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Agenda

• Data mining definition

• Determinants of data mining development

• Scope of data mining applications

• Neural network as an example of typical data mining models

• Text mining and its application

• R as a platform for data mining analysis
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DATA MINING DEFINITION

Paweł Lula, Cracow University of Economics 3

Data Mining

• The nontrivial process of identifying valid, novel, potentially 
useful, and ultimately understandable patterns in data. 
(Usama Fayyad, 1996).

Usama Fayyad (born July, 1965)

American data scientist

Paweł Lula, Cracow University of Economics 4
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Data Mining

• Goal:
– discovering and modelling hidden, previously unknown patters, 

relationships, correlations, structures, rules, ...

• Scope:
– large and often heterogenous data sets

• Results:
– useful,

– easy to understand and interpret.

Paweł Lula, Cracow University of Economics 5

Data mining process

Paweł Lula, Cracow University of Economics 6

Data

Information

Knowledge

interpretation

generalization rules,
models,
procedures,
....

sequences of numbers or letters (symbols)

data with 
interpretation
(description of individual
objects, cases)
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DETERMINANTS OF DATA MINING DEVELOPMENT

Paweł Lula, Cracow University of Economics 7

Determinants of data mining development

• Lack of theory describing observed phenomena

• Information overload problem

• Progress in capabilities of computer systems 

Paweł Lula, Cracow University of Economics 8
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LACK OF THEORY DESCRIBING OBSERVED PHENOMENA

Paweł Lula, Cracow University of Economics 9

Theoretical background and data mining approach

• Lack of theory describing observed phenomena

Paweł Lula, Cracow University of Economics 10

we have only observations!!!

data-based character of data
mining analysis

knowledge discovery in databases

role of DM methods:
• phenomena description 

(prediction, decision making, ...),
• initial step in theory creation
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Data-based character of data mining

Paweł Lula, Cracow University of Economics 11

Data mining
model

creation

evaluation

Phenomenon

Hybrid models in data mining approach

Paweł Lula, Cracow University of Economics 12

Data mining
model

creation

evaluation

Phenomenon
Additional knowledge

about the 
phenomenon
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INFORMATION OVERLOAD PROBLEM

Paweł Lula, Cracow University of Economics 13

How much information is there in the world?

Paweł Lula, Cracow University of Economics 14
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The Royal Library of Alexandria

Paweł Lula, Cracow University of Economics 15

The largest and most significant library 
of the ancient world. The library was conceived 
and opened either during the reign of Ptolemy 
I Soter (323–283 BC) or during the 
reign of his son Ptolemy II (283–246 BC).

At its height, the library held 
nearly 750,000 scrolls.

How much information is there in the world?

Paweł Lula, Cracow University of Economics 16
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The total amount of information in the world

Paweł Lula, Cracow University of Economics 17

1986 1993 2000 2007

The total amount of information in

exabytes (1 EB = 1018 B)

2,6 15,8 54,5 295

The total amount of information

per person in MB

539 2866 8988 44716

The total amount of information

per person (CD equivalent)

1 4 12 61

295 EB = 410 * 109 CD disks = a stack from the Earth to the Moon and a quarter
of this distance beyond (with 1.2 mm thickness per CD).

How many books are there in the world?

• Google: 129,864,880 books have ever been published in the 
entire World (unique different titles)

• The Library of Congress: in the catalogue there are 34,5 
million books

Paweł Lula, Cracow University of Economics 18
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How many web sites are there in the Internet?

Paweł Lula, Cracow University of Economics 19

Information overload

Paweł Lula, Cracow University of Economics 20
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Information overload

Information overload: a situation in which you get more 
information than you can deal with at one time and become 
tired and confused.

Paweł Lula, Cracow University of Economics 21

Needle in a haystack

Paweł Lula, Cracow University of Economics 22

As long as the centuries continue to unfold, the number of books will grow continually, 
and one can predict that a time will come when it will be almost as difficult to learn 
anything from books as from the direct study of the whole universe. 
It will be almost as convenient to search for some bit of truth concealed in nature as 
it will be to find it hidden away in an immense multitude of bound volumes.

–Denis Diderot, "Encyclopédie" (1755)
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Information overload

• 1964, the „information overload” term was coined by Bertram 
Gross ...

Paweł Lula, Cracow University of Economics 23

Information overload

...

• and popularized by Alvin Toffler in his book „Future Shock” (1970)

„too much change in too short a period of time”

Paweł Lula, Cracow University of Economics 24
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Can computers solve the information overload problem?

Paweł Lula, Cracow University of Economics 25

Computers have promised us a fountain of wisdom 
but delivered a flood of data

A.Piatetsky-Shapiro, 1992

Dealing with the information overload problem

1. Specify your information needs

2. Evaluate information quality

3. Use adequate methods of information storing and processing

Paweł Lula, Cracow University of Economics 26
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Specify your information needs!

• What are your goals? 

• What information do you need to achieve them?
– about your work (study),

– about tasks which you ought to perform,

– about people you have around you (clients, competitors),

– about legal, finance,  political, system,

– about society in which you live.

Paweł Lula, Cracow University of Economics 27

Evaluate the information quality!

Information quality means:

• The right information = which we need to achieve our goals

Do not read all what is nice to know! 

Read what you need to know!

Paweł Lula, Cracow University of Economics 28
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Evaluate the information quality!

Information quality means:

• Information with the right completeness = all data we need!

Paweł Lula, Cracow University of Economics 29

Evaluate the information quality!

Information quality means:

• Information with the right accuracy = must reflect reality!

Paweł Lula, Cracow University of Economics 30
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Evaluate the information quality!

Information quality means:

• Information at the right level of generality = not too detailed, not 
too general!

Paweł Lula, Cracow University of Economics 31

Evaluate the information quality!

Information quality means:

• Information in the right format = easy to understand and use!

Paweł Lula, Cracow University of Economics 32
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Evaluate the information quality!

Information quality means:

• Information at the right time = not too late, not too earlier, 
just in time!

Paweł Lula, Cracow University of Economics 33

Evaluate the information quality!

Information quality means:

• Information at the right place = where somebody needs it!

Paweł Lula, Cracow University of Economics 34
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Evaluate the information quality!

Information quality means:

• Information for the right purpose = to solve the problem!

Paweł Lula, Cracow University of Economics 35

Use adequate methods of information storing

• large capacity,

• support for various types of information – heterogeneous 
information (numbers, texts, multimedia, ...),

• tools for data cleaning,

• possibility of data integration,

• tools for information filtering and searching,

• flexible structure,

• security assurance (availability, integrity and confidentiality).

Paweł Lula, Cracow University of Economics 36
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Use adequate methods of information processing

• Goal: knowledge discovery

• Main requirements:
– support for heterogeneous types of information (numbers, nominal 

values, texts, audio and video stream, ...)

– support for complex structures (tables /sometimes dimension and size 
is very large/, time series, sequences, associate list /maps/, trees, 
graphs, ...)

Paweł Lula, Cracow University of Economics 37

Use adequate methods of information processing

• Goal: knowledge discovery

• Main requirements:
– results are easy to interpret, understand and use,

– need for aggregation, summarisation,

– visualization.

Paweł Lula, Cracow University of Economics 38
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Use adequate methods of information processing

• Requirements for methods:
– nonlinearity,

– lack of theory /data mining methods/

– variability in time,

– short time for processing.

Paweł Lula, Cracow University of Economics 39

Big Data concept

Paweł Lula, Cracow University of Economics 40

“Visualization provides an interesting challenge for computer systems: 
data sets are generally quite large, taxing the capacities of main memory, 
local disk, and even remote disk. We call this the problem of big data. 
When data sets do not fit in main memory (in core), or when they do 
not fit even on local disk, the most common solution is 
to acquire more resources.”

October 1997, first use of 'big data' term
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Big Data concept

• enormous volume of data

• heterogenous forms, unstructured format

• high pace of data flows

Paweł Lula, Cracow University of Economics 41

PROGRESS IN CAPABILITIES OF COMPUTER SYSTEMS

Paweł Lula, Cracow University of Economics 42
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Computer performance over time

Paweł Lula, Cracow University of Economics 43

Source: https://www.cnet.com/news

The best in 1945

Paweł Lula, Cracow University of Economics 44

ENIAC (1945)

5000 operations per second
= 5000 FLOPS
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The best in July 2017

Paweł Lula, Cracow University of Economics 45

Source: https://www.top500.org/

93 petaFLOPS = 93 * 1015 FLOPS = 93000000000000000 FLOPS

SCOPE OF DATA MINING APPLICATIONS

Paweł Lula, Cracow University of Economics 46
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Types of problems

1. optimization problems,

2. regression

3. classification

4. cluster analysis

5. trends

6. network analysis

7. rules identification

8. sequence analysis

9. associate rules

10. text analysis

Paweł Lula, Cracow University of Economics 47

Types of problems: optimization problems

Paweł Lula, Cracow University of Economics 48

the shortest path

Main goal: finding optimal 
solution

choice problem
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Types of problems: regression

Paweł Lula, Cracow University of Economics 49

Regression analysis: techniques for modeling and analyzing 
several variables, when the focus is on the relationship 
between a dependent variable and one or more independent 
variables.

Independent 
variables

MODEL

Dependent 
variables

(numerical)

Main goal: description of
relationships between 
variables

Types of problems: regression

Paweł Lula, Cracow University of Economics 50

• Location
• Size
• Number of bedrooms 

and bathrooms
• Age
• Garage size (number of 

cars)
• Central heating system
• Air conditioning system
• Swimming pool

Regression model
Property

value

Main goal: description of
relationships between 
variables
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Types of problems: classification

Paweł Lula, Cracow University of Economics 51

Classification is the problem of identifying the group to which 
objects belong.

Main goal: assigning objects to
groups

Types of problems: classification

Paweł Lula, Cracow University of Economics 52

Customer segmentation is the practice of dividing customers 
into groups of individuals that are similar in specific ways 
relevant to marketing, such as age, level of income, gender, 
interests, spending habits, and so on.

Main goal: assigning 
objects to groups
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Types of problems: cluster analysis

Paweł Lula, Cracow University of Economics 53

• Cluster analysis or clustering is a process of grouping of a set 
of observations into subsets (called clusters). 

• A cluster is a group of relatively homogeneous cases or 
observations. Objects in a cluster are similar to each other. 
They are also dissimilar to objects outside the cluster, 
particularly objects in other clusters.

Paweł Lula, Cracow University of Economics 53

Main goal: analysis the structure 
of a given set of objects

Types of problems: trends

Paweł Lula, Cracow University of Economics 54

Regression model x(t)
x(t-1),
x(t-2) ,
..., 
x(t-k)

Main goal: description
of relationships
between consecutive
observations
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Types of problems: network analysis

Paweł Lula, Cracow University of Economics 55

Main goal: 
a) description
of relationships
between objects,
b) importance evaluation of 
objects and links,
c) analysis the structure of
relationships.

Types of problems: rules identification

Paweł Lula, Cracow University of Economics 56

Income > $50000

Own house?

Positive Negative

Higher education

Positive Negative

YES

NO

NO NOYES

YES

Main goal: identification
and description
of rules
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Types of problems: sequence analysis

Paweł Lula, Cracow University of Economics 57

Main goal: analysis, description and prediction
of sequences of events

Types of problems: associate rules

Paweł Lula, Cracow University of Economics 58

Associate analysis: technique that allows to identify how the 
data items are associated each other

Main goal: analysis of co-occurrence of events
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Types of problems: associate rules

Paweł Lula, Cracow University of Economics 59

Main goal: analysis of co-occurrence of events

Market basket analysis

Types of problems: text analysis

Paweł Lula, Cracow University of Economics 60

Main goal: 
a) information retrieval,
b) document classification,
c) document clustering,
d) identification of key-words,
e) similarity evaluation.
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DATA MINING METHODS

Paweł Lula, Cracow University of Economics 61

Data mining methods

Paweł Lula, Cracow University of Economics 62

Source: https://gerardnico.com/wiki/data_mining/algorithm
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NEURAL NETWORKS MODELS AS AN EXAMPLE OF DATA 
MINING APPROACH

Paweł Lula, Cracow University of Economics 63

64

Neuron’s model
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Artificial neural network

Paweł Lula, Cracow University of Economics 65

• neurons

• layers

– input

– output

– hidden

• connections

• weights

• input values

• output values

X1

X2

Y

w11

w12

w13

w21

w22

w23

v11

v21

v31

Applications of NN models: regression 

Y=NN(X1, X2, ..., XN)

property
value

Y – numerical variable
Xi – numerical or nominal variables

66Paweł Lula, Cracow University of Economics

• Location
• Size
• Number of bedrooms 

and bathrooms
• Age
• Garage size (number of 

cars)
• Central heating system
• Air conditioning system
• Swimming pool



09.10.2017

34

Applications of NN models: classification

Y=NN(X1, X2, ..., XN)

Y – nominal variable
Xi – numerical or nominal variables

age,
incomes,

marital status,
savings,

job,
...

positive
or

negative
credit decision

zł

67

Paweł Lula, Cracow University of Economics

Applications of NN models: cluster analysis

Struktura krajów Europy

Austria

Belgia

Dania

Finlandia

Francja

Grecja

Hiszpania

Holandia

Irlandia

Niemcy

Portugalia

Szwecja

Wlk. Bryt.

Włochy

140

200

260

320

380

440

200 300 400 500 600 700 800 900 1000 1100

description
of European

countries

68Paweł Lula, Cracow University of Economics
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Applications of NN models: time series analysis

$/Euro (t+1)

$/Euro(t)
$/Euro(t-1)
Euro/Yen(t)

Stock market indices(t)
Stock market indices(t-1)

investment mood
political situation

....

Yt+1=NN(Yt, Yt-1,..., Yt-k, Xt, ..., Xt-1)

69Paweł Lula, Cracow University of Economics

THE HISTORY OF NEURAL NETWORK MODELS

Paweł Lula, Cracow University of Economics 70
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1943 – Model of artificial neuron

Paweł Lula, Cracow University of Economics 71

1958 – Perceptron 

• 1958 – Perceptron is a model for classification tasks proposed 
by Frank Rosenblatt

72Paweł Lula, Cracow University of Economics
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1958 – Perceptron 

Paweł Lula, Cracow University of Economics 73

Two classes

Learning process for Perceptron

Paweł Lula, Cracow University of Economics 74

Inputs Output value Target value

.... 1 1

.... 1 -1

.... -1 1

.... -1 -1

.... 1 1

The structure of data: Error = target - output

Goal of learning process:
output class should be
equal to target class!!!
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1960 - ADALINE (Adaptive Linear Neuron)

Paweł Lula, Cracow University of Economics 75

Proposed by:
Bernard Widrow and Tedd Hoff 
at Stanford University, 1960

Learning process for ADALINE neuron

Paweł Lula, Cracow University of Economics 76

Inputs Output value Target value

.... real value real value

.... real value real value

.... real value real value

.... real value real value

.... real value real value

The structure of data: Error = target - output

Goal of learning process:
error minimization!!!
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Learning process for ADALINE neuron

Paweł Lula, Cracow University of Economics 77

inputs
weights 

(parameters)

Gradient descent
method

(movement into the direction
opposite to the gradient) 

Main linitation of ADALINE and Percetron network

Paweł Lula, Cracow University of Economics 78

For regression problems:
• equivalent to linear models.

For classification problems:
• appropriate only for linear separable problems

(linear separability)

YES! NO!
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1969 – Minsky and Papert publish the book "Perceptrons"

79Paweł Lula, Cracow University of Economics

1957 – Kolmogorov theorem on approximation 

Paweł Lula, Cracow University of Economics 80
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Neural network as a realization of Kolmogorov's idea

Paweł Lula, Cracow University of Economics 81

1989 – Cybenko theorem on approximation 

Paweł Lula, Cracow University of Economics 82
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Problem with learning of three-layer network

Paweł Lula, Cracow University of Economics 83

Inputs Output 
value

Target 
value

... ... ...

... ... ...

... ... ...

... ... ...

... ... ...

Gradient descant
approach

Problem with learning!
Target values are not known!!!

Backpropagation algorithm

Paweł Lula, Cracow University of Economics 84

Gradient descant
approach

Error calculated
for the output layer

Error calculated
for the hidden layer

Error
backpropagation

Backpropagation algorithms was proposed two times:
• 1974 - Paul Werbos, 
• 1986 - David E. Rumelhart, Geoffrey E. Hinton and Ronald J. Williams. 
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1982 – Kohonen network

Paweł Lula, Cracow University of Economics 85

• Learned in unsupervised mode (target values are not known)
• Kohonen network is appropriate for cluster analysis.

86

1988 – Radial basis function network (RBF network)

• D.S. Broomhead and D. Lowe. Multivariate functional 
interpolation and adaptive networks. Complex Systems, 
2:321-355, 1988. 

Paweł Lula, Cracow University of Economics
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1990 – Probabilistic neural networks (for classification 
problems)

Paweł Lula, Cracow University of Economics 87

1990 - Speckt, D.F. (1990). Probabilistic Neural Networks. Neural Networks 3 (1), 109-118

for every object 
from dataset

for every class 
approximation of probability

distribution function

decision

1991 – Generalized regression neural network

Paweł Lula, Cracow University of Economics 88

1991 - Speckt, D.F. (1991). A Generalized Regression Neural Network. 
IEEE Transactions on Neural Networks 2 (6), 568-576

for every object 
from dataset
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REQUIREMENTS FOR GOOD NEURAL NETWORK MODEL 

Paweł Lula, Cracow University of Economics 89

Requirements for good neural model

90

X1

X2

Y

w11

w12

w13

w21

w22

w23

v11

v21

v31

• proper neuron model
• proper values of neuron weights
• proper structure of neural model

Neural network model can store a knowledge on studied phenomenon
The network knowledge is stored in its weights.

Paweł Lula, Cracow University of Economics
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91

The learning process



• Finding proper values of network’s weights is the main goal of learning 
process

• The learning process is based on data.
• Learning algorithm – a method which is used for weights’ adjustment.

Paweł Lula, Cracow University of Economics

Two types of learning: Learning with a Teacher (supervised 
learning)

92

X1 X2 D

x11 x12 d1

x21 x22 d2

... ... ...

xn1 xn2 dn

Training set:

X1

X2

Y

Does yi is equal to di?

if not than adjust 

to decrease the

difference between

yi and di.

Epoch – one

complete presentation

of the entire training

set.

The goal of learning process:

output values (yi) should be equal to 

(or very close to) desired (target)

values (di) from training set.

Paweł Lula, Cracow University of Economics
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Two types of learning: Learning without a Teacher 
(unsupervised learning)

93

X1 X2

x11 x12

x21 x22

... ...

xn1 xn2

Training set:

X1

X2

Y

Does a network

achieve 

the equilibrium state?

The goal of learning process:

Achieving the equilibrium state.

Paweł Lula, Cracow University of Economics

Epoch – one

complete presentation

of the entire training

set.

94

Learnining with a Teacher

X1 X2 D

x11 x12 d1

x21 x22 d2

... ... ...

xn1 xn2 dn

Training set:

X1

X2

Y

  


N

i
ii

ydSSE
1

2

Learning process = 
training error minimizing.

Learning process is based
on training set.

Paweł Lula, Cracow University of Economics



09.10.2017

48

Overtraining – lack of ability to generalization

95

X1 X2 D

x(k+1)1 x(k+1)2 dk+1

... ... ...

xn1 xn2 dn

Test set:

  


k

i
iiU

ydSSE
1

2

  


n

ki
iiW

ydSSE
1

2

Ability to approximation:

Ability to generalization:

X1 X2 D

x11 x12 d1

x21 x22 d2

... ... ...

xk1 xk2 dk

Training set:

X1

X2

Y

Paweł Lula, Cracow University of Economics

96

Data sets used during network building process

Data set

Learning
set

Test set

Validation 
set

• Learning set – a basis for weights’ modification,
• Test set – a basis for overtraining identification (during learning process),
• Validation set – a basis for final evaluation of network model (after learning process).

Paweł Lula, Cracow University of Economics
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97

The effect of network’s structure on its quality

Simple network’s structure:
• lack of ability to describe complex relationships,
• no problems with learning process

Complex network’s structure:
• very good quality for learning set,
• (sometimes) poor quality for test set -

overtraining effect,
• problems with learning process.

Paweł Lula, Cracow University of Economics

98

The effect of network’s structure on its quality

UCZ

WAL

Niedouczenie

Epoki

S
S

E

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Network structure is too simple!

Paweł Lula, Cracow University of Economics
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The effect of network’s structure on its quality

Network structure is too complex!

UCZ

WAL

Przeuczenie

Epoki

S
S

E

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Paweł Lula, Cracow University of Economics

100

The effect of network’s structure on its quality

Network structure is OK!
Compromise between ability to approximation
and ability to generalization.

UCZ

WAL

Prawidłowy układ błędów

Epoki

S
S

E

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Paweł Lula, Cracow University of Economics
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TEXT MINING

Paweł Lula, Cracow University of Economics 101

Text Mining

• Text Mining is the discovery by computer of new, previously 
unknown information, by automatically extracting information 
from different written resources.

Marti A. Hearst, 1999

Paweł Lula, Cracow University of Economics 102
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Frequency matrix as a starting point for further analysis

• Pieces of information are represented by words,

• Stages:
– cutting text into words,

– removing irrelevant words from documents (stop-list = a collection of 
irrelevant words)

– transformation to the base form

– calculation of word occurrence frequencies,

– forming frequency matrix 

Paweł Lula, Cracow University of Economics



















nmnn

m

m

xxx

xxx

xxx

words

documents

...

............

...

...

21

22221

11211

103

Transformation of frequency matrix

• Binary representation

104

X =

2 0 4 ... 4

1 0 3 ... 0

... ... ... ...

0 1 2 ... 1

X
bin

 =

1 0 1 ... 1

1 0 1 ... 0

... ... ... ...

0 1 1 ... 1

Paweł Lula, Cracow University of Economics
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Transformation of frequency matrix

• Logarithmic representation

• Weighted logarithmic representation (TFIDF model: TF – term frequency, 
IDF – inverse document frequency)

N – number of documents
dfi – number of documents containing word fi

105Paweł Lula, Cracow University of Economics

1,301   0,000  ..  1,602

1,000   0.000  ..  0,000

..  ..   ..  ..

0,000   1,000  ..  1,301

X =

2   0  ..  4

1   0  ..  0

..  ..   ..  ..

0   1  ..  2

X
log

 =

xij  1 + log(xij)

(Transformed) frequency matrix
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Distance between documents and between words

Paweł Lula, Cracow University of Economics 107
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EXAMPLE 1: ANALYSIS OF RESEARCH PROJECTS CONDUCTED 
AT THE CRACOW UNIVERSITY OF ECONOMICS

Paweł Lula, Cracow University of Economics 108
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Latent Dirichlet Allocation (LDA) (Blei et al. 2003) 

Paweł Lula, Cracow University of Economics 109


Latent Dirichlet Allocation 
– completely unsupervised
method of topics 
identification.

Documents

Topics

Latent Dirichlet Allocation (LDA) (Blei et al. 2003) 

Paweł Lula, Cracow University of Economics 110

Topic 1
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn

Topic 2
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn

Topic 3
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn


Latent Dirichlet Allocation 
– completely unsupervised
method of topics 
identification.

Topics are described in 
terms of discrete 
probabilities over words.

Documents



09.10.2017

56

Latent Dirichlet Allocation (LDA) (Blei et al. 2003) 

Paweł Lula, Cracow University of Economics 111

Topic 1
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn

Topic 2
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn

Topic 3
wordi

.....
wordj

wordk

.....
wordl

wordm

.....
wordn


Latent Dirichlet Allocation 
– completely unsupervised
method of topics 
identification.

Topics are described in 
terms of discrete 
probabilities over words.

Each document can be 
modeled as a mixture of 
topics. Documents are 
describes in terms of 
discrete probabilities over 
topics.

Documents

Research projects at CUE in 2014

• 80 projects:
– Faculty of Economics and International Relations (24 projects),

– Faculty of Finance (17 projects),

– Faculty of Commodity Science (11 projects),

– Faculty of Management (28 projects).

Paweł Lula, Cracow University of Economics 112



09.10.2017

57

Topics identified during analysis

Paweł Lula, Cracow University of Economics 113

Words with highest probability in topics
Topic 1 Topic 2 Topic 3

rozwój (development),

gospodarczy (economic),

analiza (analysis),

proces (process),

wpływ (impact),

gospodarka (economy),

kraj (country),

ekonomiczny (economic),

rynek (market),

polski (Polish).

badanie (study, proving),

finansowy (financial),

zakres (scope),

cel (goal),

rachunkowość (accounting),

wynik (result),

publiczny (public),

zmiana (change),

sprawozdanie (report),

analiza (analysis).

zarządzanie (management),

analiza (analysis),

system (system),

badanie (study, proving),

przedsiębiorstwo (enterprise),

efektywność (efficiency),

organizacja (organization),

rozwój (development),

ocena (assessment),

metoda (method).

Topic 1: Macroeconomics

Paweł Lula, Cracow University of Economics 114
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Topic 2: Finance and accounting

Paweł Lula, Cracow University of Economics 115

Topic 3: Management

Paweł Lula, Cracow University of Economics 116
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The analysis of an exemplary project description

Paweł Lula, Cracow University of Economics 117

Przegląd i analiza współczesnych procesów globalizacji w wymiarze społecznym 
i gospodarczym, a w szczególności zagadnień: wzrostu gospodarczego; 
rynku pracy (zwłaszcza wśród ludzi młodych oraz starszych); 
ubóstwa; bezpieczeństwa energetycznego na świecie. 
Opracowanie naukowe poświęcone zagadnieniom globalizacji 
we wskazanym zakresie.

Distribution of research topics over CUE faculties.

Paweł Lula, Cracow University of Economics 118
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Distribution of research topics over CUE faculties.

Paweł Lula, Cracow University of Economics 119

Distribution of research topics over CUE faculties.

Paweł Lula, Cracow University of Economics 120
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EXAMPLE 2: CONSUMER OPINION MINING

Paweł Lula, Cracow University of Economics 121

Consumer opinion mining

• Opinions about hotels in London

• Source: http://kavita-ganesan.com/opinosis-opinion-dataset

Paweł Lula, Cracow University of Economics 122

http://kavita-ganesan.com/opinosis-opinion-dataset
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Labels

• general

• size

• staff

• bed

• clean

• equip

• readiness

• location

• quiet

• comfort

• light

• internet

• price

• temperature

• bathroom

• food

• view

• secure

• decor

• reservation

Paweł Lula, Cracow University of Economics 123

Labels – positive or negative opinion about features listed below:

Data set

Paweł Lula, Cracow University of Economics 124
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Topic model building

Paweł Lula, Cracow University of Economics 125

NLP package for Scala language 
oraz Stanford Topic Modeling Toolbox.

Topics and their importance

Paweł Lula, Cracow University of Economics 126
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Frequencies of words for topic ‘size-neg’

Paweł Lula, Cracow University of Economics 127

Model execution

Opinion:

The bathroom is a good size .

Label assigned by customer:

bathroom-pos

Label predicted by the model:

bathroom-pos (1,0)

Paweł Lula, Cracow University of Economics 128
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Model execution

Opinion:

When we tried to use a phone card from our room it 
would not work so I asked the front desk to help me and 
was told they couldn't really !

Label assigned by customer:

staff-neg

Label predicted by the model:

staff-neg (1,00)

Paweł Lula, Cracow University of Economics 129

Model execution

Opinion:

The hotel room was very clean and the cleaning staff and 
breakfast staff were very attentive .

Labels assigned by customer:

clean-pos

staff-pos

Labels predicted by the model:

staff-pos (0,7)

clean-pos (0,3)

Paweł Lula, Cracow University of Economics 130
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SOFTWARE FOR DATA MINING ANALYSIS

Paweł Lula, Cracow University of Economics 131

R - http://www.r-project.org/

132Paweł Lula, Cracow University of Economics
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https://www.rstudio.com/

Paweł Lula, Cracow University of Economics 133

R Console

134Paweł Lula, Cracow University of Economics
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Thank you for your attention!


