain and range values by distinct
property. They did not identified family relation based inconsistencies. In ad-
dition, they compared the triples, which have two distinct properties having the
same value, e.g., largestCity and capital of a country, or birthPlace and deathPlace
of a person could have same subject and same object pairs quite frequently even
though those relations are not semantically equivalent. Because of these incon-
sistencies, a plethora of incorrect data is produced in the DBpedia data source.
These inconsistencies exists because a diverse community of volunteers creates the
DBpedia mappings, which are frequently wrong or inconsistent mappings. They
proposed a data-driven method to detect the mapping deficiencies automatically

with the help of machine learning (ML) techniques.
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Martins et al. [28] presented a method to identify and reduce the inconsistencies in
RDF dataset. The maintenance of consistency plays an important role in DBpedia.
It is important for sources posting queries to it. They did not explicitly worked
on Family relation-based inconsistencies. They identified triples that were not
consistent with the Ontology in place. They used RDF triples to discover domain
and range inconsistencies. These inconsistences can make DBpedia unreliable
for use by any third party. Currently DBpedia is populated in two main ways:
Firstly, through obtaining large dumps of data from Wikipedia that are altered
periodically. Secondly, it is doing by using DBpedia live, which is a software to
update DBpedia RDF triples in real time. However, the large dumps of data
are infrequent because Wikipedia incorporates data from every type of source,
reliable and unreliable, making it inconsistent. Research on how to prepare a
consistent data source has been extensive and continuous. Various literatures
have approached inconsistency classification, data co-evolution and various other
methods. The authors have proposed an inconsistency detection method and an

automatic correction method for DBpedia live updates.

Chen et al. [29] presented the method of automatic correction of erroneous as-
sertions. Validity of assertions is an important consideration when it comes to
investigating knowledge base quality. Family relation-based inconsistencies are
not identified; however, inconsistencies can be identified by checking against soft
property constraints mined from the global KB. Through checking consistency
among logical constraints or rules, they detected the inconsistencies. A consis-
tency score is obtained from the constraint-based validation checks that measures
the degree of inconsistency among constraints. Wrong assertions such as Manch-
esterUnited and ManchesterCity, two football clubs that are based in Manchester,
UK, can lead to facts about ManchesterUnited being incorrectly asserted about
ManchesterCity and these are realized as inconsistencies. If the inconsistencies are
not handled, the quality issues of KBs will increase and lead to less usefulness and
usability of knowledge bases due to increase in erroneous assertions. Wikipedia
is the main source of information of DBpedia and it consists of large number of

contributors making contributions, leading to confusion and entity misuse. The
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authors proposed a framework method for correcting entity misuse and correcting

assertions whose objects are either erroneous entities or literals using ML tech-

niques.

TABLE 3.1: Research Question Comparison

Paper RQ1 RQ2 RQ3 RQ4 RQ5 RQ6
Peron et al. [20] NO YES YES YES YES NO
Topper et al. [21] NO YES YES YES YES NO
Sheng et al. [17] NO YES YES YES YES NO
Cabrio et al. [23] NO YES YES YES YES NO

Wienand and Paulheim. [24] NO YES YES YES YES NO
Herradi et al. [25] YES YES YES YES YES NO
Rico et al. [26] NO NO NO YES YES NO
Piyawat et al. [27] NO NO NO YES YES NO
Rico et al. [10] NO YES YES YES YES NO
Martins et al. [28] NO YES YES YES YES NO
Chen et al. [29] NO YES YES YES YES NO

Several type of inconsistencies are identified in the literature review. We per-

formed survey shown in table 3.1 that compares the research work analyzed in the

literature review, by using the metrics as our research questions.

We highlighted the strength, and weakness of the literature review shown in table

3.2 and 3.3.
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TABLE 3.2: Strength and Weakness Comparison Table 1

Paper

Strength/ Algorithm

Weakness

Peron et al. [20]

Tpper et al. [21]

Sheng et al. [17]

Cabrio et al. [23]

Wienand et al. [24]

Herradi et al. [25]

Rico et al. [26]

Developed and evaluated a
method designed to analyze a
RDF graph and computes the

domain/range inconsistencies.

Proposed an approach to enrich
the Ontology by adding the ax-
ioms identified by Inductive Log-

ical Programming.

Defined 5 kinds of data inconsis-

tencies in the form of rules.

The study focuses on multilin-

gual DBpedia instances.

The study focuses on DBpe-
dia instances with numeric at-
tributes. They also considered

numeric attributes as numeric.

The study proposes an experi-
mental framework that processes
real world data. The paper is or-

ganized in a systematic manner.

The study focuses on three DB-
pedia instances including En-

glish, Spanish and German.

Did not implemented the error

diagnosis.

The inconsistences were cor-
rected manually using the statis-
tical methods according to the

suggestion.

Haven’t focused on syntactic er-

Tors.

A small amount of related work
in the area of future work is
discussed, lacking some direction

about the further processing.

They are limited to integer and
double type only. Not able to de-
tect inconsistent data such as a

wrong zip code.

The study had some user query
limitations that lead to extrac-
tion of entities from a subset of
DBpedia, and Freebase instead

of using it entirely.

A small amount of related work
in the area is discussed. Testing
of results with real users is not
done, hence parameters selected
can lead to some percentage of

inaccuracy of results.
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TABLE 3.3: Strength and Weakness Comparison Table 2

Paper

Strength/ Algorithm

Weakness

Piyawat et al. [27]

Rico et al. [10]

Martins et al. [28]

Chen et al. [29]

They corrected range violation
errors of the existing data in the

DBpedia data dump.

The results are evaluated against

carefully selected parameters.

Experimental model is well de-
fined. Conclusion about cause-

and-effect can be drawn.

This research worked on an im-
portant problem for KB curation
which is assertion correction, and
it is a problem that has rarely
been studied. The experimen-
tal model is not dependent on
KB metadata or external infor-
mation and is an important con-

tribution in the domain.

They did not evaluated the cor-

rectness of the triple.

Annotations require domain
knowledge to decide if mapping
is correct or incorrect so there is
external dependency on domain

knowledge expert.

Assuring validity of solution is
important as the research is sam-
ple dependent, working on sam-
ples extracted from DBpedia.
Different samples can lead to
possible faulty interpretation of

results.

The impact of constraint-based
validation and link prediction is
variable and dependent on KB
schema. Further impact varies
from DBpedia to the Medical
KB, thus limiting the scope of

the effect of the techniques.

Previous work are not focused on evaluating the family relation based mappings.

Literature survey infers that various methodologies are utilized to find inconsis-

tencies in DBpedia. Most of them are focused on detecting the errors in data, or

mappings that caused those errors. Herradi et al. [25] presented new Ontology

to introduce the family relation concept, but instead of enriching the DBpedia
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Ontology, they develop their own Ontology. Previous works did not enriched the
DBpedia Ontology family relation mappings. Family relations were not analyzed
by these approaches; therefore, we adopt an approach, which considers enriching
the DBpedia Ontology with family relations mappings, and making the existing

family relations in the DBpedia more consistent.



Chapter 4

Inconsistencies Identification in

LoD (DBpedia) and Wikipedia

4.1 Overview

This chapter covers the detail of experiments, implemented on the data extracted
from the LoD (DBpedia) and Wikipedia infobox to extract inconsistencies. Below

listed items contains detail regarding inconsistencies extraction, and identification.

1. Develop the Family Relation based SPARQL queries.
2. Extracted the family relation based information from DBpedia data source.
3. Evaluated the results.

4. List down the data inconsistencies in the results.

We divided the work into 2 phases as shown in figure 4.1:

19
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/ Phase 1 {
| System Setup, | w
| Queries generation, | ) :
| and implementation LoD (DBpedia) SPARQL quemesldeve\opmem
\ - data source & Testing
— —
=
—
Phase 2
- — Data set creation of
- Result Extraction Inconsistent Data
| |
. Result Extraction & Errors analyzed
| Incon5|ste.ncy | @ and exiract reason
\ analyzation | for inconsistency.
' \ Result
Processing

FIGURE 4.1: Detailed Experiment Diagram.

4.2 Phase 1: System Setup and Queries

Generation

Development of SPARQL queries is the primary component of our system. The
study relies on the results of the queries and by analyzing the results it fetch out,
the modifications needed to be implemented in the DBpedia conversion method or
the Wikipedia data structure. In this phase, we developed the SPARQL queries,
and deployed them on the DBpedia SPARQL endpoint, which extracted the family

relation, based data from the DBpedia data source, and analyzed the results.

DBpedia Extraction framework needs access to implement the modifications in the
conversion method. We gained the access to the bureaucrat group (which is a group
of researchers in the semantic computing, have access to improve the DBpedia
Ontology conversion method). For development of the family relation queries, we
need to check which relations exist in the DBpedia Ontology. We analyzed the
DBpedia Ontology, and extracted the family relations, which exist in the Ontology.
Then we developed the SPARQL queries based on those family relations, which
do exist in the DBpedia Ontology. There were several relations, which had no
data in the DBpedia, because their respective properties in the Wikipedia data

source were not populated. In addition, there were several relations, which do not
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exist in the DBpedia Ontology Mappings, but they do exist in the Family Relation
Ontology (FRO).

TABLE 4.1: Relation that exist and have information in DBpedia data source

Relation that exist and have data in DBpedia source

Parent
Child
Spouse
Father

Mother

We proposed five queries, developed explicitly for extraction of inconsistent family

relation based data. Following prefixes are used in development of all of queries.
PREFIX dbo: http://dbpedia.org/ontology/

PREFIX foaf: http://xmlns.com/foaf/0.1/

PREFIX rdfs: http://www.w3.org/2000/01 /rdf-schema

PREFIX type: http://dbpedia.org/class/yago/

PREFIX dbp: http://dbpedia.org/property/

Query 1: Child death year is less than parent birth year

SELECT DISTINCT ?parent ?child ?ParentBirthYear ?ChildDeathYear
WHERE {
?parent a dbo:Person.
?child a dbo:Person.
?parent dbo:parent ?child.
?parent dbo:birthYear ?BD.
?child dbo:deathYear ?0D.
BIND (year(xsd:date(?BD)) as ?ParentBirthYear).
BIND (year(xsd:date(?DD)) as ?ChildDeathYear).
FILTER (?ChildDeathYear< ?ParentBirthYear) }

FIGURE 4.2: SPARQL Query 1.
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Query 2: Person A is child of Person B and vice versa

SELECT DISTINCT ?Personf ?PersonB
WHERE {
rPersonA a dbo:Person .
*PersonB a dbo:Person .

rPersonA dbo:child ?PersonB.
rPersonB dbo:child fPersonA.

F1GURE 4.3: SPARQL Query 2.

Query 3: Person A is parent of Person B and vice versa

SELECT DISTIMNCT fperson rparents
WHERE {
’person a dbo:Person .
fparents a dbo:Person

fperson dbo:parent ?fparents.
’parents dbo:parent ?person.

FIGURE 4.4: SPARQL Query 3.

Query 4: Person A is spouse of Person B, Person B is spouse of Person

C, and Person C is spouse of A

SELECT DISTIMCT ?Ppersons ?PpersonB fpersonc
WHERE {

?persons a dbo:Person

?personB a dbo:Person

?personC a dbo:Person

fpersona dbo:spouse fpersonB.
?personB dbo:spouse Ppersonc.
?personC dbo:spouse ?Ppersoni.

FILTER (
MOT EXISTS{
PpersondA owl:sameAs ?Ppersonc.

3D

FI1GURE 4.5: SPARQL Query 4.
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Query 5: Person A is spouse of itself

SELECT DISTINCT ?personA

WHERE {
’personA a dbo:Person.
’personf foaf:gender "male"@en.
’personA dbo:spouse ?personA.

FIGURE 4.6: SPARQL Query 5.

4.3 Phase 2: Result Extraction and Error

Analyzed

In this phase, we extracted the results by implementing the SPARQL queries
developed in phase 1. The results are analyzed in detailed. Firstly, the resultant
data has been checked in the DBpedia source, to confirm results validity, and then
the information is compared with the data source (Wikipedia). The property of
DBpedia Ontology is compared with the respective Wikipedia infobox property;,
and then the value of infobox table property is checked. A data set is created for
the information, which is inconsistent in the DBpedia and Wikipedia. After the
creation of the dataset, the inconsistent data is analyzed carefully, and extracted
the logical reason for the inconsistency which exist in both DBpedia, and data

source (Wikipedia).
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TABLE 4.2: Inconsistencies Analyzation

Query Total Examined Error in Error in LoD
Results Records data source (DBpedia)
(Wikipedia)

1 28 15 9 6

2 105 50 35 15

3 32 15 9 6

4 10001 30 23 7

5 5 5 5 0

In our results, we have extracted many data inconsistencies, existing because of
wrong DBpedia conversion method. Consequently, the data in the DBpedia does
not match with the data in Wikipedia infobox table. We have explained the data

inconsistencies below in detail.

+ dbeBamon_Hiton

FI1GURE 4.7: Richard Data in the DBpedia.

Figure 4.7 shows the data of the user Richard in the DBpedia, stating that Richard
child is Barron Hilton, when we analyzed the data in the Wikipedia infobox, it

was not correct.



Inconsistencies Identification in LoD (DBpedia) and Wikipedia 25

Eorm Fochsmed] Hoswvierddl Hislosn

Maagprs® 18, TESS [mepe Gl

L= Surmpiders T abficrmes US L
alma mater Lnevessaty of Deoeesr (BO5S 18 T8)
SpoiEr-sa)l  Fnihy Hflon (L 1T858

il lderen 4, mciuden] Parrs arsd MNecky
Hu

F‘I{ﬂ'li Blasnoen Hiliom
LA ey ey

FIGURE 4.8: Richard Data in the Wiipedia.

As shown in Figure 4.8 in the Wikipedia, Barron was stated as parent of the

Richard.

Bradford Emerson Meade is a fictional characier

Propety alue

» Bradord Emerson e

FIGURE 4.9: Bradford Data in the DBpedia.

In another example shown in Figure 4.9, we compared the data of the DBpedia
with the Wikipedia Infobox. The data was also inconsistent in the DBpedia. In the
DBpedia, Claire was displayed as the child of the Bradford. When we compared

the result with the Wikipedia infobox, it was not correct.

Oeccupation Entrepreneur
Publizsher at Mode Magazine
COnemer of Meade Publications

Spouse Claire Meade
(weife; 2 children)

Significamt Fey Sommers (affair partmer
other deceased)
Wilhelmina Slater (ex-fiance)

FIGURE 4.10: Bradford Data in the Wikipedia.

In Wikipedia, Claire was added as the Spouse of the Bradford as shown in figure
4.10. The inconsistent data was fetched in the DBpedia because of inconsistent

DBpedia conversion method.
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FI1GURE 4.11: Kirsten Data in the DBpedia.

One more example showed a data inconsistency, while analyzing the results shown
in figure 4.11. We analyzed the family relation data in the DBpedia for the Kirsten,
it showed Sandy, as child. When we compared the data with the Wikipedia

Infobox, it was not correct.

[ R ] L Wl ] i L) IR [ 2 QLN F L) W

Spouse
(husband: 3 children [1
adopted))

Significant  James "Jimmy" Cooper

FIGURE 4.12: Kirsten Data in the Wikipedia.

In the Wikipedia, Sandy was declared as the spouse of the Kirsten as shown in
figure 4.12. The inconsistency exist because of not existing of the detailed disjoint

axioms in the DBpedia conversion process.

doo:hirthPlace v dbriVestre_Aker
dvocbirthYear v 1903-01-01 (xsd-date)
doo-child o dbr:Arthur_David-Andersen

FIGURE 4.13: Ivar Data in the DBpedia.
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In figure 4.13, we encountered another data inconsistency. When we analyzed the
details of the Ivar family relations, it was stated in DBpedia that Arthur is child

of Ivar. On comparing the results with the Wikipedia infobox, it was not correct.

Nationality Norwegian

Occupation Goldsmith

Parent(s)  Arthur David-Andersen
Relatives  David Andersen (grandfather)

FIGURE 4.14: Ivar Data in the Wikipedia.

As shown in figure 4.14, Arthur was parent of Ivar. DBpedia conversion process
did not correctly fetch the data, resultantly DBpedia data source had inconsistent

data, stating Arthur as child of the Ivar.

Moon, ex-husband of
uncle to Frederick Cr:
producers saw his he
background comes fn
would be if he had ne

dbo:child » dor:Daphne_Moon

FIGURE 4.15: Niles Data in the DBpedia.

In another result, the data was not consistent. In DBpedia Daphne was shown
as the child of Niles, as shown in figure 4.15. On comparing the results with the

Infobox table, we encountered inconsistency in the data.

Frederick Crane
(nephew)

Spouse Maris Crane
(m. 1986; diy, 1999)

Melinda "Mel" Karnofsky
(m. 2000; div, 2000)

Daphne Moon (., 2002)

FIGURE 4.16: Niles Data in the Wikipedia.
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In the Wikipedia Infobox Daphne was stated as the spouse of the Niles as shown
inn figure 4.16. The data was inconsistent in the DBpedia, because of inconsistent

DBpedia conversion process.

mineralogist, & palynology/f
Is primariy responsibl for e

dbochild v dAngela_Montenegro

FIGURE 4.17: Jack Data in the DBpedia.

In another result, we analyzed the family relation details of Jack in the DBpedia,
it contained the Angela as the child. On comparing the result with the Wikipedia
infobox, we analyzed that it is inconsistent.

(unuig)

Jeffrey!'!

(brother)

Spouse  Angela Montenegro (Wife; 2010-
present)

FI1GURE 4.18: Jack Data in the Wikipedia.

In Wikipedia, Angela was added as the spouse of the Jack. The DBpedia conver-
sion process was inconsistent, resulting in inconsistent data. We need to improve

the DBpedia conversion process to get the consistent data.

sy

dochid v dorAmy_Wies

v dirCRUGR Joy Holden

FIGURE 4.19: Micheal Data in the DBpedia.
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Figure 4.19 shows the result of the DBpedia query, which contained the inconsis-
tent data. In the DBpedia Claudia was showed as the child of Jack. While on

comparing the data with Wikipedia, it was incorrect.

Position at NATO in Brussels
(few months)

Spouse Claudia Joy Holden
(wife; 2 children: deceased)

FIGURE 4.20: Micheal Data in the Wikipedia.

The Wikipedia infobox contains the information, stating Claudia as the spouse
of the Michael. DBpedia contained the inconsistent information because of not

including the proper disjoint axioms.

dobirthPlace v dirlnvemess-shire

dbochild v dorWiliam MeGilivray

FIGURE 4.21: William Data in the DBpedia.

In another result extracted from the DBpedia, William was shown as the child of
William, which could not be possible as the person cannot be the child of self,
shown in figure 4.21. We compared the details in the Wikipedia infobox, and data

was inconsistent.

Spouse(s)  Susan marmed McGllivray
Magdalen MacDonald of Garth

Children 9 sons ana 6 daughtsrs

FIGURE 4.22: William Data in the Wikipedia.
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The Wikipedia infobox table contained the quantify information of the children
of William, instead of the William as child. Wikipedia infobox has inconsistent

information stored in it.

doo:birthPlace v dorMecca

doo:child v dor:Uthman _ibn_al-Affan

+ dorArwa_bint Kurayz

FIGURE 4.23: Arwa bint Kurayz Data in the DBpedia.

In an example, shown in figure 4.23 we encountered data inconsistency in the
Wikipedia data structure. The DBpedia contains the data Arwa bint Kurayz as
child of Arwa bint Kurayz, as this could not be possible. On comparing the data

with Wikipedia infobox, DBpedia contain inconsistent data.
Children  Uthman ibn al-Affan
(among others)

Parent(s) Kurayz ibn Rabi'ah
Umm Hakim bint Abdul Muttalib

FIGURE 4.24: Arwa bint Kurayz Data in the Wikipedia.

As shown in figure 4.24, Wikipedia infobox contained the Uthman ibn al-Affan
as the child, also it contained among others. Hence, data is inconsistent in the

DBpedia data source.

-~ i 4kl (en)
doocbirthYear v (068-01-01 s ate)

doo:child v gbr.Falimah_bint Asad

FIGURE 4.25: Fatima bint Asad Data in the DBpedia.
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In another result example shown in figure 4.25, we extracted the family relation
details of Fatima bint Asad in DBpedia, it contained information, as Fatima is child
of Fatima, which could not be possible. We analyzed the respective Wikipedia

infobox.

Spouse(s) Ay Tali on Aod a-Muttaln

Children (32 below

FIGURE 4.26: Fatima bint Asad Data in the Wikipedia.

In the Wikipedia shown in figure 4.26, Fatima had child value as see below; the
data was added inconsistent in the Wikipedia infobox, due to which inconsistency

exist in the DBpedia.

doo-abstract v Chloe Steele is a fictional character |
Stanford University in Palo Al Calf

dhochid v dorKenneth Bruce Williams

v drCameron "Buck” Williams

FIGURE 4.27: Chloe Data in the DBpedia.

Figure 4.27 contains the DBpedia result representing the information of the Chloe,
it shows the Buck, as the child of the Chloe, while after comparing results from

the Wikipedia infobox, it is inconsistent.

Nickname  Chlo
Gender Female

Spouse Gameron "Buck” Wiliams

FIGURE 4.28: Chloe Data in the Wikipedia.
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Wikipedia contain the Buck, as the spouse of the Chloe shown in figure 4.28,
the data was inconsistent in the DBpedia because of not having required disjoint

axiom in the property mapping.

After analyzing the inconsistencies, we have analyzed that the DBpedia mappings
are not consistent; resultantly DBpedia contains the inconsistent data. To improve
the DBpedia properties and classes, we need to analyze the domain and range of
the properties. DBpedia mappings are open-source, user can create the mapping,
because of not having the complete knowledge, not understanding the schema of
info box, they often create inconsistent class or property mappings, and resultantly

DBpedia contains inconsistent data.



Chapter 5

Removing Inconsistencies from
DBpedia Ontology Classes and

Properties

In this chapter, we will extract the inconsistencies in the DBpedia conversion pro-
cess, and extract the reason for the existence of inconsistencies in family relation
data. In addition to that, we will modify the inconsistent Property, or Class as

shown in the Figure 5.1.

Phase 1 ( E' : EI

LI 11
' oo gog
DBpedia Ontology -== -
Processing | Edit DBpedia Ontology Implemented modified conversion
Mapping method to the DBpedia Extraction Method

FIGURE 5.1: Process Flow Diagram.
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5.1 DBpedia Ontology Inconsistencies

After careful analysis of the DBpedia data inconsistencies, we extracted the DB-
pedia Classes and Properties, which are associated with the inconsistent data.
We analyzed the properties, and classes with the results extracted, and optimized
them accordingly. We carefully validated the DBpedia Ontology Child property,
and added the disjoint axiom with Spouse property, in addition with the Parent
property. This helped DBpedia conversion method to not extract the father or
mother name as child. While extracting data from Wikipedia to DBpedia, it com-
pares the result of Child relation with the Spouse property and if it exists in it,
then it does not fetch it. Resultantly, the data is consistent in the LoD (DBpedia).

{{0bjectProperty
| labels =
{{label|en|child}}
{{label|nl|kind}}
{{label|de|Kind}}
{{label|el |na15i}}
{{label|ja| I {t}}
{{label|ar|i}}
rdfs:domain = Person
rdfs:range = Person
owl:equivalentProperty = schema:children
owl:propertyDisjointWith = parent
rdfs:subProperty0f = dul:sameSettingAs
owl:equivalentProperty = wikidata:P4@

e ——

}

FIGURE 5.2: Inconsistent Child Property.

In Figure 5.2, we have shown the inconsistent Child property of DBpedia Ontol-
ogy. The Child property mapping does not contain the complete disjoint axioms,
to fetch the consistent data. By adding the disjoint axiom with Spouse, we have
removed the inconsistency in this property. In our experiments, we have high-
lighted the inconsistencies that exist because name of Father or Mother is written
beneath Child as shown in Figure 5.2. The Wikipedia infobox contains the child
property information, and it allows entering the father or mother of child along-

side, which is not properly handled in the DBpedia Ontology Child property. We
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have shown the Wikipedia infobox containing the Spouse name Sandy beneath
Child name and relation with child in figure 5.2. Also the Spouse name is written

in the Infobox Spouse Property.

Saouse Sanford “Sand:“ Cohen
(husband; 3 children [1
adopted])

Significant James "Jimmy" Cooper

other (ex-boyfriend [before pilot])
Carter Buckley
(crush)

Children Unborn child

(child, with Jimmy; aborted)
Seth Cohen

(son, with Sandy)

Ryan Atwood

(adoptive son, with Sandy)
Sophie Rose Cohen
(daughter, with Sandy)

FIGURE 5.3: Reason of Inconsistency in Child Property.

To overcome this issue, we critically analyzed the mapping of Child property, and
added the disjoint with Spouse axiom. By adding this axiom, DBpedia Ontology
will not fetch the name of the Father or Mother written beneath child name, as
the disjoint with Spouse axiom will filter that inconsistency as shown in figure 5.4.
We have added the disjoint with Spouse because father or mother of the child,

would be spouse of the primary user (about whom the Wikipedia page is written).
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Ontology object property (help)

rdfs:label (@n) child

radfs:label (nl) kimd

rdfs:label (de) Kind

rdfs:label (el) TranSi

rdfs:label (ja) it

rdfs:label (ar) wHils

rdfs dormain Person

radfs:range Person

rodf:-type

rdfs:subPropeaertyCOf dul-sameaeSaettingAs

owl-equivalentProperty |wikidata:P40
owl:property DisjointWith | spouse

FIGURE 5.4: Optimized Child Property.

In the DBpedia, there were many inconsistent family relation based mappings,
due to which data would not have been consistent; we also make those mappings

more consistent.

To enrich the DBpedia family relations, we added the DBpedia ontology Classes:
Man, and Woman. In absence of those classes, DBpedia data source contains the
inconsistent data, as the DBpedia Ontology family relation properties were not

properly defined, because of absence of above-mentioned Classes.

Ontology object property (help)

rdfs:label (en) mother

rdfs:label (de) Mutter

rdfs:domain Person

rdfs:range Person

rdf:type

rdfs:subPropertyOf dul:sameSettingAs

owl:equivalentProperty wikidata:P25
owl:propertyDisjointWith

FIGURE 5.5: Inconsistent Mother property in DBpedia Ontology.



Removing Inconsistencies from DBpedia Ontology Classes and Properties 37

Such as, the property Mother has domain Person Class as shown in figure 5.5,
which was incorrect as Person could be either man or woman, resultantly data

fetched with it would not be completely consistent.

Ontology class (help)
rdfs:label (en) wWoman
rdfs:label (rnu) WEeHLWKWHA
rdfs:label (pl) kobieta
rdfs:label (fr) fermme
rdfs:label (da) kvinde
rdfs:label (de) Frauen
rdfs:label (ko) o X
rdfs:label (ja) il
rdfs:label (nl) VTOUW
rcdfs:label (it) donna
rdfs:subClassOf Person
owl:equivalentClass wikidata: Q467
owl:disjointVWith

FI1GURE 5.6: New added Woman Class in DBpedia Ontology.

As the Mother cannot be man, it must be Woman, so we defined new Class Woman
as a sub Class of Person, and translated it into multiple languages to enrich the

DBpedia in multiple languages as shown in figure 5.6.

Furthermore we updated the mother property domain as Woman. Previously the
Woman class does not exist in the DBpedia Ontology, due to which we cannot
specify the Mother domain as Woman, which results in inconsistent data. By
adding the Woman class, DBpedia family relation inconsistency related to Mother

will be removed as shown in figure 5.7.
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Ontology object property (heip)
rdfs:label (en) mother
rdfs:label (de) Mutter
rdfs:domain Woman
rdfs:range Person
rdftype

rdfs:subPropertyOf  dul:sameSettingAs
owl:equivalentProperty  wikidata:P25
owl:propertyDisjoinfWith

FIGURE 5.7: Mother property in DBpedia Ontology.

In addition to that, Father property mapping was also not consistent, as the do-
main of Father Property was Person, which could be either woman or man, resul-
tantly the data fetched through father property could not be completely consistent

as shown in figure 5.8.
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Ontology object property (help)
rdfs:label (en) father
rdfslabel (de) Vater
rdfs:domain Person
rdfs:range Person
rdftype

rdfs:subPropertyOf  dul:sameSettingAs
owl:equivalentProperty wikidata:P22
owl:propertyDisjointWith

FIGURE 5.8: Inconsistent Father Property.

Therefore, we defined Man Class as shown in figure 5.9 in the DBpedia Ontology.
Man class is defined as a sub class of Person, and translated into multiple languages

to facilitate DBpedia to fetch multi language data from the Wikipedia infobox.
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Ontology class (help)

rdfs:label (en)
rdfs:label (ru)
rdfs:label (pl)
rdfs:label (fr)
rdfs:label (da)
rdfs:label (de)
rdfs:label (ko)
rdfs:label (ja)
rdfs:label (nl)
rdfs:label (it)
rdfs: subClassOf

man
MYy HHHHA
Mezczyzna
Homme
Mand
Mann

a4t

5w
Mens
Uamo

Person

owlequivalentClass | wikidata: (8441

owl:disjointWith

FI1GURE 5.9: New added Man Class in DBpedia Ontology.

In the mapping definition of the Father property, the domain of property was

Person, which could result in inconsistent data, as Father must be Man.

To remove this inconsistency; we updated the Father Property domain with Man

as shown in figure 5.10, so that data which would be fetched from the Wikipedia,

would be consistent.
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Ontology object property (help)

rdfs:abel (en) father
rdfs:abel (de) Vater
rdfs:domain Man
rdfs:range Parson
rdf:type

rdfs:subPropertyQf  dul:sameSetfingAs
owl:equivalentProperty  wikidata:P22
owl:propertyDisjointWith

FIGURE 5.10: Improvement of inconsistent Father Property mapping.

5.2 Enriching DBpedia Ontology with Family

Relations

DBpedia ontology only contain the Relative property, which does not explicitly
define the family relation of the domain data with the range. For example, Jake
Paltrow contains the relative based relation data in the DBpedia data source, but
the relation is not explicitly defined in the DBpedia data source, as shown in figure

5.11.

dhorelafive v drGwyneth_Palfrow
o dbr:Chris_Martin
v dor:Kathering_Moennig

o dor:Gabrielle Giffords

FIGURE 5.11: Relatives of Jake Paltrow.
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DBpedia ontology is not enrich with the family relation properties, due to which
the DBpedia data source does not contains the family relations based enriched
data. To enrich the DBpedia data source with family relations, we added new
family relation based DBpedia Ontology Properties, which do not exist previously
in the DBpedia ontology mappings, shown in table 5.1.

TABLE 5.1: Relations that do not exist previously in DBpedia Ontology

Relations that do not exist previously in DBpedia Ontology

Daughter

Son

Brother

Sister

Uncle

Aunt

We added the Brother relation Property in the DBpedia ontology, and translated
the Brother Property in multiple languages, which are mostly in practice to pop-

ulate the data in the Wikipedia infobox table, which are shown in table 5.2.
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TABLE 5.2: Languages used in Wikipedia Infobox

Wikipedia Infobox input languages

English

Dutch

German

Greek

Japanese

Arabic

It is important to contain the translation of the property; to fetch the data con-
sistently defined in multi culture based languages. We used our defined class Man
as the domain, which help to make the Brother property more consistent. We
added disjoint with parent so that, DBpedia conversion process do not fetch the
inconsistent data which fetching data from the Wikipedia infobox table. Brother

Property is shown in figure 5.12.

O e e P gy o B s oo e By (el i1

rofif= el Leam D ErcsiFwear
rciif=-l=le=l ) Exrceesr
refifs ==l (o= Eruaciesr
rcif= It i) (= T TS W N N
rclifs el Ciaa) Sl
raiif=-l=ale=l {=x e
rafifs s rre Eare (oo = ]
i s e E renges Fre=r=-cerm

e AT
i s i e M
oete | g g e Em e R e e B

vl = e e b Cl s e i W TR | e et

FIGURE 5.12: New added Brother Property in DBpedia Ontology.

In addition to that, we added Sister Property in the DBpedia Ontology to define
the sister relation in the DBpedia data source. We translated the sister property
in multiple languages shown in table 5.2, so that DBpedia can fetch the multi-
language based data from Wikipedia infobox. We added the domain of the Sister
relation as Woman, which is our newly defined DBpedia Ontology Class, to fetch
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the consistent data from the Wikipedia infobox. Complete definition of Sister

Property is shown in figure 5.13.

rdfs:label (en)
rdfs:label (nl)
rdfs:label (de)
rdfs:label (el)
rdfs:label (ja)
rdfs:label (ar)
rdfs:domain
rdfs:range

rdf:type
rdfs:subPropertyOf
owl:equivalentProperty

Ontology object property (help)

sister

ZUs
Schwester
abeAPn

e A A —
il
Woman

Parson

owl:propertyDisjointWith parent

FIGURE 5.13: New added Sister Property in DBpedia Ontology.

In addition to that, we introduced the Son property in DBpedia ontology to en-

rich the family relation shown in figure 5.14. We translated the son property in

multiple languages as shown in table 5.2. We added Man Class as a domain to

Son property, to make the property mapping more consistent, and data fetched

from the Wikipedia infobox is not erroneous, also we added disjoint with parent so

that if data is inconsistent in the Wikipedia infobox table, it filter out in DBpedia

data source.
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Ontology object property (help)
rdfs:label (en) SON
rdfs:label (nl) ZOON
rdfs:label (de) Sohn
rdfs:label (&) UGG
rdfs:label (ja) B
rdfs:label (ar) !
rdfs:domain Man
rdfs:range Person
rdf:type

rdfs:subPropertyOf
owl:equivalentProperty
owl:propertyDisjoint\With parent

FIGURE 5.14: New added Son Property in DBpedia Ontology.

Alongside we added the Daughter property in the DBpedia as shown in figure
5.15, translated in multiple languages defined in table 5.2. We added Woman
(Class added by us) as a domain to Daughter Property, to make the data of
DBpedia Ontology more consistent; also, we added the disjoint with parent, so
that if Wikipedia data source contains the inconsistent data, it is filter out by the

DBpedia conversion process.
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Ontology object property (help)
rdfs:label (en) daughter
rdfs:label (nl) dochter
rdfs:label (de) Tochter
rdfs:label (el) KGprn
rdfs:label (ja)
rdfs:label (ar) )
rdfs:domain Woman
rdfs:range Parson
rdf:type

rdfs:subPropeartyOf
owlequivalentProperty
owl:propertyDisjointWith | parent

FIGURE 5.15: New added Daughter Property in DBpedia Ontology.

We also added Aunt Property shown in figure 5.16 in DBpedia Ontology, and
translated it in multiple languages shown in table 5.2. Translating the property in
multiple languages will help to make the conversion process more consistent while
fetching data from multiple language based Wikipedia infobox tables. We used the
Woman Class (defined by us) in the domain of the Property, so that consistent data
is fetched, while the data conversion process from Wikipedia infobox to DBpedia.
We added disjoint with Uncle property, to make the data more consistent. By

adding this, DBpedia data source will contain data without inconsistency.
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Ontology object property (help)
rdfs:label (en) aunt
rdfs:label (nl) tante
rdfs:label (de) Tante
rdfs:label (el) Beia
rdfs:label (ja) $ B
rdfs:label (ar) ien
rdfs:domain Woman
rdfs:range Person
rdf:type

rdfs:subPropertyOf
owl:equivalentProperty
owl:propertyDisjointWith LUncle

FIGURE 5.16: New added Aunt Property in DBpedia Ontology.

We enriched the DBpedia Ontology with family relation by adding with Uncle
Property defined in figure 5.17, and translated it into multiple languages defined
in table 5.2 to make the DBpedia data source more populated. As Wikipedia in-
foboxes are populated in multiple languages, and fetching data from the Wikipedia
info box would require multi languages mapping. We added the domain as Man
(created by us), to make the conversion process more consistent, and data in the
DBpedia data source is error free, also we added disjoint with Aunt property, to fil-
ter out the inconsistent information while data conversion process from Wikipedia

infobox to DBpedia data source.



Removing Inconsistencies from DBpedia Ontology Classes and Properties 48

Ontology object property (help)
rdfs:label (en) uncle
rdfs:label (nl) 0OMm
rdfs:label (de) Onkel
rdfs:label (el) Beiog
rdfs:label (ja) BELXA
rdfs:label (ar) atl sl
rdfs:domain Man
rdfs:range Person
rdf:type

rdfs:subPropertyOf
owl:equivalentProperty
owl:propertyDisjointWith Aunt

FIGURE 5.17: New added Uncle Property in DBpedia Ontology.

Conclusively, we enriched the DBpedia Ontology with the family relations. Previ-
ously DBpedia Ontology contain only relative property which was not enough to
define the relation between person. Also we introduced two new Classes Man and
Woman, to make family relations more precise and DBpedia Ontology more con-
sistent. Previously there exists few relations in DBpedia which were not consistent

because of missing Man and Woman Class.

5.3 Enriching DBpedia Data Source with Family
Relation Data

DBpedia data dump does not contain the data related to the newly added family
relations, because the data is fetched in to the DBpedia from two ways. First
method to populate DBpedia data dump with family relations is to add family

relation data into Wikipedia infobox. As Dbpedia extraction method extracts
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data from Wikipedia infobox, hence it will fetch the newly added family relation

data from respective Wikipedia infobox.

DBpedia extraction method extracts information as follow. DBpedia Class has re-
spective Wikipedia infobox template, every Wikipedia infobox have specific prop-
erties, these properties are linked with DBpedia class properties. In this way

Wikipedia is connected with DBpedia, and data is extracted from it.

On contrary to it, if Wlikipedia infobox do not have property, but contain infor-

mation in infobox as shown in figure 5.18

Born Billie Eilish Pirate Baird
O'Connell
December 18, 2001 (age 18)
Los Angeles, California, US

Occupation  Singer - songwriter
Years active  2015-present
Parent(s) Maggie Baird (mother)

Relatives Finneas O'Connell (brother)

FiGure 5.18: Wikipedia Relative Property.

In this scenario, we cannot explicitly extract specific data from the Wikipedia.
As shown in figure 5.18, it contains relative property, and in its value it contains
”Finneas O’Connell (brother)”. In this case DBpedia extraction method will only
extract the name of person i.e "Finneas O’Connell”, and show in DBpedia as
relative, instead of brother, because previously DBpedia didn’t have the property
Brother.
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To handle this scenario we added several family relation properties in the DBpedia
as shown in table 5.1. To explicitly populate the DBpedia data dump, we extracted
the family relation data from the Wikipedia infobox, with the help of algorithm
shown in figure 5.19.

import requests

import xlut

from lxml import etree
from 1xml import html
from xlut import Workbook

# Workbook is created

b = Workbook()

# add_sheet is used to create sheet.
sheetl = wb.add sheet('Sheet 1')

url="https://en.wikipedia.org/wiki/Billie Eilish'
property="Relatives"

# fetching its url through requests module
req = requests.get (url)
store = etree.fromstring(reg.text)

#getting primary person name
personnamequery = store.xpath('//*[@id="mi-content-text"]/div/table/tbody/tr[1]/th/div")
personname=personnamequery[8].text

#getting relation name
relationpersonnamequery = store.xpath('//*[@id="mu-content-text"]/div/table/tbody/tr[th/text()=""+property+'"]/td/a")
relationpersonname=relationpersonnamequery[@]. text

#getting person relation with other person
personrelationquery = store.xpath('//*[@id="mu-content-text"]/div/table/tbody/tr[td/a/text()=""+relationpersonname+'"]/td/text()"
personrelation=personrelationquery[@]

personrelation=personrelation.replace("(", "")
personrelation=personrelation.replace(")", "")
personrelation=personrelation.replace(" ", "")
personrelation=personrelation.capitalize()

print("Nlane: "spersomane)
print(property+": "+relationpersonname)
print("Relation: "+personrelation)

sheetl.urite(d, 0, 'URL')
sheetl.urite(d, 1, 'Person Name')
sheetl.urite(8, 2, 'Relative')
sheetl.urite(8, 3, 'Relation')

sheetl.urite(1, 0, url)
sheetl.urite(1, 1, personname)
(1, 2, relationpersonname)
(1, 3, personrelation)

sheetl.urite
sheetl.urite

ub. save("results.x1s")

Ficure 5.19: XPath XQuery Code to extract relation from Wikipedia.

For example, in figure 5.18, it contained ”Brother” relation inside the ”Relative”
property, we extracted the relation, and relative name, and created a data set,

which shows relation of person with relative explicitly as shown in table 5.3
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TABLE 5.3: Family relation data set

URL Person Name Relative Relation

www.dbpedia.org/resource/Sylvia Plath Sylvia Plath ~ Finneas O’Connell ~ Brother

www.dbpedia.org/resource/Angelina Jolie  Angelina Jolie Chip Taylor Uncle
www.dbpedia.org/resource/Angelina Jolie  Angelina Jolie Barry Voight Uncle
www.dbpedia.org/resource/Angelina Jolie  Angelina Jolie James Haven Brother

After extracting the data set, we enriched the DBpedia data dump with the family
relation data extracted, as shown in table 5.3. This helped DBpedia enriching the

family relations.



Chapter 6

Wikipedia Infobox Inconsistencies

Removal

In this chapter we will discuss the details regarding analyzing the Wikipedia In-
fobox data structure, and inconsistencies which exist in DBpedia because of in-
consistent data in the Wikipedia Infobox. After fetching out the inconsistencies
in the Wikipedia data structure, we will implement the necessary modification to

remove the data inconsistency in the DBpedia. Process flow is shown in figure 6.1.

Phase 2
Wikipedia Data |'
Structure
Modification | odified Wikipedia Implemented Modified
' Data structure Structure in Wikipedia

FIGURE 6.1: Process Flow Diagram.
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6.1 Error Extraction

This chapter covers the detail of experiments, implemented on the LoD (DBpedia)
data to extract the Wikipedia Infobox inconsistencies. Below listed items contains

detail regarding development and implementation.

1. Implement the Family Relation based SPARQL queries (developed in Chap-
ter 4), on DBpedia SPARQL endpoint, and extract the data.

2. Extracted the family relation based information from Wikipedia relative to

DBpedia data source.
3. Evaluated the results.

4. List down the Wikipedia data inconsistencies shown in the information ex-

tracted in results.

In this chapter, we modified the Wikipedia infobox table structured data in the
source, so that DBpedia mappings fetch the correct data, after fetching the log-
ical reason for the existence of the data inconsistency. After modification of the
Wikipedia data structure, we implemented the modified data in the Wikipedia.
After the extraction of results from the DBpedia SPARQL endpoint, we analyzed
the results, by comparing the DBpedia information with the Wikipedia infobox
table details. After the careful analysis, we extracted several Wikipedia inconsis-

tencies, which are resulting in erroneous information in the DBpedia data source.

In the figure 6.2 given below, user has entered the name of the primary person
Fatima bint asad (about whom the infobox is written), in the children property
of Wikipedia infobox. The children property was not showing the Fatima bint
asad data in the front end, but it was saved in the backend, and displayed as hint
on mouse hover. The DBpedia conversion method fetch the data from backend
of Wikipedia infobox table and considered it as child, which resultantly made it

inconsistent, as Fatima cannot be child of self.
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| death_date
| death place »
| natiomality
| other_names
| eccupation
| known_for = Mother of [[A1L fbn by Talib)], Aunt of [[Nuhammad]]
| spouse = [[Abu Talib ibn Abd al-Futtalib]]

| ehildren = [[Fatimah bint Asad#Children|(see below)]]

({{circa}} 626 CE)

FIGURE 6.2: Wikipedia infobox inconsistency.

In another example shown in figure 6.3, the Wikipedia infobox contains the primary-
user name in the spouse property value. But the primary user name was written
in backend, such that it shows as a hint. DBpedia conversion method considered

it also as a spouse.

{{Infobox character

| colour = #0939

| name = Marshall Flinkman
series = [[Alias (TV series)|Alias]]
image = Marshall Flinkman ALIAS.png

|

|
caption = Kevin Weisman as Marshall Flinkman

| capt K Ul Marshall Flink
irst = ias (season ruth Be To <br»(episode 1.
fi "[[Ald 1)|Truth Be Told]]" <br isode 1.81

| last "[[Alias (season 5)|All the Time in the World]]" <brx(4
| portrayer = [[Kevin Weisman]]

| alias = Merlin

| eccupation = Head of [[5D-6]] Op Tech <broHead of [[Central Intell

Tech <br: Head of [[Authorized Personnel Only|APO]] Op Tech
| spouse = [[Marshall Flinkman#Carrie Bowman|Carrie Bowman]]

Ficure 6.3: Wikipedia inconsistency example.

In another example of Wikipedia, the user inserted inconsistent data, resultantly,

which created the inconsistency in the DBpedia data source as shown in figure 6.4.



Wikipedia Infobox Inconsistencies Removal 55

dohirthPlace v dorMecca

dhocchild o dorUthman ibn_ al-Affan

v drAwa_bint Kurayz

FIGURE 6.4: DBpedia inconsistent data.

To remove this inconsistency we need to improve the data in the Wikipedia infobox.
In the infobox the user wrote the name of the person (for whom the infobox was
wrote), in the children property as a hint as shown in figure 6.5, which DBpedia
conversion process fetched and considered as child. Resultantly, in the DBpedia

the person Arwa bint Kurayz was considered as child of self (Arwa bint Kurayz).

{{Infobax person

| rame = Arwa binT Eurayz
| image

| alx

| captien

| Birth name =

| Bireh date =

| Bdired_place =

| deat®_date =

| deatd_place = [[Radima]]
| mationality =

| other_nase: =

| eccugazion

| knows_for = Mother of [[Uthean ibn Affan]], a [[Setabah|cospanicn]] of [[Muhammad]] a
| spouse = [[Affam ibm &bl al-"#s]]cbr: [[Ugba ibn Abu Hu®ayk]]

childran = [[th=an itn al-AffFan]]<br:[[Arwa Bink Kurayzehildren| (asong ers )]
| child Uth Fan]]<b Arwa Bint K #lhil [ othi ]

FIGURE 6.5: Inconsistent usage in Wikipedia.

We removed such inconsistencies, by fetching them with the help of SPARQL
queries, and analyzing the result from the DBpedia, and compared the result with
the Wikipedia infobox. We compared the data of both DBpedia and Wikipedia
infobox, and logically fetch out the reason for the inconsistency, and removed it

from the Wikipedia Infobox shown in figure 6.6.
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[{Infobox perion
Nasa
image
alt
caption

Erye bint Eurays

birth_nams
birth_dats
birth_place
death_daze
death_place
nationalicy
other_nases
pccupation

[{Madina]]

known_¥or Mother of [[Uthean jbn AFFfan]], & [[Sahabab]ccapanion]]
([affan ibn &bi al-"4As]]cber [[Uoba Ske Aba Pulapt]]

[[Uthsan ibn al-&FfFan]]<brs[ [Mhildren|(amcng others)]]

SpOouUSE

children

FIGURE 6.6: Consistent Wikipedia infobox.

This resultantly removed the erroneous data from the DBpedia data source. The
result of the removal of inconsistency in Arwa bint Kurayz DBpedia information

can be checked in the live DBpedia as shown in Figure 6.7.

thahi v dbUhman ion a-Aflan

dho deathPlace v deMading

FIGURE 6.7: Consistent DBpedia record.

In another example shown in figure 6.8, DBpedia contain the inconsistent record
showing William as child of William (self), which could not be possible. We
analyzed the results of DBpedia, and compared them with Wikipedia infobox.



Wikipedia Infobox Inconsistencies Removal 57

doo-birthDate v 1764-1-1
doo:birthPlace v dbr:Inverness-shire
doo:child o dorWilliam_McGillivray

FICGURE 6.8: Inconsistent DBpedia record.

We investigated the issue in the Wikipedia infobox, name of the primary user
was written behind the code, which was visible as a hint not directly. DBpedia

conversion process extract it and considered it as the child as shown in figure 6.9.

Personal details

Born 1764
Dunlichty, Inverness-shire
Died 16 October 1825 (aged 60—61)
St John's Wood, London
Spouse(s) Susan married McGillivray
Magdalen MacDonald of Garth
Children 5 sons and 6 daughters
Residence Chatea| William McGillivray |den

Square Mile, Montreal

FIGURE 6.9: Inconsistent Wikipedia Infobox data.

The Wikipedia contained the record in quantity, and in the back code, it also
contained the name of primary user, which was the cause of the data inconsistency

in the DBpedia.

Table 6.1 contains results for every query applied on the SPARQL endpoint. It
shows the number of errors, which exist in the LoD (DBpedia) data source because

of erroneous Wikipedia data.
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TABLE 6.1: Wikipedia Inconsistencies Comparison

Query No. Total Results Examined Records Error in data source (Wikipedia)

1 28 15 9
2 105 20 12
3 32 15 9
4 10001 30 23
) 5 ) )

Conclusively, Wikipedia infobox while creation or update process must be filled
carefully, and name of the Primary user should not be written in another different
property. By handling this, DBpedia data related to family relations will be
consistent. Or we can also create a user interface, using which person can update
or create new Wikipedia page, as the chance of adding inconsistent details will be

decreased.



Chapter 7

Evaluation of Experiments on

Inconsistent LoD (DBpedia) Data

7.1 Overview

This chapter covers the detail of impact of experiments, implemented on the in-
consistent information extracted from the DBpedia data source. After modifying
the DBpedia Ontology Mappings, and improving the Wikipedia data structure, to
remove the error in the DBpedia data as shown in Figure 7.1. Below listed items

contains details regarding testing LoD (DBpedia) data.

1. Again, perform the test to extract the data from the data source (Wikipedia).

2. Compare the results with the previous results.

@ Performed Testing
of whole process again [ % I

—>
Phase 3

Compared Old and Latest
| Testing and Results k

Comparing
Results

|

(V) —
— P
Data

Inconsistency

Removed

Q

Extracted New Results

FI1GURE 7.1: Flow Diagram.
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7.2 Implementing Test Case

In this phase, we performed testing of whole process again, after implementing
the modified DBpedia Ontology Mappings, and Wikipedia data structure. We
implemented the same SPARQL family relation based queries, on the DBpedia
SPARQL endpoint. We collected the results and compared them with previous
fetched data set.

To test the results, we need to perform the queries and compare the latest results
with the previous results. To perform the testing we design several test cases for
queries, and run these test cases to analyze the results to prove if DBpedia family

relation inconsistencies are removed.

7.2.1 Test Case 1:

In test case 1, we will validate the data consistency. To test the result of Query 2,
open SPARQL query end-point, write the Query 2 as shown in figure 4.3. Then
we need to compare the extracted results with the previous results. If resultant
data is consistent that shows test case has passed. If not then test case is failed.

Figure 7.2 shows Test case 1.

Test case ID 1 Version 1.0

Test case Name Consistent Query 2 Results

Created by Nouman Ahmad Khan

Pre-Condition Write SPARQL Query 2

Post-Condition | Consistent results will be extracted,

Step Detail Actual Result Expected | Pass/Fail
Result
1| Open SPARQL | It will show consistent
. As per Pass
Query end point | resylts, not containing expectation

the Spouse name in

Execute Query 2| Child DBpedia

Ontology property.

FIGURE 7.2: Test Case 1.
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7.2.2 Test Case 2:

In test case 2, we will validate the data consistency of Father Property. To test the
result, open SPARQL query end-point, write the query related to Father Relation.
Then we need to validate the extracted results. If resultant data is consistent that
shows test case has passed. If not then test case is failed. Figure 7.3 shows Test

case 2.

Test case ID 2 Version 1.0

Testcase Name Father Property Consistent Records

Created by Nouman Ahmad Khan

Pre-Condition Write SPARQL Query related to Father.

Post-Condition Consistent results will be. extracied,

Step Detail Actual Result Expected | Pass/Fail
Result
1 | Open SPARQL | It will show consistent
d poi As per Pass
Query end point | reqylts, not containing expectation

Woman name in Father

P Ity.
Execute Query roperty

containing Father
Relation.

FIGURE 7.3: Test Case 2.

7.2.3 Test Case 3:

In test case 3, we will validate the data consistency of Mother Property. To test
the result, open SPARQL query end-point, write the query related to Mother
Relation. Then we need to validate the extracted results. If resultant data is
consistent that shows test case has passed. If not then test case is failed. Figure

7.4 shows Test case 3.
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Test case ID 3 ‘ Version 1.0

Test case Name Mother Property Consistent Records

Created by Nouman Ahmad Khan

Pre-Condition Write SPARQL Query related to Mother.

Post-Condition Consistent results will be extracted.

Step Detail Actual Result Expected | Pass/Fail
Result
1 | Open SPARQL | It will show consistent
d poi As per Pass
Query end point | regylts, not containing expectation

the Man name in Mother

P rty.
Execute Query roperty

containing
Mother Relation.

FIGURE 7.4: Test Case 3.

7.2.4 Test Case 4:

In test case 4, we will validate the data consistency of DBpedia after removing
inconsistency from Wikipedia data source. To test the result, open SPARQL query
end-point, write the query 4 as shown in figure 4.5. Then we need to validate the
extracted results. If resultant data is consistent that shows test case has passed.

If not then test case is failed. Figure 7.5 shows Test case 4.

Test case ID 4 Version 1.0

Testcase Name Wikipedia Inconsistency Removed

Created by Nouman Ahmad Khan

Pre-Condition Write SPARQL Query 4.

Post-Condition Consistent results will be extracted.

Step Detail Actual Result Expected | Pass/Fail
Result

1 | Open SPARQL | It will show consistent

. As per Pass
Query end point | ye5yts, i.e. not P

expectation

containing the records,

which were inconsistent
Execute Query 4.

because of Wikipedia

inconsistency.

FIGURE 7.5: Test Case 4.



FEvaluation of Experiments on Inconsistent LoD (DBpedia) Data 63

After performing the test cases, we found very positive results. By removing the
inconsistencies highlighted in Chapter 4, and 5, DBpedia data source became more
consistent, which allows querying on DBpedia family relations more consistent.
Also by enriching DBpedia Ontology with family relations, we can perform query
on more detailed family relations. In addition to that, by adding the Man and
Woman Class, DBpedia family relations are more consistent, to produce consistent
results. Resultantly, DBpedia is enriched with the consistent family relations, and

data related to them.

7.3 Results

After comparison, we had promising results, almost all of the data inconsistencies
we highlighted are removed from the DBpedia data source. We elaborated an
example of the results, the user added inconsistent data, resultantly, which created

the inconsistency in the DBpedia data source as shown in figure 7.6.

dbo-birthPlace « dor:Mecca

dbo:child » dor:Uthman ibn_al-Affan

« dorsArwa_bint_Kurayz

F1GURE 7.6: DBpedia inconsistent record.

To remove this DBpedia inconsistency we modified the data in the Wikipedia
infobox. This resultantly removed the erroneous data from the DBpedia data
source. The result of the removal of inconsistency in Arwa bint Kurayz DBpedia

information can be checked in the live DBpedia as shown in Figure 7.7.

dbochild v dorUthman ibn_al-Affan

hodeathPlace s dh:Mading

FiGURE 7.7: Consistent DBpedia record.
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In addition to that, we have also enriched the DBpedia with family relations.
Previously, DBpedia contained the relative relationship, which does not explicitly
shows the relation of the Person. Following are the family relations which exist

previously in the DBpedia.

TABLE 7.1: Relation that exist in DBpedia

Relation that exist in DBpedia

Parent
Child
Spouse
Father

Mother

The family relation that exist in the DBpedia were inconsistent, we modified the
existing family relations shown in Table 7.1, and made them consistent, resultantly
we had improved result on querying DBpedia data source. In addition to that,
we also enriched the DBpedia Ontology with new family relation Properties, and
Classes shown in Table 7.2 and Table 7.3. This help to make DBpedia Ontology

sparser and enrich regarding family relations.

TABLE 7.2: New defined family relation Properties in DBpedia Ontology

New defined family relation Properties in DBpedia Ontology

Daughter
Son
Brother
Sister
Uncle
Aunt
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TABLE 7.3: New defined family relation Classes in DBpedia Ontology

New defined family relation Classes in DBpedia Ontology

Man

Woman

Before implementing experiments DBpedia Ontology contained 5 family relation
based mappings as shown in table 7.1, alongside they were also inconsistent re-
sulting in the inconsistent family relation dat in the DBpedia data dump. After
implementing the experiments, currently we have 13 family relation which includes
consistent existing mappings shown in table 7.1, and newly added mappings shown
in table 7.2 and 7.3 which are also consistent. Family Relation Mappings compar-

ison is shown in table 7.4

TABLE 7.4: Family Relation Mappings Comparison

Family Relation Mappings Exist- Family Relation Mappings Exist-

ing Previously ing Currently

5 (Inconsistent) 13 (Consistent)

Furthermore, we compared the previous results (extracted before implementing the
modifications in the DBpedia Ontology Properties, and Classes), with the latest
results (extracted after removal of inconsistency from DBpedia and Wikipedia),
we had very good results, proving the removal of inconsistency from the DBpedia

data source as shown in table 7.5.
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TABLE 7.5: Results Comparison

Query No. Inconsistent Records before re- Inconsistent Records after re-
moving inconsistencies moving inconsistencies

1 28 28

2 105 12

3 32 13

4 10001 10001

5 5 0

Results shown in 7.5, shows that after removing inconsistencies from the existing

DBpedia Ontology Mappings, it produces consistent results.

In addition to that, we extracted the family relation based data from the authen-
tic source (Wikipedia) with the help of python code shown in figure 5.19. We
extracted family relation data from 168 Wikipedia Infobox Person entity, and sent

to the DBpedia developers to populate the DBpedia data dump.



Chapter 8

Conclusion and Future Work

8.1 Conclusion

We have analyzed from analytical and logical perspective, the DBpedia mappings
that convert the unstructured family relation based data into linked data. The
approaches given in this paper provides a solution to remove the family relation
based inconsistencies from the linked data (DBpedia). In addition to that, we pro-
vide a method to improve the data structure for the Wikipedia infobox, to remove
the human-error based inconsistency from LoD (DBpedia). Also we enriched the
DBpedia Ontology by adding the family relations which do not exist previously in
DBpedia Ontology.

Concerning these experiments, the primary problem is that DBpedia mappings
does not contain the respective disjoint axioms, which would filter out the incon-
sistency while DBpedia data extraction process. For instance the attribute child or
children is correctly mapped to the dbo:child, but frequent infobox data contains
the information of parent under child stating as parent, which DBpedia extraction
process consider as the child value also. However, in our approach it will apply the
disjoint axiom on dbo:child property with the dbo:spouse, and it will filter out the
inconsistent data. Though, if the mapping is corrected as suggested it will result

in consistent data, as the data is filtered out by the disjoint axioms.
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Another stimulating problem was that Wikipedia infobox data is not correct, be-
cause of human error while insertion of the infobox table details. For several
instances, user add the name of the primary agent (about whom the article is), in
the backend code which is not visible as direct information in infobox but resides
in the backend, which DBpedia while conversion process extracts as the value for
respective property in DBpedia Ontology. This problem can be overcome by pro-
viding the annotation along with infobox instance for not including the primary

agent name or URL

8.2 Future work

Our plan includes, to enrich the DBpedia Ontology with remaining family relation
based Classes, and Properties defined in the Family Relation Ontology, so that the
DBpedia conversion process can extract more family relation based semantic data

from the data source (Wikipedia).

In addition to that, a user interface can be developed to enter the details in the
Wikipedia Infobox; it will help to decrease the inconsistencies that arise because

of inserting erroneous data in the Wikipedia infobox.

Also we can enrich DBpedia Ontology with the other existing Ontologies consis-
tent mappings. In addition to that, we can remove the remaining inconsistencies

highlighted in table 8.1.

TABLE &8.1: Inconsistencies removal future work

Query No. Inconsistent Records after
removing inconsistencies
28

12

13

10001

=W NN =
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Appendix A

Family Relation Ontology

Family Relation Ontology contains the family relations based property, and class

mappings; graph is shown in figure below.

FIGURE A.1: Family Relation Ontology.
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Appendix B

Method to Edit DBpedia
Mappings

This section includes the information and methodology, regarding how to edit the

DBpedia mappings. The complete process is defined below in steps:

1. Sign up in the DBpedia with email address.

2. After successful account creation, open the link given below:

https://forum.dbpedia.org/t/mappings-wiki-account-requests,/38

3. The link contains the DBpedia forum article; in the comment submit your

username (created in point 1).

4. The DBpedia admin team will check your username, and add your username
in the Bureaucrat group (Group of researchers working on DBpedia Ontology

Improvement).

5. After that, you will be allowed to edit the DBpedia class, or property map-

pings.

73



Appendix C

Method to Edit Wikipedia

Infobox

1. Sign up in the Wikipedia with email address.

2. After successful account creation, open the link given below:

https://forum.dbpedia.org/t /mappings-wiki-account-requests,/38

3. The link contains the DBpedia forum article; in the comment submit your

username (created in point 1).

4. The DBpedia admin team will check your username, and add your username
in the Bureaucrat group (Group of researchers working on DBpedia Ontology

Improvement).

5. After that, you will be allowed to create new or edit the Wikipedia infobox

template.
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Appendix D

Code to fetch the data from
Wikipedia

This section contains the python code, used to extract the explicit family relations

from the Wikipedia infobox. The purpose of code is to extract the relative property

data from the Wikipedia Infobox.

import requests
import xlwt

from lxml import etree
from lxml import html
from xlut import Workbook

# Workbook is created
wb = Workbook ()

# add_sheet is used to create sheet.
sheetl = wb.add_sheet('Sheet 1')

url="https://en.wikipedia.org/uiki/Billia_Eilish'
property="Relatives"

# fetching its url through requests module
req = requests.get(url)
store = etree.fromstring(req.text)

#getting primary person name
personnamequery = store.xpath('//*[@id="mu-content-text"]/div/table/tbody/tr[1]/th/div")

personname=personnanequery[@]. text

#getting relation name
relationpersonnamequery = store.xpath(’//*[@id="mw-content-text"]/div/table/tbody/tr[th/text()=""+property+'"]/td/a")

[0]. text

relationp ame=relationp

#getting person relation with other person
personrelationquery = store.xpath('//*[@id="mw-content-text"]/div/table/tbody/tr[td/a/text()=""+relationpersonname+'"]/td/text()"

personrelation=personrelationquery[0]

personrelation=personrelation.replace("(", ")
personrelation=personrelation.replace(")",
personrelation=personrelation.replace(" ", ")
personrelation=personrelation. capitalize()

print("Name: "+personname)
print(property+": "+relationpersonname)
print("Relation: "+personrelation)

sheetl.urite(e, @, 'URL'
sheetl.urite(, 1, 'Person Name')
sheetl.urite(0, 2, 'Relative’)
sheetl.write(, 3, 'Relation')
sheetl.urite(1, 0, url)
sheetl.urite(1, 1, personname)
sheetl.urite(1, 2, relationpersonname)
sheetl.urite(1, 3, personrelation)

wb.save(*results.xls')

FiGURE D.1: Code to fetch relation from the Wikipedia Infobox.
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