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Abstract - The basic tenet of the paper is related to the
improvement of the implementation of business intelli-
gence systems, which are important for deciding on a par-
ticular problem, and in order to achieve the highest level
decision-making benefits. The improvement must be ap-
propriate to the development of the Bl system under con-
ditions where there is already prior knowledge of the
problem. The results obtained should show that the busi-
ness intelligence system, enhanced by the application of R
software package, can improve decision support.

I. INTRODUCTION

Data warehousing and business intelligence are tech-
niques that provide business people with the information
and tools they need to make operational and strategic
business decisions. [1]

Customers are mostly business people in companies.
But not all business people carry the same importance.
Special care is needed for those who make strategic busi-
ness decisions. One good business decision can make mil-
lions of dollars for companies. This is why the main cus-
tomers are the executives, managers and analysts at the
companies. Data Warehouse and Business Intelligence
(DW / BI) are high impact systems.

The term strategic also signifies importance. These are
decisions that can make a profit, but also a loss for the
company. Therefore, the DW / Bl system is a high busi-
ness risk system. When a strategically important decision
is made, one wins and one often loses.

The DW / BI system also supports operational deci-
sion making, especially when the decision maker has to
see the data archive or the integrated data from multiple
sources. Many analytical applications have such an oper-
ational focus. Whether decision making is strategic or
operational, the DW / BI system must provide the infor-
mation needed to make those decisions.

Decisions most often require a unique subset of infor-
mation, which is basically not destined. It is necessary to
build an information infrastructure that integrates data
from across the organization and potentially outside the
organization, and then cleans, corrects and restructures
the data to be as flexible and usable as possible. While
most transaction system modules work with one type of
information, such as invoices, orders, or receivables, the
DW / BI system must integrate them all together. Final-
ly, it is necessary to provide the decision maker with the
tools to leverage the data. In this case, the term "tools" is
much more than the software itself. In this case, it signi-
fies everything that users need to be able to understand
what information is available to them, then to find a sub-
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ture the data to understand business dynamics. Tools
include training, documentation and support, along with
ad hoc queries, reports and analytical applications.

Il. THE GOAL OF THE WORK

The main objective of the paper can be defined as ex-
ploring the possibilities of expanding and improving the
business intelligence system, primarily by applying the
software package R and discovering the regularities in the
data for the purposes of numerous analyzes and the use of
results in order to make timely and correct decisions.

The specific objective of the paper is the practical im-
plementation of the new and unified approach obtained in
order to use it for the purpose of predicting future states
and achieving optimal parameters of work in different
situations in making business decisions.

I11. BUSINESS INTELLIGENCE

The term business intelligence was first used in 1996
to designate a category of data analytics, querying, re-
porting tools that can help a business process user syn-
thesize valuable information to base their business deci-
sions on.

The business intelligence phenomenon can be viewed
from two aspects - macro and micro aspects. From a
macro point of view, business intelligence denotes a
complex aggregated category, which is created by sys-
tematic but not targeted collection of data on macroeco-
nomic trends in a particular geopolitical environment. It
also involves organizing and structured logging as well
as logical-computational processing to detect trends.
Today, the particular attention of knowledge engineers is
increasingly aroused by the phenomenon of business
intelligence viewed from a micro perspective. In this
case, it is about discovering hidden knowledge from
business data that an organization collects routinely, per-
forming its day-to-day business transactions.

Since there is no universal definition of the term busi-
ness intelligence, different authors define it in different
ways. One of the most commonly used and general defi-
nitions is the following: “Business intelligence is the use
of data that leads to better business decisions. It is about
accessing, analyzing and discovering new opportunities.*

IV. POSSIBILITY OF APPLICATION OF THE
SOFTWARE PACKAGE R

Changes have taken place in the world of research in
recent years, and now most commonly used for statistical
surveys are open source software packages, mainly R. R
is gradually becoming the dominant platform for compa-
nies that are unable to spend too much on software. R has
a huge community of enthusiasts who are constantly de-
veloping the latest developments in statistics and data
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this approach is the data sources, because R is not able to
store large amounts of data, but is only suitable for their
analysis, while they are mostly located on other plat-



forms.

Any analysis of real data involves data manipulation,
visualization and modeling. Visualization and modeling
are complementary. Visualizations will help us refine
obscure issues and rely on human interpretation. The
models are much better and allow for more complex
computation, but are limited by their assumptions. Soft-
ware package R is very suitable for this kind of analysis
and presentation of results in a user-friendly way.

The end product of the analysis is not the model, it is
the rhetoric. An analysis is pointless unless it persuades
someone to take action. In business, this usually means
convincing more executives who have little statistical
knowledge, when making a decision.

V. OVERVIEW OF THE SITUATION IN THE FIELD
OF RESEARCH

In Data processing languages for business intelli-
gence. SQL Vs. R [3] Marin Fotache performed a com-
parative analysis of two of the most important software
tools in the field of data processing SQL and R today. He
does not view these two tools as rivals, but as partners in
the processing and analysis of large amounts of data. The
main drawback of SQL is the direct possession of its ma-
turity, popularity and distribution. The SQL standard is
difficult to update. The process takes years. In contrast,
one of R's greatest strengths is its dynamic and enthusias-
tic R community. What is an advantage of SQL is its pro-
cessing power in processing large amounts of data, and R
is currently unable to compete with SQL in this regard.
Things are changing for the better, with the introduction
of tidyr and dplyr packages. Data processed with SQL
together or with R can be easily analyzed, and visualized.
This is the main advantage of R. Various applications
(Shiny) can be created with R, for which SQL has no
capability.

In a paper called A Review Study on Big Data Anaylsis
Using R Studio, Ansul Jatain and Ait Ranjan [4] define R
as a software tool for creating statistical models, analyz-
ing data and predicting future states. However, given the
huge amount of data that is generated daily and needs to
be processed and analyzed, many organizations remain
restrained about introducing R for business data analysis.

In the work of Big Data Analysis with Revolution R
Enterprise [5] by Joseph Rickert, the main limitation of
software package R relates to memory. All data used in
the calculations - vectors, matrices, lists, and so on -
must be stored in memory. Even for modern computers
with 64-bit address space and huge amounts of RAM,
processing large amounts of data can be a significant
challenge. The problem is not only capacity, that is, ap-
plications may be able to accept data in memory for
analysis, but performance, which are also primary,
should be considered. If, for example, data analysis is not
completed overnight and is necessary for analysis in the
morning, it is certainly almost the same, as if the data
were not even processed, because we are left without
umbrella information.

In a paper called Challenges in teaching data science
in a business school [6], Wang Jianfeng and Linwu Gu
prioritize and recommend R package over Pyton and
Excel. The study confirmed the assumption that R pro-

cesses data much faster than Excel when data files are
larger than 1 MB. The authors state that R can handle
slightly larger data files in an efficient way. R created for
statistical processing is very suitable for working with
vectors and matrices. The rich features that R possesses
are available to process missing values, transform data,
and create the data subsets required by analysis. For de-
cision makers, R packages work more like a black box in
processing, suggesting further advancement of business
intelligence towards creating an application where users
can independently, without the help of developers, pro-
cess data and make decisions.

Authors Fotache Marin and Strimbei Catalin in their
work entitled SQL and data analysis. Some implications
for data analytics and higher education [7] are seen by
managing big data through dealing with three types of
operations: data collection, data storage, and data pro-
cessing. Accordingly, the key factors for analyzing large
volumes of data are databases and statistical packages.
They state that there is a large supply of statistical pack-
ages dedicated to data analysis. Some of them are com-
mercial and they generally provide a wide range of statis-
tical functions and options with highly customizable in-
terfaces for the average non-developer user. However,
these software packages are also known for their cost.
Small and medium-sized businesses cannot afford to
spend sometimes thousands of dollars for not so many
licenses. Of course, pricing and licensing systems vary,
but from experience, pricing is still the most common
barrier to their use.

In his work Data science: how is it different to statis-
tics? [8] Hadley Wickham states that a great deal of ef-
fort has been made recently to advance the role of statis-
tics in data science. He believes that statistics are a key
part of data science, but at the same time, most statistical
areas are at high risk of becoming irrelevant. He believes
that there are three main steps in working with data:
gathering data (and questions), analyzing (using visuali-
zation and models), and then presenting results. It is rare
for this process to take place in one direction: often anal-
ysis will reveal that we need new or different data, or
when presenting results we may discover a flaw in the
model. Once the data has been collected, it needs to be
edited (or normalized) into a format in which it can be
analyzed. Organizing your data into the right “form” is
essential for good data analysis, because if the data is in
the wrong form, we will spend most of our time examin-
ing the adherent functions and procedures in our tools
rather than examining the data.

According to Kimball & Ross [9], data warehouses are
specifically designed to facilitate decision-making, as
such they support decision-making rather than decision-
making automation, and must be designed to respond
quickly to the changing demands of decision-makers.
Including a data warehouse in a decision-making process
can increase the efficiency of this process, so they high-
light the following benefits of using a data warehouse:

¢ Increasing individual efficiency in terms of better
data management and reducing the time required
to complete a task. The result is increased con-
sistency as well as time savings,
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o Expediency in problem solving. Data warehouses
allow for quick turnarounds in the search for in-
formation relevant to decision making, ensure con-
sistency and accuracy, ie. provide a more advanced
way of seeing and solving problems. Data ware-
house users can get immediate answers to non-
routine questions and look at multiple alternatives
at one time.

o Facilitate communication with one another. Even
in the world of successful managers, there are peo-
ple who are not technically educated enough and in
need of information. Data warehouses provide
them with answers to queries without knowing
programming.

The implementation of R package opens the possibil-
ity to improve the business intelligence system, which
relies on data warehouses, especially in terms of visuali-
zation. The idea behind the work is to improve the busi-
ness intelligence system by adapting and presenting, us-
ing already stored and transformed data from some
DBMS, using the R package.

VI. PORTAL OF OPEN DATA

The development trend of the Republic of Serbia fol-
lows the comparison and monitoring of the best and most
advanced countries in all fields, including in traffic. For
these reasons, it is necessary to act strategically in order
to activate the traffic safety system in the Republic of
Serbia. The Republic of Serbia has started to open its
data, and the competent institution responsible for the
introduction of open data is the Office for Information
Technology and Electronic Governance within the Direc-
torate for Electronic Governance.

Open data is digital data available to the public. They
have such technical and legal characteristics that anyone,
at any time and anywhere, can use, reuse and redistribute
them. Open data can help governments, citizens and or-
ganizations achieve better results in the field of public
services.

Datasets in the open data lookup have been provided in
.CSV format, which is extremely suitable for transfor-
mation, compression and analysis, and is also available
for conversion to many other formats suitable for data
analysis.

The published document on the number of traffic acci-
dents that occurred on the territory of the City of Bel-
grade in 2018 contains seven variables (columns). The
names of the columns are defined in the following table.

Table 1. Names and explanations of variables found in the open data
set used in the survey

. The name of .
Ordinal the variable Explanation
1. NEZG_ID Traffic accident identification number
2. VREME_NEZ Date and time of traffic accident
3. VRSTA_NEZ Type of traffic accident
4 NAZIV_TIP Name and type of traffic accident
5 NAZIV DET A more detall_ed des_crlptlon of a traf-
- fic accident
X coordinates of the WGS (World
6. WES_X Geodetic System) or Longitude
Y coordinate of the WGS (World
! WGES_Y Geodetic System) or Latitude

NEZG_ID - A traffic accident identification number,
which is presented as a seven-digit number.
VREME_NEZ - The date and time of the traffic accident
is given in the format dd.mm.yyyy, hh: mm
(day.month.year, hour:minute). From the given data, it can
be concluded that the complete data are available in the
database for all twelve months of 2018.

VRSTA_NEZ - The type of traffic accident is divided
into: 1) traffic accidents with material damage; 2) traffic
accidents involving injured persons; 3) traffic accidents
with dead persons.

NAZIV_TIP - The name and type of traffic accident is
divided into: 1) single-vehicle traffic accident; 2) traffic
accidents with at least two vehicles (no turning); 3) traffic
accidents with at least two vehicles (turning or crossing);
4) traffic accidents with parked vehicles; 5) pedestrian
accidents.

NAZIV_DET - A more detailed description of a traffic
accident contains 68 events: 1) a single-vehicle traffic
accident (11 events); 2) traffic accidents with at least two
vehicles (no turning) (9 events); 3) traffic accidents with
at least two vehicles (turning or crossing) (18 events); 4)
traffic accidents with parked vehicles (5 events); 5) pedes-
trian accidents (25 events).

VII. RESEARCH RESULTS

The work uses Shiny, a package from the R software
package that makes it possible to create interactive web
applications directly through R in an extremely simple
way. The data that was used was preloaded, transformed
and stored in SQL Server 2016 DBMS. The data flow is

shown in Figure 1
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Figure 1. Flow of data processing and data visualization

Essentially, the Shiny package gives us the ability to
use only R to create a graphical interface (in the form of a
web application) for the analyzes we perform through R.
As a result, the results of some data analyzes can be very
strikingly presented, as can be seen below .

Also, we often have some procedures that we repeat
over and over in R that we might want to automate in
some way. This is handled beautifully using Shiny, since
we can create a graphical interface for these procedures,
so that we only need to set the necessary inputs, and the
output itself appears on the screen. Figure 2 shows the
appearance of a graphical representation of traffic acci-
dents on the territory of the City of Belgrade during 2018,
by several criteria, which can be selected, and obtaining
reports was realized through the ability to dynamically
select parameters.
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Figure 2. Graphical representation of traffic accidents on the territory
of Belgrade, based on selected criteria
Figure 3 shows the layout of the graphical report,
showing the critical zones, by the criterion of the type of
traffic accident.

Figure 3. Graphical representation of traffic accidents in the territory of
the city of Belgrade, by critical zones, based on the criteria of the types
of accidents

By thoroughly analyzing certain parts of the city, all

types of traffic accidents can be analyzed in detail with
a description of the area where they occurred, as

shown Figure 4,
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Figure 4. Graphical representation of traffic accidents on the territory of
the city of Belgrade, according to the area where they occurred

Figure 5 gives a graphical representation of the
analysis of traffic accidents by months, by type of
traffic accident and by type of traffic accident.
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Figure 5. Graphical representation of the analysis of traffic accidents
by months, by type of traffic accident and by type of traffic accident

VIII. CONCLUSION

This paper analyzes the current situation in the field of
research, using published papers in the previous period
that focus entirely or partly on the elements of using the
R software package.

When designing and developing a business intelligence
system, it is analyzed whether it facilitates end-user work,

whether the data it uses is expensive and easily accessi-
ble, whether the information it generates is expensive,
whether the data is easily accessible, etc.

It should not neglect what is actually necessary for the
end user. The end user wants to use "fresh" information
at any time, from any location, and integrate it into the
existing system with minimal effort. Also, the end user
wants a unique and integrated data source, to generate
reports independently and to have a simple decision sup-
port tool.

One of the main causes of the lack of success in intro-
ducing a business intelligence system is the human factor,
ie. the ability of end users to change and adapt to the
changes brought by new technology. Although there are
numerous methods of planning, analyzing, designing,
building, using and maintaining business intelligence sys-
tems, they do not yet produce positive results. It is neces-
sary to find ways and methods in which to change the es-
tablished mode of operation, and from record keeping and
writing reports in formalized form (notebooks, reports,...)
to data management in electronic form.

In order to solve this problem, positive attitudes of the
people in the management structures of the system are
required, then the end users acceptance of new systems
and professionalism, ie. knowledge of the technology and
the possibility of its application. The paper proposes the
application of software package R in order to improve the
business intelligence system, when the data was previously
loaded, transformed and stored in one of the DBMS.
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