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Abstract: The development of technology, computers and
the Internet has significantly contributed to easier
organization of data, which would also become more
useful if turned into information and knowledge.
Knowledge can refer to the users of products and/or
services, or the market in which the company operates.
From the perspective of the enterprise, the business
intelligence system places the primary emphasis on the
users of products and services. Data mining combines
concepts, tools and algorithms of machine learning and
dtatistics to analyze very large data sets, so as to gain
insight, understanding and effective knowledge, and it is
applied for this purpose in many organizations. In the
recent years, the market of data mining tools has become
more and more flooded, with more than fifty commercial
tools. The tools like SPSS PASW Modeler (Clementine),
Excel, Rapid Miner, SAS, SAS Enterprise Miner and many
others have been much more used until recently.
However, the R language is increasingly taking over this
role today. R is dtatistical software, and an object-
oriented high-level programming language used for data
analysis, which includes a large number of statistical
procedures such as t-test, chi-square test, standard linear
models, instrumental variables estimation, local
regression polynomials, etc. The R language has built-in
functions for the nearest neighbor method allowing the
automatic classification, the asociation rules showing the
connection probability between two or more events,
decision tree models, numerous methods of single and
multiple regression, and many others, which makes it a
very high-quality tool in data mining techniques.

1INTRODUCTION

The methods of data mining have enabled the proafess
improving decision-making processes at the strategi
business level and providing hidden data through
Business Intelligence (BI) methodology.

The methods of data mining discover relations, dogi
correctness, and generality of any structure ia.dat

The term data mining is often identified with twistéhct
processes: detection and prediction of knowleddee T
process of knowledge discovery implies understandin
the explicit information that is vital to have inr@adable
format, while prediction refers to future events.

Business intelligence is currently very topicathe world
and represents a continuation of the informatiocisien
support system with which it is closely related.eTh
beginning of development is closely linked to audtion
of business process in the company. Different aeatisn
systems have proved to be very high quality geoesaif
large amounts of data that made the "explosiondaté.
So, the creation of a huge database needed toripéesor
easier to access. A growing awareness of the unefsilof
information has contributed to the development tod t
new discipline called Business Intelligence (BI).

Data mining is a set of techniques and methodsimgl#o

the extraction of knowledge from large amounts afad
(through automatic or semi-automatic methods) and
further scientific, industrial or operational usé that
knowledge. Data mining is closely related to ttagistics

as an applied mathematical discipline with an asialpf
data that could be defined #se extraction of useful
information from data.

The common methods of data mining are: predictable
(classification, regression analysis, time seripalysis,

The development of technology, computers and thferecasting, ...), descriptive (clustering, sumnetian,

Internet  has significantly contributed to

easiemssociation

rules, strings discovery, etc.) and new

organization of data, which would also become mormethods derived from data mining (decision treeyrale

useful if turned into information and knowledge.

Knowledge can refer to the users of products and/8

networks, genetic algorithms, text mining, and many
I;hers).

services, or the market in which the company opsrat The most commonly used methods derived from data
From the perspective of the enterprise, the businemining are: 1) thé nearest neighbor method that allows
intelligence system places the primary emphasishen automatic classification; 2) asociation rules i thif-
users of products and services. The knowledge dfiat then“ form, indicating the likelihood of an evewt bind

ensure the company its survival on the market eslad
understanding customers and their needs and thesfacdecision-making based on familiar

to another, 3) decision tree, which operates orb#sis of
situations and

that the most desirable type is a loyal customemfthe decisions, 4) neural network designed to work simib

perspective of long-term client cooperation andeexged
future financial results of the company. This isodwious

the human brain and used in risk analysis and &stewy;
5) genetic algorithms are based on the imitatidasrof

connection between the knowledge economy and tiwological development using the optimization and

success in the market.

machine problem solving.
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Classification analyzes data sets, reveals hiddén both cases, the concepts of information anchganing
connections and defines elements (functions) taugro are closely related depending on the domain of data
them into one of several classes. Data associdéfines mining and the application of these data in a paldr
characteristics that occur together with more sasgle. area.

connections between arbitrary attributes. Groupin
(Clustering) is the process of determining whichtada
groups are similar, but different from other growpsiata
and identifying variables for exercising the bastuping.

Phe only difference between the two disciplineghat
data mining is a new discipline that is related to
significant or large data sets.

Today, data mining is a crucial activity in mangas of
scientific research, but also in other areas (fangple, in
market research, economics, finance, medicine,
agriculture, meteorology, etc.). In the professiomarld,
it is used to solve various problems ranging from
» adding a new and updated data base (various amalysilstomer relationship management (CRM), fraud
and data collection), identification, consumer  behavior, web pages
i i .optimization, etc.
e cleaning and preparing the data for analysis
(elimination of extreme values (outlayers), The main factors that contributed to the developgnadn

) ] data mining are:
« transformation and aggregation of data for analysis

by periods, » large amounts of data in the electronic form,

The complexity of business problems require prooesiu
that include steps ranging from the preparatiodaih to
the interpretation of obtained results and theyldou
include:

» carrying values, indicators, etc. + cheap data storage,

Therefore, the market competition is getting stemand < new methods and techniques of analysis (machine
developed distribution channels and supply of goamts$ learning, pattern recognition).

services have brought about the application of nass
intelligence tools through which companies seek t
effectively connect people with their businesseghw
customers, suppliers and partners, enabling busungers
to access vast amounts of complex data.

Data mining techniques are based on specific dlguos.
atterns can be identified, the starting point fiaw
hypotheses can be set, and then the causal ralaion
between the events can be tested, which can bleefurt
used in a statistical sense for the production and

The basic tools of business intelligence include: prediction of new data.
« tools for queries (OLAP), Among the most commonly used techniques are the
following:

e data mining tools, and

R * grouping;
e visualization tools (Dashboard / Scorecard tools).

- . * neural networks,
Procedures for data mining can be conducted with th

help of three technologies: + decision trees,

* multiprocessing computer technology, * association analysis (identification of simultanslgu

. _ purchased products), etc.
» technology for massive data collection,

» algorithmic techniques.
n _ ) 2. ADVANTAGE OF R LANGUAGE ASA TOOL OF
Data mining combines concepts, tools and algoritoms paTaA MINING TECHNIQUE

machine learning and statistics to analyze vergelatata o
sets, so as to gain insight, understanding ancctafée There are numerous packages for statistical data

knowledge, and it is applied for this purpose inngna Processing: SAS, SPSS, Stata, R. Certainly, it ey
organizations. good idea to have a number of tools available,itie

L ) . end they users themselves should decide whicheof tio
In essence, data mining is 2 mathematical anatgsi®ed  gpply. The technical reports of the strengths and
out on large databases. The term data mining becafgaknesses of these packages rarely take into mictie
especially popular in the 90's, and today it hatoable ccyracy in choosing the statistical software. éme

meaning: models, such as nonlinear regression, it is therracy
. using advanced analytical techniques to extradpat will have a bigger problem of practical imgorte
implicitly hidden information knowledge already than others.
structured in data in order to make it aVaiIabld an|n recent yearsy the market Of data mining t00|s ha
directly useful, become more and more flooded, with more than fifty
ommercial tools. The tools like SPSS PASW Modeler
Clementine), Excel, Rapid Miner, SAS, SAS Entesgri
Miner and many others have been much more usetl unti

 research and analysis of large amounts of dat
performed automatically or semi-automatically, wit
the aim of discovering significant patterns.
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recently. However, the R language is increasingking
over this role today.

With data mining procedures it is possible to idfgrthe

following types of information in the existing data
classes, clusters, or categories, associationsjenegs
and make forecasts. Today there is a large number

detailed knowledge of statistics by the managéssuse
and application is still quite simple.

The objective of the R style as a programming gugde
easier reading, using and verification of the code.

If)rom the mentioned method of data mining, the R

statistical software packages, such as: SAS (8tatis Iag?#:(?e Ql?swti)#"t"rt]hf:nC;'Stgsmg)trictke;;ag;;g;é%hbzrn d
SPSS, etc.); mathematical software packages (MatlaC g
Mathematica); tools included

n the dam warehoust LA, L0 o een two o more sust
(OLAP) or database management system (Microsoft S y ©
Server Business Intelligence - including Enterprise.

odels of decision trees (Figure 4), numerous nusttod

Miner), and specialized tools for general use or foSlngle and muttiple regression, and many others.

business use (DataMiner, IntelliMiner, etc.). For example, k-means method aims to partition thatp
into k groups so that the sum of squares from the ptints

In today's modern business environment, when dsdaec . AT
rtlhe assigned cluster centres is minimized.

to be poor resources, with the help of informatio
technology, the emphasis needs to be placed orodgth The clustering technique allows grouping of simifiata.
methodology and algorithmic procedures extractin@Grouping actually means sorting the elements iméoset,

knowledge that is hidden in this abundance of data.

R is statistical software, and an object-orientigghtevel
programming language used for data analysis, whi
includes a large number of statistical proceduves s t-
test, chi-square test, standard linear models;umsntal
variables estimation, local regression polynomiets,

With procedures and functions incorporated in the
language it is possible to identify the followingpés of
information in the existing data: classes, clustars
categories, associations, sequences, and makes$tsec

Data mining techniques allow easier analysis, ahéigh
level of knowledge of analytical skills is highlytractive
and sought after in many successful companies.

Today, the R language represents an ideal soldton
many challenging tasks associated with a data miaird
business intelligence. R language provides breadth
depth in computational statistics, and much mon th
what offer other commercial closed source produRtss
primarily a programming language for highly qualdi
statisticians.

R is a statistical software, and an object-oriertégh-
level programming language used for data analygigch
includes a large number of statistical proceduves s t-
test, chi-square test, standard linear models;umsntal
variables estimation, local regression polynomiats.
Besides, R provides high-level graphics capalslitie

which has the greatest

A

similarity data (customer
segmentation - by age, occupation, income, consampt
R. The division must meet two criteria: 1) eacbup is

distinguished from other sets (a significant diéfece).

The decision trees are very popular method for

ﬁlassification and decision making. There are basethe

relationship between the strategies and conditisesl to
solve problems in finance, banking, marketing, insge.

It predicts the outcome by using a series of qaestand
rules for categorizing data. Decision tree brangliocurs
as a consequence of the fulfilment of conditiorfs o
classification issues dividing the data into subskat are
more homogeneous than the senior set. If the quekts
two answers, then the response to the questiorupesd
two subsets (binary tree). Decision tree learniggd in
statistics, data mining and machine learning, uses
decision tree as a predictive model which maps
observations about an item to conclusions abouitéhgs
target value. In decision analysis, a decision trae be
used to visually and explicitly represent decisiarsl
decision making. In data mining, a decision tregcdbes
data not decisions. The R language has built-ictfan
that form and display result model tree in a varple
way.

3 CREATION OF R LANGUAGE

omogeneous (similar data), and 2) each set must be

R is an object-oriented programming language. Thifhe elegant and widely accepted S language, as a
means that everything what is done with R can lvedsa permanent software system with an outstanding
as an object. Every object has a class. It dexniieat comprehensive conceptual solution is the resulthef
the object contains and what each function does. Feffort and hard work of John Chambers. In 1998, the
example, plot (x) does not give the same outpuhéf Association for Computing Machinery (ACM) presented
regression result is x or vector. it with its Software System Award as "the S systemt
f?rever changed the way people would analyze, limia

R manipulate data. R is inspired by the S enwiemt
eveloped by John Chambers, and significant

It should be noted that companies have cheaper d
mining software available today. Some of the mos

popular are IBM intelligent Miner, Oracle DarwinAS contributions of Douglas Bates, Rick Becker, Bill

Insutut_es Enterprise Miner and SPSS Clementinat, B C#eveland, Trevor Hastie, Daryl Pregibon and Allan.
the price of these programs can range from tens 0

thousands of dollars (for more complex ones) up tB was initially written by Ross lhaka and Robert
several million dollars. A new generation of dataing Gentleman at the Department of Statistics, Unitersf
software requires neither the engagement of expeots Auckland, New Zealand. After that, a large group of
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individuals contributed to R by sending codes and sprogrammers around the world. Whether the use esabl
called bug reports. The current R is a result of aptimizing portfolios, analyzing genomic sequenaes
collaborative effort with contributions from arourtle predicting a certain component in the failure, et
world. In mid-1997 a core of the group known as he every field have made resources, applications ded t
Core Team was formed, whose members can change tioele available online free of charge.

archive of the R source code. R runs on Windows, Macintosh, Linux and Unix

R is a dialect of the S language. The S language wplatforms and the installation is free of chargel &asy

developed at Bell Labs as a computing environment fthrough http://cran.r-project.org/ . However, aligb the

data analysis and graphical display. The grapliisgdlay R language has a lot of benefits it is difficultléarn for

and interactivity, which can be found in R, are pdwl users who have had no experience in programming. Fo

tools for data research since they provide aansers who have worked with data in other progrargmin

understanding of data in the easiest way. languages, switching to R makes everything incigdib
easier and faster.

Working in R can sometimes be problematic, since it
4RLANGUAGE requires that all objects are stored in memoryicatthg

In the last ten years, the language R statistics hthe limited size of data sets. Optimization rouirie R
exploded in popularity and functionality and hasdrmme such asoptim or nim require passage through a function
an election tool of scientists around the worldddy R is whose argument is a vector of parameters (eg. log-
used by more than 2,000,000 analysts. Since it hékelihood). However, the function object may degem
completely unveiled its elegance and power to the variety of other things in addition to its paraens
academic community so far, the members of the awide (data). In writing the optimization code, the eeiste of
community have embraced the R language for solvifgponding parameters is desirable in order to allbw t
their most challenging problems in the fields raggirom access to the user.

computational biology, quantitative finance to miag

people in these fields R has functions to access databases. A typicatieonlu

with large data sets is the storage of data indtitebase
The result is the explosion of the R analytics anédnd the entry of those that are necessary to Reeded.
applications, which has led to enthusiasm and aanep Another weakness is the lack of coherent documientat
of R as a primary analytical method in companieshsas that covers the entire R.

Google, Facebook and LinkedIn. R is now availalole t
everyone and is becoming a powerful and revolutipna
support in any workplace, improving productivity.

The basis of the R language consists of: data entry
dataframes, graphical display of 2D and 3D dataleta
mathematics and mathematical functions, the claksic
Each technique of data analysis is now at han@aadsof tests of data mining, statistical models, regressio
limiting the analysis and features with paid addednalysis of variance, covariance, general lineadeis)
modules. R encompasses virtually all data manijuiat count data, count data in the tables, the propustiof
statistical models, dates, and charts, that isryéhvieg data, binary variable, general models, mix-effecidsis,
that a modern scientist needs. Even when the gieglic tree models, time series analysis, multivariate efmd
model doesn't give excellent results, it is singuhel easy spatial statistics, simulation models, and mangeth[1]

to find help by assuming and using the most moderrg
community of reviews of the methods in statistical a
predictive modeling of leading scientists, absdjufece
of charge.

is a high-level language with the environmentigtesd
for the analysis and graphical representation td.ddere,
the term "environment" is used to characterizes ia dully
planned and coherent system, and not a systemighat
To make a beautiful and unique visualization of da¢e gradually supplemented with specific and inflexible
by presenting the complex data and charts is jnstaf programming tools, which is very often the casehwit
the essential elements of the process of data sisalR  other data analysis programs.

surpasses the traditional bar charts and line plotsl : :
L . . R can be easily and considerably expanded by the
facilitates the  extraction of meaning from. : : .
L . . . nstallation through packages or libraries. Thaeeraore
multidimensional data with a multi-panel scale, 3-q .
han 3000 packages in the Cran data warehouse
surfaces and much more. . : :
(repository). The R language design was influenbgd
Instead of using the point-and-click menu or initidx the schemes of two existing languages: Becker, ®kasn
black box procedures, R is a programming languagad Wilks's and Sussman's.
designed specifically for data analysis. ExperielnceT
programmers of R have created a data analyzer which
faster, more efficient and flexible than the intestiuser-
friendly statistical software in creating the mixdamatch
models for the best results. The R code is autainatel R certainly has a very rich environment that can be
easily repeatable in research and implementatéjn. [ enjoyed by beginners, intermediate-level users and
experts in disciplines ranging from scientific aittes,

he existing R language is very similar in appeegato
S, but sublevels of implementation and the semaatie
derived from this scheme.

As a successful open-source project, R is suppdoyea
community of more than 2 million users and thousaoid
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economics, finance, sociology, political science,

agriculture, medicine and engineering. 5 ORGANIZATION OF R LANGUAGE
R includes the packages for preparation, processiaig The
display, graphics, mathematical functions, a wialege of
statistical techniques, from the basic conventicests,

official" R consists of several packages that
created by the core R team. In addition, there are

. : . hundreds of packages that have been enriched by the
through regression and analysis of variance anergén users. Some of these packages represent the latest

linear modeling, to more specialized topics suchptial S . - L
statistics, multivariate methods, tree models, mixstatlsucal research library. Most statistical egsé is first

effective models and analysis of time series, al as conducted in the R language.

many others. R is not supported in the same way as the comntercia
software, but many users are finding better support
through the R-help or through the network, ratheant
from commercial enterprises. Users will often use R
because of its simple and clear graphical enviraime

The idea is to offer R to users with very littleokviedge
of statistical theory, assuming that they do nabrihe
basics of mathematics and / or statistics in otdeassist
them in their assumptions behind the tests, andwrca
critical approach to statistical modeling. Many users use R as a statistics system, although i

. . . much more than that. The R environment incorporates
The question that may be asked is why users sfmgth classical and modern statistical techniques andr/ o

to deal with R instead of implementing a perfectly : )
appropriate statistical package to solve their jgmols? If packages and libraries.

the intention is to implement a very limited rangé There is a significant difference in approach betw&
statistical tests, and not to do more (or otherwisehe (toward R)and other statistical systems. For examil
future, then it is absolutely fine not to switchRo S, a statistical analysis is usually conducted seres of
steps, storing the intermediate results of indialdsteps

However, the main reason for switching to R isdket : .
n objects. [3]

advantage of the coverage and availability of ne
applications where R is the best in the areas seh For example, SAS and SPSS give more extensivetsesul
effective generalized mixed models, as well as rothérom a regression or discriminant analysis. R, heve
general and additional models. gives the minimal output and stores the resultiwit
certain objects, so they can be accessed by further

Another reason for learning R may be the desirasefs . . i
functions for subsequent interrogation.

to understand the literature, as more people imouar
fields of sciences publish their research resuitsthe R is started within the graphical environment (FFégul
context of R. Thirdly, if some research is madetie and 2 and through a windowing system, and the
field of data mining, then it is very easy to netithat programming code can be written directly within the
today the best known researchers in this disciplimee window or copied from another editor. The resultsl a
become highly specialized in using R. In additiariarge code, input or output data, can be saved and loauled
number of the world's leading statisticians uses®,0f various forms, such as. *.txt, *.dat. *.r data file

(I:?ourse, this also contributes to the importancknofving Since R has a rich set of facilities and the progning

language, it is, of course, difficult to master ftire
Another very important reason for learning R isualily customers, but once learned, it is very easy tenskt
of back-up and support. There is a premium networkmend, enhance, and apply in another field or find
dedicated to research and Web wizards are eager simpler solution in R.
answer the questions of users. If the user intemdsvest
enough effort in becoming a good computer statstic
the structure of R and the easiness of writing owe's
functions are the main attractions. The last, leutainly
not the least important reason is that the R prpdiscone
of the best integrated software in the world, igikble
for free. Individual users have a much easier task. They regtw
basic knowledge of R, and then they need to leames
specific techniques that are related to the problém
their area. After solving the problem, the user ocaly
retain an insight into how to solve the problem and
new packages within R that could help achieve even
§impler solution. [2]

It is particularly difficult for users who are astamed to
working within the framework of statistical package
since they have high expectations. There are hdedsé
R packages, but only a few of them may be suitidla
given problem for a particular client.

Resampling methods (bootstrapping, random pernautati
tests, etc.) are very useful and easy to operatectibn
within the for loop). In addition, it enables aefit access
to packages through the network or via the mailisg
Eg: through install.packages (name) you get a pgeka
called name (assuming that the computer running R
connected to the Internet), which makes R good, in
collaboration with other programs, and widely aabié.
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Figure 2. Display of the 3D function in R
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>
> ## random starts do help here with too many clusters
> #% (and are often recommended anyway!):
> (el <- kmeans(x, 5, nstart = 25))
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Figure 3. Display of k-means function in R



1) root 209 43.12000 1.753
2) cach < 27 143 11.79000 1.525

4) mmax < 6100 78 3.89400 1.375
8) mmax <« 1750 12 0.78430 1.089 * CaCh‘< 27
9) mmax > 1750 €6 1.94900 1.427 * I

5) mmax > 6100 65 4.04500 1.704

10) syect < 360 58 2.50100 1.7%56
20) chmin < 5.5 46 1.22600 1.699 *
21) chmin > 5.5 12 0.55070 1.974 *

11) syct > 360 7 0.12910 1.280 *

3) cach > 27 &6 7.64300 2.249

6) mmax < 28000 41 2.34100 2.062

12) cach < 96.5 34 1.59%200 2.008
24) mmax < 11240 14 0.42460 1.827 *
25) mmax > 11240 20 0.38340 2.135 =

13) cach > 96.5 7 0.17170 2.324 =

T} mmax > 28000 25 1.52300 2.555

14) cach < 56 7 0.06929 2.268 *

15) cach > 56 18 0.65350 2.667 *

> summary (cpus.ltr)

Regression tree:

tree (formula = loglO(perf) ~ syct + mmin 4+ mmax + cacl

chmax, data = cpus) mmax £ 6100 mmax € 28000
Variables actually used in tree construction:
[1] "cach™ "mmax" "syct"™ "chmin"
Humber of terminal nodes: 10 mmayx k 1750 SYC'(= 360 mmax B5.5 cach|=< 56
Residual mean deviance: 0.03187 = 6.342 / 199 | | chmid<55 | 1
Distribution of residuals: . 2.324 2 258 2 667

Min. 1st Qu. Median Mean 3rd Qu 1.089 1.427 1609 1 974 1.280 1.827 2135

-0.4945000 -0.1191000 0.0003571 0.0000000 ©.114100 ) )
> pl:t[cp:s.Lt:]: text (cpus.ltr)

Figure 4. Display of the model tree function in R

Functions in the research are "first class objeatsdiich Application of R as a programming language and
means that they can be treated like any other Bcbbit statistical software is much more than a supplentent
is important that the results of the function canibput Stata, SAS, and SPSS.

arguments in new functions. Functions can be neste

which means that they can be contained within o elthough it is _more difficult to learn, the biggest
another. The output value of the function is thet la advantage of R is its free-of-charge feature aedutbalth

expression in the body of the function. The obje ?L s:ecrzlll?#]zt;a; acﬂplgiizgcgfcﬁgtehsegggcgrrgﬁ e(t)ther
functions can be "created" so as to contain all th g ’

. . methods.
arguments necessary for evaluating the function.
R is a simple, but very powerful data mining and
statistical data processing tool and once "disaxlerit
provides users with an entirely new, rich and pdwer
E)qol applicable in almost every field of research.

There is no need for the transfer of long argumehtse

list, which are useful for interactive and reseavebrk

within the program. The code can be relieved ardred
using comparametrisation. R has a vast amount
information available, is rich in the user datalsased
functionality. In addition, R is very suitable fahe REFERENCES
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