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REPRESENTING A LOGICAL DATA MART IN THE HADOOP ECOSYSTEM

Abstract. This article reveals the concept of a logical data mart within the Hadoop Big
Data ecosystem, which is used in production for analytical purposes and business decision
making. The article provides an in-depth look at the modern approach to processing Big
Data, and clearly demonstrates the use of logical data marts with the help of diagrams and images.
Upon completion of the work, a conclusion is made about the work performed, including a
summary of the main ideas of the article.

Keywords: technology, logical data mart, data warehouse, information processing,
advantages, Hadoop

Introduction
Today, due to the desire to provide the best service on the market, many large enterprises turn to
modern technologies, introducing them into their work processes. To achieve this goal, you need to
have valuable information that can be extracted from any area of interaction with the client and
other parties, and then, based on data analytics, make an important decision for the
business. Sources of this information can be Internet resources, corporate information (archives,
transactions and databases), as well as readings from reading devices, such as cellular sensors,
etc. Since such sources have recently become very popular, whole terabytes of raw information are
formed.

Such a large amount of data is referred to among the IT community as Big Data,
which comprises a growing bulk of both structured and unstructured data generated every second
[1]. To accomplish the task of processing Big Data, traditional data analysis tools will not be
enough, therefore, new technologies for storing large amounts of data have been developed, which,
in turn, make it possible to create logical data marts that allow enterprises to consolidate all the
data they have.

A prime example and a key project for Big Data processing is the Apache Software Foundation
project named as the Apache Hadoop ecosystem. The Hadoop project is optimized for running
on virtual machines and scales easily, making it suitable for any business handling data
volumes in excess of a terabyte. Therefore, it is the best option to develop such a tool as a logical
big data mart within the Hadoop ecosystem, which allows you to link a huge amount of
information from different sources into a single view without creating a single physical storage.

Concept of logical data marts

Big Data technologies are intended to offer methods and other means for transmitting massive
volumes of data to big IT infrastructures. However, the sheer amount of data available today might
not be the only issue. In enterprise and other serious applications, you often work on large
amounts of data with a dynamic and fluid structure, as well as disparate collections of data.
There are problems the solutions for which are unknown in advance, and the researcher needs
software to examine the raw data or the outcomes of equations based on it without a
programmer’s assistance. One way to get such a tool is to create a logical data mart.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
28



| BAFJAPJIAMAJIBIK KAMTAMAHBI 93IPJIEY KOHE BIJIIM NHKEHEPUACBHI |

m
Nelwork development

‘ b1 DATA) -

@ Churn management
[ Targeted marketing ' @ P .
i-fraud / anti- spam

Figure 1 - The areas of Big Data application

To explain the definition of a logical data mart in the context of this article, it is important to
first clarify what it is. A logical data mart is a collection of decomposed subsets of data in the form
of sliced arrays of thematically narrowly oriented information tailored to the needs of a particular
user community (Fig. 1) [2]. The data mart enables the user to get answers to critical market issues
and greatly expands the possibilities of learning from the company's data.

DATA SOURCES!

HADOOP HDFS) |
............................................... !
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A i
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Extract 2 /" Data Model 3 ¢ Dashboard :
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T

STORAGE |

Figure 2 - Conceptual view of logical data marts’ information structure

In traditional modeling, any object in the physical world can be represented as a single multi-
argument table. A data source is a set of minimally redundant, collectively stored interconnected
tables.

A data source table may be designated as part of a knowledge resource to which a community
of users requires online access. As a result, the data mart has access to each source through the data
source table, is "aware" of its structure, and is able to request data from the source structures,
consolidate it in a single structure, automatically merge data from various sources and present it to
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the user (Fig. 2). The customer, in turn, will send questions to which an exact answer must be
supplied, rather than a list of searched terms, to the data mart, which the latter interprets as a logical
expression.

The key functions of a logical data mart can be distinguished from the above:

1) the logical data mart should be able to retrieve any data from any source upon request.

2) it should be able to index weakly structured sources, such as file storages, and create a
structured semantic description for each document found in them.

3) the user should be able to "ask questions™ to the logical data mart, which should have the
most accurate, not approximate answers to such questions.

4) the user should not have to be concerned with the data's exact location or configuration.

5) the logical data mart is not required to store all data in one storage.

The logical data mart must "talk™ with the user in his language to "understand™ the context of
the questions, so a formalized explanation of the subject area is needed. If a company deals with
pipelines, metering systems, and readings, for example, these concepts should be used in the
technical model that the system uses.

Logical data mart in Hadoop

The processing of big amounts of digital information is one of the problems that stands in the
way of even the largest IT-companies. It is very hard to perform analytics via big data marts using
the standard methodologies and software tools due to a large size and complexity of computational
tasks. It is very difficult for a single machine to efficiently deal with very large datasets. Therefore,
the past decade has seen a rapid development of the big data technologies in many areas of our life.
Distributed computing technology has been the subject of development for many modern IT-
companies. Using scalable cluster computing systems instead of single powerful machines is the
thing which has been invented with the aim to deal with big data.

In addition to the challenges of data processing and methods of extracting useful information,
the storage of large amounts of data marts is a fundamental issue. Notwithstanding a large amount
of data storage architectures that have been developed over the years, in today's world where
petabytes of data are generated every day, there is still a growing need for many organizations to
rethink their approaches to data storage in favor of new, highly scalable systems.

Rather than providing a project-oriented or subject-area-based data center, more organizations
are adopting the idea of a data center or data pool, where data is collected and stored based on
source networks. The advantage of this strategy is that it allows you to remodel and build data marts
whenever you choose, depending on your needs. The Hadoop Big Data framework can handle
conventional batch systems as well as provide a near-real time decision support (2 seconds to 2
minutes after data delivery) or near-real time event-handling (100 milliseconds to 2 seconds - the
time taken to make an action since data delivery) [3].

Two technologies are enough to use logical data marts in the Hadoop ecosystem - one for data
storage, and the second - for data analytics (a tool with which we will access the data mart and “ask
questions”). The technology for storing data is a file system called HDFS (Hadoop Distributed File
System), the second technology used for data analytics is Apache Spark.

Both of these technologies use the principles of distribution and data parallelism. The data
parallelism model can be considered to address the big data challenges, it means that large-scale
data may be broken into little subsets, which further can be processed independently from each
other. Each subset may have various numbers of data samples and each subset may or may not
include redundant data samples. Then, a particular data analysis algorithm is performed
independently in local machines (or computer nodes) and conducted over each little subset. Finally,
the results of processing of each subset are combined to generate the final result through a single
combination part.

The distributed method differs from the traditional one, which explicitly executes the data
mining algorithm over a dataset on a single computer. As we can assume, the computation time for
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the traditional single-machine approach increases greatly when the dataset size becomes very big,
but the distributed approach can easily solve this large-scale dataset issue [4].

The Hadoop Distributed File System (HDFS) enables data to be stored on a large number of
connected storage devices in an easily accessible format. In this way, we can say that a single
logical data mart is stored as a set of split parts in a distributed file system. A "file system" is a
mechanism that a computer uses to store information so that it can be found and used.

The HDFS has an architecture including master and slave. The HDFS cluster has a name-node,
which is the main server (master) that controls the file system spaces and clients' access to files. In
addition to the name-node, there is a variety of data-nodes (slaves) that handle the storage
connected to the nodes they operate on, usually one per node in the cluster. The HDFS creates some
separate logical spaces in a file system and enables user data storage in folders. A file is broken into
one or more blocks, and these blocks make up a data-node package. Operations over the file system
(opening, closing, and renaming files and folders) are performed by the name-node. The data-nodes
are used for processing read and write operations over the files on the clients’ request.

In addition to the technology for storing a logical data mart, it is equally important to have a
technology which provides the functionality to use this logical data mart and perform analytics.
However, there is a problem related to the distributed manner of storing files in the HDFS — one of
the big data problems. It is the need to manually partition the chosen data and assign separate
computer nodes (or processors) to execute the analytical task over the partitioned subsets. To deal
with this problem, Spark technology has been invented. For parallel processing purposes, this can
be called a new generation of computing methods.

Apache Spark is a general-purpose cluster-computing system distributed through open-source.
With implicit data parallelism and fault tolerance, Spark provides an architecture for programming
whole clusters originally generated at the University of California, AMPLab of Berkeley [5].

To use Spark, developers write a driver program that executes their application's high-level
control flow and launches multiple parallel operations in RAM, which greatly increases the speed of
computational operations. Spark has the functionality that allows us to read distributed logical data
marts from HDFS by creating dataframes. A dataframe in Spark is a distributed data set grouped
into designated columns. Conceptually, it is like a table in a relational database. In a usual sense,
DataFrame is a copy of a logical data mart in the HDFS, which is used for performing SQL-like
operations over the data and making some analytics, i.e., it is used for “asking questions” to a
logical data mart. Moreover, Spark is used for processing big amounts of raw data and creating
logical data marts from these data with their further storage in the Hadoop Distributed File System.

Conclusion

To summarize all the information presented, the demonstrated logical data mart is a convenient
and optimal tool in the Big Data ecosystem that combines the functional power of business
intelligence systems with the ability to process massive amounts of data. The article illustrates the
main features of a logical data mart, which is used to aggregate data from various sources into a
single entity. The Hadoop technology has grown in popularity because of its benefits such as rapid
data processing for creating logical data marts and storing of large volumes of data, demonstrating
high performance of the experiment conducted in this study.
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Caraauesn P.T.*, Illaiikemenesn I'.T.
IIpeacraBiieHne JOru4ecKoii BATPHHBI JAHHBIX B 3kocucTteme Hadoop
AHHOTanus. B 1aHHOI cTaTbe pacKpbIBaeTCs NOHIATHUE JIOTUYECKON BUTPUHBI JAHHBIX BHYTPU
DKOCHUCTEMBI  OOIBIIHX JAaHHBIX Hadoop, KOTOpasas MNPUMCHACTCA B IIPOU3BOACTBEC  IJIA
AHATTMTHYECKUX LIeJIeH U MPUHATHS Ou3Hec-pemeHus. B craTbe mpeacTaBieH yriayOJeHHBIN B3I
Ha COBpCMCHHBIfI Ioaxon O6pa6OTKI/I OO0JIBIINX JaHHBIX, a4 TaKXC HArJIIAHO IIPOACMOHCTPUPOBAHO
NPUMCHCHUC JIOTMYCCKUX BUTPUH JaHHBIX C HCIIOJIB30BAHUEM CXCM U H306pa)I(eHHfl. B
3aBCPLICHUM ITPCACTABJICH BbLIBOI O BBITTOJTHEHHOH pa60Te, BKJ'IIO‘laIOH_[I/Iﬁ B ce0st COBOKYITHOCTb
OCHOBHBIX HJICH CTaThH.
KiioueBble ciioBa: TCXHOJIOTHUA, JIOTHYCCKAaA BHUTpHUHA [AJAHHBIX, XPAaHWJIHUIIC OAHHBIX,
obpaboTka uHdGopMaluy, mpeumyiiectsa, Hadoop.

Caraaues P.T.*, lllaiikemenes I'.T.
Hadoop 3xo:kyiiecinae JOTHKAJBIK AepeKTep KeCiHIICiH YChIHY

Anparna. byn makamaga Hadoop yikeH nepekTep 3KOXYWECIHIH JIOTHKAIBIK JIEPEKTEp
KECIHAICIHIH TYKBIPBIMAAMachl alllbUIAAbI, O OHAIpiC OaphIChIHAA aHATMTHKAIBIK MaKcaTTa KOHE
ickepu miemriMaep KaObulnay VIOiH KOJMAAaHbUTaAbl. Makanaga YIKEH JAepeKTepiAl ©OHICYIiH
3aMaHayd TOCUII TePEeH KapacThIPbUIFaH, COHBIMEH KaTap chbi30ajiap MEH KeCKIHAEp/Il MmaiaanaHbIn
JIOTUKABIK JEepeKTep KECIHIICIH KOJJaHy HaKThl KepceTinreH. JKyMbIC asKTalfaHHAH KeuiH
MaKaJIaHBIH HET13T1 WAesUIapbIHBIH )KUBIHTHIFBIMEH KOCA, OPBIHIAIFAH KYMBIC TYPaIbl KOPBITHIHIBI
Kacalbl.

Tyiiin ce3aep: TeXHOIOTHSIIAD, JOTUKAIBIK JEPEKTEP KECIHIC, MATIMET KOMMACHI, aKapaTThl
OHJIeY, apTHIKIIBLIBIKTap, Hadoop
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