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MULTIDIMENSIONAL DATABASES IN INFORMATION
SYSTEMS OF UNIVERSITIES

Abstract.Thearticle isdevotedtothe description ofthe method of multidimensional database,
which is an effective method of data storage, which allows analyzing data qualitatively, and
most importantly in a short time. The article discusses the capabilities of multidimensional
databases, in particular, multidimensional OLAP (On-Line Analytical Processing) cubes when
analyzing large amounts of data. Provides an overview and features of a multidimensional
database and discusses the steps you need to take with a multidimensional database to
understand the structure and capabilities of an OLAP cube. To create a knowledge base, it
describes the steps you can take to create and execute a multidimensional database that
you can collect from various sources, save to a database, and then prepare a report using
OLAP analysis. Various information system data processing technologies such as OLTP and
OLAP were considered. The algorithm of the data storage process for analysis purposes was
studied. A model of a multidimensional database in the form of a three-dimensional cube
was presented. Examples of analysis and ways of obtaining information from the data cube
were also given. The use of a multidimensional database in higher education institutions as a
simple and effective method of data storage is considered. There are also illustrations of the
structure of a higher educational institution to see the bulkiness of information,and what kind
of information database operates in the educational institution.

Keywords: Information system, Database, OLAP, OLTP, three-dimensional, one-dimensional,
data analysis.

Introduction

The development of information technologies is directly proportional to the current
development of society. Humanity copes with the daily growth of information through
information technologies, in particular,information systems that are able to store data,analyze
and submit information when requested in a very short time, which simplifies work and saves
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our precious time. Another factor is that improving data warehouses is one of the factors
for effective management of an organization. For this reason, the information system (IS)
is used in all areas of human activity [1]. And the field of education is no exception. Since
higher education institutions have so many divisions (individual buildings, departments,
research institutes, libraries, rectorates, administrative units, etc.), there is more than enough
information to use information databases. This research will examine the structures, schemas,
and purposes of multidimensional databases, as well as the use of these databases in higher
education institutions.

If the basis for solving many problems is data processing, then information systems can
facilitate this processing process. There is a data bank and a database [2]. All incoming data
is stored in the IC cores, and this data can be reorganized into one or more databases. If a
person opens a shelf of books, they can see the number and condition of these books. If this
person is looking for something specific that has a connection to his or her subject area, then
if available, he or she will write down or pull out of the shelf everything that he or she needs.
In this case, the shelf is the memory of the computing system, not the database. A data bank is
just a type of IS consisting of a database, a database management system, a data dictionary,an
administrator,a computer system,and maintenance personnel.

Before dealing with a database, you need to create it, maintain it,and make it available to
many users so that they can work together with the database. For this purpose, there is such a
thing as a database management system (DBMS) [2], which is a set of language and software
tools.

The IS can be used to process data or use it in more complex tasks, such as statistical
processing of data accumulated over a certain amount of time, for decision-making purposes.
In the first case, the data can be processed using the online transaction processing technology
(OLTP technology) [2]. A transaction is a single operation associated with a database.
A transaction is considered as a single whole action, i.e. it is either fully executed or not
executed. The second system that deals with difficult tasks is called operational analytical
processing (OLAP). The main advantage of the OLAP system is its speed and quality of analysis.
To achieve such a high level, OLAP uses powerful multiprocessor techniques, sophisticated
analysis methods, and specialized data warehouses. Figure 1 shows an illustration where you
can compare the structures of OLTP and OLAP technologies.
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Figure 1. Structures of different information system technologies [1]

The OLAP structure can be represented as a cube [3], consisting of working data. The cube
consists of many tables, which in turn contains key facts that are used to make queries. The
data in these cubes is stored as aggregates, not as individual metrics. So for example, if you
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imagine a cube of student grades for one semester, then one calculated grade result is stored
in one cell, and not the number of all grades received in different cells. Let’s take another
example: if we imagine that a store’s annual sales report is being prepared, then each cell will
contain information for the month. Because the analysis will be difficult to count the results
of daily sales. And that would take a lot longer. To simplify the task, the cube stores aggregates
of results.

Materials and methods

Today, OLAP is the most common method of data analysis,which is based on two approaches
[4]:

- Multidimensional OLAP;

- Relational OLAP.

The first approach is implemented on the basis of a multidimensional database, while the
second approach is based on structured queries of a relational DBMS.

An OLAP cube can be considered as a logical model for representing multidimensional data
characterized by indicators and measurements: G = <D, F> - hypercube (Figure 2).

F=<f,f,...f,>-hypercube indicators (measurements): each indicator has a set of values that
quantify the analyzed process.

D=<d,d,..d >-hypercube dimensions: each dimension is an ordered set of values of a
certain type. Dimensions can be organized into an ordered hierarchical structure. Hypercube
axes are created from a set of dimensions:

1 2k

d =d,d,d

12k

d,=d,d,d

d =d.d’d"
n n

One of the main requirements of the technology OLAP is “transparency”: a ready-made
multidimensional cube should be presented in a user-friendly form, the cube controls should
be intuitive, the names of the objects of analysis should correspond to terminology. The OLAP
analysis process is characterized by the following set of actions with multidimensional data-
consolidation,aggregation (grouping), cutting and rotation. The formation of a part of the cube
consists in determining the value (values) of a certain dimension in which the size of the cube
decreases. Part of the cube is the inner cube containing all the other dimensions. The rotation
operation consists in changing the direction of the axes of the cube.

d 1 < dll

Figure 2. OLAP-cube
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High flexibility in decision-making is provided for the end-user due to the possibility
of changing the resulting appearance of the OLAP cube. The analyst is not given a strictly
regulated report, but the opportunity to use a set of tools for creative research of the problem.
Free data manipulation makes it easy to get the required data set. An OLAP cube can be
considered as an abstract representation of a selected subset of a relational database.

Cross-table

Ll

Dizgram

Figure 3. Operation diagram of a simple OLAP system [5]

You can build an OLAP algorithm based on Figure 3 above:

1. Getting data as a flat table or as the result of a structured query;

2. Caching data and converting it to a multidimensional cube;

3. Displaying the constructed cube using a cross-table or diagram [6].

Data warehouses are an integral part of any organization.And in the case of a university that
has multiple buildings, it can store data centrally or in separate buildings. However, the data
obtained from various structural elements of the institution are not unified, often contradictory,
and the indicators used for analysis and management cannot be obtained directly from them.
To avoid this,you need to use data warehouses as a specialized source for analytical processing
of information. At the stage of data collection and integration, this allows you to combine data
and unify it [7].

Although all the prepared information is stored in the data warehouse, processing methods
depend on specific tasks. The multidimensional model is capable of fast data analysis, but
it does not allow storing large amounts of information. In fact, the relational model has no
restrictions on the volume of accumulated data, but it has a low speed of performing analytical
queries [8].

The question arises whether these two approaches can be combined. First, there is rarely
an operation that requires all the information stored in the repository for analysis. Usually,
each analyst serves one of the business areas of the organization. The real volume of this
data allows you to store it in multidimensional storage. The source for them should be the
organization’s central repository. Multidimensional storages play the role of small warehouses.
A data kiosk is a specialized multidimensional storage facility that serves one of the company’s
business lines [9].

A multi-dimensional model is a cube whose main components are a dimension and a cell.

A dimension is a set of data of the same type. The most commonly used time dimensions
are days, months, quarters, years, or geographical dimensions: cities, districts, regions, and
countries. In the multidimensional model, dimensions play the role of indices [10].

A cell is a field whose value is uniquely determined by a fixed set of dimensions. The
field type is usually numeric. In the figure below, you can clearly see the different number of
students enrolled in different specialties during three consecutive academic years. Analyze
and summarize for further action.
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Figure 4. Three-dimensional data model

A multidimensional database is a database that has multiple dimensions. When all three
intersect, we can find out the amount of a product in a particular store on a particular date.
Multidimensional data structures such as k-d trees, quadrant trees, and range trees are
comparison-based data structures. Weighted trees and multidimensional trees are related to
each other [11,12].

For analysis: first, we can get a single square from a cube. Here it is very important to
understand that 7 is an aggregate that has already been calculated when entering it into
cubes [4]. This unit consists of: Aimaganbetov, Temirbekova, Serikov, Smagulov and others. The
method of obtaining a square from a cube is shown in Figure 5.
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Figure 5.Visual representation of obtaining a two-dimensional measurement
of data from a three-dimensional model

The second approach to get information from this cube is to look at only one characteristic,
for example, the number of graduates in the field of information technology in 2011. At the
intersection of the necessary data, we pull out a one-dimensional array from the cube. Figure
6 shows a method for obtaining a one-dimensional data array from a three-dimensional one.
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Figure 6.Visual representation of obtaining a one-dimensional measurement
of data from a three-dimensional model
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The numbers that we see as the number of students are aggregates. Aggregation occurs
when information is entered in cubes. Here the question may arise: “why cube, why three-
dimensional dimension?”. You can create four-dimensional or more dimensions, but increasing
the dimension will create a problem for you. To do this, | will give an example in a three-
dimensional cube: if there was no enrollment of students in the specialty “Computer Science”
on a grant basis in 2010-2012. These cube cells, which are a one-dimensional array, will be
empty, but filled with zeros. As the dimension increases, the volume of the array will also
increase. For example, it can become a square or cube of empty cells. For this reason, several
cubes are used, which are filled with certain values, depending on which aggregates you may
need.Data cleaning and validation are important steps in any data analysis, since the reliability
of the conclusions drawn from the analysis depend on the quality of the input data. Data errors
can occur for a variety of reasons, including erroneous encodings, faulty measuring equipment,
and inconsistent data creation guidelines [13].

To use the multidimensional model in higher education institutions, you must first look at
the structure of the university according to Figure 7.
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Figure 7. General structure of the educational institution and the educational process [15]
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If we talk about a holistic structure, then before the departments there are also faculties.
For clarity, let’s consider a multidimensional cube for the Faculty of Physics and Technology
according to Figure 8. This cube stores the data of the teaching staff. We can say that the
Faculty of Physics and Technology has three departments, which employ a certain number of
professors, doctoral students, senior teachers, teachers, as well as the number of hours they
lead, and, consequently, what salary they receive for the number of hours allocated to them.

salary 7
hours
work experience 5 5/3 Q//2/

Physical and
nanotechnological 3 2 8 5

Radiophysical | 2 4 10 3

NNEANEAN

MNANEAN

Heat power
engineering

Professor PhD Senior Lecturer
lecturer

Figure 8. Multidimensional cube for the Faculty of Physics and Technology

If we want to do an analysis for all faculties, then the overall view will look like several
cubes for individual faculties. Each branch and sub-division of this holistic structure has its
own multidimensional cubes that allow you to analyze data efficiently and quickly. All this
information is connected to the central data warehouse, as mentioned above, for the integrity
and unification of all data [16]. The main reason for this is the fact that all information belongs
to one educational institution.

A higher education institution is essentially a firm that generates material, physical, and
intellectual resources and transforms them into the final product - knowledge and skills
developed by university graduates. Digital transformation is the way forward for all structures.
Technologies are developing at a rapid pace, and structures need to adapt to changes not only
to take advantage of the huge opportunities they provide, but also in order to remain relevant
in this world of instability, uncertainty, complexity and ambiguity [17]. The educational process
is a complex process that consists of a large number of disparate subsystems and generally has
no formal description.Asignificant recent technological development concerns the automation
of work with knowledge and services as a result of advances in artificial intelligence and its
subdomains. To describe this phenomenon, the authors used the term “intelligent automation”.
This development provides organizations with a new strategicopportunityto add business value.
However,the academic research that examines these developments is scattered across a wide
range of scientific disciplines, which leads to a lack of consensus on the main conclusions and
implications. The authors conducted the first interdisciplinary literature review systematically
characterizing the intellectual state and development of intelligent automation technologies
in the field of knowledge and services.

The first is the conceptualization of intelligent automation and related technologies.
Secondly,a business value-based model of intelligent automation for working with knowledge
and services is proposed and twelve gaps in research are identified that prevent a full
understanding of the process of implementing business value. Thirdly, a research program
is proposed to address these gaps. The advent of using big data opens up a new wave of
relationship management strategies in support of personalization and customization of
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services. Big data requires new tools and methods for its collection, storage and analysis and
is used to improve the decision-making process to improve management. The effectiveness
of the functioning of the higher education system is determined by the efficiency of higher
educational institutions. Using IS by universities leads to digital transformation. Concept of
digital transformation considers as a process in which digital technologies create disruptions
that cause strategic reactions from organizations that seek to change their ways of creating
value, while simultaneously managing structural changes and organizational barriers that
affect the positive and negative side results of this process [14].

Discussion

A systematic approach allows analyzing the development and functioning of the educational
system, taking into account the requirements of the state, society and citizens, both in the
short and long term. A systematic approach should be applied in every area and part of the
educational process. Like the “blockchain” technique, where one circle with teeth drives the
movement of another circle,and so on,the work of each department,department,administrative
unit,and others as separate circles must resonate with each other in order to simply not stop.
In this case, it is ifnormation systems that allow you to conduct university business by visiting
each department of an educational institution online. As mentioned above, using centralized
data storage, which means having access to all the components, you can analyze the work of
each circle and compare them to output the final results.

In practice, when implementing a multidimensional model, the arguments in favor of
its performance are confirmed by tests showing that multidimensional databases perform
operations at least an order of magnitude better than relational databases for data queries.
For example,in the case when it takes several minutes to process data in a relational database,
a multidimensional database copes with the same operation in just a few seconds. However,
at the moment at the moment, many enterprises still use analytical systems based on
classical relational databases. The performance advantages present in the implementation
of a database using a multidimensional model help facilitate the development of interactive
decision support systems,when implemented in a relational environment, performance is often
unprofitable. Despite the fact that most of the data manipulation actions that are possible it
can be implemented using a multidimensional data model, it can also be implemented in a
classical relational database,a multidimensional model can offer us some advantages. Among
them: simplicity of data presentation and display — data is stored and displayed in an intuitive
way to the user; great flexibility in building reports; and finally, last but not least — performance.
The use of a multidimensional data model increases the speed of analyzing large amounts
of information at times, in comparison with a relational database. Often, analysts face this
problem when using a classical relational database for analysis. After all, in order to make a
conclusion about a hypothesis, the analyst needs to get aggregated data,and if it takes a lot of
time, the analyst’s time is also wasted. Thus, the benefits provided by using a multidimensional
data model, are critical in many cases. Therefore, enterprises for which analytics is important,
i.e.,those with large amounts of information on the basis of which the policy of the enterprise
should be based, which currently use classical relational databases, should consider switching
to the use of storage.

Conclusion

In conclusion, the authors note that a higher education institution is essentially a firm that
generates material, physical, and intellectual resources and transforms them into the final
product - knowledge and skills developed by university graduates. The educational process is
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a complex process that consists of a large number of disparate subsystems and generally has
no formal description. The effectiveness of the functioning of the higher education system
is determined by the efficiency of higher educational institutions. Using IS by universities
leads to digital transformation. A systematic approach allows analyzing the development
and functioning of the educational system, taking into account the requirements of the state,
society and citizens, both in the short and long term. A systematic approach should be applied
in every area and part of the educational process. Like the «blockchain» technique, where
one circle with teeth drives the movement of another circle, and so on, the work of each
department, department, administrative unit, and others as separate circles must resonate
with each other in order to simply not stop. In this case, it is information systems that allow
you to conduct university business by visiting each department of an educational institution
online. As mentioned above, using centralized data storage, which means having access to all
the components, you can analyze the work of each circle and compare them to output the final
results. We have considered various data processing technologies of the information system,
such as OLTP and OLAP. The algorithm of the data storage process for analysis purposes was
studied. A model of a multidimensional database in the form of a three-dimensional cube
was presented. Examples of analysis and ways of obtaining information from the data cube
were also given. The use of a multidimensional database in higher education institutions as a
simple and effective method of data storage is considered. There are also illustrations of the
structure of a higher educational institution to see the bulkiness of information, and what a
huge database operates in an educational institution. Summing up, it can be concluded that
the use of a multidimensional database is an effective method of data storage, which allows
analyzing data qualitatively,and most importantly in a short time.
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