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FOREWORD

These proceedings contain the papers of the International Confer-
ence “Information and Communication Technologies in Business and
Education” which took place at the University of Economics — Varna,
Bulgaria, 18 October 2019.

The international scientific conference is dedicated to the 50th an-
niversary of the Department of Informatics at the University of Eco-
nomics — Varna. The conference is also dedicated to the 100th anniver-
sary of the University. The included papers describe recent scientific and
practical developments in the field of information and communication
technologies, information systems, and their applications in business and
education.

The papers in the Proceedings are peer reviewed and are
checked for plagiarism.
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THE USAGE OF DATA LAKE FOR BUSINESS
INTELLIGENCE DATA ANALYSIS

Snezhana Sulova’
" University of Economics — Varna/ Department of Informatics,
Varna, Bulgaria, ssulova@ue-varna.bg

Abstract

Data analysis is now becoming increasingly more important for business.
The accumulation of large amounts of different types of data in organizations is
a prerequisite for seeking new ways of storing, processing and analyzing them.
The following paper presents the nature of the data lake concept and examines
its capabilities to organize all the data, both those generated by the organization
and those extracted from Internet sources. Storing large amounts of data, regard-
less of its type, structure, or format, allows for the integrated use of structured
and unstructured data and the application of a variety of techniques for intelli-
gent business analysis.

Keywords: data lake, big data, data analysis, BI, data warehouse.

INTRODUCTION

Today's dynamic society is increasingly more tied to internet tech-
nologies and intelligent systems. The advancement in information tech-
nologies and the development of artificial intelligence are leading to the
creation of new ways of working and remotely accessing devices. More
and more physical devices have built-in electronic elements, software
that allow them to be connected to the Internet and receive, collect and
exchange data. Although organizations currently work mainly with in-
formation systems in which the data is organized and managed by data-
base management systems (DBMS), according to research, unstructured
data makes up about 80% of all the information resources in them
(Grimes, 2008). A research on the topic of big data indicates that un-
structured data tends to grow exponentially in number and that they rep-
resent 95% of new data, a large part of which is not processed or used
(Minelli, et al., 2013, p. 11).

It is well known that in order for data to be converted into infor-
mation and business knowledge, it must be transformed and organized
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with a specific purpose. The analysis process is becoming increasingly
more complex and involves not only the generation of reports using SQL
queries and the calculation of statistical dependencies, but also data min-
ing technologies. Another tendency has been noted which involves look-
ing for and adding new additional sources of data for processing, as well
as improving the approach and technologies used to store and retrieve
this data. Business intelligence (BI) is a top priority for the organizations
in most industries (Richards, et al., 2019). In regard of that, this report
aims to clarify the essence of the data lake (DL) data storage concept and
to demonstrate its capabilities for supporting smart business analyses.

1. THE ESSENCE AND CONCEPT OF DATA LAKE

James Dixon, CTO of Pentaho introduces a new big data storage
concept called data lake (Dan, 2011). The main idea is to store different
types of data in a relatively cheap way and then to apply ETL functions
(extraction, transformation, loading) to them. “A data lake is a central
location in which to store all your data, regardless of its source or for-
mat” (Laplante and Sharma, 2016, p.2). IBM researchers say the concept
is designed to provide storage of virtually inexhaustible materials in the
form of raw data that analysts have easy access to (IBM Corporation,
2016).

DL can be defined as a data storage strategy that provides flexibility
for organizations when working with data. It allows the same data to be
structured and processed differently, and this is essential for processing
unstructured data where there are no well-defined algorithms for data
extraction, processing and analysis, and different approaches are usually
used.

The DL concept also allows data to be stored from external Internet
sources, such as social networks, devices using the Internet of things
(IoT) concept, and other unstructured corporate data (Fig. 1).
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Figure 1. A common view of data lake

The following main advantages of the data lake concept can be
pointed out:

e data from different types — structured, semi-structured and un-
structured, can be stored;

o the types of data than can be extracted are an infinite amount;

e data can be stored in its raw form, which allows its conversion
when it is needed;

e various tools can be used for extracting and processing the data;

e all data in the organization can be stored in one place, which al-
lows a unified view of the data.

There are also several challenges associated with data lake, which is
why there is still debate in literature whether this concept is necessary
and useful for business. Some of the concerns connected to it include the
following:

e a bad quality of data because they are received without supervi-
sion and control;

e the data process needs to be started from scratch with every data
analysis;

e the performance of data operations is usually not guaranteed;

e weaknesses regarding the security and control over the access to
the data;
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e a danger of the data being turned into a “swamp” because they
are stored without being sorted and organized into topics, categories and
without maintaining metadata for them.

It should be noted that the use of DL cannot replace the traditional data
warehouse (DW), which aims to integrate large-scale enterprise data into a
united storage. According to Bill Inmon, DW “is a subject-oriented, integrat-
ed, time-variant, and non-volatile collection of data in support of manage-
ment's decision-making process.” (Inmon, 2002, p. 31). Usually DWs are
subject oriented. It is necessary to select and extract the data from the compa-
ny databases and then transform, reformat and store it (Curtis and Cobham,
2008, p. 247). Therefore, creating a data warehouse takes time and resources
in order to model and prepare the data. The knowledge and skills of the spe-
cialists are also important for its successful creation (Marinova, 2016). The
benefits of data warchouses are numerous: they save time for users, improve
decision-making processes, and help achieve strategic business goals.

Organizations looking to upgrade their analytics platforms could
use both the DL and the DW storage concepts. This working method will
allow them to explore how traditional analytical architectures work with
new storage methods that include both relational databases and NoSQL
databases. According to research, for every type of DBMS, there is an
effective strategy for archiving and restoring databases, which is of cru-
cial importance (Kuyumdzhiev, 2019).

2. DATA LAKE AND BUSINESS INTELLIGENCE
DATA ANALYSIS

Business intelligence can be viewed as a generic term for a set of
approaches that serve to analyze the activities and functioning of an or-
ganization and support the decision-making process (Curtis and Cobham,
2008, p. 228). The goal of BI is to enable the processing of this large
volume of data easily, to support the search of new opportunities for
development and to build effective knowledge-based business strategies.

Business intelligence systems are constantly evolving, new func-
tionalities are being added to them (Todoranova, 2013), they are evolv-
ing from single applications to large-scale business Intelligent Ecosys-
tems (Kisimov and Stefanova, 2010). Their main components are: DW;
ETL tools, OLAP techniques and data mining tools.
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Trends in the development of BI systems indicate that the applica-
tion of the data mining technology will expand and will be applied more
and more to unstructured data (cio.bg, 2018). The World Wide Web has
become one of the richest sources of data. Companies have started using
data mining technologies more to extract knowledge from Internet
sources or the so-called Web Mining to increase the precision of their
business analytics. There are many documents, data, audio and video
files on the web that can be used to extract new and useful business
knowledge through appropriate processing. The knowledge is generated
not only by the content of the web pages themselves, but also by their
unique features, the structure of the web sites and the information con-
nected to accessing them.

BI methods are usually applied when analysing structured datasets
from a specific type of business, e.g. banking or credit institutions (Va-
silev, Stoyanova, Stancheva, 2017, 2018). Time series data are quite
popular for storing data in different types of businesses. In these cases,
BI methods are applied to data stored in relational databases. But the real
view of business needs more information on opinions, moods. In this
case data from data lakes are useful. This fact shows the need to create,
test and apply BI methods for analyzing data stored in data lakes.

The data extracted from the Internet are in most cases unstructured,
and performing an automatic analysis, generating summaries, classifica-
tions, trending and anomalies requires that they be pre-processed and
given a certain structure. Processing unstructured data is not an easy task
(Bankov, 2018). It is very often necessary to use different approaches
that require different sections of the data. Business analytics also require
rebuilding of business rules and the need to use unconverted or so-called
raw data. Therefore, we believe that creating and maintaining a data lake
data storage in the case of large heterogeneous data is a good base for
modern Bls that are focused on providing machine learning, NLP and Al
to their customers.

Using DL together with DW offers a modern and optimal basis for
data analysis, as shown in Figure 2. Data from enterprise databases that
are collected as a result of multiple applications in enterprise information
systems are the basis for the creation of a DW, which aims to store and
track historical, archival information, consolidate large volumes of data
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from various subsystems, analyzes and forecasts. Unstructured and semi-
structured data from other external Internet sources, such as social net-
works and devices using the Internet of things (IoT) concept, server log
files, and more are entered and stored in a DL. In this way, the necessary
data will be provided for each analytical process. Integrated data will
also be able to be used, which is a good basis for obtaining more detailed
and in-depth analyzes and will help to make informed decisions.

Project Project Project R

—————— e ————————— -

" Data Lake \
\
/
\
% —" DW
/
\ . 3 y,
- " .
T \

Figure 2. Use of DL and DW

The main advantages of the BI approach based on the combined use
of DW and DL are the following:

e in addition to storing traditional structured data, DL allows the
cheap storage of all types of data (including audio and video formats)
coming from Internet applications, social networks and from various
devices;
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e various and optimal data analysis approaches can be used, in-
cluding those that work with unstructured data — processing text, audio,
video;

e cnables real-time data extraction, rapid data analysis and the im-
plementation of agile analytics schemes;

o allows working with large volumes of data, for example, which
is a good basis for predicting possible future states and processes.

Although as mentioned above, there are a number of problems with
the use of DL, it is considered that creating a single integrated data man-
agement framework, where they are managed with metadata that helps to
find and connect information, can build a successful model for integrated
data storage and management. Such a model is a good basis for conduct-
ing numerous analyzes and improving the BI strategies of companies. It
would also allow the implementation of Agile BI, which is built on the
idea of flexible analysis and adaptation to specific needs and is respon-
sive to rapidly changing business conditions. A proper implementation
of the DL concept would be in favor of adhering to one of the basic prin-
ciples of Agile BI, which is to provide the right data at the right time for
the correct analytical process.

It is proved that good organization of projects in the first phases of
product development reduces errors and costs of subsequent stages (Na-
cheva, 2015).

We believe that the main conditions for the successful implementa-
tion of DL as a data source are the following

e clearly defining the need and purpose of using the DL;

e creating and following a data management strategy in DL;

e creating procedures for security and control over the access and
use of the data;

e building DL as a new, additional source of data for analysis, ra-
ther than as a sole component of BI infrastructure.

Hadoop's distributed file system (High-availability distributed ob-
ject-oriented platform) is currently considered the most popular DL build
technology (Khine and Wang, 2018; Yordanova and Stefanova, 2019).
Hadoop is a software framework managed by the Apache Software
Foundation and designed to organize a distributed processing of big data
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when using the MapReduce programming model. It is used to build
large-scale projects on Yahoo!, Facebook, Oracle, in IBM's Watson su-
percomputer, and in Azure Cloud.

CONCLUSION

Growing volumes of heterogeneous data are a prerequisite for find-
ing ways to extract, process and store them. Combining data across sys-
tems represents a challenge for many organizations when making man-
agement decisions. Using the DL concept can bring benefits for organi-
zations that want to avoid the costly and cumbersome process of pre-
processing storage data in a data warehouse. DL is a good approach for
storing big data, but it should be noted that an incorrect design and use of
it carries risks related to data quality, security and control of their access
and usage. Well-trained professionals are needed to properly anticipate
and plan the data lake so that it can help organizations successfully man-
age structured and unstructured data.
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