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1 BACKGROUND AND OVERVIEW OF THE RESEARCH

Over the last decade, the amount of unstructured data (e.g., texts) has increased much more than
structured data. It is due in no small part to social media and the proliferation of smart devices.
As a result, there is now much more unstructured data than structured data. It is estimated that

by the end of 2022, their share of total data will be around 93% and 7%, respectively.

The storage of large amounts of data is not a problem for the time being, as the price of storage
devices has recently fallen significantly while their capacity has increased. The cost of storing
one GB of data has thus fallen to a fraction of its current level. Furthermore, while current
storage technologies are expected to reach their limits in a few years, there are already forward-
looking developments (e.g. quantum storage) that will be able to keep pace with the increased

storage capacity needs.

However, the situation is different when processing unstructured data. They were previously
processed manually or simply ignored. However, their growing share of data means that the
need to analyse them is increasing. A typical example is when a company wants to aggregate
and evaluate feedback from its customers or textual information about a partner. The sheer
volume of data often makes it hopeless to perform similar tasks manually. Therefore, it is
nowadays particularly important to develop computer procedures that allow the processing and
analysis of unstructured data, primarily textual.

The processing of unstructured data as a problem involves many subfields, including
knowledge representation, semantic technologies, data, web and text mining, artificial
intelligence, including learning algorithms. Semantic technologies, including ontologies, are
important tools for structuring and providing a conceptual description of a domain. They help
define concepts specific to a domain and the relationships between them.

1.1 Research objective

My research topic is related to the use of semantic technologies (mainly ontologies) in data
warehouses. My primary goal is to investigate solutions that enable the combined analysis of
structured and unstructured data in data warehouse/business intelligence systems. Such systems

are also referred to exploratory OLAP systems in the literature.

The field of exploratory OLAP systems is relatively new. The first models appeared just over
ten years ago. It is important to note that most of these models have remained at a conceptual
level. In a few cases, prototypes have been developed, but their general applicability has not

yet been demonstrated.



For this reason, | aim to develop and evaluate at least one prototype. Working prototypes can

also be used to draw conclusions about the feasibility and applicability of a given exploratory

OLAP model. 1 would like to use ontologies as the main semantic web technology in

prototyping. Since these are not available in my chosen domain (ticketing system), a further

goal is to develop the necessary domain-specific ontology.

1.2 Challenges

There are several difficulties to overcome when developing an exploratory OLAP model or

prototype. Some of them are common to all solutions, and others are related to ontologies.

The first problem is that domain-specific ontologies are generally not available. It is not
a trivial task to develop them, preferably automatically, from unstructured source
systems.

The second difficulty arises at an important step in OLAP cube design, namely at the
design of aggregations. Unfortunately, only preliminary research results are available
so far to solve this problem.

The third problem is related to the change of ontologies (evolution, versioning). At the
moment, this is still in its infancy.

The next challenge is the ETL process. Integrating unstructured data into the ETL
processes of the data warehouse is not easy, as it may contain many elements that are
not known by the processes that handle structured data such as non-relational operators,
machine learning calculations, and complex data types.

The integration of the semantic layer with ontologies can raise performance issues that
need to be taken into account when optimising the resulting design.

An exploratory OLAP system must be able to integrate data sources dynamically. This
can lead to high computational costs that may even compromise feasibility.
Exploratory OLAP means automatic access not only to the schema but also, to some
extent, to the data. It implies the need to be able to interpret and reason about data at the
instance level.

Finally, the last difficult question is the suitability of semantic web technology to
support managerial decision making. The main problem here is the integration of

unstructured data and the independence of the individual data sources.



1.3 Research questions

In my research, | aimed to answer the following questions:

e How to make the traditional OLAP and the data warehouse semantic, i.e. how to design
the integration of the semantic layer into the data warehouse?
e How can the designed model be put into practice with a prototype?

e What could be an effective validation method for the exploratory OLAP model?



2 RESEARCH METHODS
This chapter describes the methodology used in the research. It includes the design science used
in information systems design and software development, data collection and analysis, ontology

development and evaluation methodology, and the development methodology used in

prototyping.

2.1 Design science
Design science is a set of summarising and analytical techniques and perspectives that can be
effectively applied to IT research. The aim is to understand a problem from an information

systems perspective. It is usually done through two basic activities:

e Acquiring new knowledge through the creation of an innovative artefact

e Analysis of the feedback received during the use of the artefact

The artefact is the exploratory OLAP prototype and the ticketing ontology in my research. The
design and analysis of an artefact are always done in a specific context. The context in our case

is the ticketing system.

A design science project is always iterative, with two main activities: design and testing. The
design activity can be divided into three parts. These are: investigating the problem, designing
a solution to the problem and validating the solution. The iteration of these three sub-activities

is called a design cycle.

The design cycle is part of a larger cycle, where the output of the design cycle (the validated
problem handling) is delivered to users who use and evaluate it. This larger cycle is called the

engineering cycle.
The cycle consists of the following steps:

e Examining the problem. What needs to be improved? (e.g. how to increase the
efficiency of text data management in data warehouses)

e Designing a procedure to deal with the problem. Design of one or more artefacts to
handle the problem (e.g., exploratory OLAP prototype design)

e Validate the problem handling procedure. Do these plans solve the problem?

e Implement the problem handling procedure. Handle the problem with one of the

artefacts (e.g., implementation of an exploratory OLAP prototype)



e Evaluation of the implemented process. How successful is the problem addressed
(e.g., how well does the prototype meet the requirements?) This step often marks the

start of a new iteration.

This cycle is repeated until the desired result is achieved.

2.2 Data collection and analysis

The first data collection method is completing a systematic literature review in the field
(ticketing systems). It helps in identifying the research challenges, developing a conceptual
framework for exploratory OLAP, and creating a prototype. Besides, it allows to identify

unstructured domain-specific data sources and create an initial ontology.

The following method is to examine the data collected. It includes the analysis of data quality,
which mainly involves checking the following:

e Missing values (e.g., fields not filled in)
e Outliers (e.g., a comment field that is much longer than the average)
e Duplications

e Incorrect values (such as words not in the dictionary, abbreviations).

Depending on data quality and examination of the data, it may be necessary to clean the data to

prevent inappropriate data entry into the system.

2.3 Ontology development

Although many ontology development methodologies are known today, few of them are widely
accepted and sufficiently mature. In my research, | have selected the ontology development
methodology to be used, taking into account its advantages and disadvantages and its suitability

for the specific task.
I mainly considered the following methodologies:

e TOVE (Toronto Virtual Enterprise): a project. Its aim was to model enterprise
operations and describe enterprise integration. The result can be seen as a second-
generation expert system. The ontology methodology developed from this project was
later used for other purposes (e.g. supply chains).

e CommonKADS: a commonly used methodology for creating knowledge-based
systems. Unlike other methodologies, this approach is closely related to the UML

notation methodology used in object-oriented programming.



e SENSUS: an ontology-based methodology based on the extension of WordNet (the
lexical database of the English language).

e On-To-Knowledge: a methodology developed in the framework of an EU project. The
aim was to create a knowledge base based on a large number of heterogeneous
unstructured or semi-structured documents. The documents were taken from intranets

of large corporations and the web.

After reviewing the literature on the development of the ticketing ontology, I chose a simplified
version of the On-To-Knowledge methodology, as it focuses on concept discovery. The
discovered concepts will later help generate multidimensional identifiers, dimensions, facts and

measures.

The steps of the methodology are shown in the following figure. It is also possible to step back

between steps if necessary.

B Terminologia
« Célok megnevezése specifikacio (e Leiras ontologia |

* Domain azonositasa « Objektumok leiré nyelven

— A —_—
* Verziokezelt,

PR, 7 szabalyozott
« Specifikacioval valo médosités. térlés
dsszevetés ! !

« Tervezési alapelvek « Tulajdonsagok i bévités
* Funkcionalis teszt

* Kapcsolatok

Kovetelmények MW B § e \ .

Figure 1: Steps of ontology development based on the On-To-Knowledge methodology (own editing)

2.4 Ontology evaluation
For the ontology evaluation, | chose a criterion-based evaluation method. The evaluation, i.e.
the examination of the fulfilment of the specific criteria, involves the following questions:

e Is the resulting ontology model relevant to the domain (in our case, the ticketing
system)?

e What is the quality of the resulting ontology behind the conceptual model domain from
an independent perspective, i.e. how effective is the knowledge representation?

e How technically appropriate is the resulting ontology, considering the latest
technologies and tools?

e How useful is the resulting ontology for a given practical task?

e Can the ontology be used in other applications?



These criteria were checked after the second version of the ticketing ontology was created.

2.5 System development
Prototyping can be seen as a system development task, including software development, so it

Is advisable to do it according to an appropriately selected methodology.

These methodologies have in common that the same activities (sub-processes) are carried out
during development but in a different way and approach. The sub-processes of software

development are:

e Specification. During this process, customers and software developers precisely define
the tasks to be performed by the software to be produced and the constraints on its
operation.

e Development. This sub-process involves designing and building the software.

e Validation. Checking that the software is designed to meet the user's needs.

e Evolution. Update software to meet changing user or market needs.

There are several software development methodologies, and | chose the so-called rapid
prototyping method for prototyping. It focuses on rapid, iterative prototyping, thus providing
tangible results in the early stages of software development. | used the ideas of Prasad and

Abello to create prototypes. The steps to create a prototype are shown in the following figure:

Establish Define | |
Prototype Prototype Develop Evaluate
Objectives Functionality REGIPE REGtotype

Prototyping Outline Executable Evaluation
Plan Definition Prototype Report

Figure 2: Steps to prototyping
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3 RESULTS OF THE RESEARCH

In this section, | present the results of the research. Among these, | would like to highlight the
creation of a ticketing ontology and exploratory OLAP prototypes, for which I could not find
any examples in the literature. My version of the ticketing ontology does not cover the whole

ticketing domain. It focuses mainly on incident reporting.

There are also very few working versions of exploratory OLAP prototypes in practice. The
prototypes | have created in this research use existing models (Prasad, Abello), but I simplified

them to the extent necessary.

3.1 Investigation of exploratory OLAP models
In the literature, | found three relevant models, which can be attributed to Prasad, Abello and

Ibragimov.

In Prasad's model, text extracted from data sources containing unstructured data is first
subjected to text analysis procedures, and then the results of the analysis are placed in
appropriately designed tables in the database/data warehouse. The fact table and dimension

tables have a star layout and are suitable for creating OLAP cubes and reports.

Abello et al's exploratory OLAP concept uses semantic web technologies.
The key part of the model is ontology-based knowledge representation. Ontologies enable the
identification of facts. Furthermore, possible dimensional concepts can be identified for each

fact, stored in a well-ordered hierarchical form using functional dependencies.

As a data source, Ibragimov used Linked Open Data (LOD) stored in RDF format. The system

he proposes consists of four modules:

e Global Conceptual Schema - stores information about the data frame
e Semantic Query Processor - generates SPARQL queries from MDX queries
e Distributed Query Processor - queries endpoints, collects data

e Source Discovery Schema Builder - keeps in touch with users during schema creation.

11



A comparison of the three exploratory OLAP models is shown in the following table:

Viewpoint Abello Ibragimov Prasad

Data sources (unstructured) Any Linked Open | Any
Data

Tools, technologies ontologies RDF, MDX, | text analysis,
SPARQL XML

Biggest challenge ontology --> MDX-> text analysis

MD SPARQL

Does a prototype plan exist? not yes yes

Output location nerd nerd data warehouse

Form of output OLAP schema | OLAP schema | Star schema

Table 1: Comparison of exploratory OLAP models

3.2 Ticketing ontology

| created two versions of the ticketing ontologies. The first version is a two-level taxonomy to

facilitate semantic search in incidents. In the first step, identifying and categorising the incident

topic is the most important task. | solve this task using the Latent Dirichlet Allocation (LDA)

model. It is an unsupervised machine learning model that assigns topics to text documents. In

addition, the model also shows the extent (percentage) to which topics are present in each

document. The result is illustrated in the following figure:

Active ontology | Entities | Indwiduals by class | DL Query | VOWL

Figure 3: Initial system of ticketing ontologies (detail)

12




The requirements were extended in the second version of the ontology (needed for the second
prototype). The most important new requirement is that the ontology should not only be able to
categorise incidents. Instead, as far as possible, it should describe as well as possible the
functioning of the ticketing system, including the handling of error reports (incidents), based

on the following points:

e The customer reports the problem to the helpdesk, which opens a ticket.

e The text of the bug report consists of a short formulation (subject) and a more detailed
description. It also has other characteristics. For example, the time when the ticket was
created or the urgency (priority) of the bug.

e The ticket will be assigned to a competent person (assignee, analyst) who will solve the
problem. The actions taken during the resolution will be recorded (logging).

e During the solution, certain characteristics of the ticket (e.g., its status) may change
several times.

e The aim is not to describe the entire life of the ticket; only the initial and final state of
the ticket is relevant.

e It should also be possible to show some metrics (metric, KPI), e.g., the average time to

solve an error.

In the second version of the ticketing ontology, it is important to include other relationships
besides the class-class relationship and class properties. However, creating concrete instances
is not necessary for exploratory OLAP prototyping.

The method used to define the concepts (“"reverse engineering”) is to integrate the concepts
extracted from the data sources and the dictionary of the given field (ticketing incidents). The
ontology thus obtained is a so-called user-centric domain ontology, i.e. it contains only the
knowledge about the domain that is relevant for the data sources under investigation. The list
of concepts (keywords) from the textual data sources was already completed for the previous
prototype and was therefore available. To select the terms relevant to the ontology, a Python
script was used to perform a semantic comparison between the keywords extracted from the
textual data sources and the words in the domain-specific glossary.

I then filtered the results to identify the words in the domain glossary for which there is a high
similarity index (mainly above 0.75) of keywords from the data sources. From the resulting

words, I manually selected and defined the ontology's concepts (classes) and properties. Finally,
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| created the relationships based on the requirements. The result is shown in the following

figure:

Ticket_Sta
Ticket_Statiis
atus %

L,
:- Ukeral

Custom_Ticket_Fields
Ticket_1d

'
F le—\
s

'

Figure 4: The second version of the ticketing ontology
3.3 Exploratory OLAP - first prototype

The primary goal of the prototype is to process text data from the ticketing system to produce

the star schema proposed by Prasad.
The prototype is also expected to implement the following functions:

e Word processing operations (keyword search and tagging)
e The ability to learn keywords
e Creating an OLAP scheme using the star schema

e Create a dashboard to visualise the results.

Semi- or fully automated operation is not yet the goal. The prototype has been created in four

steps based on a conceptual model based on, but different from, the Prasad approach:

e Preparing data
e Carrying out text analysis
e Create a star schema

e Creating and testing OLAP cubes.
The following software was used in the implementation:

e Service Desk (ticketing) program for exporting source data

e Python 3.7 (Jupyter, Anaconda): for creating text processing routines

14



e MS SQL Server 2017 Express, SQL Server Management Studio and SQL Server Import

and Export wizard to create a star schema

e Power Bl Desktop to build and test the OLAP framework.

The prototype produced the following schema from the source data:

| DOCUMENT
£ poC_ID
1 DOC_ORIG_ID

B INPUT £ DATE
& TITLE

[ DATE
3 DAY_OF_MONTH
3 DAY_OF_WEEK
3 DAY_OF_YEAR
z= M)
1 MONTH
7 QUARTER
1 WEEK_OF_MONTH
£ CATID [ WEEK_OF_YEAR
1 DATE_ID 3 YEAR
£ DoC_ID
3 KEYWORD_ID

[ KEYWORDS

[ KEYWORD " CATEGORY
[ KEYWORD_ID £ car

£ CATID

Figure 5: Schematic of the first exploratory OLAP prototype

The prototype is relatively simple to implement, but its applicability is limited by the predefined

final schema.

3.4 Exploratory OLAP - second prototype
The development of the second type of exploratory OLAP is based on the conceptual

framework shown in Figure 6.

‘o : ‘ d D
d MD ids dlscover—\ /j

\_) ..:'\_z__\/ a C 0
.
. Ontology ‘ ‘ H H ‘
(Domain Schema)

FDs an

MD Schema \

Figure 6: Ontologies in domain modelling
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The first step in the development was data preparation. The source data relevant to the problem

are:

e Error ticket data (such as ID, opening time, priority)

e Error ticket category data

e Details of the activities linked to error tickets (such as start date of activity, type of

activity)

e Details of the IT staff carrying out the activities

e Details of the customer creating the error ticket

e SLA data

| have put the data, originally in Excel/CSV format, in a relational schema. The schema also

contains the textual data (subject and detailed description of error flags).

Data from data sources are mapped to a reference ontology (see. 3.2). Mappings to the ontology

are used to identify Functional Dependencies (FD) and Multidimensional Identifiers (MD ids).

The MD schema is then generated by identifying the facts and dimensions. The latter is

illustrated in the following figure:

[B] FactTicket
DimCategory ot actiieke

CAT_ID
CLOSE_DATE_ID
CUSTOMER_ID

CAT_ID
CAT_NAME
OPEN_DATE_ID
-k PRICRITY_ID
dle_Time

Resolution_Time

Osszecsukas

o

E Response_Time

Osszecsukas
*k ok

9

DImPriority
PRIORITY_ID 71— 1

DImCustomer

4

O

PRIORITY_NAME

Osszecsukas
CREATOR_ID
CREATOR_MNAME

Osszecsukas <

Figure 7: Schematic of the exploratory OLAP prototype 2
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The resulting prototype can be compared to a "zeroth" dimensional model. In other words, it

can provide a foundation on which to build an OLAP schema much more easily than starting

the process from scratch.
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3.5 Summary of the research

results

The following table illustrates the research objectives and the results achieved.

Target

Result

Exploratory OLAP model testing.

| compared the models and then examined their
feasibility and potential applications. Prasad's and
Abello's models were feasible with the necessary
modifications and  simplifications.  However,
Ibragimov's model uses different tools from those
preferred in research, and therefore its feasibility was
not investigated.

In practice, Abello's model is the most applicable of
the three exploratory OLAP models. It allows the
creation of an initial dimensional model starting from

raw data.

Exploratory OLAP prototyping

| also made two prototypes using the ideas of Prasad
and Abello. Each one uses data from a ticketing

system.

Development of a ticketing domain
ontology

Two versions of the ontology have been produced.
The first is a two-level taxonomy well suited for the

first exploratory OLAP prototype.

The second prototype required further ontology
development with new concepts, properties and

relations.

Table 2: Summary of research objectives and results
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3.6 The importance of research

My research can help:

e Ontology developers who need to create a new domain or application-specific ontology
from scratch.

e Database (including ETL - Extract, Transform, Load) developers who are responsible
for integrating textual data sources into the data warehouse.

e Data analysts who want to extract useful information from unstructured data sources

e For managers who want to analyse structured and unstructured data together.

The field of exploratory OLAP systems is still new and immature, so researching it is a
particular challenge. However, the growing number of studies and articles related to exploratory
OLAP demonstrates the importance of this topic. As far as | know, this is the first research on

this topic in Hungary.
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