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Abstract 

The master’s thesis focuses on the use of Artificial Intelligence in Risk Management in 

context of small manufacturing company Princ parket. The thesis introduces the 

company and examines Risk Analysis that leads to decision focus to risk of spoilages 

harming excellent company’s reputation. Contribution of the thesis is to provide 

designed RETUNN tools using Neural Network methods that enable risk estimation and 

further implementation of risk mitigation. 

 

Abstrakt 

Diplomová práce se zabývá problematikou použití umělé inteligence 

v managementu rizik v kontextu malé výrobní společnosti Princ parket. Práce 

představuje společnost a přináší analýzu rizik, která vede k rozhodnutí zaměřit se na 

riziko poškození dobrého jména z důvodu produkce vadných výrobků. Jejím výsledkem 

je poskytnutí vyvinutých nástrojů RETUNN využívající metod Neuronových sítí, které 

umožňují predikci rizika a následnou implementaci opatření na snížení tohoto rizika. 
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1 INTRODUCTION  

The extent of various pressures on a company is increasing. Considering social, 

technological, competitive, political and economic pressures one may come to 

conclusion that companies are facing more and more situations threatening its business 

in general (JEYNES, 2002, p. 3). Some situations require prompt action, others do not. 

How can management recognise what situation is threatening the organisation and 

which one does not? The answer might be found in Risk Management. The Risk 

Management ‘secures fact that a company governs threats in the proactive, co-

ordinated, cost-effective and favourable way’ (KAFKA, 2009, p.94). It is said that 

process of Risk Management activities is expensive (KAFKA, 2009, p. 102) which 

results in fact that small and medium companies are in unfavourable position. In 

addition ‘small companies are often more vulnerable to risk, since a disaster at a single-

site company could leave the business with no production facilities’ (SADGROVE, 

2005, p. 3). 

In the last two decades Artificial Intelligence has become massively expanded as 

companies need to take advantage against other competitors in still increasing 

competitive business environment, or must catch up margin of other organisations on 

particular market. There is observable importance of use the Artificial Intelligence in a 

variety of business (JACKSON, 1985, p. 68). 

The master’s thesis strives to demonstrate that even in small company there is 

possibility to employ Risk Management together with a method of Artificial 

Intelligence achieving a positive result. Management of Princ parket expressed 

willingness to employ theoretical framework of Risk Management and Artificial 

Intelligence in addition expecting fully practical solution. 

Thesis provides theoretical framework that is applied on the company as well as 

offers practical analyses to identify most important aspect of business to focus on within 

the topic of master’s thesis. However the main contribution of the thesis is in practical 

solution enabling the company to reduce a risk using Artificial Intelligence together 

with Risk management.  
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2 EXECUTIVE SUMMARY  

2.1 Problem Definition 

The thesis focuses on concrete as well as practical use of Artificial Intelligence in 

connection with Risk Management. The thesis strives to provide a solution truly useful 

for the company therefore its practical part is driven by needs and wishes of the 

company. The management of Princ parket expressed wish to have risk analysis 

performed based on theoretical approach as the risk were treated in the way of common 

sense in the past. Explanation is in fact that implementation of risk management is 

expensive (KAFKA, 2009, p. 102). On the other hand according to Sadgrove ‘small 

companies are often more vulnerable to risk, since a disaster at a single-site company 

could leave the business with no production facilities’ (SADGROVE, 2005, p. 3). In 

addition not only risk analysis is to be performed as its result management will choose 

an asset on which aspects will be carried out.  

Risk of the chosen asset will be examined using an Artificial Intelligence method. 

Segment of predictive methods of Artificial Intelligence will help to determine 

probability of risk connected to the asset. Therefore during risk analysis performed in 

the thesis it is to be identified an issue where a method of Artificial Intelligence 

determines probability of hazard becoming risk. 

Problem is extended by requirement for a software tool that will be used in future 

after all other aims of the master’s thesis achieved. A member of the board of 

management will use the tool in order to take action mitigating risk threatening selected 

asset. 

2.2 Aim of the Thesis 

The primary aims of the thesis are to: 

• Demonstrate use of Artificial Intelligence method in Risk Management 

activities of particular company – Princ parket. 

• Provide company with tool for continuous use in selected area of Risk 

Management. 

 

The secondary aims are: 

• Provide theoretical framework for risk and Risk management. 

• Provide theoretical framework for Artificial Intelligence. 
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• Introduce company Princ parket, its products, organisational structure, 

vision & mission, and strategy. 

• Perform SWOT analysis. 

• Perform Porter’s Five Forces Analysis. 

• Perform Risk analysis. 

• Describe benefits of provided solution. 

• Advise the company for further action(s). 
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3 THEORETICAL BASIS OF THE WORK  

3.1 Risk and Risk Management 

Every single company running its business in market oriented economy faces 

dynamic environment, therefore the company should, adequately as well as on time, 

react on significant changes in its micro and macro environment. The reaction itself is 

usually connected with particular action. Taken action is meant to cause desirable 

change however there is, almost always, chance the action will not be successful. In 

natural way of understanding there is a risk the action will not succeed as intended. The 

risk is not connected only to actions that the company influences or intends to take, but 

the risk emerges from unforeseen events, for instance an accident, a terrorist attack, a 

natural disaster and so forth (SMEJKAL, RAIS, 2010, p. 60). 

3.1.1 Brief history of Risk Management 

Mankind has been trying to handle or work with risk (definitions hereinafter in 

section 3.1.2) since ever and nowadays such an effort is called Risk Management 

(definitions are listed below). Origin of Risk Management is dated to the age of 

Babylon. More precisely it is mentioned in the Code of Hammurabi in a form of 

insurance. Since that time until 1960s the insurance was the main way organisations 

handled the risk and until 1970s attention related to Risk Management was aimed to 

amount of insurance company should purchase – first age of Risk Management.  

 

 

Figure 3.1: The three ages of Risk Management (Adopted from SADGROVE, 2005, p. 

2) 
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The second age of Risk Management (1970 - 1980) is connected with proactive 

approach and prevention. Since early 1990s (known as the third age of Risk 

Management) there has been effort to embed prevention into strategy as well as focus 

on internal and market focus of Risk Management (KAFKA, 2009, p. 93 - 94). 

Perception of companies about risk as well as its evolution is available on figure 3.1. 

3.1.2 What is Risk? 

Word risk represents qualitatively different terms. Risk definition is a semantic 

problem that depends on sector, field of science and matter of research or use (TICHÝ, 

2006, p. 15). Author therefore decided to provide various definitions as there is not the 

only correct definition:  

Dostál and Sojka define the risk as (2008, p. 5) ‘an undesirable and unforeseen 

future development of human activities which person or group cannot influence’. 

Smejkal and Rais (2010, p. 90) states that the risk is ‘probability or possible occurrence 

of loss’. 

Comprehensive definition of risk  describes it as ‘probable value of incurred 

losses to bearer by realisation of hazard scenario expressed in financial or other units’ 

(TICHÝ, 2006, p. 16). Previous definition heads towards analytical approach that is 

mathematically enunciable therefore it is default definition for purpose of the thesis. 

Uncertainty and risk are not equal terms. Doubt about our ability to predict the 

future outcome of an action is uncertainty that may be comprehended as state of mind. 

With the view of distinction of both terms, the risk is simplified to a potential variation 

in outcomes (CHAPMAN, WARD, 2001, p. 3). 

To conclude remarkable aspects of risk, authors emphasise that the risk is 

connected with the future and it is not possible to remove the risk, but only to move it 

(more precisely its consequences) to the third party (DOSTÁL, 2008, p. 5) or attempt to 

minimise its cause or consequences. Furthermore at least two options in the future are 

possible. The first brings in desired state, the second unwished then. In addition, the risk 

is not quantity (magnitude) presenting exact figures, but its value is result of estimation 

(TICHÝ, 2006, p. 16). 

Terminology related to risk varies among authors therefore small vocabulary 

clarifying meanings used in this thesis follows: 

 

• Hazard (also risk source, threat) – source of possible future losses. 
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• Damage (also loss, harm) – detriment of property expressed usually in financial 

units. 

 

• Risk control (also risk governance) – set of all organised activities heading 

towards reduction or stabilisation of all risks the company faces. 

 

• Risk analysis (also risk assessment) – set of activities heading towards risk 

estimation. Sometimes also called risk measurement (more information in 

section 3.1.5 Risk Management). 

 

• Vulnerability  – unfavourable attribute of company or an asset to possible be 

damaged by hazard. 

(TICHÝ, 2006, p. XI – XIV) 

 

• Asset – anything tangible or intangible that is capable of being owned or 

controlled to produce value and that is held to have positive economic value is 

considered an asset. 

 

• Retaliation – is a technique, process, procedure, technical instrument or 

anything specially designed to reduce incidence of hazard or vulnerability to 

impact of hazard. It is characterised by costs and effectiveness (how much 

retaliation reduces the risk). 

(SMEJKAL, RAIS, 2010, p. 94 - 96) 

 

• Risk manager – is a person or team who is responsible for Risk Management 

and often in small and medium companies are represented as partial role of CEO 

or financial director. Large companies employ a person (or even entire teams) 

dedicated only to Risk Management. 

(KAFKA, 2009, p. 108) 

 

According to the terminology risk may be defined also as a quantified possibility 

of hazard causing damage to an asset so an organisation performs risk analysis to 

identify hazards that are to be governed by risk control activities (retaliation). 



16 

 

3.1.3 Types of Risk 

The risk is very broad term therefore it can be divided according to many criteria. 

Only risks connected to an organisation are considered in framework of the thesis. 

Traditionally, authors have distinguished between pure and speculative risks. ‘A pure 

risk  exists when there is a chance of loss but no chance of yield’ and ‘a speculative 

risk  exists when there is a chance of yield as well as a chance of loss’ (WILLIAMS, 

SMITH, YOUNG, 1995, p. 8). 

Secondly, another differentiation is useful for purpose of this work. Non-

entrepreneurial risk is found in fire, pollution or fraud. Entrepreneurial  (often called 

business) risk  may be described by situations when company builds a new plant, 

launches a new product or buys a company. In the case the company gets its forecast 

wrong it loses money (SADGROVE, 2005, p. 3). 

Further the systematic risk is inherent to the entire market / portfolio / industry / 

group of projects etc. In contrast unsystematic risk is related only to particular case 

thus it is possible to diversify for example by moving the risk to other party (TICHÝ, 

2006, p. 18). 

Working with risk it is essential to distinguish between inherent and residual risk. 

Inherent risk  does not take into account implemented or intended retaliation. In 

contrary extent of residual risk takes into consideration already implemented 

retaliation. In addition target risk  is an objective of risk manager as representing the 

target state. Once retaliation has been implemented, the risk is acceptably low therefore 

it does not require further retaliation (SMEJKAL, RAIS, 2010, p. 121). Shift of a risk 

from inherent to target risk within risk matrix is stated on figure 3.5. 

 

Division of risk related to commercial organisations by its subject forms four 

basic categories (SADGROVE, 2005, p.18): 

1. Operational risks – those related to the organisation’s production and 

operations. They include faulty raw materials, a supplier or a major customer 

going into receivership etc. ‘Operational risk is the risk of loss resulting from 

inadequate or failed internal processes, people and system or from external 

events’ (HOFFMAN, 2005, p. 29). 

 

2. Strategic risks – are those threatening strategic aims therefore they represent 

big issues that require companies to think on a grand scale. These risks should 
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take a place at board level and require strategic planning however these are 

implemented through whole organisation (on all levels). 

 

3. Compliance risks – these are increasing in importance as national government 

or European Union place greater requirements such as various rules, legislation 

and standards. 

 

4. Financial risks – subdivided into internal (e.g. loss of profitability) and 

external (e.g. interest rate changes) risks. 

 

 

Figure 3.2: Four types of risk with examples (Adopted from SADGROVE, 2005, p. 20) 

 

Many risks do not fit into just one category. For example when important 

customer declares bankrupt owing the organisation money, it can be classified both as a 

financial risk (which could have been managed by better credit control) or strategic risk 

(over-reliance on a few major customers). 
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3.1.4 Formal Expression of Risk 

Extent of risk depends on two particular parameters that are essential aspects for 

determining it: 

 

1. The extent of undesired consequences of hazard realisation or in other words 

size of damage (usually expressed in financial units). 

 

2. The probability hazard becomes damage in the future. 

(DOSTÁL, SOJKA, 2008, p. 5) 

 

More precisely extent of risk R might be expressed as function f of two 

parameters, where d is extend of damage (related to the asset) and r is probability of the 

hazard becoming the damage to an asset. 

 

 

(SMEJKAL, RAIS, 2010, p. 119) 

 

In order to comply with analytical approach, announced by risk definitions, 

formal mathematical formula follows. Size of predicted damage D(t) during time 

interval <0; T0> determines principle: 

 

 

Where: 

• r(t) is risk function in time expressed as probability of hazard becoming damage 

to an asset in interval <0; 1>, 

 

• d(t) is damage function in time. It describes extend of damage expressed in 

financial units, 

 

• D(t) is size of predicted damage (loss) in time interval <0; T0> which is subject 

of optimisation. 

(SMEJKAL, RAIS, 2010, p. 104) 
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Annotation:  

• r(t) (risk function) is not risk in meaning of defined terms. It is probability of 

hazard becoming damage. 

 

• D(t) is predicted damage in time, by default definition therefore the risk. 

 

 

Figure 3.3: Graphic representation of risk (predicted damage in time) (Adopted from 

SMEJKAL, RAIS, 2010, p. 105) 

 

Figure 3.3 illustrates (among others) extent of predicted damage as capacity below 

surface Z(t). 

An example of function determining risk is summation risk matrix (please see 

figure 3.4.), also published as the experts’ assessment (FOTR, SOUČEK, 2005m p. 145 

- 148). This quantitative method works with integer values (categories) from interval 1 

to 5. The values are assigned to both risk’s parameters - probability of the hazard 

becoming the damage to an asset r and also for extent of damage d. Intervals defining 

categories result from experts’ estimation or prediction collected during interview(s) or 

as a result of other methods (SMEJKAL, RAIS, 2010, p. 120 – 121). 
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Figure 3.4: Summation risk matrix (Adopted from SMEJKAL, RAIS, 2010, p. 120) 

 

The risk matrix is used for evaluation of inherent, residual and target risk by 

adding up probability and extent of damage expressed by categories. Formally the risk 

function R is: 

 

The probability interval <0; 1> division (please see table 3.A) help risk manager 

to quantitatively handle risk.  

 

Probability of occurrence 
Degree % per year Verbal expression 

1 <0; 5> Practically unlikely 
2 (5; 20> Little probability 
3 (20; 50> Occasional 
4 (50; 70> Probable up to frequent 

5 (70; 100> Very frequent 

Table 3.A: Example of probability of occurrence evaluation to value from scale 

(Adopted from SMEJKAL, RAIS, 2010, p. 121) 

 

Similar table would be applied also to extent of damage categorising values into 

five categories according to extent of damage of an asset. 

The extent of risk is therefore magnitude of integer values in interval <2; 10>. The 

extent of risk is also divided into categories. In this case there are three categories. The 

first (<2; 4> - low risk) means that the risk is acceptable and no further retaliation is 
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necessary. Another category (<5; 7> - medium risk) denotes risks that are to be 

mitigated as well as regularly monitored. The last category (<8; 10> - high risk) 

contains the most serious risks which need immediate retaliation as these risks have 

possibly critical impact. 

Assessing inherent risk the risk manager does not take into account any 

implemented retaliation. Once some retaliation implemented the residual risk appears 

and its extent is supposed to be lower than inherent one. The risk is not mitigated so risk 

manager together with experts need to design retaliation (if it is economically 

advantageous) to mitigate risk. 

 

 

Figure 3.5: Shift among risk categories within summation risk matrix (Adopted from 

SMEJKAL, RAIS, 2010, p. 122) 

3.1.5 Risk Management 

The Risk Management ‘secures fact that a company governs threats in the 

proactive, co-ordinated, cost-effective and favourable way’ (KAFKA, 2009, p.94). 

Wider definition views Risk Management as ‘a general management function that seeks 

to identify, assess, and address the causes and effects of risk on an organisation’ 

(WILLIAMS, SMITH, YOUNG, 1995, p. 8). Taking into account the goal of Risk 

Management its purpose is to enable an organisation to move towards its goals and 

objectives in the most direct, efficient and effective way. The most appropriate 

definition for purposes of the master’s thesis defines Risk Management in the nature of 

‘complete process of ascertainment (analysis), supervision, elimination and 
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minimisation of uncertain events that might influence the object (organisations, 

assets)’ (SMEJKAL, RAIS, 2010, p. 115). Model represented on figure 3.2 where Risk 

Management governs four categories or risk is used within the thesis. The aim of Risk 

Management is to lower capacity below surface Z(t) to minimum (please see figure 3.3). 

 

Risk Management consists of: 

1. Risk analysis 

2. Retaliation (pre) selection 

3. Cost and benefits analysis of retaliation 

4. Retaliation implementation 

5. Retaliation testing / monitoring / evaluation 

(SMEJKAL, RAIS, 2010, p. 115) 

 

Unity of these core activities predominates among number of authors (KAFKA, 

2009, p. 107 – 108; TICHÝ, 2006, p. 147 – 149 and others).  

Describing Risk Management organisation’s management (represented by a risk 

manager or an internal auditor) therefore should (1.) analyse, monitor, measure and 

understand hazards (consequently risks) in internal as well as external environment. 

Secondly (2.) the company management should define risk control goals that are 

corresponding to company’s strategy and consequently (pre) select possible retaliation. 

When the set of retaliation has been created (3.) the analysis of their cost and benefits 

takes place to evaluate the best possible one. Consecutively (4.) implementation of 

chosen retaliation comes to fruition in order to meet defined aspects of cost and benefits 

analysis. The process of Risk Management is continuous activity (please see figure 3.6) 

therefore should be (5.) tested, monitored, and evaluated on regular basis (SMEJKAL, 

RAIS, 2010, p. 116). Also as a continuous activity when all steps of Risk Management 

have been completed (known as a period) risk manager is supposed to take into 

consideration current situation and begin again (after specified period of the time). As 

mentioned risk control goals are supposed to correspond, more precisely result from, 

strategy of a company and that appears from business’ objectives. In other words taking 

the topic from opposite of the previous logical flow there is a hazard that organisation’s 

objectives will not be met thereby Risk Management takes place to minimise risk. 



 

Figure 3.6: Steps of 

 

Risk analysis 

Risk analysis consists of 

evaluate, and measure risk and uncertainty and their potential impact on the 

organisation’ (WILLIAMS, SMITH, YOUNG, 1995, p. 39).

It involves: 

a. Boundary determination of risk analysis

assets included in the risk analysis from the other assets. The boundary 

determination depends on intention of top management included in business 

core strategy. Assets relevant to the strategy are within boundary

analysis. 

 

b. Assets identification

boundary of risk analysis

list (please see appendix 

 

c. Value of assets 

Firstly, value of assets determination is based on extent of damage caused by 

risk / hazard. Determination itself is usually based on cost characteristics 

(purchase costs etc.) and also on revenue 

trademarks etc.). Dependence of company on the assets is taken into account 

23 

: Steps of Risk Management (Adjusted from KAFKA, 2009, p. 108)

Risk analysis consists of ‘those activities that enable the risk manager to identify, 

evaluate, and measure risk and uncertainty and their potential impact on the 

organisation’ (WILLIAMS, SMITH, YOUNG, 1995, p. 39). 

Boundary determination of risk analysis – is an imaginary outline separating 

assets included in the risk analysis from the other assets. The boundary 

determination depends on intention of top management included in business 

core strategy. Assets relevant to the strategy are within boundary

ation – is a process creating list of all relevant 

of risk analysis). In order to identify assets to analyse common asset 

please see appendix no. 1 Common Assets Checklist). 

Value of assets determination and assets grouping – consists of two steps. 

Firstly, value of assets determination is based on extent of damage caused by 

risk / hazard. Determination itself is usually based on cost characteristics 

(purchase costs etc.) and also on revenue characteristics (know how, 

trademarks etc.). Dependence of company on the assets is taken into account 

 

(Adjusted from KAFKA, 2009, p. 108) 

that enable the risk manager to identify, 

evaluate, and measure risk and uncertainty and their potential impact on the 

is an imaginary outline separating 

assets included in the risk analysis from the other assets. The boundary 

determination depends on intention of top management included in business 

core strategy. Assets relevant to the strategy are within boundary of risk 

is a process creating list of all relevant assets (within 

In order to identify assets to analyse common asset 

consists of two steps. 

Firstly, value of assets determination is based on extent of damage caused by 

risk / hazard. Determination itself is usually based on cost characteristics 

characteristics (know how, registered 

trademarks etc.). Dependence of company on the assets is taken into account 
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when determining value of asset. Moreover it is important to distinguish 

between a unique asset and an asset which can be easily replaced by a new 

one. Secondly, assets’ grouping helps to simplify analysis. Grouping is based on 

similar characteristic of assets such as quality, value, purpose etc. Created group 

is considered as a single asset afterwards. 

 

d. Hazard identification – determines hazards threatening the assets. There are 

several ways to help a company to identify hazards such as common hazard lists 

(please see appendix No. 2 Common Hazards Checklist) or use of brainstorming 

methods. Generally while identifying hazards and theirs scenarios it is applied 

mainly combination of experience, economic and engineering sense, and 

understanding of coherence as well as the context (TICHÝ, 2006, p. 127). 

Authors recommend creation of special category consisting of hazards that 

would represent serious financial or other existent problems. Among these 

hazards is not distinguished as they are all equally important. 

 

e. Hazard and vulnerability analysis – is an activity assessing each hazard 

against each asset considering also vulnerability of the asset. 

 

f. Event probability and risk quantification  – allows us to predict possibility 

that the hazard will cause damage. As probability of hazard-asset pairs are set 

the risk function is to be applied. Result of the function application determines 

extent of risk. Risk quantification is based either on analytical estimation 

(mathematical etc.) or empirical estimation (based on experience). 

(SMEJKAL, RAIS, 2010, p. 115) 

 

The way of risk representation that risk analysis works with divides methods used. 

These are qualitative and quantitative methods. The risk analysis used either one type or 

its combination. Qualitative methods are characterised by range of its magnitudes, in 

other words risks (or hazards) are represented in particular interval – for instance risks 

are divided into groups described by words – small, medium and high risk. Quantitative 

methods are based on mathematical calculation of numeric magnitudes (TICHÝ, 2006, 

p. 151). 
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Once the risk analyse performed it is useful to sort hazard-asset pairs according to 

extent of risk. Sorted list clarifies the most important pairs to retaliate so it determines 

sequence of hazard-asset retaliation (TICHÝ, 2006, p. 151).   

 

Retaliation (pre) selection 

For each identified risk (pair of an asset and hazard threatening it) that has been 

also enumerated by risk function R there are to be proposed retaliation. In order to 

design retaliation different methods may be employed. For instance the most common 

method of systematic, interactive forecast which relies on panel of experts – the Delphi 

method. The experts answer questionnaires in two or more rounds. After each round, a 

facilitator provides an anonymous summary of the experts’ forecasts from the previous 

round as well as the reasons they provided for their judgments. Thus, experts are 

encouraged to revise their earlier answers in light of the responses of other members 

who are member of the panel. The respondents do not meet during the rounds so they 

cannot influence in any way (SMEJKAL, RAIS, 2010, p. 110). 

Following table (3.B) provides recommended types of methods mitigating the 

risk. Concrete method presents retaliation and the table purpose is to help experts to 

choose a kind of methods to employ. 

 

Extent of damage 

Low High 

P
ro

ba
bi

lit
y Low Retention Insurance 

High 
Retention & 

reduction 
Avoidance & 

reduction 

Table 3.B: Recommended methods of risk mitigation (Adopted from SMEJKAL, RAIS, 

2010, p. 130) 

 

Retention of risk simply means conscious or unconscious reaction of Risk 

Management that came to conclusion to or not to retaliate against the risk. Risk 

reduction methods consist of techniques mitigating the cause of risk (transfer of risk 

etc.) and those oriented on consequences of risk (diversification etc.). For instance, 

methods transferring risk include factoring, forfaiting etc., and risk diversification 

contains horizontal diversification. Insurance is an alternative to cumulating own 

reserve for future negative events. The risk avoidance is more negative than positive 

type of methods as these are not appropriate for majority of situations. On the other 
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hand there are situations where avoiding the action (and therefore avoiding risk as well) 

is legitimate (SMEJKAL, RAIS, 2010, p. 133). A watchful reader may ask a question: 

Why avoidance of risk is necessary connected with avoiding the risk? The answer is 

simple: When avoiding the action to particular risk not avoiding the risk (for example 

not investing in a new factory) it would deny principle of risk analysis – important risks 

are identified and moved forward in the process. 

Once the propositions created panel of experts has to decide what retaliations are 

selected as candidates (up to five) for cost and benefit analysis. 

 

Cost and benefits analysis of retaliation 

Risks may bring significant extent of damage as well as realisation is linked to 

costs. Cost of the retaliation is supposed to be lower that would cause unsecured hazard 

resulting in damage. Designing retaliation associated with a risk there is maximal 

appropriate amount of expenses arising from its implementation. Unduly high 

investment in Risk Management increases expenditures which can lead to lower 

competitiveness. Contrariwise insufficient attention to risks may lead to significant 

losses caused by emerged problems. The rule says that amount of expenses must be 

adequate to value of protected assets (alternatively to value of asset’s damage) 

(SMEJKAL, RAIS, 2010, p. 96). 

 

 

Figure 3.7: Balance of risk and cost of retaliation (Adopted from KAFKA, 2009, p. 104) 
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Within this step the first goal is to determine costs and benefits of pre-selected 

actions (retaliation). Once the determination performed the final result of this step is the 

decision what retaliation to implement (if any). Risks that are unacceptable demand 

adoption of retaliation (within the next step). For residual risks that are accepted (no 

further retaliation is taken) critical plans are created. 

 

Retaliation implementation 

Implementation of retaliation is a complex process where a risk manager is 

usually in position of a supervisor or at least as a person who is observing that 

retaliation is being implemented. It is recommended to involve classical methods of 

project management (SMEJKAL, RAIS, 2010, p. 80). The implementation depends 

more on professionals in particular area, for instance IT security risk of unauthorised 

access to database requires IT security professional to set up procedures to prevent 

unauthorised person from accessing the database. The risk manager basically must 

make sure that retaliation has been implemented as planned (also on time in budget). 

 

Retaliation testing / monitoring / evaluation 

It is also known as monitoring risk activities. It is continuous process that 

observes tests and evaluates: 

a. Risk analysis assumptions are still valid, 

b. Realisation of unpredicted hazards and its extent of damage, 

c. Realisation of predicted hazards happened in the predicted way, 

d. Extent of predicted damages is as predicted, 

e. External and internal environment changes are still coved by Risk Management. 

 

All changes, exceptions and previously not know facts have to be implemented 

either immediately or in following period of Risk Management activities. It is important 

to emphasize that this step of Risk Management must provide feedback to whole 

process in order to keep Risk Management up to date quickly changing environment 

(TICHÝ, 2006, p. 243 - 244). 
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3.2 Artificial Intelligence 

Computer appliance of Artificial Intelligence has been widely used in many 

various domains of humankind endeavour (ALIEV, A. ALIEV, R., 2002, p.XIII - XIV). 

In the last two decades Artificial Intelligence has become as well as its application 

massively expanded as companies (whereon the thesis is oriented on) need to take 

advantage against other competitors in still increasing competitive business 

environment, or must catch up margin of other organisation on particular market. 

3.2.1 A Brief History 

In order to better understand Artificial Intelligence in meaning of our time it is 

useful to have a short look back into the history. The intellectual roots of Artificial 

Intelligence, and the concept of intelligent machines, may be observed in Greek 

mythology. Since that time there were appearances of intelligent artefacts in literature. 

An important step of its development was a binary algebra representing (some of) ‘laws 

of thought’ in 19th century. Later in 20th century Bertrand Russel and Alfred North 

Whitehead published Principia Mathematica, which revolutionised formal logic. In 

1945 George Polya published book on thinking heuristically (How to Solve It) that 

introduced the term Heuristic into modern thinking and has influenced many scientists’ 

researches on early Artificial Intelligence topic. The one of the most important scientists 

related to Artificial Intelligence (and theoretical informatics in general of course) is 

Alan M. Turing. Mr. Turing published Computing Machinery and Intelligence (1950) 

that introduced Turing Test as a way of performing test of intelligent behaviour. It 

proceeds as follows: a human judge engages in a natural language conversation with 

one human and one machine, each of which tries to appear human. All participants are 

placed in isolated locations. If the judge cannot reliably tell the machine from the 

human, the machine is said to have passed the test. 

In modern history of Artificial Intelligence (since second half of 20th century) 

John McCarthy presented the term Artificial Intelligence (1956) itself as the topic of the 

Dartmouth Conference and it was the first conference devoted to the subject. In 1963 

Thomas Evans created program ANALOGY demonstrating that computers can solve 

the same analogy problems as are given on IQ tests. Marvin Minsky & Seymour Papert 

published (in 1968) Perceptrons, demonstrating limits of simple neural networks. In 

early 70’s emerged effort of natural language processing. Programming language Prolog 

developed in 1972 by Alain Colmerauer. In 1980’s the first expert system and its 
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commercial applications arose. In mid-80’s neural networks became widely used with 

the Backpropagation algorithm. The Deep Blue chess program beat the current world 

chess champion Garry Kasparov (BUCHANAN, 2010, 1 - 3). 

Massive evolution, mainly since the end of World War II, enabled Artificial 

Intelligence to catch up mankind problem solving skills in particular tasks and even got 

ahead in some. 

3.2.2 Definition and Concept 

When defining Artificial Intelligence the actual difficulty is found in definition of 

intelligence itself. There is not consistent perspective among philosophy, psychology, 

neurosciences, and linguistics on intelligence and even different authors within a single 

field of science (for example in psychology) provide various definition. Therefore 

Artificial Intelligence is oriented on development of programs, databases and algorithms 

to exhibit human behaviour rather than on issues connected to definition of intelligence 

itself. 

Artificial Intelligence is ‘an engineering discipline concerned with the creation of 

intelligent machines and an empirical science involved in the computational modelling 

of human intelligence’ (FINK, 2004, p. 43). Also it is comprehended as a new 

generation of computing technology and capability that seeks to achieve Intelligence 

through computation (FINK, 2004, p. 43). 

Certain authors (ALIEV, A. ALIEV, R., 2002, p. 1 -2; HOFFMAN, 2005, p. 329) 

distinguish between Hard Computing (base of classical Artificial Intelligence) and Soft 

Computing (base of Computational Intelligence). They argue that methods of Hard 

Computing (classical Artificial Intelligence) are based on two characteristic features: 

 

1. Use of information in symbolic form i.e. letters, words, phrases, signs, figures. 

 

2. Search with the aid of symbolic logic. When processing symbolic information, 

the computer converts the words and phrases to the form of binary digits. Then 

the computer recognises or compares the sequence of such symbols. 

 

Mr. Aliev states that these features also result in fact that ‘traditional Artificial 

Intelligence does not accept the numerical methods, which are important for accounting 

for uncertainty and imprecision’ (ALIEV, A. ALIEV, R., 2002, p. 2). In other words 

mentioned features restrict the abilities of those systems of traditional Artificial 
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Intelligence. In area of Hard Computing there has been developed range of systems 

such as systems for solving problems, recognising patterns or natural language 

understanding systems (ALIEV, A. ALIEV, R., 2002, p. 1).  

In contrary ‘the combination of such intelligent paradigms (used as computing 

techniques) as Fuzzy Logic, Neural Networks, Probabilistic Reasoning, Genetic 

Algorithms, and Chaos Theory dealing with pervasive imprecision and uncertainty of 

the real-world problems is named Soft Computing’ (ALIEV, A. ALIEV, R., 2002, p. 2). 

On the other hand other authors, for instance Prof. Luigi Fortuna, consider 

previously defined methods of Soft Computing as the new frontier of Artificial 

Intelligence (FORTUNA et al., 2001, p. 1). The master’s thesis is oriented on the use of 

Artificial Intelligence in Risk Management therefore for its purpose it is not paid 

attention to differences in interpretation of methods among authors as well as all these 

methods are considered as Artificial Intelligence ones. 

3.2.3 System and Model 

Before defining method of Artificial Intelligence it is necessary to present basic 

concept of a method’s application. The application uses computational technology and 

methods of Artificial Intelligence for purpose of analysis and modelling. In field of the 

master’s thesis intension the analysis is defined as methodology of investigation when a 

unit is dismantled to parts and afterwards behaviour of those parts is investigated. The 

behaviour of parts may be used, and often is, to explain unit’s behaviour. Modelling 

involves creation of system’s model that represents a simplified abstract tool for future 

simulation and prediction of investigated system. System is a part of environment 

imaginarily separated by boundary from the neighbourhood and it consists of 

interconnected parts of subsystem. When designing a system there is effort do design as 

simple model as possible (Ockham’s razor principle) to predict behaviour of the real 

entity with sufficient accuracy. Finally model is, in this context, a debugged program 

uses Artificial Intelligence method or their combination (DOSTÁL, 2008b, p. 6).  

‘The business, economic and production systems belong to the most complicated 

dynamic systems’ (DOSTÁL, 2008a, p. 6). Formal definition of systems uses concept 

of sets. The system is set S = {E, B, I, O} where E is non-empty set of elements, B is 

non-empty set of relationships between elements, I is non-empty set of inputs and O is 

non-empty set of outputs (DOSTÁL, 2008b, p. 6). 
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For illustration let there be a system defined as S = {{E 1, …, Ek}, { B 11, B12, …, 

B1k, B21, B22, …, Bkk }, { I 1, …, In }, { O 1, …, Om}}. Its graphical demonstration 

follows: 

 

 

Figure 3.8: Example of system schema (Adopted from DOSTÁL, 2008b, p. 6) 

 

Systems may be divided into groups by different factor. Considering the time as 

factor there are dynamic systems that change its state during time and static systems 

which do not. Stochastic system’s subsequent state is determined both by the process's 

predictable actions and by a random element. Deterministic system is a system in 

which no randomness is involved in the development of future states of the system. A 

deterministic model will thus always produce the same output from a given starting 

condition or initial state. Taking behaviour (in the time) of system as factor systems are 

divided into adaptive (learning) systems that correct its inner processes resulting in 

change of outputs and non-adaptive systems. 

3.2.4 Neural Networks 

The Neural Network is an imperfect model of way the human’s brain works. It is 

a ‘black box’ method which means the exact inner structure is not known. The black 

box principle is not constricting its use, conversely the Neural Networks are used in 

cases when chance events influence significantly model’s behaviour as well as 

determinist dependences are complicated and interconnected so it is not possible to 

analytically identify them (DOSTÁL, 2008b, p. 42). 

 

History 

The history of Neural Networks begins in the first half of 20th century. W.S. 

McLulloch presented the first piece of work on the topic followed by W. Pitts who set 
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up the model of the simplest neuron (both in 1943) and later F. Rosenblatt created 

workable perception that solved only linearly separable problems (DOSTÁL, 2008b, p. 

43). Classification where the classes are linearly separable is problem of ‘identifying its 

membership to a class that can be separated by means of a hyper plane from the set of 

inputs belonging to another class’ (FORTUNA et al., 2001, p. 56). Discovery of multi-

layer Neural Networks was a key contribution to its development as these are able to 

solve linearly separable problems and the topic is connected with Backpropagation 

method of D. Rumelhart, G. Hinton and R. Williams (DOSTÁL, 2008b, p. 43). 

 

Neuron Model 

As mentioned the Neural Network concept is inspired by human brain. A neuron 

‘is a special type of nervous cell in organisms, which have electric activity’ (ALIEV, A. 

ALIEV, R., 2002, p. 185). However biologic neurons have much more complicated 

functions and structure compared to artificial ones. Comparison of biologic and 

artificial neurons is possible only in basic meaning of its functions and operation 

(DOSTÁL, 2008b, p. 42). 

 

 

Figure 3.9: Biological neuron (Adopted from ALIEV, A. ALIEV, R., 2002, p. 185) 

 

A neuron comprises of cell body being equipped with inputs and outputs. Inputs 

are called dendrites, axons are referred to outputs. ‘Axons of neurons join to dendrites 

of other neurons through synaptic contacts (synapses)’ (ALIEV, A. ALIEV, R., 2002, 

p. 185). Neurons are interconnected which allow them to transmit information in form 

of electrical or chemical processes (DOSTÁL, 2008b, p. 42). Input signals of dendrites 

are weighted and added in the body of neuron. Being processed as described below the 
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output is then one of inputs for other neurons. Neuron generates output through axon 

where signal is passed through the branches of the axon and reaches synapses (ALIEV, 

A. ALIEV, R., 2002, p. 185). A biological neuron is represented by figure 3.9. 

Operation of human brain is possible thank to large number of interconnections 

(synapses) that allow a human being to learn, keep knowledge and so on (DOSTÁL, 

2008b, p. 43). 

In accordance with the biological model, mathematical model of the neuron were 

suggested. The neuron ‘receives a set of input signals x1, x2, ..., xn (input vector X) 

which usually are output signals of other neurons’ or inputs to the network (ALIEV, A. 

ALIEV, R., 2002, p. 186). Each input signal is multiplied by the weight w (w1, w2, ..., 

wn) to correspond with biologic concept of synapse’s efficiency (ALIEV, A. ALIEV, R., 

2002, p. 186). Weighted inputs are summed to I (level of neuron’s excitement), formally 

expressed: 

 

 

The output of neuron y is determined by conducting the function f (known as 

activating or transformation function) on argument resulting from difference of I and t 

(threshold of neuron) (DOSTÁL, 2008b, p. 44), formally expressed: 

 

 

 

Complete functional process of mathematical neuron functioning is drawn bellow 

on figure 3.10: 

 

 

Figure 3.10: Mathematical neuron (Adopted from ALIEV, A. ALIEV, R., 2002, p. 186) 
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Theory of Neural Networks provides number of activating (or transformation) 

functions f: 

a. Hardlim : 

 

 

Figure 3.11 – Hardlim function 

 

b. Purelin / linear: 

 

 

Figure 3.12 – Purelin / linear function 

 

c. Logsig: 

 

 

Figure 3.13 – Logsig function 

 

d. Tansig: 
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Figure 3.14 – Tansig function 

 

Network’s topology 

Basic concept of single-layer network was introduced as the first concept of 

Neural Networks (DOSTÁL, 2008b, p. 43). The concept helps us to understand how 

Neural Networks works, but this concept does not include hidden layers (ALIEV, A. 

ALIEV, R., 2002, p. 190). The simplest single-layer network consists of one neuron, 

for instance as illustrated by figure 3.10. A general single-layer network may consist of 

more neurons: 

 

 

Figure 3.15: Single-layer network (Adopted from MATHWORKS, 2010) 

 

Real-world tasks are solved by multi-layer Neural Networks (DOSTÁL, 2008b, 

p. 44). Multi-layer network is a powerful tool. For instance, a network of two layers, 

where the first layer employs sigmoid function (Logsig or Tansig) and the second layer 

applies linear function, can be trained to approximate any function (with a finite number 

of discontinuities) arbitrarily well (MATHWORKS, 2010). Multi-layer comprises of an 

input layer, an output layer in addition to one or more hidden layers which are described 

in context later (ALIEV, A. ALIEV, R., 2002, p. 190).  



36 

 

As declared a Neural Network may have several layers. Each layer has a weight 

matrix W, a threshold vector b, and an output vector a. To distinguish between the 

weight matrices, output vectors, etc., for each of these layers in the figures, the number 

of the layer is appended as a superscript to the variable of interest. You can see the use 

of this layer notation in the three-layer network on figure 3.16 (MATHWORKS, 2010). 

 

 

Figure 3.16: Schema of multi-layer Neural Network (MATHWORKS, 2010) 

 

The network shown on figure 3.16 has R1 inputs, S1 neurons in the first layer (an 

input layer), S2 neurons in the second layer, etc. It is common for different layers to 

have different numbers of neurons. A constant input layer 1 is fed to the bias for each 

neuron. 

Note that the outputs of each intermediate layer are the inputs to the following 

layer. Thus layer 2 can be analyzed as a one-layer network with S1 inputs, S2 neurons, 

and an S2xS1 weight matrix W2. The input to layer 2 is a1; the output is a2. Now that all 

the vectors and matrices of layer 2 have been identified, it can be treated as a single-

layer network on its own. This approach can be taken with any layer of the network. 

The layers of a multi-layer network play different roles. A layer that produces the 

network output is called an output layer. An input layer receives input signals. All 

other layers are called hidden layers. The three-layer network shown earlier (figure 

3.16) has one input layer (layer 1), one output layer (layer 3) and one hidden layer 

(layer 2) (MATHWORKS, 2010). 
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Use of Neural Networks 

The use of the Neural Network model comprises of two phases. In the first 

phase the network (model of Neural Network) is being trained in order to acquire 

knowledge, in other words the network is trained to become an expert. More formally 

the training is computing weights of the neural network using optimising algorithm. Its 

goal is to find global extreme – minimum of the error function. The error function E is 

square difference between calculated output n and expected output o over all outputs. 

First of all the optimising algorithm calculates output from provided inputs using the 

network with particular weights (forward step). Secondly error E is computed using 

formula:  

 

 

Where ni is i-th output value calculated by network and oi is i-th expected output 

value. Calculation is performed over all inputs and in each cycle (epoch). Following 

backward step uses the calculated difference for new weights’ value computation. The 

weights are re-computed and re-set as long as value of squared error E converges to 

desired value (DOSTÁL, 2008b, p. 45). 

MATLAB (described in section 3.2.5) uses Mean Squared Error as default 

method for error calculation (MATLAB, 2010). The formula is: 

 

 

 

The figure 3.17 shows the squared error E of a network starting at a large value 

and decreasing to a smaller value. In other words, it shows that the network 

performance is being optimised. 

The plot has three lines, because the inputs and outputs are randomly divided into 

three sets. 60% of the vectors are used to train  the network. 20% of the vectors are used 

to validate how well the network generalized. Training on the training vectors 

continues as long the training reduces the network's error on the validation vectors. 

After the network memorizes the training set (at the expense of generalizing more 

poorly), training is stopped. This technique automatically avoids the problem of over 
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fitting, which plagues many optimization and learning algorithms. Finally, the last 20% 

of the vectors provide an independent test of network generalization to data that the 

network has never seen. 

 

 

Figure 3.17: Squared error E plot (MATHWORKS, 2010) 

 

Designing a neural network a user needs to define layers (input, output and 

hidden), way of interconnection among neuron in the hidden layer (activating function 

specification), method of training (supervised, unsupervised, in epochs) and define 

process of information acquiring (DOSTÁL, 2008b, p. 42). 

 

Backpropagation is a method of neural network training. Basically it is the 

generalisation of the Widrow-Hoff learning rule to multi-layer networks and non-linear 

differentiable transfer functions. Input vectors and the corresponding target vectors are 

used to train a network until it can approximate a function, associate input vectors with 

specific output vectors, or classify input vectors in an appropriate way as defined by a 

user. Networks with biases, a sigmoid layer, and a linear output layer are capable of 

approximating any function with a finite number of discontinuities (MATHWORKS, 

2010). 
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Standard Backpropagation is a gradient descent algorithm (ALIEV, A. ALIEV, 

R., 2002, p. 206), as is the Widrow-Hoff learning rule, in which the network weights are 

moved along the negative of the gradient of the performance function. The term 

Backpropagation refers to the manner in which the gradient is computed for nonlinear 

multi-layer networks. There are a number of variations on the basic algorithm that are 

based on other standard optimization techniques (MATHWORKS, 2010).  

Properly trained Backpropagation networks tend to give reasonable answers when 

presented with inputs that they have never seen. Typically, a new input leads to an 

output similar to the correct output for input vectors used in training that are similar to 

the new input being presented. This generalization property makes it possible to train a 

network on a representative set of input/target pairs and get good results without 

training the network on all possible input/output pairs. For more detailed information 

about the Backpropagation please see (DOSTÁL, 2008b, p. 46 - 47; ALIEV, A. ALIEV, 

R., 2002, p. 205 - 214). 

Many other training methods have been created. A short list with some of the 

most used follows: 

 

• Levenberg-Marquardt, 

• Conjugate Gradient Descent, 

• Quasi-Newton, 

• Quick Propagation, 

• Kohonen’s adaptation. 

(DOSTÁL, 2008b, p. 46) 

 

The second phase enables practical use of the neural network as it has been 

trained (meeting demanded error limit) therefore it has knowledge transforming inputs 

to outputs (DOSTÁL, 2008b, p. 42). 

For purpose of this master’s thesis Neural Network Toolbox as an extension of 

MATLAB application is used as a tool to perform modelling of Neural Network method 

(MATLAB, 2010). 

3.2.5 MATLAB 

Modelling performed for purposes of this master’s thesis was performed using 

well-known MATLAB (MATLAB, 2010). In this theoretical part of master’s thesis 



40 

 

reader finds basic information about MATLAB. The MATLAB’s manufacturer, 

company MathWorks, describes it as ‘a high-level technical computing language and 

interactive environment for algorithm development, data visualization, data analysis, 

and numeric computation. Using the MATLAB product, you can solve technical 

computing problems faster than with traditional programming languages, such as C, 

C++, and Fortran’ (MATHWORKS, 2010). 

The MATLAB system consists of these main parts: 

 

Desktop Tools and Development Environment 

This part of MATLAB is the set of tools and facilities that help the user to use and 

become more productive with MATLAB functions and files. Many of these tools are 

graphical user interfaces. It includes: the MATLAB desktop and Command Window, an 

editor and debugger, a code analyzer, and browsers for viewing help, the workspace, 

and folders. 

 

Mathematical Function Library 

This library is a vast collection of computational algorithms ranging from 

elementary functions, like sum, sine, cosine, and complex arithmetic, to more 

sophisticated functions like matrix inverse, matrix eigenvalues, Bessel functions, and 

fast Fourier transforms. 

 

The Language 

The MATLAB language is a high-level matrix/array language with control flow 

statements, functions, data structures, input/output, and object-oriented programming 

features. It allows both "programming in the small" to rapidly create quick programs the 

user does not intend to reuse. Also "programming in the large" may be used to create 

complex application programs intended for reuse. 

 

Graphics 

MATLAB has extensive facilities for displaying vectors and matrices as graphs, 

as well as annotating and printing these graphs. It includes high-level functions for two-

dimensional and three-dimensional data visualization, image processing, animation, and 

presentation graphics. It also includes low-level functions that allow the user to fully 

customize the appearance of graphics as well as to build complete graphical user 

interfaces on your MATLAB applications. 
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External Interfaces 

The external interfaces library allows the user to write C/C++ and FORTRAN 

programs that interact with MATLAB. It includes facilities for calling routines from 

MATLAB (dynamic linking), for calling MATLAB as a computational engine, and for 

reading and writing MAT-files. 

(MATHWORKS, 2010) 

 

 

Figure 3.18: MATLAB screenshot (Source MATLAB, 2010). 
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4 CURRENT SITUATION AND PROBLEM ANALYSIS  

First of all the company that expressed interest in the topic of the master’s thesis 

is characterised describing its current situation in order to fit it in frame of the master’s 

thesis topic. Secondly SWOT analysis together with Porter’s Five Forces analysis 

examination. The problem results from company’s need to identify and manage risks 

using theoretical approach, which is aim of the third part of the section – Risk Analysis. 

The last part of the section is dedicated to selected risk (asset-hazard pair) providing 

information of the current situation. 

4.1 Analysed Company Characterisation 

4.1.1 Introduction 

Princ parket is a young, dynamic, and flexible company founded in 2003 by two 

stake holders. Since 2007 company is owned completely by Mr. Karel Hrdlička who is 

also an executive director. Princ produces custom-made wood parquets with turnover 

about 23 million CZK (in 2008 – more information in Table 4.A) located in Telnice 

nearby Brno. Information in section 4.1 acquired from primary data of the company. 

 

 

Trade Name: Princ parket s.r.o. (Ltd.) 

Place of Business: Telnice 427, Telnice, 

Post Code 664 59, Czech rep. 

Registration Number: 26906198 

Entry Date: 24th September 2003 

Legal Form: Private limited company 

Subject of Enterprise: 

• Wholesale 

• Specialised retail 

• Wooden products production 

Equity Capital : 200 000 CZK 

Principal Shareholder: Karel Hrdlička 

Web pages: www.princparket.cz 

Figure 4.1: Logotype of Princ parket 

 



43 

 

Export is currently as important as domestic sales revenue for the company and it 

is expected to grow as new foreign business acquisitions have been in progress. The 

company concerns in domestic market as well as in Italian, Slovak, Hungarian, German 

and Austrian. Italian customers appreciate superb quality standard as well as design. 

Princ parket has competitive advantage in highly added value that differentiates its 

products. These elements together with passion for wood make the company able to 

produce and sell more than 4 000 m2 per month. 

 

 

 

Figure 4.2: Administrative and production buildings 

 

In 2009 the company finished extending of capacity and complete innovation of 

product, processes as well as organizational and marketing innovation. 
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 Unit 2005 2006 2007 2008 

Turnover  CZK (000) 8.128 8.754 15.382 23.783 

Turnover growth % N/A + 7.7 + 75.7 + 54.6 

Export (Direct + Indirect) CZK (000) 1.635 2.554 7.625 12.345 

Export share % 20.1 29.2 49.6 52 

Employee 

(Administrative/Labor/Sum) 

Average 

no. 

3/9/12 3/10/13 4/12/16 4/12/16 

Table 4.A: Turnover, Export and Employee figures 

4.1.2 Vision and Mission 

Nature’s gift to mankind 

The nature provides mankind with amazing raw material. Princ parket has 

pleasure to work with the wood. Its original look and aroma is one of a kind. There is no 

artificial part as it is all natural in addition the wood is living organism full of active 

cells – simply atoms charged with energy. Our mission is to process it and deliver this 

part of nature to customers. 

 

Sophisticated production, quality and innovation 

All parquets are our product of our production so that we can guarantee high 

quality and durability. Company pays attention to trends in parquets construction 

through its research and development department innovating products as well as 

processes. Whole process of production is monitored and each piece’s quality is 

checked several times during manufacturing steps.  We operate mature technologies 

which are part of our good quality. All parquets meet European conditions of standards 

and their quality is test by the Engineering Test State Institute on regular basis. Our 

mission is to deliver high quality product meeting changing needs of demanding 

customers. 

 

Environmentalism and origin of the wood 

Wood is a pure natural product and in this way is being processed. All 

components used during the manufacturing process are under high ecologic oriented 

supervisions.  No wood has origin in tropical rain forest area; the wood comes from 

European controlled lumber certified as PEFC and FSC. This is a proof that our 
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products are made from forests that are renewed on regular basis. The firm believes that 

the wood is natural product and its processing which begins with harvesting must be 

done in an ecological way. Our suppliers plant a new tree after harvesting grown one. 

Our vision is to devote ourselves to contribute to ecological way of thinking which 

results in usage of renewable sources. 

 

Affordability 

Princ parket put emphasis on quality together with products’ affordability. Part of 

our mission is to make sure that all products can a customer get for reasonable price, 

after-sales service and customer care at high level in shops and floor studios. The 

company watches all input cost and always tries to buy very good quality for acceptable 

price. Our mission is to allow people to purchase quality wooden parquets. 

 

Visual aspect 

Visual aspect attractiveness, together with high quality standard, creates the core 

of company’s mission. Following local and European trends in parquets appearance in 

addition to own research and development department enable the company to attract 

demanding customers. Our vision is to bring new untraditional and modern as well as 

traditional appearance of parquets (in different product lines) therefore our mission is to 

identify and produce attractive parquets. 

4.1.3 Product Portfolio 

Princ parket is focused on 3-layer and 2-layer wood parquets bringing high added 

value. These can be grounded as floating floor or glued-on the floor. The 2-layer 

parquet is suitable for floor heating being a fashion for 2 years. The parquets are made 

mainly from oak, ash, beech and walnut wood. All materials come from European 

woods and its harvesting is demonstrably legal. All products are CE certified. Princ 

parket offers 3 basic product lines: 

1. Corpus – smoked oak wood of colder dark tones (ammoniac used). 

 

Figure 4.3: A product from the Corpus product line 
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2. Divus – thermically modified wood of warmer dark tones. 

 

Figure 4.4: A product from the Divus product line 

 

3. Opus – classical wood of natural character. 

  

Figure 4.5: A product from the Opus product line 

 

There are other parameters of final parquet such as width, length, wood quality 

classification based on knot appearance, brushing and finally the surface modification. 

 

 

Figure 4.6: 3-layer wooden parquet with surface modification construction 

 

1. Surface modification (color or natural oil, brushing, milling etc.). 

2. Top layer made from solid wood - oak, ash, beech and walnut (height 4 

mm). 

3. Middle layer made from prisms of spruce (height 10 mm). 

4. Bottom layer made from spruce veneer (height 1 mm). 

 

The surface modification is a powerful tool in hand of product manager who is in 

charge of creating its combination into final products, however Princ parket produces 
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mainly custom-made orders based on clients’ specific requirements. For more details 

about product please see: http://www.princparket.cz/wooden_floors/Catalogo. 

4.1.4 Organisational Structure 

The company is owned by Mr. Karel Hrdlička who is also a CEO (Chief 

executive officer). The company’s strategy as well as all strategic decisions are 

discussed and endorsed by the Board of management that includes directors of 

departments. Purchase department is responsible for ordering and purchasing of raw 

material for the Production department. Production department is responsible for 

manufacturing itself. Research and Development department takes care of research in 

the field of products as well as in development and innovation of company’s processes, 

for example IT. Sales department is divided into two groups having separated directors. 

The first group is responsible for domestic market (Czech) and the main responsibility 

is care of wholesale partners. The Export group seeks for new markets, when market 

was chosen (and approved by the Board of management), entry strategy is selected and 

the most of time is connected with acquisition of new wholesale partners in various 

countries. The smallest department is PR taking care of communication with public 

including marketing activities such as press releasing, conducting surveys on target 

customers and so on. The Organisational structure chart illustrated on figure 4.7. 

 

Figure 4.7: Organisational structure chart 
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4.1.5 Strategy of the Company 

The company’s strategy results from the Vision and Mission (4.1.2) and 

announces that Princ parket is company ‘providing ecologically friendly wooden 

parquets of superb quality and of unique visual appearance freely chosen by customer’. 

4.1.6 SWOT Analysis 

It is a planning tool used to understand the Strengths, Weaknesses, Opportunities, 

and Threats involved in a project or in a business. It involves specifying the objective of 

the business or project and identifying the internal and external factors that are 

supportive or unfavourable to achieving that objective. 

In this case the goal of this section is to identify the internal and external factors 

that are favourable and unfavourable to achieve fulfilment of the strategy presented in 

section 4.1.5. 

  

Strengths 

• Strong innovative approach 

• Recently purchased brand new technology 

• CE, PEFC (eco-friendly harvesting) and other certification 

• Expertise (knowledge) and strong experience in parquet production 

• High proportion of quality to price 

• High proportion of visual appearance to price 

• Implemented IT controlled processes beginning with order to product 

expedition 

• Differentiated products 

 

Weaknesses 

• Lower liquidity due to expensive stock possession 

• Lack of financial instruments to big advertising (TV, Billboards) 

• Low brand awareness 

• Small market share 

• Higher cost of production compared to big producers (economy of scale) 

• Higher purchasing cost of PEFC wood 
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Opportunities 

• Moving into and expanding in new markets (Hungary, Austria, Germany, 

Holland) 

• New trends overslept by some of competitors 

• Niche market – use of top layer for staircase, window sill and decoration 

 

Threats 

• Economic pressure due to the economic recession 

• Announced mergers of some competitors 

• Very cheap products from china – only in case it catches up the trend 

• Possible loss of key staff 

• Several important clients 

4.1.7 Porter’s Five Forces Analysis 

In order to determine intensity of competition as well as profitability and 

attractiveness Porter’s five forces model is applied as it is a standard tool for 

management. 

 

Threat of New Entrants: 

• High need for know-how 

• Medium purchase costs of technology 

• No technology protection 

• Industry growth rate stagnating 

• Low brand loyalty 

• Overall assessment of the force: Medium threat of new entrants. 

 

Rivalry among Existing Firms: 

• Low costs of leaving market 

• Low customer loyalty 

• Few big players, few small and medium players 

• Shift of big players to products’ differentiation as China is taking over 

their cheap product segment  

• Overall assessment of the force: Low rivalry among existing firms. 
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Threat of Substitute Products: 

• High number of substitutes – laminated parquets, linoleum, carpets 

• No or low switching costs for customers 

• Customers’ demand stagnating – customer segment who wants ecological 

and natural product 

• Higher price per square meter than substitutes 

• Overall assessment of the force: Medium threat of substitutes.  

 

Bargaining Power of Buyers: 

• Product is differentiated 

• Medium extent of customers’ price sensitivity 

• Buyers knows production costs 

• Few big buyers 

• Buyers have relatively high margins 

• The product is strategically important for buyers 

• Overall assessment of the force: Low bargaining power of buyers. 

 

Bargaining Power of Suppliers: 

• Large number of suppliers 

• There are no substitutes for wood 

• Switching costs are none 

• There has not been observed any important forward integration among 

suppliers 

• Overall assessment of the force: Medium bargaining power of suppliers. 

 

Taking into account above mentioned analysis of differentiated product that is 

differentiated (by various surface modifications) overall intensity of competition is 

medium hence the profitability and attractiveness of an industry is medium also. 
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Figure 4.8: Porter’s five forces (Adopted from PORTER, 1998, p. 5) 

4.2 Risk Analysis 

In order to be able to propose solution of tool using Artificial Intelligence in Risk 

Management being the primary aim of the thesis it is necessary to perform Risk 

Analysis. 

4.2.1 Boundary Determination of Risk Analysis 

Risk analysis involves assets directly connected to the company’s strategy. The 

strategy (as mentioned in section 4.1.5) states that Princ parket strives to be ‘providing 

ecologically friendly wooden parquets of superb quality and of unique visual 

appearance freely chosen by customer’. 

Deducing from the strategy the boundaries of Risk Analysis determine those 

assets and aspects that are concerned with company’s ecological appearance. These 

include relationships with PEFC certified suppliers as well as with suppliers of natural 

oil and adhesive raw materials, policy strongly driving and controlling waste separation 

and recycling, and so on. 

Further aspects and assets directly related to the strategy are as well those 

associated with superb quality of products such as new production technology, the 

Workflow application controlling, managing and monitoring the production process, 

and best practise policy to increase detection of faulty products as well as decreasing 

amount of such a products of course. 

Visual appearance or in other words product design (in terms of visual aspect) is 

one of the biggest characteristic resulting in competitive advantage of the company. It is 

developed from deep know how of wood processing as well as from market know how 
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being constantly updated by PR department that monitors competitors’ activities, 

surveys customer within target groups and to collaborate with Italian designers. 

4.2.2 Assets Identification 

With the intention of creating a list of all relevant assets contained in set 

boundaries of Risk Analysis two methods have been used. Before presenting them 

recapitulation of asset definition is helpful: An asset is anything tangible or intangible 

that is capable of being owned or controlled to produce value and that is held to have 

positive economic value is considered an asset (SMEJKAL, RAIS, 2010, p. 95). 

The first proposed method is the Delphi method mentioned earlier. Six members 

of the management board answered questionnaires in two rounds. It is important to 

mention here that author of master’s thesis mentored the meeting. Subsequent to the 

first round author summarised experts suggestions and created a list of those 

suggestions with multiple choice asking managers to decide whether include particular 

asset to the final list or not explaining reasons for their decision. The respondents do not 

meet during the rounds so they cannot influence in any way. Final list of assets were 

made on principle of comparing number of votes in favour and against a particular asset 

considering provided explanation. 

The second method, auxiliary, method used also within the board of management, 

and after the first one finished, consisted in going through Common Assets Checklist 

(please see appendix No. 1) together with managers evaluating assets not previously 

mentioned during the Delphi method. 

The resultant list of important assets follows: 

 

No Asset Responsible department G. 

1. Production building (& warehouse) Production dep. PA 

2. Office building All apart from Production dep. PA 

3. Production technology / machinery 

operation 

Production dep. PA 

4. Production’s support technology op. Production dep. PA 

5. Server (HW) Research & Development dep. PA 

6. Server (SW) Research & Development dep. IA 

7. PEFC wood availability Purchase dep. IA 
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8. Currency convertibility Sales (export) and Purchase dep. IA 

9. Research and Development Research & Development dep. IA 

10. Reputation – Quality Production and Purchase dep. IA 

11. Customer credit Sales dep. IA 

12. Employees Production dep. IA 

13. Key employees CEO IA 

14. Know how All departments IA 

Table 4.B: List of important assets included in risk analysis 

 

Legend: 

Column G. (group of assets): PA – Physical / tangible asset IA – Intangible asset. 

 

Short explanation of each asset is provided with the intention of describing its 

scope and context. Production buildings including warehouse premises, production 

technology (machinery) and its supportive technology (dust exhaustion, compressors 

etc.) are necessary prerequisites for production itself. Office building allows the 

company to run supportive processes to production. Source of raw material (PEFC 

certified wood) is intangible asset that figure as an essential input for production. 

Currently there are four suppliers obliged by contracts. About half of production is 

exported to foreign countries (Italy, Slovakia, Hungary, Germany and Austria) that pay 

receivables in Euro currency. Research and Development is (together with company’s 

reputation in quality) one of the most important intangible assets allowing the company 

to design and innovate products as well as company’s internal processes. Employees 

represented mainly by workman forms an asset allowing the technology to be operated. 

Numbers of education and training programmes are related to every single employee. 

Key employees are considered as an asset due to its intangible know how in particular 

field. Know how represents an asset continuously broadened by R&D enabling the 

company to succeed in many aspects of business. 

4.2.3 Value of Assets Determination and Assets Grouping 

This step within risk analysis determines value of assets based on extent of 

damage caused by risk / hazard realisation. The Delphi method was used (as another 

questionnaire of method use described above) to determine value of assets taking into 

account cost characteristics as well as revenue characteristics of a single occurrence of 
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particular average duration (vary among assets). The result is expressed in table 4.C 

where assets are evaluated by division into classes representing the value. 

The classes are defined as: 

 

Classes of values 

Class 
Value interval 

thousands CZK Verbal expression Weight 
A Above 1,000  Very high (unique assets) 4 
B <500; 1,000) High 3 
C <100; 500) Medium 2 
D <0; 100) Low 1 

Table 4.C: Classes of values  

 

Figures in column weight represents value used for risk evaluation performed 

using summation risk matrix. Consequent table describes assets allocation into the 

classes of value:  

 

Asset 

No. 

Asset Class of value 

1. Production building (& warehouse) A 

2. Office building A 

3. Production technology / machinery 

operation 
A 

4. Production’s support technology operation B 

5. Server (HW) D 

6. Server (SW) C 

7. PEFC wood availability C 

8. Currency convertibility B 

9. Research and Development B 

10. Reputation – Quality A 

11. Employees D 

12. Key employees C 

13. Know how A 

Table 4.D: Value of assets classification 
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4.2.4 Hazard Identification 

Identification of possible hazards threatening the assets uses two methods used in 

asset identification step – the Delphi method application and use of checklist (please see 

appendix No. 2 Common Hazards Checklist). Important identified hazards are as 

following: 

 

No. Hazard Category 

1. Electrical disturbance Direct – Uncontrollable 

2. Machine breakdown Direct – Controllable 

3. Employee negligence Direct – Controllable 

4. Failure of environmental control 

(humidity, temperature) 
Direct – Controllable 

5. Fire Direct – Controllable 

6. Employee inability to work Third-party 

7. Supply shortages or termination Indirect 

8. Loss of data Indirect 

9. Managerial error in production Indirect 

10. Recall of product Indirect 

11. Spoilage (faulty product) Indirect 

12. Unfavourable exchange rate 

evolution 
Indirect 

Table 4.E: List of important hazards included in risk analysis 

4.2.5 Hazard and Vulnerability Analysis 

It is an activity connecting each asset with hazards possibly influencing it 

considering also vulnerability of the asset to develop appropriate retaliation. 

Implemented retaliation is taken into consideration. Each asset-hazard pair is included 

in the class of value to indicate extent of damage the hazard would cause. Extent of 

damage is based on cost characteristic and revenue characteristic for an occurrence. 

 

Pair 

No. 

Asset Hazards Class of 

damage 

1.a Production building  Fire B 
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(& warehouse) 

2.a Office building Electrical disturbance D 

2.b Fire C 

3.a Production technology / 

machinery operation 

Electrical disturbance C 

3.b Machine breakdown B 

3.c Managerial error in production D 

4.a Production’s support 

technology operation 

Electrical disturbance D 

4.b Machine breakdown C 

5.a Server (HW) Electrical disturbance D 

6.a Server (SW) Loss of data C 

7.a PEFC wood availability Supply shortages or termination C 

8.a Currency convertibility Unfavourable exchange rate evolution B 

9.a Research and Development Employee negligence C 

10.a Reputation – Quality Employee negligence C 

10.b Recall of product B 

10.c Spoilage (faulty product series) B 

10.d Failure of environmental control C 

11.a Employees Inability to work D 

12.a Key employees Inability to work C 

13.a Know how Employee negligence C 

Table 4.F: List of asset-hazard pairs with indicated extent of damage 

4.2.6 Event Probability and Risk Quantification 

In order to accomplish all steps of risk analysis this section continues with 

probability of event estimation for the rest of hazard-asset pairs.  

 

Probability of occurrence 
Class % per year Verbal expression Weight 

E <0; 5> Practically unlikely 1 
D (5; 20> Little probability 2 
C (20; 50> Occasional 3 
B (50; 70> Probable up to frequent 4 

A (70; 100> Very frequent 5 

Table 4.G: Probability of occurrence evaluation 
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Estimation has been also determined using the Delphi method. Implemented 

retaliation is taken into consideration. The result follows: 

 

Pair 

No. 

Asset Hazards Probability 

class 

1.a Production building  

(& warehouse) 
Fire E 

2.a Office building Electrical disturbance D 

2.b Fire E 

3.a Production technology / 

machinery operation 

Electrical disturbance D 

3.b Machine breakdown E 

3.c Managerial error in production C 

4.a Production’s support 

technology operation 

Electrical disturbance D 

4.b Machine breakdown D 

5.a Server (HW) Electrical disturbance D 

6.a Server (SW) Loss of data E 

7.a PEFC wood availability Supply shortages or termination E 

8.a Currency convertibility Unfavourable exchange rate 

evolution 

C 

9.a Research and Development Employee negligence E 

10.a Reputation – Quality Employee negligence B 

10.b Recall of product E 

10.c Spoilage (faulty product) B 

10.d Failure of environmental control E 

11.a Employees Inability to work B 

12.a Key employees Inability to work C 

13.a Know how Employee negligence E 

Table 4.H: List of asset-hazard pairs and its probability 

 

Now it is time to finally propose risk quantification summarising previous partial 

results using summation method: 
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Pair 
No. 

Class of 
damage 

Probability 
class 

Weight of 
damage d 

Weight of 
probability r Risk  D = r + d 

1.a B E 3 1 4 

2.a D D 1 2 3 

2.b C E 2 1 3 

3.a C D 2 2 4 

3.b B E 3 1 4 

3.c D C 1 3 4 

4.a D D 1 2 3 

4.b C D 2 2 4 

5.a D D 1 2 3 

6.a C E 2 1 3 

7.a C E 2 1 3 

8.a B C 3 3 6 

9.a C E 2 1 3 

10.a C B 2 4 6 

10.b B E 3 1 4 

10.c B B 3 4 7 

10.d C E 2 1 3 

11.a D B 1 4 5 

12.a C C 2 3 5 

13.a C E 2 1 3 
Table 4.CH: Risk quantification 

 

 

Figure 4.9: Identified risk represented in summation risk matrix 
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As recommended the result is represented using the summation risk matrix 

introduced in section Risk Management (3.1.3). Risk pairs are identified by the ‘Pair 

No.’ from table 4.H. The extent of risk is therefore magnitude of integer values in 

interval <2; 9> and its categories are Low (<2; 4>), Medium (<5; 7>) and High (<8; 

9>). 

4.3 Production and Spoilages Risk Handling 

Production department is the core of business. It produces custom-made products 

on specific customers’ orders. There is enormous number of product variations. The 

production process itself begins with order placement and finishes by packing. Its basic 

division into two sub-processes helps to understand approach of custom-made 

production. The first branch of the production process corresponds with capacitive 

planning of semi-finished production. Semi-finished products when produced wait in 

warehouse to be used on customer’s order as they are unified differing only in width, 

length and quality of wood. The second branch of the process is dedicated to customer’s 

order manufacturing and as an input uses semi-finished products. This sub-process is 

not same for all orders and depends on selected surface modifications and product line. 

There is enormous number of surface modification combinations and those determine 

production steps of sub-process. Complete diagram of production process is illustrated 

in appendix No. 3. 

 

 

Figure 4.10: Surface modification line (left) and Milling-Calibration line in the 

production hall 

 

The custom-made approach therefore demands variability of production process 

which is provided by software application Workflow. The Workflow operates through 

two types of user interface. 
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The first type is dedicated for purpose of labour in the production hall. Workman 

accesses the Workflow through a touch screen and the application provides him with 

guidance what order to work on. 

 

 

Figure 4.11: Touch screen interface preview 

 

The workflow also records time an employee spent working on the order when 

finished within a production step. Another important entry to the system is made 

namely it is indication of spoilages arisen. Number of other aspects is recorded into 

database among them, for purpose of this thesis, are important subsequent: 

 

• Time of operation finished 

• Indication whether spoilage arisen or not 

• Name of the workman 

• Machine identification 

 

The second kind of interface is the information system (Helios Orange provided 

by Asseco Solutions a.s.). Helios enables management, who uses its interface, to define 

the production system, control and manage orders, evaluate performance of the 

production process and so on. 

Currently manager uses interface to sort records and filter them by mask in order 

to obtain number of spoilages in period of time, by machines or workman. Company 

has set the limit of spoilages per workman and month by it is not truly fair as some of 

machines tends more to produce spoilages than others. Intangible know how of some of 

workman sometimes cause lower production of spoilages. Also pace of the machines 

matters and therefore number of produced semi-finished pieces varies within the time 

period among machines. 

 



61 

 

 

Figure 4.12: Helios Orange information system preview (Production module) 
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5 PROPOSALS AND CONTRIBUTION OF SUGGESTED 

SOLUTIONS  

First of all the section provides proposed solution as a result of Risk Analysis. 

There is an explanation of asset-hazard (risk) selection resulting into solution definition. 

Next sub section describes concept of the tool being the solution. Following sub 

sections provide reader with detail characterisation of all steps within Process of risk 

probability estimation using RETUNN (figure 5.1.) that implements proposed solution. 

5.1 Proposed Solution 

Decision which hazard-asset pair to select for retaliation implementation is 

present in this section. The base material for purpose of decision is results of risk 

analysis presented in Event Probability and Risk Quantification section (please see table 

4.CH and figure 4.9) providing several options: 

 

1. Pair No. 12.a: Key employees inability to work (Risk: 5). 

2. Pair No. 11.a: Employees inability to work (Risk: 5). 

3. Pair No. 8.a: Financial loss during currency exchange due to unfavourable 

exchange rate evolution (Risk: 6). 

4. Pair No. 10.c: Excellent reputation for quality harmed by spoilages (faulty 

products) (Risk: 7). 

5. Pair No. 10.a: Excellent reputation for quality harmed by Employee 

negligence (Risk: 6). 

 

Risk assessment for above mentioned options has outcome to the medium risk 

class. Considering extent of risk for particular asset-hazard pair the final decision was 

made in favour of option number 4. The main reason in favour the decision is that the 

pair is evaluated as the most risky. Second reason expresses fact that the solution is 

supposed to partially handle risk arising from asset-hazard pair in option 5 by 

monitoring production steps outcome in order to detect possible continuous negligence 

of an employee. Concluding the selected option the solution is supposed to orient on 

risk of spoilages harming excellent company’s reputation and its evaluation using 

an Artificial Intelligence method that would lead to suggestions mitigating it to 

acceptable level. 
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5.2 Concept of the Tool 

Variability of production process brings several issues related to quality 

management. Original solution handling risk of spoilages (faulty products) records 

necessary data related to Risk Management (i.e. Time of operation finished, indication 

whether spoilage arisen or not, name of the workman, machine identification) into 

database. On those records the proposed solution tends to continue. As described in 

section Production and Spoilages Risk Handling (4.3) manager uses interface of the 

information system to find out number of spoilages in period of time, by machines or 

workman. 

Concept of the tool defines its functionality. For purposes of daily use ‘the tool’ is 

not a suitable name in fact therefore let there be proposed proper name - Risk 

Estimation Tool Using Neural Network (RETUNN). 

The RETUNN works with an Artificial Neural Network method using data 

exported from IS Helios then converted into format suitable for the method. Exported 

data is either in XLS or CSV file format. In the case of XLS the user needs the 

Microsoft Excel (or any other program suitable for the task) to export data into the CSV 

format. The file of CSV format contains various types of values – date-time and string 

variables. These are not suitable for use in connection to probability estimation using 

Neural Network method. In order to obtain data in a suitable format user uses Data 

Convertor tool (part of RETUNN set of applications) as described later.  

A single company’s employee is chosen to understand use of MATLAB program 

with provided script to train a Neural Network on transformed data. This step needs to 

be done once a month as the modelled system is dynamic and the management needs to 

use up-to-date data.  

Since the data are transformed, updated neural network modelled the user is able 

to use the RETUNN: 

 

1) To predict probability of spoilage for a combination of workman and machine.  

 

2) To provide user with the top 3 most probable combination of workman and 

machine. 
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The whole process of risk probability estimation is pictured on the next page: 

 

 

Figure 5.1: Process of risk probability estimation using RETUNN 

5.3 Data Export from the IS 

Data stored in company’s database are accessible through interface of Helios 

Orange information system. Among all data the master’s thesis uses data related to 

Production module, more specifically subset of data collected within production 

process. Data entity consists of attributes [date and time], [workman name], [machine 

name] and [spoilage indication]. Data is available only in Czech language. For example 

record “19.5.10 8:54:32 Renata Kartáčovačka OK” indicates that on provided date and 

time Renata (name of workman) when working on Brushing machine (Kartáčovačka) 

did not produce any spoilages. Exported data is either in XLS or CSV file format. In the 

case of XLS the user needs the Microsoft Excel (or any other program suitable for the 

task) to export data into the CSV format. The file of CSV format contains various types 

of values – date-time and string variables. These are not suitable for use in connection 

to probability estimation using Neural Network method. In order to obtain data in a 

suitable format user uses Data Convertor tool (part of RETUNN set of applications) as 

described later. Example of exported data is available in electronic supplement of the 

thesis in two file formats – “01 - data_exported_from_helios.xls” and “02 - 

data_exported_from_helios.csv”. Data describes operations in the production process 

for a month (May 2010), it contains 195 rows, 13 person, 12 machines. 

5.4 Data Conversion 

DataConvertor is a tool specially developed in relation of Artificial Networks use 

in Princ parket. Program loads data of below specified format, exported from IS Helios, 

and transforms data into format suitable for MATLAB import as well as use with 
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Neural Network Toolbox (transposed, values are integer and two separated files - first 

defining input data second output data for artificial network training). Examples of 

converted files are present in electronic supplement. The first file “11 - 

converted_IN.csv” represent an input vector, “12 - converted_OUT.csv” represent an 

output vector. In order to understand transformed data in numerical form, 

DataConvertor also generates files “13 - operations-list.csv” and ”14 - workman-

list.csv” (may be found in electronic supplement of the thesis). These provide mapping 

of numbers representing workman (machine). 

Executable application, source code and file with instructions may be also found 

in electronic supplement of the thesis in folder “DataConvertor Tool”. 

Note: To run the project from the command line, go to the folder and type the 

following: java -jar "DataConvertor.jar" or double-click on "Run DataConvertor" (a 

shortcut). To run the program it is necessary to have Java Runtime Environment 

installed (version 1.6 and higher). You can obtain free version at: 

http://www.oracle.com/technetwork/java/javase/downloads/index.html 

Mandatory form of input data file is as following: 

1. CSV file separate by semicolon (;). 

2. A row represents a single record - example "19.5.10 

8:54:32;Renata;Kartáčovačka;OK". 

3. There are only 4 attributes. 

4. The first attribute is dedicated to date and time only. 

5. The last attribute is dedicated to class identification only - i.e. "OK" or 

"Vada" (faulty product). 

6. The second and third attributes are dedicated to workman name and 

machine name. 
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Figure 5.2: DataConvertor Tool preview 

5.5 Network Benchmarking 

Number of capabilities and modifications of Neural Networks methods were 

employed in order to identify the most suitable model to implement into the RETUNN. 

There are numbers of possible Artificial Neural Networks types (feedforward 

Backpropagation network, Elman Backpropagation network ETA.). Each type of 

network is specified by characterisation such as number of layers, size of particular 

layer (number of neurons), type of transfer, training and learning function and many 

others. Benchmarking a variety of Neural Network modifications by changing 

combinations of parameters mentioned above. Those achieved best results (measured by 

Mean Squared Error) are present in following table: 

 

   Feedforward Backpropagation network 

Network ID   1. 2. 3. 
Number of layers (excl. 
output) 

4 5 3 

Size of layer(s)   [10 20 20 10] [10 30 30 30 20] [20 20 20] 
Transfer functions of layers T T T T L L L L L L P L 
Training 
function 

  traingda traingda trainlm 

Weight / bias learning 
function 

learngdm learngdm learngdm 

Best 
performance 

mse 0.10147 0.15657 0.1184 

    at epoch 77 34 4 
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Network ID   4. 5. 
Number of layers (excl. 
output) 

4 3 

Size of layer(s)   [20 40 40 20] [10 20 40] 
Transfer functions of layers L L L L T T T 
Training 
function 

  trainlm traingda 

Weight / bias learning 
function 

learnp learngdm 

Best 
performance 

mse 0.11652 0.079845 

    at epoch 8 33 

 

 

 

 

 

 

Legend:             
mse: Mean Squared 
Error 

     

Transfer functions Training function     
H: Hardlim trainlm: Levenberg-Marquardt Backpropagation   
L: 
Logsig 

 traingda: Gradient descent with adaptive learning rule Backpropagation 

T: 
Tansig 

       

P: 
Purelin 

 Weight / bias learning function    

   learngdm: Gradient descent with momentum weight/bias learning 
function 

    learnhd: Perceptron weight and bias learning function   

 

Table5.A: Best networks according to mse 

 

Performance measured by mse presented in table is the best result of learning 

particular network from three experiments. As a model chosen for RETUNN 

implementation is candidate number 5 that can be found as file “21 - myNetwork.mat” 

in electronic supplement of the thesis. 
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5.6 Neural Network Training Script 

The script designed to Neural Network training using parameters that were 

evaluated as the best is present in file “product_quality_risk_Network_training.m” 

located electronic supplement in folder “RETUNN”. Unfortunately even such 

sophisticated product as MATLAB does not allow deployment in order to provide the 

company with executable file. Therefore the script is the only part of the RETUNN that 

requires MATLAB environment. A single company’s employee is chosen to understand 

basic use of MATLAB program with provided script to train a Neural Network on 

transformed data. This step needs to be done once a month as the modelled system is 

dynamic and the management needs to use up-to-date data. Example of trained network 

is in the folder “RETUNN” in file “myNetwork.mat”. 

 

5.7 Risk Estimation Tools Using Neural Network (RETUNN) 

The application RETUNN - Risk Estimation Tool Using Neural Network - is a 

tool specially developed in relation of Artificial Networks use in company Princ parket. 

Program has two main functions; user selects particular option by entering 1 or 2. 

 

1) Probability estimation: The application for provided trained Neural 

Network, and specified machine and workman estimate probability of 

spoilage occurrence. 

 

2) Top 3 probable combinations: The application for provided trained Neural 

Network, finds the three most probable combinations of machine and 

workman. These combinations are most likely to produce spoilages. For 

instance may be identified that workman Josef working on Brushing machine 

is most likely to produce spoilage with certain probability. 

 

Executable application together with source code and readme file is present in 

folder “RETUNN” of electronic supplement. To run the application from the command 

line, go to the folder and type "RETUNN". Note: To run the program it is necessary to 

have MATLAB Compiler Runtime (MCR) version 7.13 installed. The operating system 

must be restarted after installation. You can download MCR at: 

http://www.zitterbart.net/MCRInstaller.exe or in search the Web for other sources. 
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Figure 5.3: RETUNN application preview 
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6 CONCLUSIONS 

The thesis provides a set of computer applications using method of Artificial 

Intelligence, more precisely employing Neural Network methods. The set of 

applications is named RETUNN - Risk Estimation Tool Using Neural Network and 

their design is based on implications of analyses beginning with SWOT analysis, 

continuing with Porter’s Five Forces Analysis and finally Risk Analysis examined on 

company Princ parket. RETUNN enables the company to predict probability of 

spoilages (faulty products).  

Set of RETUNN application enables production process manager to obtain 

previously unknown information that might be used in several ways. For instance 

obtaining probability information for all combinations of all workmen and a single 

machine may identify: 1) differences in spoilages production probability among 

workman, 2) identification of the workman who manufacture on a machine producing 

the least spoilages. Use of information in context of the first example (1) may lead to 

setting limits for single workman. The second knowledge then may lead to observation 

of the workman in order to reveal reasons clarifying the fact or to involvement of the 

workman into the best practice programme. 

 The use of function “Top 3 probable combination” enables management to 

identify estimation of three workman-machines pairs with the highest probability of 

occurrence spoilage among all combination of all workman and machines. The 

management is therefore able to focus on the three most risky entities. Manager may 

observe the particular workman operating specific machine to find out where the cause 

of the problem lays. Another option for manager is to swap workman with 

unsatisfactory results so person A will newly work on machine X as well as person B 

previously working on Y will newly operate X. 

Despite demonstrating the practical use of the solution proposed by the master’s 

thesis it is very hard to precisely enumerate exact economic benefit for the company. 

The first difficulty lies in financial evaluation of excellent reputation of the company. 

This intangible asset may be estimated, but hardly exactly figured out. The second 

difficulty may be found in financial estimation of consequences of actions taken by the 

management based on use of the RETUNN. The extent of financial consequences might 

be evaluated after statistically significant period of the time. In spite of these difficulties 

it is expected that the use of the RETUNN decrease number of spoilages by enabling the 

manager to see more detailed aspects of spoilages emergence. 
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Author advices the company to take a few further actions. First of all the company 

should collect more detailed information about production process. For example 

gathering number of spoilages would give precision to its prediction by extending target 

classes. Secondly the company is advised to focus on other risk discovered during Risk 

Analysis as well as repeat Risk Analysis on regular basis in order to mitigate risk 

possibly influencing other important assets. 
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9 APPENDICES 

Appendix No. 1: Common Assets Checklist 

 (WILLIAMS, SMITH, YOUNG, 1995, p. 65 – 67) 

A. Physical Assets 
1. Real property 

a) Buildings 
i. Under construction 

ii.  Owned or leased 
iii.  Manufacturing 
iv. Offices 
v. Warehouses 

vi. Garages and hangers 
vii.  Dwellings and farms 
viii.  Tanks, towers, and stacks 
ix. Wharfs and docks 
x. Pipes and wires (aboveground) 

b) Underground property 
i. Cables and wires 

ii.  Tanks 
iii.  Shelters, caves, and tunnels 
iv. Mines and shafts 
v. Wells, groundwater 

vi. Piping and pipelines 
c)  Land 

i. Improved 
ii.  Unimproved 

2. Personal property (on and off premises and in transit) 
a) Equipment and machinery 

i. Machines and tools 
ii.  Dies, jigs, molds, castings 
iii.  Boilers and pressure vessels 

a. Fired vessels – steam and hot water boilers 
b. Unfired vessels 

iv. Mechanical, electrical equipment – transformers, generators, 
motors, fans, pumps, compressors 

v. Engines – diesel, gasoline, steam 
vi. Meters and gauges 

vii.  Turbines – steam, gas, water 
viii.  Conveyors and lifts, trams, elevators 

b) Furniture and fixtures 
c) Electronic data processing equipment 
d) Improvements and betterments 
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e)  Stock – supplies, raw materials, goods in process, finished goods 
f) Fine arts – antiques, paintings, jewellery, libraries 
g) Safety equipment – instruments, apparel, alarms, installations 
h) Value papers 

i. Blueprints 
ii.  Formulas 
iii.  Accounts receivable 
iv. Patents and copyrights 
v. Titles and deeds 

vi. Tapes, cards, disks, programs 
vii.  Own securities – negotiable and nonnegotiable 
viii.  Other corporate securities 
ix. Cash (indicate currency) 

3. Miscellaneous property 
a)  Vehicles (including contents) 

i. Commercial 
ii.  Private passenger 
iii.  Contractor´s equipment (licensed) 
iv. Warehouse equipment 

b) Aircraft 
i. Missiles and satellites 

ii.  Lighter-than-air 
iii.  Aircraft – jet, piston, fixed-wing, rotary wing 

c) Animals 
d) Antennas 
e)  Crops, gardens, lawns 
f) Fences 
g)  Firearms 
h) Nuclear and radioactive property – isotopes, tracers, reactors, cyclotrons, 

accelerators, betatrons 
i) Promotional displays – sings, models, plates, handbills, exhibits 
j) Recreational facilities – parks, gyms, lakes, cafeterias 
k)  Watercraft (including contents) – boats, yachts, barges, ships, 

submersibles, buoys, drilling rings 
B. Intangible Assets (assets not necessarily shown on balance sheet or earnings 

statement) 
1.  External assets 

a) Markets 
b) Resource availability 

i. Supplies 
ii.  Transportation 
iii.  Employees (full-time and temporary) 
iv. Public utilities 
v. Public protection 

c) Communications – telephone, teletype, television, radio, newspaper 
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d) Location – climate, political, economic and social stability, currency 
convertibility 

e) Counsel and specialist – legal, architecture, accounting, insurance, real 
estate, general management, marketing, advertising, PR, banking 

2. Internal assets 
a) Research and development 
b) Goodwill and reputation 
c) Financial 

i. Credit cards 
ii.  Credit lines 
iii.  Insurance 
iv. Customer credit 
v. Employee benefits program 

vi. Royalties and rents 
vii.  Leasehold interest 
viii.  Ownership of stock 
ix. Company foundations (non-profit) 
x. Tax loss carry-forward 

d) Personnel (employees and executives) 
i. Education and training 

ii.  Experience 
iii.  ”Key” employees 

e) Rights 
i. Mineral and oil rights – aboveground, underground, and 

offshore 
ii.  Air rights 
iii.  Patents and copyrights 
iv. Royalty agreements 
v. Distribution agreements 

vi. Manufacturing rights 
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Appendix No. 2: Common Hazards Checklist 

(WILLIAMS, SMITH, YOUNG, 1995, p. 67 – 70) 

A. Direct Exposures 
1. Generally uncontrollable and unpredictable 

a)  Electrical disturbance – lightning, burnout, sunspots, power surge, 
demagnetization of tapes 

b) Falling objects – aircraft, meteors, missiles, trees 
c)  Land movement – earthquake, volcano, landslide, avalanche 
d) Sound and shock waves – sonic boom, vibration, water hammer 
e)  Subsidence – collapse, settlement, erosion 
f) War, insurrection, rebellion, armed revolt, sabotage 
g)  Water damage – flood, rising waters, flash flood, mudslide, tidal waves 

(tsunami), geyser, groundwater, sprinkler leakage, sewer backup 
h) Weight of ice, snow 
i) Windstorm – typhoon, hurricane, cyclone, tornado, hailstorm, rain, dust, 

seche, sandstorm 
2. Generally controllable or predictable 

a)  Breakage of glass or other fragile items 
b) Breakdown – malfunction of part, lubricant, etc. 
c) Collision, on and off premises – watercraft, aircraft, vehicles 
d) Contamination – liquid, solid, gaseous, radioactive, pollution 
e) Corrosion – wear, tear, abuse, poor maintenance 
f) Employee negligence 
g) Explosion and implosion 
h) Failure of environmental control – temperature, humidity, pressure 
i) Fauna – animals, rodents, insects, pests 
j) Fire 
k) Installation and construction hazards – dropping, etc. 
l) International destruction – jettison, backfiring, etc. 
m) Perils of sea - pirates, rovers, barratry, etc. 
n) Physical change – shrinkage, evaporation, color, mildew, expansion, 

contraction 
o) Rupture or puncture of tank or vessel 
p) Smoke damage, smudge 
q) Spillage, leakage, paint spray 
r) Structural defects, crane or elevator fall 
s) Transportation – overturn, collision 
t) Unintentional error – employee, computer, counsel 
u) Vegetation 
v) Vandalism, malicious mischief, defacing of property 
w) Riots, civil disorders, strikes, boycotts, curfews 

3. Primarily financial in nature 
a) Employee dishonesty – forgery, embezzlement, larceny 
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b) Expropriation – nationalization, seizure, exercise of eminent domain 
confiscation 

c) Fraud, forgery, theft, burglary, robbery 
d) Invalidity of deed, title, patent, copyright 
e)  Inventory shortage – mysterious disappearance, lost or mislaid property 
f) Obsolescence 

B. Indirect or Consequential Exposures 
1. All direct exposures as they affect 

a) Suppliers 
b) Customers 
c) Utilities 
d) Transportation – personnel and property 
e) Employees 

2. Extra expense – rentals, communication, product, etc. 
3. Concentration of assets 
4. Change in style, taste, desire 
5. Bankruptcy – employee, executive, supplier, customer, counselor 
6. Disruption of education system – racial, political, economic 
7. Economic fluctuation – inflation, recession, depression 
8. Epidemic, disease, plague 
9. Increased replacement cost, depreciation 
10. Invasion of copyright, patent 
11. Loss of integral part of set, pair, group 
12. Loss of rights resulting from records destruction  
13. Managerial error in: 

a) Pricing, marketing 
b) Distribution 
c) Production 
d) Expansion 
e) Economic predictions 
f) Political predictions 
g) Investments 
h) Dividend declaration 
i) Tax filing 

14. Recall of product 
15. Spoilage 

C. Third- Party Liabilities (compensatory and punitive damages) 
1. Aviation liability 

a) Owned and leased aircraft 
b) Nonowned – officers and employees licensed 
c) Grounding and sistership liability 

2. Athletic – sponsorship of teams, recreational facilities, etc. 
3. Advertiser´s and publisher´s liability 

a) As agents 
b) Libel, slander, defamation of character 
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c) Media use – radio, TV, newspaper, samples, exhibits 
4. Automobile liability 

a) Operation of vehicles – owned and nonowned 
b) Loading and unloading 
c) Dangerous contents – flammables, explosives 

5. Contractual liability 
a) Purchase agreements 
b) Sales agreements 
c) Lease agreements – real or personal property 
d) Performance or service 
e) Loans, mortgages, notes 
f) Hold – harmless clauses 
g) Surety agreements 

6. Directors´ and officers´ liability 
7. Easements 

a) In gross 
b) Appurtenant 
c) Positive or negative under common law 
d) Rights of access to light, water, drainage, support 

8. Employers´ liability 
a) Worker s´ Compensation or similar laws 
b) Federal Employees Liability Act 
c) Common law 
d) U.S. Longshoremen and Harbor Workers Act 
e) Jones Act 
f) Defense Bases Act 
g) Outer Continental Shelf Act 
h) Unemployment compensation 
i) Discrimination in employment 

9. Fiduciary and fringe benefits plans liability 
a) Pensions, trust, profit-sharing plans, investments 
b) Insured – life, accident, health, etc. 
c) Credit unions 

10. Malpractise liability – errors and omissions 
a) Medical – doctors, nurses, specialist 
b) Lawyers 
c) Engineers 
d) Trustees of pension plans 
e) Patent infringement 

11. Ordinary negligence 
a) Of employees 
b) Of agents 
c) Of invited or uninvited guests 
d) Of contractor or subcontractor 
e) Failure to provide safety equipment, warnings, etc. 
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f) Inadequate enforcement of regulations 
g) Improper preparation of food 

12. No ownership liability 
a) Leased real or personal property 
b) Bailee´s liability 
c) Employee´s use of vehicle, aircraft, watercraft 

13. Owner´s liability 
a) Attractive nuisance 
b) Invited guests 
c) Trespassers (false arrest) 
d) Rights of others – riparian, mineral, light, air, view, lateral support, 

easements, part walls, licences, drainage eminent domain 
14. Product liability (each product sold, distributed, made) 

a) Implied warranty 
b) Express warranty 

i. By agents – sales, advertising, or general 
ii.  By employees 

iii.  Of merchantability 
iv. Of suitability or fitness for use 
v. Of title 

vi. By sample 
15. Protective liability 

a) Industrial contractors hired 
b) Construction of demolition 

16. Railroad liability 
a) Sidetrack agreements 
b) Right of way 
c) Grade crossings 

17. Director´s and officers´ liability (stockholder derivative suits) 
18. Watercraft liability 

a) Ownership, leased, operation 
b) Types – boats, yachts, ships, submersibles, rigs, platforms 
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Appendix No. 3: Production Process Diagram 

 

 

Legend: 

Lines: 

A. Milling-Calibration line 

B. Surface modification line 

Activities: 

1. Order acceptance 

 

14. Brushing 

15. Smoking 

16. Oiling (also coloured) 

17. Sanding 
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2. Delivering of top layer from warehouse 

3. Delivering of middle layer from warehouse 

4. Gluing top and middle layer 

5. Putting and classification 

6. Delivering of semi-finished product from 

warehouse 

7. Delivering of semi-finished product to warehouse 

8. Gluing top and middle layer 

9. Delivering of top layer from warehouse 

10. Delivering of middle layer from warehouse 

11. Capacitance planning 

12. Sanding 

13. Milling 

18. Oiling 

19. Quality checking 

20. Packing 

21. Dispatching 

 

Section of departments: 

I. Sales dep. 

II.  Raw material 

warehouse 

III.  Semi-finished products 

warehouse 

IV.  Production dep. 

V. Shipper  

 


