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ECONOMIC STRATEGIES USED BY COMPANIES DEALING 

WITH INFORMATION GOODS, BASED ON SOFTWARE 

EXAMPLE 

ADAM ANDRZEJUK

Department of Agricultural Economics and International Economic Relations,  

Warsaw University of Life Sciences (SGGW)

In this article, analysis was conducted on companies involved in production and 

trade of information goods. The research offers insight into methods of conducting 

business in information goods sector, which involves intellectual products such as, 

video tutorials, templated 3d models etc. related to professional graphics software 

packages, in this case Adobe After Effects and Cinema 4d. The paper explores how 

firms make use of special economic strategies, as described by Varian and Shapiro, 

particularly useful for trade in intellectual property products. An attempt was carried 

out to establish a connection between the number of strategies used by companies, 

and the number of potential clients which determine the success of a company. For 

that purpose a proxy system was contrived. The YouTube search engine was used as 

a way of finding required companies.  

Keywords:  economic models, economic strategies, information goods, market 

analysis, after effects, cinema 4d, YouTube 

1. Introduction

Apart from the three classic economic resources which include: land, capital 

and labor, information is nowadays often viewed as the fourth factor. It�s a 

resource indispensable for the functioning of every institution, and in the wider 

meaning of the word, for the State, as well as the national economy [12]. 
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Asymmetry of information has also been widely represented in literature. The 

common contemporary problems of information, concern its timeliness, 

completeness, assimilation, readability and credibility. The information asymmetry 

is defined as a situation when one side of the transaction possesses more 

information on the terms of the transaction than the other side [5]. The existence of 

information asymmetry has a wide ranging consequences on the micro and macro 

scale. On the macro scale the problem of information asymmetry is related to the 

efficiency of the market. On the micro scale, we can talk about its profound 

influence on decision making in individual companies [15]. 

Information is inseparable if we see it as a means of competitive advantage 

for companies. According to K.Ob�ój, in order to obtain competitive advantage, it 

is important for a company to maintain an organizational structure which connects 

the strategic concept of a company and the technology. This in turn is used, to 

successfully build a value chain which helps the company to run its operations and 

to replenish its resource and skills. In fact the essence is how the company will 

compete (the drivers of competitive advantage), what resource and abilities keep 

the competitive advantage in the long run, and how to set up the value chain in 

order to make use of the resource in such a way as to maintain the competitive 

advantage [5, 10].   

As apparent from the above descriptions, in most cases information is viewed 

as a source of competitive advantage, as well as, collected and processed data.  

In this article the author wants to concentrate on a more practical use of 

information. The main objective is to focus on information as a unit of economic 

transaction, in the form of information good. Production and trade of information 

goods forces the companies involved to assume certain behavior, which is 

significantly different than actions of companies operating in the industry of 

durable goods. In fact this forces the company to live within the environment of 

specific economic effects and to employ certain economic strategies. The 

difference between information goods and durable goods is so large, that it�s not 

possible to explicitly implement the organizational schemes from the physical 

goods industries to the companies dealing with information goods. The aim of this 

paper is to demonstrate the influence of economic strategies on the activities of 

companies. The analysis is seeking to establish a connection between the number 

of strategies used and the number of potential clients in the information goods 

industry. Such companies deal with production and sales of video tutorials, 

templates, 3d models, ebooks, music, and other goods related to software packages 

such as Adobe After Effects, and Cinema 4D. 
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2. Information goods 

What are the information goods? As stated by Varian and Shapiro, the basic 

unit that is transacted is what we call �information goods.� This can be anything 

that can be digitized: a book, a movie, a record, a telephone conversation. Note 

carefully that the definition includes anything that can be digitized; There is no 

requirement that the information actually be digitized [18]. This is confirmed by 

Czaplewski, accordingly, information can be considered in the aspect of 

information goods. Czaplewski also credits Varian and Shapiro as the pioneers of 

information economy. The authors stress particular properties which are the 

domain of information goods, those include: returns to scale, information as public 

good, experience goods, difficulty in enforcing intellectual protection [3]. 

Shapiro and Varian investigated the information economy using three 

dimensions: information, technology, and policy. The information dimension 

encompassed concepts such as production costs, management of intellectual 

property and one-to-one marketing. The technology dimension consisted of the 

concepts of system competition, lock-in switching costs, network externalities, and 

standards, whereas the policy dimension comprised concepts of anti-trust and 

privacy [2]. 

Information products are characterized by no attrition (quality is not degraded 

over time), they can be easily copied (no additional costs when making a copy), 

they have network externality (word-of-mouth effects), are easily changed, and 

goods must be experienced before purchasing. In short, information product 

characteristics and cost structure (high production cost and low reproduction cost) 

differ significantly from those of conventional businesses. The value of 

information goods also varies and pricing strategies can be volatile [2]. The above 

description is confirmed by Czaplewski, stating that the most significant 

characteristics of information good is the fact that Information is costly to produce 

but cheap to reproduce. This is due to high fix costs and low marginal costs. 

Moreover it also implies that it�s difficult to enforce intellectual property rights, as 

the trade in electronic copies is hard to control. Czaplewski also stresses that 

information goods are experience goods, as a consequence it�s not possible to make 

an opinion on the quality of information good without consuming it first. Closer 

inspection of the quality of such goods on the other hand, is related to incurring 

relative high costs, for example, in the search for opinions on the particular good. 

The increasing supply of information, which results from technological advances, 

is bumping into the barriers of information overload by consumers unable to 

assimilate new information due to time constraints [3]. 

It�s important to notice additional properties such as substitution and 

complementary effects of information. A perfect complement of information good 

is much more common than in other asset domain. It�s common to have a zero 
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value of one information good without another supporting it. The best example can 

be found among software packages, where additional passwords and keywords are 

required in order for the software to become fully functional. Another example is a 

common story of a treasure hunt, where one half of the map leading to the treasure 

is worthless without another [5]. 

3. Information economy and business strategies 

As mentioned earlier in this article, Shapiro and Varian identified a number of 

effects and models for companies operating in the information goods industry, 

which in this paper will be called economic strategies. It�s important to stress, that 

a company need not be sticking to a single strategy, but the strategies can be used 

simultaneously. The main economic strategies identified by Varian and Shapiro 

are: price differentiation, product versioning, bundling, switching costs and lock-in 

effect, network externalities and standards. Below is a description of those 

concepts with explanation of how they have been applied to the analysis.  

Differentiation of products and prices 

According to Varian, if all customers for the product place essentially the same 

value on the product, the profit-maximizing pricing decision is easy: just price the 

product at this common value and charge what the market will bear. The difficulty 

arises when consumers� willingness�s to pay are heterogeneous. In this case the 

producer�s choice is not so obvious, since fewer consumers will buy at higher prices. 

Furthermore, if willingness-to-pay differs across customers, the producer would 

generally find it advantageous to charge different users different prices. This will be 

true even for a producer who is only interested in cost recovery [17]. 

Price differentiation, also called price discrimination results directly from very 

low marginal costs, where charging above marginal costs becomes immediately 

visible in the form of increased profits. Moreover, by using the latest technologies 

such as the Internet as distribution channels in conjunction with Big Data analysis 

of consumer behavior, it becomes possible to cheaply adjust the pricing to the 

needs and choices of consumers. 

As Varian mentions with respect to designing information goods,  the first 

point is to make sure to design the product so that it can be versioned. That is, the 

produce should be designed in a way that it is easy to reduce its quality in order to 

sell to a particular market segment. He further states, design for the high end of the 

market first, and then downgrade the product to get the versions for other segments 

of the market [17]. According to Linde, there are several empirical studies, 

according to which at least three versions should generally be offered [16]. At least 

three versions, as customers tend towards the middle, avoiding extremes.  

If customers only have a choice of two offers, they frequently decide in favor of the 

more reasonably priced one. On the other hand, if there is an extra High-end-, 
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Gold-, Maxi- or Premium-Version this promotes the purchase of the middle one - 

erstwhile the most expensive version. With the introduction of a third, high-quality 

version it�s not necessarily about selling these in large quantities, this however, 

changes the perception of the customers regarding the more favorable versions and 

encourages low-end buyers to decide in favor of the higher-value (medium) 

product. Thereby, the products in the middle attain acceptability [9]. In the 

analysis, versioning and price differentiation is reflected in the availability of 

several versions of the same information good. Price discrimination can also be 

observed in the number of licenses purchased. Bulk buying of licenses attains 

lower prices in the form of coupons or discount codes. Due to the fact that the 

producers and resellers of information goods, such as tutorials, templates, ebooks 

or 3d models, do not sell commodity goods, this often leads to significant market 

power over pricing strategies. They try to adjust as much as possible to customer 

demand through product and price differentiation. 

3.1. Lock-in effect and switching costs 

Lock-in effect usually takes place due to high switching costs. Users of 

information technologies are notoriously subject to switching costs and lock-in: 

once you have chosen a technology, or a format for keeping information, switching 

can be very expensive, Lock-in arises whenever users invest in multiple 

complementary and durable assets specific to a particular information technology 

system. [13]. According to Farrell, switching costs arise when a consumer makes 

investments specific to buying from a firm, creating economies of scope between 

buying different goods, or (especially) goods at different dates, from that firm. The 

consumer then values compatibility. If this lock-in is strong enough, a buyer is 

effectively buying a series of goods . Not surprisingly, sellers sometimes 

accordingly offer �life-cycle� contracts. In this case nothing is fundamentally new: 

with strong enough relationship-specific economies of scope, competition is 

naturally over bundles of goods rather than over a single good. [6].  

Singh considers loyalty programs to be the most important aspect of  

e-commerce strategy for achieving customer lock-in. According to Singh, loyalty 

programs are becoming more and more common, as information and the Internet 

allow them to be fine-tuned more and more, information on consumers can be 

collected, processed and stored much more effectively. In addition, they have an 

attractive feature that other lock-in strategies may not share: the lock-in is achieved 

with the active participation of the customer, who signs up, and then enjoys the 

challenge of maximizing her loyalty points. Loyalty programs permit enormous 

flexibility. They can be adjusted over time, and they can be used in various kinds 

of cross-promotions. Earning frequent flyer miles by staying in particular hotels or 

by using a particular credit card are common examples. Other firms may therefore 

buy into share of the loyalty program, without having to run an independent 
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program, though that is an option that more hotels are choosing, for example [14]. 

Both Farrell and Singh stress the importance of building strong recognizable brand 

for increasing the loyalty and lock-in of the customers, by making search for 

alternatives costly and unattractive.  

A different approach is taken by Biglaiser, who points out that analysis shows 

that information on the distribution of switching costs, for which no data is given, 

should have been gathered and that its consequences for the strategy of the entrants 

should have been considered. He also gives an example of Apple and the music 

industry, the heterogeneity of switching costs could be beneficial to Apple not so 

much because it implies that there exist a subset of consumers with very high 

switching costs, but rather because the presence of customers with low switching 

costs makes an aggressive pricing strategy potentially very costly for an entrant [1]. 

The lock-in effect and switching costs in the analysis, are usually reflected in 

loyalty programs and membership access. Additional incentive is given by the fact 

that the price level often depends on the length of participation in the loyalty 

program. 

3.2. Bundling 

Bundling arises when information goods are sold along physical goods, as an 

example: CD�s and DVD�s are sold along those lines. However, this is not a rule, 

as two separate information goods can also be bundled together, like MS Word and 

MS Excel in the MS Office software package. The problem of bundling had been 

extensively studied by Derdenger, he found that bundles are treated as separate 

products (distinct from component products) by consumers. In his studies, he also 

found that bundles attract some segments of consumers to advance their purchases, 

and others to enter the market when they might not have otherwise in addition and 

independently of the fact that bundling reduces consumer heterogeneity in 

valuation [4].  Similar facts have been established by Olderog and Skiera [11].  

In the analysis, bundling of information goods can be attributed to sales with both 

physical good, as well as, to sales with another information good, as is the case 

with software packages. 

3.3. Network externalities and standards 

Demand-side economies of scale are also known as �network externalities� or 

�network effects,� since they commonly occur in network industries. Formally,  

a good exhibits network effects if the demand for the good depends on how many 

other people purchase it [18]. Another classic examples of network effects are to be 

found in social media such as Facebook or Twitter, where the utility of any such 

social platform increases with the number of users. The same phenomenon applies 

to search engines such as Google or Bing. In his papers, Linde goes even further, 
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stating that versioning like bundling supports the speedy circulation of information 

goods and therewith the emergence of network effects [9]. In the analysis, network 

externalities are directly related to the YouTube search algorithm, based on 

PageRank, which assumes, that the more the video and YouTube channel is visited, 

the more popular it must be, and therefore it is placed higher in the search list for 

future seekers of content. As the page rank of such video o YouTube channel 

increases, the number of viewers and subscribers goes up as well. The more 

subscribers for a particular the YouTube channel, the more potential customers can 

be drawn in to the sphere of influence. In order to achieve high network 

externalities it is often required to introduce standards. For instance, for the mobile 

phone usage to become useful for ever growing number of people in the form of 

network effects, a network standard had to be introduced. In the analysis network 

externalities are reflected in the willingness to extend the number of viewers and 

subscribers of YouTube channels under scrutiny. In our case, YouTube channels 

are primarily used as a promotional medium for sales of other information goods. 

In order to acquire many subscribers to the channel, and building potential buyers 

base, a company needs to constantly expand its number of free videos, free 

tutorials, and other means that attract attention of many viewers. Standards are also 

reflected in a way a YouTube channel is maintained. This includes professional 

logotype, unified offer, attractive front banner, and promotional videos, which 

accompany the sold information goods. 

4. Analysis

The research focuses on companies in the information goods sector, dealing 

with production or trade in video tutorials, templates, 3d models, music, ebooks 

and etc. In order to narrow the scope of the research it was decided to isolate a 

group of companies operating in the field of graphic software After Effects (AE) 

and Cinema 4D (C4D). AE and C4D is a professional software for video editing 

and 3D graphics. The reason for choosing both software AE and C4D is high 

complementarity of the two graphics packages. Excluded were direct providers of 

the aforementioned software. 

Only the entities that operate in the business environment of the software are 

taken into account, for example, independent  firms that create or trade in training 

workshops for AE or C4D, ebooks, ready-made templates, graphics, belong to the 

research group. Companies in graphics and movie entertainment industry, most 

commonly use YouTube channels in order to promote their products which 

constitute information goods. 
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Each entity sought is represented by a single channel on YouTube � a service 

which belongs to Google (Alphabet). Each entity must be a going concern, and 

exist on the market, promote themselves on YouTube a single channel and offer 

information goods for at least one year. The main search algorithm in this case is 

the YouTube algorithm, which returns results in the numbered order of relevance 

and relationship with the keywords sought. The first stage of the study is therefore 

to find as many YouTube channels which represent online firms. The algorithm 

returns 20 results per page and the number of pages displayed is dependent on the 

total number of hits. The main keyword used in search for companies represented 

through the YouTube channels are the following: After Effects tutorials, and 

combinations thereof, and cinema 4d tutorials and combinations thereof. 

The study adopted yet another additional assumptions. Search for companies 

will be carried out through YouTube channel search, therefore the YouTube 

account needs to be active, meaning that at least one video had been published (not 

necessarily paid) in the last year. YouTube Channel maintained in a professional 

state, which presupposes the existence of neat graphics on the main banner and an 

individual avatar of the company. The language in the study is English. 

Selection and exploration of companies corresponding to all the assumptions 

was conducted up to the fifth sub-page in the YouTube video rank for individual 

keyword, which gives a total overview of around 100 companies per keyword. Due 

to the good performance of YouTube search algorithms, further review of 

companies beyond the first 100 channels seems to be pointless, since what�s left 

are mostly private channels, or channels not related to the topic. 

The final study group represents 73 entities meeting all the above criteria in 

selling information goods related to AE and C4D software. This includes 44 

entities for AE and 29 entities for C4D. Out of the above stated number of 

companies, 23 were manually eliminated due to the lack of sales, leaving the final 

group of 50 entities involved in production or trade in information goods.  

In the course of the analysis, it was assumed that the number of subscribers of 

each YouTube channel represents the popularity of the channel, and translates to 

higher number of publicity and potential clients for the company selling 

information goods. The research in the use of the aforementioned economic 

strategies by the various entities producing or trading information goods, had been 

developed and presented in the form of a matrix. 

Table 1 presents the number of economic strategies employed by companies 

specializing in production and trade of information goods related to the AE and 

C4D software.  
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Table 1. Economic strategies used by companies in the information goods industry 
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The analysis of the table shows that most companies use the network 

externalities effects, as well as, use standards. The next position in terms of number 

of strategies used was price discrimination and versioning. Both strategies are 

reflected in scaling the versions of products and price, in order to extend the client 

base willing to purchase the goods. 

The least frequently represented economic strategies among the analyzed 

entities was the bundling and lock-in strategies. The reason may be the fact that 

these are the most advanced and expensive to implement strategies for companies, 

often requiring adequate technological infrastructure. 

Table 2. The relationship between the number of strategies  

and the number of firms 

Number of 

strategies 

Number of 

companies 

1 2 

2 9 

3 15 

4 12 

5 5 

6 7 

Analyzing the number of economic strategies used by individual entities, one 

can see the approximate normal distribution, however, included outliers.  

The highest number of companies 15, employ 3 strategies simultaneously. 

Subsequently 12 companies make use of 4 strategies at the same time.  

The exception in the 7 companies that utilize the highest number of economic 

strategies, which is 6 simultaneously. 

5. Economic strategies and popularity of the channel 

The next stage of the research was to compare the popularity of individual 

YouTube channels and confront it with the number of economic strategies used by 

individual company. The popularity of YouTube channels is best described by the 

number of subscribers. Subscribers are composed of individual YouTube users 

who want to be kept updated on the latest presentations of the channel. The same 

position in this matter is held by the YouTube, which measures the popularity of 

channels by the number of subscribers and the amount of time spent on it, in 
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contrast to the views of individual videos. A larger number of subscribers, provides 

for a larger number of potential customers interested in the subject promoted on the 

YouTube channel. 

Correlation coefficients are used in statistics to measure how strong  

a relationship is between two variables. Using the statistical package R, correlation 

coefficients were calculated between the number of subscribers for each entity, and 

the number employed economic strategies, in accordance to the three most 

common methods of calculating coefficients. Since the data contain outliers and the 

Pearson correlation measures linear relationship, hence the correlation coefficient 

calculated with the Pearson method gives the weakest result. Spearman correlation 

coefficient is more general than Pearson. According to Laerd, the Spearman 

correlation can be used when the assumptions of the Pearson correlation are 

markedly violated. It is also worth noting that a Spearman�s correlation can be used 

when your two variables are not normally distributed. It is also not very sensitive to 

outliers, which are observations within your data that do not follow the usual 

pattern [8]. 

Table 3. Calculation of correlation coefficient with different methods  

cor(SubData, method='spearman') 

  Subscribers Strategies 

Subscribers 1.0000000 0.6635036 

Strategies 0.6635036 1.0000000 

cor(SubData, method='kendall') 

  Subscribers Strategies 

Subscribers 1.0000000 0.535021 

Strategies 0.535021 1.0000000 

cor(SubData, method='pearson') 

  Subscribers Strategies 

Subscribers 1.0000000 0.3124468 

Strategies 0.3124468 1.0000000 



172 

�

Figure 1. Graph showing the dependence of the amount of subscribers  

and the number of economic strategy 

Figure 2. Chart showing test for a linear relationship, which confirms the selection  

method other than Pearson, as part of the observation are outliers 

In this example, Spearman�s correlation, among other methods, provides the best 

result confirming a positive correlation and dependency, with the outcome of 

0.6635036. 

6. Conclusions 

The research conducted in this paper shows that there is a relation between the 

number of economic strategies used by companies in the information goods sector, 

and the number of potential clients for their products represented in this research 

by subscribers. The outcome of the correlation is positive, of average strength due 
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to outliers. However the important point in correlation is that we cannot make any 

assumption about cause. By looking at the number of companies using each 

strategy, it can be noticed that building network externalities is the most common 

economic strategy, each entity undertakes without regard to its size or resource. 

This implies that companies are more inclined to set up a stable subscribers base 

first, meaning the potential customers, and then monetize the clients with ever 

more advanced economic strategies. The research revealed that the most common 

economic effect used by firms in the information goods sector related to software, 

are the network externalities closely followed by standards. The least common was 

the lock-in, followed by bundling. The last two belong to the most expensive 

strategies to implement, involving high costs of implementation and system 

knowledge. The support for lock-in strategy in information goods, often  requires 

the maintenance of advanced content management system with access controls and 

integrated payment system. That is mostly too high of a burden for most smaller 

entities. It�s also interesting to look at the entities utilizing all 6 economic strategies 

at once. In three cases, those entities boast between 200,000 and 330,000 thousand 

of subscribers. The next three cases have between 70,000 and 90,000 subscribers. 

Only in one case there is around 50,000 subscribers. For companies using 1 or 2 

strategies simultaneously, the number of subscribers oscillates between 600 and 

28,000. Only in one case which is an outlier the number exceeded 600,000 which 

at the same time is the highest number of subscribers in the research sample. 

However, in the author�s opinion, due to the fact that almost all companies employ 

standards, and network externalities to build the client base, it can safely be stated 

that higher number of potential customers may require a more advanced approach 

to selling and locking in customer loyalty, therefore it requires more advanced 

actions from the companies involved. 
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It discusses the two formal models of software testing by the concept of a black 

box. In the first model assumes a non-zero probability of not removing the detected 

error. In the second model assumes also non-zero probability to introduce additional 

of error, so-called secondary error. In both cases the systems of Chapman-

Kolmogorov differential equations was formulated. Solving them was obtained 

formulas to enable an estimate the expected number of errors remaining in the 

software after end of testing and estimation of the expected duration of the process 

to complete software testing them.

Keywords: software, software testing, stochastic process 

1. Introduction 

The testing of a newly developed program, prior to its practical use, is  

a commonly followed practice. The program testing process involves the execution 

of the program with many sets of input data with the intention of finding errors. 

Testing is done to lower the chances of in-service failures which are defined as  

an unacceptable departure from a program operation. A long period of testing 

results in increasing the chances of detecting program errors and decreasing the 

chances of in-service failures, but it also results in increasing the cost of the 

program testing process. 
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It is known that testing is the most significant money consuming stage  

of the program development. The cost of the program testing process can make 50-

70 percent of the total cost of the program development, especially for complex 

program systems [11]. Considering the essential impact of the testing cost on the 

whole program development cost, the testing process ought to be prudently planned 

and organized. Decisions relative to the testing process organization should be 

made on the basis of the results of testing efficiency analysis. In order to make such 

an analysis easier it may be convenient to estimate the number of program errors 

that could be encountered during the process of program testing. The knowledge  

of this estimation makes it possible to evaluate the duration and the cost of the 

program testing process, e.g. by means of formal, mathematical expressions. Such 

evaluations can be very useful in practice, e.g. for comparing the effectiveness  

of different ways of program testing process organizations (i.e. in order to find  

an optimal organization).  

The number of program errors encountered during the testing process depends 

on many factors, such as the testing process organization (which defines the 

manner of the testing process realization), the duration of the testing, the testers� 

qualifications and professional experience, and the reliability level of the program 

at the beginning of the testing process. The duration of the program testing process 

can be determined by a time spent on testing activities (it may be  

a calendar time or so-called execution time) or by the cardinality of the set of input 

data used for the testing. The first way of the two mentioned above is characteristic 

for so-called time-domain models of software testing and the other way is specific 

to so-called data-domain models [7, 12]. 

Software testing is a finishing step process of creating systems and 

applications. The importance of this step underlines the fact that it plays the role of 

one of the key factors influencing the reliability of the software and, indirectly, the 

evaluation of the entire system.  

Software testing process is not a single act but is an exploded during repetitive 

sequence of steps in which, in simple terms, to run this software on a specially 

prepared test data, determine whether errors in the software and delete them. The 

purpose of each step of testing is to detect as many errors possibly undetected in 

previous steps testing and removing as many of the detected errors. 

On the longevity the testing process, usually expensive, affect the assessment 

criteria obtained level of software reliability. In general, these criteria are formulated 

on the basis of software reliability models (the first of which have already appeared 

in the 70s of the last century) and were based on an assessment of: 

• the expected number of errors remaining in the software at the end of the 

next stage of testing, 

• the expected length of the segment duration of software testing to detect 

another error. 
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Early software reliability models allow the determination of the above-

mentioned size only after the test. This is a significant drawback hinders their use 

in planning the testing process, even in the time dimension. Therefore, there are 

still attempts to build such models, which would be useful for planning the 

software testing process. One such proposal is contained in [4] and is  

a generalization of previously published models by Shooman and Jelinki-Moranda. 

A very strong assumption, adopted in the model [4] was the assumption that 

detect every error is equivalent to its removal. Since, in practice software testing 

error detection does not necessarily mean its immediate removal, so getting the 

right model [4], would require departure from the assumption. This article 

formulated two models that consider the possibility of not removing the detected 

error and, even worse, not only not removing the detected error, but the 

introduction of additional error during the removal of the previous one.  

In both models, the following assumptions about the software testing process, 

presented in [4]:�

• before testing the software is N errors, 

• errors are independent of each other, i.e. the detection and removal of any 

of them does not affect the detection of any of the other,  

• errors are indistinguishable,  

• errors are detected individually, 

• at each step of the testing process starts with the simultaneous detection of 

all errors currently in the software,  

• the testing process is a continuous process over time, and the length of time  

ηηηηj elapsed from the moment next error was detected while in the software 

still remaining j mistakes is a random variable with exponential distribution 

with parameter λλλλj, depending on the number of errors remaining in the 

software: 

{{{{ }}}} N,...,,j      0,x      ,ex�P
x�

j
i 21,1 ====≥≥≥≥−−−−====<<<<

−−−−   (1) 

• λλλλj for all errors j = 1, 2, ..., N are the same and equal λλλλ . 

In addition, pending further models (Model I and Model II) assume the following 

assumptions:  

• Model I - error detection does not mean the absolute of his removal from of 

software, but it can occur with a probability r ∈∈∈∈ [0; 1],  

• Model II - error detection does not mean the absolute of his removal from 

of software, but it can occur that the with probability q ∈∈∈∈ [0; 1] will be 

introduced an additional error, so-called. secondary error. 
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These models test will be used to designate the following most important 

characteristics of the software testing process:  

• the expected value of the number of errors remaining in the software after 

the time t from the start of the test,  

• the expected value of time from the start of testing software to stay in the 

moment exactly j errors (j = 0, 1, 2, �, N). 

2. Model I 

Adopting presented assumptions, the software testing process can be 

interpreted as a stochastic process (N, T) which denote the number of errors in the 

software after the time t from the start of testing this software and it is a Markov 

process DC class states - discrete, continuous parameter (time), where  

N = {0, 1, 2, ...} is the set of states, and T ∈∈∈∈ [0; ∞∞∞∞) - time. 

Based on the assumptions adopted for the considered model can take the 

following according to the intensity of the transition between of the states of 

process: 

.N...,,j       jr�r�

jr�r�

jj,

jj,

21,

1

====−−−−====

====−−−−
                                 (2) 

Graphical presentation of the transition matrix of the process is shown in Figure 1. 

Figure1. Graphical presentation of transition matrix of a stochastic process (N, T)

describing the Model I software testing 

To determine the probability distribution vector of the process of finding the 

above a particular state after time t of software testing 

must solve the following system of differential equations: 

(((( )))) (((( )))) (((( )))) (((( )))) (((( ))))tp...,,tp,tp,tptp N0 21====
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(3) 

with the initial conditions 

(4) 

arising from the fact that, at the start of software testing to contain an N > 0 errors. 

The system of equations (3) will be solved using the following generating 

function:

(((( )))) (((( )))) 1.s      ,stpts,F
1j

j
j ≤≤≤≤⋅⋅⋅⋅==== ����

∞∞∞∞

====

                                 (5) 

Using the function (5) the system of equations (3) and making the appropriate 

transformations obtained an expression for the probability that after a time t 

software testing remain in it the j errors: 

(((( ))))
(((( )))) (((( ))))(((( ))))

����
����

����
����

����

>>>>

====−−−−⋅⋅⋅⋅����
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====
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.Nj    ,                         0         

N0,1,2,...,j     ,e1e
tp

Nt�r1�tr1j
N

jj   (6) 

Having probability (6) can determine the expected value and variance of the 

stochastic process in question, which describe process software testing, ie. the 

expected value of the number of errors remaining in the software after its testing by 

the time t: 

(((( ))))(((( )))) (((( ))))(((( )))) (((( )))).e1eNtND         ,eNtNE
tr�tr�2tr� −−−−−−−−−−−− −−−−⋅⋅⋅⋅====⋅⋅⋅⋅====   (7) 

In order to determine the expected time of the software testing until remain in 

the j errors (j = 0, 1, 2, �, N), accepted the following submissions.  

Let  ττττ(i, j) is the random variable defining the residence time of the process  

(N, T) in a subset of states of Ni = {j + 1, j + 2, ..., i}, i.e., the transition time of the 

process from the state i to the state j. Let theta θθθθ(j) denotes a random variable 

defining the process residence time (N, T) in the state j. 
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Having regard to assumption regarding considered model of software testing 

as well as using the determination of the residence time homogeneous Markov 

process in a given set of states, you can specify the following formulas: 

(((( )))) (((( ))))
(((( )))) (((( )))) (((( )))) .N3,...,j2,ji        ,j1,i�i�ji,�

1,N0,1,2,...,j        ,1j�j1,j�

++++++++====−−−−++++====

−−−−====++++====++++
  (8) 

Knowing that the distribution function of the random variable θθθθ(j) is of the 

form (it follows from (1) and (2)�: 

(((( )))){{{{ }}}} .N1,2,...,j        ,e1xj�P
xjr� ====−−−−====<<<< −−−−  (9) 

Assuming i = N and solving the system of equations recursive (8) using (9), and 

then calculating the expected value of the  ττττ(N, j) random variable is obtained the 

expected value of the time that elapses between the beginning of testing until in the 

software will remain j of errors will be expressed the formula 

(((( ))))(((( )))) ����
++++====

−−−−========
N

1jk

1.N0,1,2,...,j     ,
k

1

r�

1
jN,�E  (10) 

3.  Model II 

Considered further on a model of software testing - in accordance with 

adopted earlier assumptions - allows for a situation in which the error detected not 

only not will removed, but the from software will be introduced additional 

(secondary) error, which means that the number of errors in the software will 

increase by 1. Therefore, stochastic process (N, T) specifying the number errors in 

software after the time t from the start of testing software can be interpreted as a 

stochastic Markov process DC class: states discrete, continuous parameter (time).  

Based on the assumptions adopted for the considered model can take the 

following according to the intensity of the transition between of the states of 

process: 

(((( ))))

(((( ))))

(((( ))))�q1jr�

1,2,...j       �,rq2qrj�

�,r1jq�

1jj,

jj,

1jj,

−−−−====

====−−−−++++−−−−====

−−−−====

−−−−

++++

���������������������������������

Graphical presentation of the transition matrix of the process is shown in Figure 2. 
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Figure 2. Graphical presentation of transition matrix of a stochastic process (N, T)

describing the Model II software testing 

To determine the probability distribution vector of the process of finding the above 

a particular state after time t of software testing

( ) ( ) ( ) ( ),...tp,tp,tptp 210= �

�

must solve the following system of differential equations: 

(12) 

with the initial conditions 

(13) 

arising from the fact that, at the start of software testing to contain an N > 0 errors. 

Using the function (5) in the system of equations (12) and making the 

appropriate transformations obtained an expression for the expected value of the 

process (N, T), i.e. the expected number of errors remaining in the software after 

the time t testing this software: 

(((( )))) (((( )))) .eNtN,E
�tqr −−−−⋅⋅⋅⋅====         (14) 

From formula (14) shows that the number of errors in the software with the passage 

of time his testing will be decrease when the following condition will be met: 

.qr >
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Let ττττ(j + i, j) is the random variable defining the residence time of the process  

(N, T) in a subset of states of Ni = {j + 1, j + 2, ..., j + i}, i.e., the time that elapses 

from the time when the process reached a state j + i until it reaches the state j for 

the first time. Let  θθθθ(j) means the same variable as in Model I. 

In accordance with the assumptions about the model II and the definition of 

the residence time Markov process in the specified set of states, you can formulate 

the following equality: 

• the case when the process (N, T) goes from the state j + 1 to the state j or 

from the state j + i to state j + i −−−− 1, which occurs with the probability 

then 

(((( )))) (((( ))))
(((( )))) (((( )))) (((( )))) 2,3,...i        ,j1,ij�ij�ji,j�

0,1,2,...j        ,1j�1jj,�

====−−−−++++++++++++====++++

====++++====++++

                   (15) 

• the case when the process (N, T) goes from the state j + 1 to the state j + 2

or from the state j + i to state j + i + 1, which occurs with the probability 

then 

(((( )))) (((( )))) (((( ))))
(((( )))) (((( )))) (((( )))) 2,3,...i        ,j1,ij�ij�ji,j�

0,1,2,...j        ,j2,j�1j�j1,j�

====++++++++++++++++====++++

====++++++++++++====++++

     (16) 

Determination of the expected value of a random variable ττττ(j + i, j) is possible by 

solving the following system of algebraic equations: 
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Since the system of equations (17) is unlimited, for its solution cannot be applied 

classical methods of solving algebraic equations limited. In [3] proposed an 

iterative method for solving of system of equations (17), permitting to obtain a 

satisfactory estimate of the expected value of the random variable ττττ(j + i, j),which 

is expressed by the following formula: 

(((( ))))(((( ))))
(((( ))))

����
====

++++++++========
++++−−−−

≤≤≤≤++++
i

0k

2,...j1,ji      0,1,2,...,j       ,
ij

1

�qr

1
ji,j�E

 (18) 

Hence, an estimate of the expected value of the time that has elapsed since the start 

of testing until the software is error j expresses the relation: 

(((( ))))(((( ))))
(((( ))))

����
++++====

−−−−====
−−−−

====
N

1jk

1.N0,1,2,...,j     ,
k

1

�qr

1
jN,�E

  (19)

4.  Conclusions 

Formula obtained from the analysis of the presented models of software 

testing are consistent with intuition: the higher the intensity λλλλ error detection, and 

the greater the probability r to remove the detected error, the shorter the duration of 

software testing. The inclusion in the Model II, the probability q introduction of a 

secondary error getting the right results achieved and allows you to use them in the 

practice of software testing.  

Adopted in the article, the parameters λλλλ, r, q, and N are characterized some 

aspects of both the process of designing, manufacturing and testing software. The 

initial number N of errors in the software will depend crucially on the method and 

tools for designing and producing the well-known software complexity. The λλλλ
intensity of the error detection is derived from the method used for software 

testing, while the probability r and q characterize the skills and experience of the 

team of testers. 

Presented the formulas (7), (10), (14) and (19) were obtained on the 

assumption that the parameters λλλλ, r, q, and N are fixed, although in practice they 

are not usually precisely known and can only be estimated (e.g. [4]), but it does not 

call into question the obtained results.� In the case where there is a possibility to 

determine the probability distribution of the number N of errors in the software 

prior to its test as a discrete random variable, as listed formulas has adopted  

the form: 
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In the process of software testing, with the passage of time, all the size 

change: decrease N, λλλλ and q, and r is increasing, but in this article includes only a 

change in the number of errors in the software. Of course, a similar approach as 

above can be used when is possible to estimate distributions of continuous random 

variables λλλλ, r, q.
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pages. The article ends with a summary containing conclusions and guidelines for 

further research directions. 

Keywords: information quality, quality in web page directories, information quality 

evaluation 

1. Introduction 

The importance of information in the modern world is growing rapidly. 

Information has become the next fundamental economic resource and production 

factor beside land, labor, capital and entrepreneurship. The level of the economic 

development is not mainly determined by amount of financial resources and 

condition of fixed assets but by information, which has characteristics of good 

quality such as, for example: topicality, completeness and credibility. 

Information systems store very rich information resources. In particular, it 

applies to the information resources on the Web. The Internet along with the World 
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Wide Web is currently used as a global information system [1]. The information 

collected on the Internet is used for different purposes, e.g. consumption, taking 

specific decisions or increasing own information resources. 

The ex ante evaluation of usefulness and quality of information regardless of 

the place of use is very difficult. The issue of the information quality is in the focus 

of interest of many researchers and has become a subject of numerous scientific 

publications [2, 3, 4, 5, 6, 7]. Most of these studies is focused on making overall 

evaluation of functionality of Internet services treated as a certain system, i.e. on 

evaluation of the quality of operations of such systems. This kind of research covers 

the studies on usability of websites developed by W. Chmielarz [8, 9, 10, 11]. 

However, there are very few publications relating to studies on quality of 

information on websites itself. 

It is in many information systems operating on the Web (e.g.  social networks, 

websites containing users' feedback on products, etc.) that there is lack of any 

control over quality of information posted and published there. This is one of the 

causes of the information chaos on the Internet and exponential increase of the 

share of the information of poor or very poor quality. Similar problems are faced 

by web page directories. As in other information systems, their frameworks and 

information quality models need to be developed. This argumentation is justified 

for many reasons. There is a need to work on the quality of the information on the 

Internet. Therefore, different classifications of quality dimensions and criteria need 

to be developed and then measures for individual quality criteria have to be 

designed. The resulting tools for evaluation of information quality should have 

characteristics of generality (possibility of adaptation to different environments), 

applicability (possibility of use by different entities; for example by an information 

administrator or a user of information) and flexibility (possibility of adaptation to 

the needs of users of different models). 

The aim of this article is to propose a methodology for evaluating quality of 

information in the websites directories. The theoretical basis for website directories 

was presented in the first part of this article (ways of information acquisition, 

classification and issues relating to quality of websites). The second part of the 

article was devoted to the research methodology for evaluating quality of 

information collected in website directories. The identification of quality 

characteristics carried out shall allow for evaluating quality of general information 

and of information in thematic directories on web pages. The article ends with a 

summary containing conclusions and guidelines for further research directions. 
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2. Acquisition of information for directories on web pages  

As it was noted by J. Unold, acquisition of information on the Web is 

conducted in two main ways: browsing and searching [1]. The first one is 

characterized by passivity and the second one by activity of the process of 

searching for information. Finding information requires quite more knowledge on 

the effective use of the available tools than the intuitive process of browsing. 

One of the most common approaches to classification of the tools for finding 

information divide them into two categories: directories and search engines [12]. 

Other approach divides most of the tools for finding information on the Web into 

three categories: general directories, specialized directories and search engines [1]. 

Apart from them, there are specialized and hybrid tools, e.g. meta search engines, 

web crawlers, vertical portals. 

Directories provide a contextual and structured content on the Internet. While 

search engines enable searching by given words and key phrases, but without 

context. According to J. Unold, browsing is more effective in the case of 

directories of web pages, while searching in the case of entering words or key 

phrases to search engines. The author mentioned above also draws attention to the 

one of the fundamental problems in searching for information on the Internet, 

which is the dichotomy. "On the one hand, indexes are very efficient in the search 

process, but they are not able to provide an automatic decision-making process 

based on proper evaluation of the information obtained. On the other hand, an 

individual user is admittedly able to take a correct decision but there is no physical 

possibility to analyze the information contained on millions of Web sites provided 

by a search engine" [1]. One of the possible solutions of this problem seems to be 

enhancement of the quality of the results obtained in the popular tools for 

acquisition of information. 

It is in the literature that classifications of web page directories by their 

subject matter (e.g. general, specialist), by the way of conducting (e.g., moderated, 

unmoderated, paid, free of charge), or by configuration (e.g. different methods of 

registration of web pages) can be found. While analyzing available website 

directories, the following typology can be proposed: 

• General directories (e.g. Onet.pl, Start24.pl). 

• Thematic directories: industry, specialist, company directories  

(e.g. dirbud.pl). 

• SEO directories (e.g. zbiorkatalogow.pl). 

Web page directories occupy the leading place in the process of acquiring 

information on the Internet. A web page directory contains a set of links to web 

pages, sorted by topic into categories by the editorial staff of the service. The most 

common directories have a tree structure containing a list of the main categories.  

It is in the categories that web pages are described which are subjected to 
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evaluation carried out by the editorial staff of the given directories. Individual 

thematic categories have lower hierarchy levels narrowing the scope of search.  

3. The research methodology for evaluation of quality of information 

The aim of the study was to establish a set of criteria helping to evaluate 

quality of information in directories of web pages. The execution of the task 

required tests of cognitive nature. The analysis of the literature concerning the 

research methodology for evaluation of information quality allowed for defining 

the research problem and proposing the appropriate set of criteria for the examined 

issue. The issue of information quality evaluation covers several consecutive 

stages: 

1. Conceptualization of information quality. 

2. Defining the criteria for information quality. 

3. Defining of quality measures for the given information objects. 

4. Measurement of information quality. 

Ref. 1. While defining the examined issue of information quality, one should refer 

to its definition in the literature. R. Y. Wang and D. M. Strong believe that quality 

of information is a multidimensional category and an analysis of its characteristics 

and criteria should be carried out in the widest possible context [13]. Different 

authors propose different definitions of the information quality [1, 2, 15]. The 

proposed definitions correspond to different types of quality: technical, perfect, 

recipient-oriented and manufacturer-oriented one. However, it is emphasized in the 

literature that there is no universal and general understanding of quality of 

information as well as constituent characteristics forming it. 

For the needs of this study, the following definition by J. Ru�evi�ius and  

A. Gedminait� was adopted, which is the broadest definition [14]: "Quality of 

information is a sum of properties and dimensions of the information which allows 

for meeting or exceeding expectations and requirements as well as expressed and 

undisclosed needs of a user - a knowledge worker". This definition of the quality of 

information has an interdisciplinary character and allows for defining it in the 

broadest context. 

The conceptualization of the issue being examined was started with a 

discussion of the specifics of web page directories (general and thematic ones) in 

terms of their advantages and disadvantages. It became a starting point to 

determine problems concerning quality of information and allowed for the widest 

possible coverage of the issue. Table 1 shows advantages and disadvantages of web 

page directories. 



189

Table 1. Advantages and disadvantages of general web page directories 

Advantages Disadvantages 

Selectivity Limited database size 

Relatively small content 

Categorization (hierarchical 

structure) 

Secret and sometimes unclear editorial policy 

Contextuality of browsing Difficulties by keeping topics up-to-date 

Built-in information search tool Uneven level of studies 

Relevance for general questions Payment for placement may impair quality of the 

content 

Ease of browsing Crawls only the main page of the website 

 Lack of transparency concerning the privacy 

policy and protection of personal data 

 Differentiated quality and consistency 

Source: own study based on: J. Unold, Teoretyczno-metodologiczne podstawy 

przetwarzania informacji w cyberprzestrzeni, UE Wroc�aw, Wroc�aw 2011, pp. 249-250 

Description of the information quality characteristics identified on the basis of 

advantages and disadvantages of web page directories: 

−  Completeness/sufficiency: the limited size of the database both for general 

and thematic web page directories results in inability to provide all the 

information on a specific topic. The web page directories accept only 

unique web addresses (without subpages), which may cause acquisition of 

too little information.  

−  Topicality: non-compliance of the information with the actual state of web 

pages indexed in directories (updating procedures are executed too rarely). 

−  Consistency: descriptions of web pages do not always allow for their use. 

−  Reliability: description of the content of the web page in the directory 

depends on the editors of the website, which may affect their uneven level. 

It happens very often that less popular web page directories do not contain 

information on the purpose of the website (these can be SEO directories) or 

on sources of its financing (sponsored web directories). 

−  Reliability: no information on qualifications of the persons evaluating 

directories.

−  Clarity: publication policy contained in the regulations often does not 

contain explicit language and precisely defined terms.  

−  Information security: lack of clarity as to the privacy policy and the 

protection of personal data. 

−  Structural compliance: web page directories contain thematically sorted 

collections of links to web pages located in a structured way, which 

facilitates contextual browsing of the content. 
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−  Accuracy: specialization and proximity of the content placed in the given 
category of the directory. 

−  Usability: as a search result of web pages in a directory with use of an 
integrated search tool, a user receives a title and description prepared by an 
editor and his subjective evaluation of its content

The advantages and disadvantages of directories presented above highlight the 

specificity of the examined problem and allow for identification of the information 
quality characteristics. Most of the presented characteristics is of a qualitative 
nature relating directly or indirectly to the information quality being evaluated. 

Ref. 2. Defining the criteria for information quality. 

There have been various attempts to systematize quality criteria for information in 

the literature. B. K. Kahn, D. M. Strong, R.Y. Wang define 16 characteristics, 
which they assign to four dimensions of information quality: integrity, reliability, 
usefulness and applicability [15]. Another attempt to organize the issue of quality 
was taken by L. English, who distinguished two dimensions relating to primal and 
pragmatic characteristics of information quality [2]. A different systematics was 
proposed by L. Floridi [3]. He grouped twenty-seven information quality criteria in 

four categories of information quality characteristics. While discussing different 
approaches to determination of information quality criteria several Polish authors, 
including B. Stefanowicz [16], J. Kisielnicki [5], M. Nied�wiedzi�ski [6], should 
be mentioned. The most important information quality characteristics include: 
relevancy, accuracy, timeliness, completeness, consistency, form suitability, 
availability, clarity, credibility, communicativeness, reliability, flexibility, 

usability, redundancy, complexity, naturalness, semantic coherence, structural 
compliance, security, verifiability, variability and reputation [17]. The examples of 
the taxonomy for evaluation of information quality mentioned above derive from 
different premises; therefore, it is difficult to select a set of criteria for information 
quality evaluation in web page directories. Most of the studies on evaluation of 
Internet services is concentrated on evaluation of performance of such services, 

that is on their usefulness. While publications relating to studies on information 
quality on websites itself are very rare (e.g. evaluation of information in libraries, 
evaluation of quality of medical information). 

Due to the interdisciplinary nature of evaluation and the broad context, a set 
of general methodologies for examining quality of medical information on the 
Internet was used to determine the criteria. The combination of common criteria for 

evaluating quality of information was based on Tools/methods: 
−  Evaluation criteria contained in EU Directives, 
−  The HON Code of Conduct, 
−  Silberg's Method, 
−  Hogne Sandvik Method 
−  HITI Method. 
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As a result of the analysis of the selected methods for evaluation of 

information quality, a set of ten criteria was created: references/competencies, 

disclosure of information, timeliness, attribution, availability, content transparency, 

privacy policy and data protection, advertising policy, interactivity and technical 

criteria (navigation, links, proper operation)  [18]. 

An attempt was made to assign criteria for evaluating information quality to 

the identified characteristics of information quality. It is in the table 2 that there is a 

list of the identified characteristics of information and the criteria for information 

quality evaluation assigned to them. 

Table 2. The list of the identified characteristics of information and the criteria for 

information quality evaluation assigned to them 

Order 

No. 

A recognized information quality 

characteristic 
Evaluation criteria 

G
ro

u
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f 

cr
it
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ia

 

1 Reliability References/ Competencies 

Q
u

al
it

at
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e 

2 Reliability Information disclosure  

3 Topicality Timeliness of information  

4 Reliability Attribution  

5 Completeness/Sufficiency Availability  

6 Clarity Content transparency 

7 Safety Privacy Policy and data protection 

8 Safety/Credibility Advertising policy  

9 Structural compliance  Technical criteria  

(navigation, links, correct operation)  

n
o

n
 �

-q
u

al
it

at
iv

e

10 Usability Interactivity  

It is on the list that there are two groups of criteria visible. The first one refers 

to evaluation of the characteristics directly affecting the quality of information. 

These criteria include: references/competencies, information disclosure, 

information timeliness, attribution, availability, content transparency, privacy 

policy, data protection and advertising policy. The second group of criteria is used 

to evaluate characteristics of non-qualitative nature (interactivity, technical criteria) 

and plays a supporting role by evaluating information quality. Improvement of the 

information quality in web page directories can be affected by internal search 

engines and personalization of search phrases. The identified characteristics of 

information quality, accuracy and consistency were not reflected in the criteria, 

which might result from the specificity of the examined objects. The next stage of 

the evaluation is determination of measures for the presented criteria. 



192

Ref. 3. It is in the literature on the subject that the following tools are suggested for 

determination of measures for given objects [17]: 

−  Functions and operators (e.g. minimum and maximum operators) 

−  Synthetic indicators (e.g. a weighted arithmetic, geometric or harmonic 

mean of partial indicators), 

−  Point method, GVP method, 

−  Surveys (e.g. DISCERN questionnaire).

It was for evaluation of information quality that a questionnaire survey was 

proposed. The use of surveys to evaluate information quality criteria is quite 

popular and relatively easy to perform. A tool in a form of a questionnaire survey 

containing thirteen research questions was created (table 3). 

Table 3. The list of criteria for information quality evaluation and research  

questions assigned to them 

Criteria Research Questions 

References/ 

Competencies 

1. Were references/qualifications of the reviewer/owner of the 

given web page directory included? 

Information 

disclosure  

2. Was the information about the owner of the web page 

directory published? 

3. Was the purpose of the web page directory clearly defined? 

4. Was the recipient of the content of the service clearly 

defined? 

5. Was the information about the source of financing of the web 

page directory published? 

Timeliness of 

information  

6. Are there data about update of information in the web page 

directory? 

Attribution  7. Was the source of the information and the date of its 

publication posted? 

Availability  8. Does the web page directory contain meta information about 

content of the directory? 

Content transparency 9. Was a clearly defined publication policy published? 

Privacy Policy and 

data protection 

10. Was any information on the privacy policy and the 

protection of personal data published? 

Advertising policy  11. Was the information about policy regarding advertising 

published? 

Interactivity  12. Has the web page directory got a built-in search tool? 

Technical criteria 

(navigation, links, 

proper operation)  

13. Are the collections of links to web pages located in a 

structured way? 
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While using a survey questionnaire some problems appear, which are related 

to reaching and obtaining answers from an appropriate group of respondents e.g. 

users, which are able to evaluate individual criteria.  

It was for the evaluation of the information quality that an information quality 

evaluation indicator was suggested. It is on the basis of the collected answers (Yes

or No for 13 questions asked) that an indicator of information quality in web page 

directories will be created. The value of the indicator is within the range of 0 up to 

13. The zero value of the indicator means that all the questions were answered with 

No. All Yes answers set the maximum value of the indicator equal to 13. It is in 

order to determine the importance of the criteria used for information quality in 

web page directories that appropriate weights have to be applied. This issue 

requires further in-depth studies. 

4. Summary 

• It is in the article that a methodology for evaluating information quality in web 

page directories was proposed. 

• A survey questionnaire consisting of thirteen questions was proposed for 

evaluating information quality. 

• The created tool is addressed mainly to users of web page directories.  

• One of the limitations of the presented tool is the subjective nature of such an 

evaluation due to the possibility of different interpretations of the questions 

contained in the survey by various respondents. 

• The next stage of the research will be the evaluation of the information quality 

in selected web page directories (general and thematic ones). 

• While summing up, it should be remembered that there is a field specificity by 

evaluating information quality. 
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This paper contains selected results of identification modeling of Polish Elec-
tric Power Exchange (EPE). In order to obtain EPE system model it was performed 
identification based on figures of EPE�s Day-Ahead Market. During performing 
identification process, parametric arx model in System Identification Toolbox envi-
ronment was utilized. Generated EPE parametric model has been further used for 
performing simulation tests and realization of susceptibility testing. Suitable models 
were implemented in Simulink software. As a result of simulation and susceptibility 
testing, many interesting findings has been delivered.  
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1. Introduction 

The concept of identification modeling is best defined by the theory of control 
systems, where identification is understood as creation of a mathematical model of 
the system based on the static and dynamic elements as well as on structures  
appearing in system. Based on this definition, it is assumed that identification of 
Polish Electric Power Exchange (EPE) system indicates finding a relationship  
between input and output system based on experimental data. 
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Thus, EPE system model is more convenient to receive by finding dependen-
cies and relationships between measured data of Day-Ahead Market (DAM) with-
out a phenomenological knowledge of the real system or process occurring in the 
system, i.e. without a detailed study of physical phenomena occurring in the system 
or process. Resulting EPE system model may be further used in process of the con-
trol system synthesis or in performing simulation studies for the purpose of deter-
mining system behavior in the future. Algorithms commonly used for identification 
systems and processes are among others following: LMS method, method of least 
squares (OLS), recursive least squares (RMNK), instrumental variable method, 
Fast Fourier transform, and many others.  

Most commonly used method to identify the control system is method of least 
squares, which is a standard method for approximating solutions of overdetermined 
systems i.e. a set of equations in which there is more equations than variables. 
Identification methods are using it to estimate and determine the trend line based 
on a set of data in the form of input and output pairs of numbers. In this study, 
method is for creating parametrical model using ARX method based on EPE data. 
EPE data were represented by DAM as 12 input variables and one variable output 
with the progress of one hour. Inputs were representing volumes of electricity sup-
plied in different hours of the day (kWh), while outputs were representing prices 
achieved on EPE for particular hours of the day (z�/kWh). This approach ensured 
delivery of 24 MISO type models in total. Numerical data used in modelling relat-
ed to period from 30.06.2013 to 31.12.2013 (precisely 183 days) and were gathered 
for the EPE�s DAM. Process of identification was performed in MATLAB and 
Simulink supported by System Identification Toolbox (SIT). 

2. Problem formulation 

Organization subject to modeling is Polish Power Exchange in scope of busi-
ness processes related to the Day-Ahead Market. As input data, study used 24 vari-
ables (parameters) relating to the volume of electricity delivered for sale on stock 
exchange on EPE [kWh] during certain hours during a trade window, and as an 
output data, respectively obtained average prices for electricity [z�/kWh]. All data 
refer to six months period that is 183 days used for modelling (starting from 
30.06.2013 up to 31.12.2013). 

Experiment was performed for 12 input variables and one output (MISO 
models) in progressive system where singe step was represented as one hour in a 
analyzed day (e.g. input data values for the periods 1-12, 2-13, 3-14, etc., and for 
each of given periods individual value as an output data). Such approach enabled 
receiving a 12 periods of the input data and for each of them 12 ARX models, and 
thus a total of 144 MISO models for further analysis. This paper presents test  
results for data input periods 1-12 (volume of electricity) and data values for the 
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first hour (the average price of electricity for period 0-1). Data values used for 
analysis represent real data downloaded from the website of TGE S.A. for the trad-
ing of electricity on DAM. Sample of changes of the input quantity (u1EPE) and 
output (y1EPE) for time period 0-1 is given in Fig. 1 (volume of electricity [kWh] 
for time period 0-1) and Fig. 2 (the average price of electricity for time period 0-1 
[z�/kWh]). 

3. Polish Electric Power Exchange 

Polish Electric Power Exchange (EPE, polish: Towarowa Gie�da Energii El-
ektrycznej, TGEE) is an entity running commodity exchange market, with particu-
lar distinction of Day Ahead Market (electricity spot market). EPE was established 
through the initiative of Treasury as an essential element of the liberalization of the 
electricity market. Organization and official launch of Polish Power Exchange was 
carried out by Elektrim S.A., which on 7 December 1999 launched business opera-
tions of commodity exchange market. The legal basis enabling operation of this 
commodity exchange was the Act of 10 April 1997 (Energy Law). EPE system is a 
subsystem of the Electricity Power Market (EPM) functioning is based on docu-
ment: "Principles of the electricity market in Poland in 2000 and beyond", adopted 
and approved by the Economic Committee of the Council of Ministers. 

Initially, exchange market has operated only spot trading and subsequently  
introduced a trading on Day Ahead � Intraday Market, Futures Market for Electric-
ity Property Rights Market, Gas Market, as well as the CO2 Emission Allowances 
Market. 

Electricity exchange market operates as a wholesale market, which engages 
electricity producers and wholesale buyers as well as the retail market, where ener-
gy suppliers offer consumers energy supply, competing among themselves with 
price and delivery terms [5-6, 9]. While modeling EPE, that is functioning as a 
subsystem of the electricity market, it should be taken into account at least some 
circumstances, such as: the specificity of the electricity market resulting from the 
physical features of the system EE, including the need of ensuring continuous bal-
ancing of supply and demand side at any given period without energy storage  
options; separation of energy in terms of separation of a product side from its sup-
plying network services (transmission and distribution); annual, weekly and daily 
seasonality, which includes periodically repeated price trends observed over period 
of days, weeks, months, years and even decades; tendency of returning prices of 
electricity to the average price level after passing trends, seasonality, random fluc-
tuations, disturbances, etc.; unexpected, sudden price spikes that are caused by 
unforeseen events such as faults in power plants and transmission networks, sudden 
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weather changes, etc.; energy prices: oil, coal, gas, greenhouse gas emissions pric-
es, and many others [1-3, 5-7, 9-13]. Identification modeling can therefore be based 
on DAM electricity quotations, i.e. on quotations of sold energy and price obtained 
for it. Therefore, development of models as a system models can be based on pro-
cess of identification of the above mentioned conditions present on EPE. 

Identification process is currently using different powerful computing envi-
ronments such as i.e. MATLAB, Mathematica STATISTICA, SAS or SAP. Having 
regard to the technical characteristics and economic considerations, MATLAB 
solution was used for performing EPE identification process. This solution is char-
acterized by large capabilities for research supporting by means of such libraries as 
System Identification Toolbox (SIT), Control System Toolbox (CST), Optimiza-
tion Toolbox (OPT), Simulink (SIM), etc. Quotations on DAM market held daily, 
enabling market participants purchase of supply contract either 24 or 48 hours prior 
to its delivery. Each hour of delivery represents a separate contract for power (elec-
tricity) supply. Quotations on this exchange market are held according to a strict 
schedule. Each participant EPE has its own account and may submit any amount of 
orders. Each order specifies, among others, designation (ID) of the commodity that 
was the object of the transaction, designation (ID) of the exchange member enter-
ing into the transaction, type of transaction (sale or purchase), volume (the amount 
of energy purchased or sold), etc. 

Detailed guidance on stock exchange transactions have been defined in docu-
ments �Trading Rules for the Commodities Market of the Towarowa Gie�da Ener-
gii S.A. (Polish Power Exchange)�, �The Trading Terms for Weekly Electricity 
Forward Instruments�, �Day-Ahead Market Detailed Rules of Electricity Trading 
and Settlement�. The first price quotes on the DAM (on the websites TGE)  
appeared on 01.07.2000. Due to the adopted method for analyzing market data in 
hourly steps for purpose of this study, analyzed data relate to two months� period, 
i.e. to all measured volumes and prices for each day starting from 30.06.2013 up to 
31.12.2013 (for timeframe 0-1). 

4. Parametric identification of EPE 

For several years, Polish Electric Power Exchange is subject of an active and 
comprehensive interest, not only in area of technical but also in area of social and 
economic studies. However, until this moment, it was not yet elaborated generally 
acceptable definition of electricity exchanges as a system. Concept of market, sim-
ple and understandable in practical considerations, delivers a huge theoretical and 
interpretational difficulties, especially in area of strict definition of a model deter-
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mining average price of electricity quoted on the basis of delivered energy volume, 
assuming that the model implicitly includes many different types of models deter-
mining energy prices, which have led to specific practical relationships. Formula-
tion of the electricity market as a system followed by definition of power exchange 
as a subsystem requires a definition of the electricity market in terms of control 
theory and systems. 

Parametric identification of EPE was performed in Matlab Simulink environ-
ment with support of System Identification Toolbox having capabilities of possibil-
ity of tasking a developed model ( 101,101,101 −=−=−= nknbna  and therefore to define a 

degree of polynomials A(q) and B(q). Identification algorithm is as follows [1-4,  
9-15]: 

Step 1. Determine n volume of input values that are sold on the electricity 
stock exchange in different hours of the day and n being the size of the output elec-
tricity prices in the different hours of the day. Get numerical values containing 
volume and average prices for MATLAB workspace, where they are stored in the 
form of two matrixes of size 183x12 (for input) and 183x1 (for output). 

Step 2. Import input data to the System Identification Toolbox by using the 
GUI while determining the parameters of import and validating imported data. 

Step 3. Initial processing of data imported to the SIT, e.g. removing the con-
stant (fixed) components (Remove means). 

Step 4. Selecting a parametric identification method, e.g. ARX algorithm and 
performing of estimation. 

Step 5. Analysis of the resulting model structure (its accuracy in relation to 
the system EPE) and analysis of the identification method (if adopted identification 
algorithm generates the correct parameters and structure of the EPE model). 

Step 6. Decision regarding adoption of a model or a repetition of identifica-
tion process using same or a new method for identification. 

Step 7. Analysis of the correctness of the identification based on delivered 
model (e.g. model stability analysis). 

Step 8. Export of delivered EPE model to Workspace. 
Step 9. Decision of changing a period of identification (e.g. in order to adopt 

more than half a year period) in order to create a EPE system model and thus  
repeating a calculation process for the new (longer) period of measurement data. 

Step 10. Establishing a new conditions for identification, e.g. measurement 
period, numbers of inputs and outputs, identification model (SISO, MISO, SIMO, 
MIMO), etc. 

Step 11. Printout of EPE model as a result of identification process (or mod-
els catalogue). 
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5. MISO type EPE parametric models 

Finally, as a result of performed experiments for 12 input variables (electricity 
volume type), where changes for timeframe 0-1 are given in Fig. 1, and one varia-
ble output, where changes for timeframe 12-13 are given in Fig. 2) yielded 144 
ARX discrete parametric models (called AutoRegressive with exogenous input - 
autoregressive model with an external input) MISO type in the form of a matrix of 
th [4, 9-15] having the following structure: 
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where Aj(z) and Bi(z) are polynomials in the form: 

wherein: 
yj(t) �  output variable of price [PLN], 
ui(t) � input variable of electric energy [kWh],  
ei(t) � white noise, 
z � operator of time delay, 

na, nb, nk � identification parameters, adequate: na � polynomial degree of Aj(z),  
nb � polynomial degree of Bi(z), nk � time delay of output in relation to the input. 

System models EPE as matrices th has been obtained by parametric identifi-
cation for 183 pairs of inputs and outputs on consecutive days from the first half of 
2013. Example of MISO type parametric model obtained in the process of identifi-
cation, e.g. for output related to one variable representing the average price for 
energy electricity obtained on EPE for timeframe 0-1 and up to 12 input variables 
on the stock exchange providing volume of electricity is as follows (model  
arx431 - Fig. 3): 
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where:  
A(z)= 1 - 0.4326 z^-1 - 0.09115 z^-2- 0.109 z^-3 - 0.1482 z^-4,         
B1(z)= -0.004636 - 0.009596 z^-1 + 0.01161  z^-2 + 0.006804 z^-3,          
B2(z)= -0.01674 - 0.01316 z^-1 + 0.0003487 z^-2 + 0.0001118 z^-3,  
B3(z)= 0.001692 + 0.008312 z^-1 - 0.01295 z^-2 + 0.001776 z^-3,  
B4(z)= 0.01043 + 0.009707 z^-1 - 0.0002095 z^-2 - 0.0153 z^-3       
B5(z)= 0.01327 + 0.003071 z^-1 - 0.001562 z^-2 - 0.0004529 z^-3  
B6(z)= 0.01299 z^-1 + 0.003899 z^-2 - 0.006581 z^-3 - 0.0003308 z^-4  
B7(z)= 0.002658 - 0.005702 z^-1 - 0.007111 z^-2 + 0.01386 z^-3  
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B8(z)= -0.002058 + 0.009209 z^-1 + 0.009561 z^-2 - 0.008056 z^-3                                                
B9(z)= 0.003635 + 0.003928 z^-1 - 0.01141 z^-2 + 0.02382 z^-3                                                               
B10(z)= 0.008453 - 0.01594 z^-1 - 0.004618 z^-2 - 0.02212 z^-3                                                  
B11(z)= -0.002638 - 0.003918 z^-1 - 0.003695 z^-2 + 0.00428 z^-3                                                                         
B12(z)= -0.0007324 + 0.01391 z^-1 + 0.007164 z^-2 - 0.002329 z^-3                                                            

Therefore, the polynomial A(x) degree equals na = 4, polynomials Bi(z) degree 
equals nb = 3, and time delay of output relative to the input equals nk = 1. 

Figure 1. Example of input variable u 1 (t) - volume of electricity delivered for timeframe 
0-1 [kWh]. Source: Independent work of the author on MATLAB and Simulink  

environment using the SIT 

Figure 2. Example of the output variable Y1T) - the average electricity price achieved in 
timeframe 0-1 [z� / kWh]. Source: Independent work of the author on MATLAB and  

Simulink environment using the SIT 
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Figure 3. Comparative model and system EPE for timeframe 0-1 hours for the MISO type 
model . Symbols: X axis (Time) - the number of days of data were used to identify,  

Y-axis - measured and simulated at the output of the model [PLN / kWh].  
Source: Independent work of the author on MATLAB and SIT environments 

Analysis of input variables represented as on Fig. 1 shows downward trend in 
the total volume of electricity delivered for sold on the stock exchange, and the 
output variable presented on Fig. 2 shows the declining trend in the average price 
for sold electricity EPE for DAM quotations.  

The resulting model shows that there is a fairly high accuracy of the resulting 
model in relation to the EPE system, especially in terms of tendencies of model 
output in relations to real system output (Fig. 3).

6. Summary and directions for further research of EPE 

There is a possibility to perform parametric identification in order to generate 
the system model Polish Power Exchange. As a result of identification, 24 models 
of MISO type were obtained for up to 12 input variables representing the volume 
of electricity delivered to the energy stock exchange and for one output represent-
ing the average price obtained for sold electric energy, with the progress of one 
hour, while output was adopted, for the next hour after 12 hours of measurement. 

Identification process is illustrated based on the MISO model, i.e. a model for 
timeframe 0-12 (input data represents volume of electricity delivered on EPE) and 
for timeframe 12-13 (output data represents average price of electricity registered 
on EPE). 

Further studies should cover development of safety limits for trading turno-
vers for electricity trading at EPE for all 24 models MISO EPE. Such development 
may be based on rolling action identification. Developed models could be further 
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used for simulation modeling by virtue of Simulink and for model sensitivity test-
ing as well as to improve development models of EPE system DAM. 

It has been identified need and possibilities for Polish Power Exchange sys-
tem modeling in order to get the system model EPE for Day-Ahead Market 
(DAM). One of the modeling methods leading to a system model modeling is EPE 
identification. In order to obtain an EPE identification system model, values for 
particular timeframes (particular hour of day) were collected posted on DAM and 
used in the identification process of EPE system model. 

Emerging identification system model (EPE) is to be used in further research, 
especially in area of field testing simulations regarding to practicable directions of 
EPE development as well as on sensitivity testing of EPE in the event of unusual 
circumstances that may occur in crisis situations. Modeling method can also be 
used to build a model of identifying safety control of the development of the elec-
tricity market in Poland. 
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A huge amount of documents in the digitalized libraries requires efficient meth-
ods for exploring contained there information. �Topic modeling� is considered as 
one of the most effective among them. In spite of commonly used approaches for 
finding occurrences of single words, in the paper building topic models based on 
phrases is pondered. We propose a methodology, which enables to create a set of 
significant word sequences and thus limiting the search area to phrases which con-
tain them. The methodology is evaluated on experiments performed on real text da-
tasets. Obtained results are compared with those received by using LDA algorithm. 

Keywords: topic model, frequent sequences, LDA 

1. Introduction 

As the amount of available data grows, the problem of managing the infor-
mation becomes more crucial. The digitized libraries cover not only hundreds of 
years of human knowledge firstly written on paper, but also being constantly pub-
lished over the internet documents such as articles, blogs or opinions. Nowadays 
there have been arising huge collections, which  effective exploring and browsing 
require structured ways of  interaction.  

As one of the recently developed approaches there should be mentioned topic 
modeling, where each document can be labeled with topic names. The method con-
sists in mining the collections through the underlying and constantly reappearing 
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topics. Such approach can be used for searching documents similar to those of  
interest, what plays important role in information retrieval tasks.  

Most topic modeling algorithms use text corpora as a "bag of words" and rely 
only on occurrences of single words. As human interpretation of a text is based on 
the recognition of the meaning of phrases rather than on the separated words, cur-
rent topic modeling methods use phrases instead of words to build a model.  

In the paper a set of algorithms which allows to find significant word  
sequences is proposed. The basic assumption of the considered approach is ability 
to find the most informative sequences and omitting meaningless phrases from an 
analyzed set of text documents. Having the set of selected phrases together with 
documents in which they occurred would allow to find topics by analyzing only 
these phrases instead of the whole document.  What is more,  topics can be   
assigned in  hierarchical order according to its significance in the document. 

The key idea of the presented algorithms consists in considering a graph struc-
ture which facilitates the analysis of phrases and connections between them. Using 
the graph makes possible to select sequences of words which are characteristics for 
different topics and lets to tie their source documents. 

The remainder of the paper is organized as follows. In the next section the 
topic modeling research is described. Then the proposed methodology including 
algorithms of frequent sequences searching and grouping similar documents is  
depicted. In the following section results of experiments carried out on real  docu-
ment collections are discussed. Finally some concluding remarks and future  
research are presented. 

2. Topic modeling  

The goal of topic modeling is to automatically discover the topics from a col-
lection of documents. The documents themselves are observed, while the per-
document topic distributions, and the per-document per-word topic assignments are 
hidden structure. The central computational problem for topic modeling is to use 
the observed documents to infer the hidden topic structure. This can be thought of 
as "reversing" the generative process. 

Topic models can be interpreted as probability distributions on terms. This  
approach is presented in [1] where authors treat a set of documents as a combina-
tion of terms from the selected universe. A corpus model C is a result of the impo-
sition of terms U, topics T, styles S and a probability distribution D. 

),,,( DSTUC =     (1) 

Papadimitriou et al. [1] assumed that documents are not represented by terms 
but by the underlying (latent, hidden) concepts referred to by the terms. They pro-
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posed the information retrieval method, known as Latent Semantic Indexing, which 
aims at capturing  hidden document structure by using techniques from linear  
algebra. 

Blei et al. proposed Latent Dirichlet Allocation (LDA) method [2, 3] based on 
a generative probabilistic model of a corpus. The basic idea is that documents are 
represented as random mixtures over latent topics, where each topic is character-
ized by a distribution over words. Formally a topic is defined to be a distribution 
over fixed vocabulary. Authors assume that topics are specified before any data has 
been generated. Then for each document in the collection words are obtained in 
two stage process:  

1. the distribution over topics is randomly chosen;  
2. (a) the topic is randomly chosen and (b) words from the corresponding dis-

tribution over the vocabulary are being selected. 

This statistical model reflects the intuition that documents represent multiple 
topics. Each document exhibits the topics with different proportion (step #1); each 
word in each document is drawn from one of the topics (step #2b), where the  
selected topic is chosen from the per-document distribution over topics (step #2a). 
The idea of LDA method is presented in Figure 1. 

Another strategy for topic modeling is considered in [4], where a framework 
named KERT has been presented. The technique is based on finding phrases in-
stead of single words. To find topical keywords LDA method is used. Next fre-
quent sequences are generated using an efficient pattern mining algorithm FP-
growth [5]. Candidate topical keyphrases are selected from those which contain 
topical keywords. Then the phrase qualities are evaluated using a characteristic 
function, and ranked accordingly. Top ranked phrases are selected as a representa-
tion of the topic. 

Figure 1. Latent Dirichlet Allocation (LDA) [3] 
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The similar approach is used in a method called Scalable Topical Phrase Min-

ing from Text Corpora [6]. The technique is also based on the frequent sequences 
The main difference comparing to the KERT method consists in generating fre-
quent sequences before using the modified LDA method. The last one is applied to 
find topical keyphrases. This modification is called PhraseLDA. 

3. Methodology 

In the current research we consider the method based on the similarity of doc-
uments represented as vectors of sequences. The proposed technique consists of the 
two following steps: 

- finding most frequent sequences; 
- finding documents most similar to the selected one. 

Both of them are described in the following subsections. 

3.1. Finding most frequent sequences 

As a word sequence we will consider an ordered list of consecutive words. 
Sequences A and B are equal if they have the same length and in both sequences 
the same words are at the same positions. The length of the sequence is the number 
of words within. 

Def ini t ion.   A sequence B = (b1, b2, b3, ..., bm), m = | B | is contained in the se-
quence A = (a1, a2, a3, ..., ak), k = | A |, (B is a subsequence of A) if there exists a 
number d such that 

dii abmimkd +=∈∀∧−≤≤ :},...,1{0 .   (2) 

The sequence consisting of n words will be referred to the name of the  
n-gram. In particular, the bigram and trigram will mean the sequence of the two 
and three words. In this paper the word sequence will be used interchangeably with 
the word phrase. 

In the algorithm, new frequent sequence of length n + 1 is built on the basis of 
the existing sequence of length n and an information about bigrams location. This 
approach is derived from the observation that if a sequence of length n + 1 is fre-
quent, all subsequences of the sequence are also frequent. It is used in the algo-
rithm �apriori� [7], which is a reference for many other searching frequent patterns 
algorithms. Thus, searching for frequent sequences of length n + 1 we assume that 
they consist of frequent sequences of length n. 

Firstly, a set of analyzed documents is normalized. At this stage punctuation 
marks and numbers are removed, all the uppercases are converted to lowercases. 

In the first step of the algorithm a unique identifier is assigned to each word in 
the whole set. The identifier is an integer number. Thus, a collection of text docu-
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ments is converted into a set of numerical sequences. Each next occurrence of the 
word is replaced with the identifier given to the first occurrence. 

In the second step of the algorithm, there is built a data structure, which stores 
all pairs of consecutive words as well as additional information about their posi-
tions. The occurrence of each pair is associated with a specific document and posi-
tions of  pairs being an offset from the beginning of the document. To simplify the 
notation both identifiers are stored as a single integer. Using binary notation older 
bytes store the document index while younger ones store a bigram position. The  
structure created this way is kept as a map. The key consists of a pair of numbers 
connected with the bigram. As all the bigrams are indexed the structure is called 
the inverted bigram index. Since longer n-grams will be represented by the same 
data structure it is required to remember also a sequence length. 

This method of storing bigrams positions is equivalent to storing document as 
a sequence of words. Both forms can be converted without loss of information. It is 
also possible to combine the first and the second step to produce the word�s index-
es and bigram indexes in one pass. 

To indicate only frequent sequences support threshold should be input as a pa-
rameter. Further steps of the algorithm will be performed for only these n-grams 
for which the number of occurrences is greater or equal to the threshold. Thus it is 
practical to sort bigram keys in a descending order. 

The bigram�s location number of keys will depend on the data contained in the 
text. The number of bigrams can be equal to the square of the number of unique 
words in a set of documents. However, if all the words are unique the number of pos-
sible bigram�s positions cannot be greater than the size of the document set. Let us 
assume that the set consists of k words and each is unique, then the maximum num-
ber of bigrams is less than k because each bigram has its location in the document.   

The starting set of frequent sequences is the set of bigrams so n = 2. For each 
sequence of length n (denoted by Qi(n)) a list of candidate sequences of length 
n + 1 (Qi(n + 1)) is created. All n-grams whose first n − 1 words are the same as the 
last n − 1 words of the starting n-gram are searched. Since this operation will be 
repeated many times it is reasonable to hold such a map of n-grams in a memory. 
The key of such a map would be the (n − 1)-gram and the value would be an array 
of n-grams starting with this sequence [8]. 

The list of potential sequences of the length greater by one is formed by join-
ing two n-grams with the same subsequence of the length of n − 1. The new se-
quence has to be more frequent than the specified support threshold. It is therefore 
necessary to count the number of times the sequence occurs in the text. There is no 
need to search all the set of documents. It is enough to compare an array of posi-
tions of the sequence Qi(n) and the position of the n-gram that expands this se-
quence. If a candidate sequence Qi(n + 1) occurs in the text, the position of the end-
ing is by one greater than the index of the starting n-gram. The example of such 
relationship is illustrated in Figure 2. 
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Figure 2. A structure of connections between joined n-grams 

After completion of the cycle of the algorithm for the next n all data is stored 
in the structure like the one presented in Figure 2. Each n-gram is defined by speci-
fying the array of starting indices, the sequence length, the first and the last word. 
Moreover each n-gram has references to the starting and the ending subsequence of 
the length n − 1. At the same time the references to longer sequences are remem-
bered in the data structure. This graph-like structure allows to analyse the links be-
tween documents and sequences as well as the links between sequences of different 
lengths. 

algorithm to convert text to numbers from a document set is

input: a set of normalized documents (DS)  

output: words to numbers dictionary,  

        an array of arrays of numbers (AN)  
for each document (Di) in DS do

AN: array <- add Di as the array of numbers 

  
algorithm to create data structures is

input: an array of arrays of numbers (AN)  

output: pairs to location arrays map for bigrams 

for each array ANi in AN do

  for each pair <wj, wj+1> in AN[i] do

    if the pair not exists then

      create a pair key and an array of locations 
    add location (i, j) to an array related to the current pair key 

algorithm to growth sequences is

    input: the map of n-grams 

    output: the map of (n+1)-grams 

for each n-gram Ng(left) do

  for each n-gram Ng(right) do

    if Ng(right) starts with last n-1 words of Ng(left) then

      (compare location arrays) 
        if Ng(right) is consecutive to Ng(left) then

          add (n+1)-gram to an result set 

Figure 3. A frequent sequences searching algorithm 
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The searching process ends if there cannot be found any longer frequent  
sequences. Recreating of the sequence of words is possible by reading from a doc-
ument or from a reverse bigram index. 

From among the set of sequences only the longest ones are chosen. They are 
used as the document representation, which will be applied in the next step for group-
ing documents. A frequent sequences searching algorithm is presented in Fig. 3. 

3.2. Finding groups of similar documents 

After building the n-gram structure all the documents are represented as sets 
of sequences of different lengths. The document with the greatest number of se-
quences is chosen. Then the Hamming distances [9] between the document and all 
the others are calculated. The expected number of resulting groups determines the 
length of a subgroup. Documents are ordered according to the distances between 
them and when the distance gets closer to the expected size of the subset, the group 
is formed. The steps are repeated until the input set is all divided into subsets.  
An algorithm for grouping similar documents is presented in Fig. 4. 

algorithm convert a document to a list of n-grams is

    input: a set of n-grams with references to documents 

    output: a set of documents represented only by n-grams 

for each n-gram (Ng) do 

  for each document (doc) containing Ng do

doc<- add Ng to list 

algorithm to group documents containing a similar set of sequences is

input: a document array, each as a vector of n-grams, 

       W approximate number of documents in an output group 
output: a set of groups of similar documents 

while input array is not empty do

  select one document D(first) 

  find 2xW documents with lower Hamming distance from D(first) 

  select the threshold to cut the number of documents nearest W 

  create a group 

  add this group to output set 

  remove each document from the input array 

algorithm to select topic phrases is

    input: a list of sets of phrases 

           K number of phrases in each set 
    output a list of sets of topic phrases 

for each set of phrases do 

  find K most frequent phrase 

  remove other phrases from this set 

Figure 4. An algorithm for grouping similar documents 

Finally, an analysis of phrases in each document group is done. The most fre-
quent phrases are indicated as topic models.  
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4. Results 

To evaluate the proposed methodology experiments on real document datasets 
were carried out. Two collections of about 20000  documents were considered: 

- Ohsumed collection, which includes medical abstracts from Medical Sub-

ject Headings   categories of the year 1991 ([10]); 
- 20Newsgroups corpus, which contains 19997 articles for 20 categories tak-

en from the Usenet newsgroups collection ([11]).  

Table 1. Results of presented method and LDA algorithm 

Proposed method LDA (Mallet 2.0.7) ([8]) 

half, injury, without, acquired immunodefi-

ciency syndrome, factor, objective, light, 
electron microscopy, analysis, still, diagno-
sis, small, previously, aids, bacterial, there-
fore, routine, samples, clinical, organism, 
measurements main results, complex, 
matched, positive, organisms, seen, human

immunodeficiency virus hiv infection, 
showed, endoscopic, independent 

infection hiv virus human aids immunodefi-

ciency infected type related acquired infec-
tions disease positive viral htlv dna cases 
hpv clinical

minutes, importance, animals, injury, rat, 
low, rats, acute, levels, macrophages, vivo, 
observations, failure, within, elevation, h, 
effect, p less, mechanism, vitro, also, fold, 
activity, blood, plasma, mechanisms, accu-
mulation, tnf, pathogenesis, significantly 

induced rats effect model animals mice 
activity response increase effects platelet rat 

factor experimental role control increased 
release tissue 

clinical, due, induced, year old man, either, 
connective tissue, authors, adenocarcinoma, 
together, d, rare, staining, examination, 
intact, describe, tumor cells, lower, phe-
nomenon, immunohistochemical, means, 
distribution, secondary, sections, hyper-
calcemia, results, tumor, certain, levels, 
also, seen 

bone results tissue anterior laser eyes poste-
rior degrees retinal visual fractures tech-
nique knee average fracture hip cervical 
total spine 

pathogenesis, similar, healthy, obtained, 
studied, response, h, healthy controls, i e, 
markedly, mechanism, thus, peripheral 
blood, evidence, circulating, known, sever-
al, alpha, median, monitoring, myasthenia 
gravis, among, found, infected, ml, data, 
prophylaxis, activation, healthy subjects, 
peak 

injury cerebral brain nerve trauma system 
central spinal injuries multiple cord motor 
neurologic loss nervous function potential 
normal recovery 
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The proposed method and LDA implementation taken from Mallet 2.0.7 
framework [8] were used to find topics in each corpus. Parameters were set to  
archive 20 topic groups. Comparison of the obtained results were done by qualita-
tive analysis. In Table 1 some topics generated by both methods were presented. 
Each word appearing in both results is in Italic. From among 20 groups there are 2 
for Ohsumed collection and 3 for 20 newsgroups documents which have disjoined 
results. It means that generated sequences contain no word from a Mallet result 
words set. 

The main advantage of the sequences over words is the ability to archive the 
proper order of words as a result. Some sequences can be not so obvious to easily 
combine them from single words. For example words immunodeficiency and ac-

quired forms a sequence acquired immunodeficiency syndrome and human immu-

nodeficiency virus hiv infection. 

5. Conclusion 

In the paper a framework for topical keyphrase generation is introduced. The 
algorithm is based on analyzing a graph-like structure which holds information 
about relations between frequent sequences and their positions in the set of docu-
ments. Filtering only the most significant sequences reduces the data size. In spite 
of the most topic modeling techniques the proposed method does not use LDA  
algorithm. Such approach allows to reduce computational complexity of the algo-
rithm. 

Qualitative analysis showed that the obtained results differ from the ones  
received by using LDA, however in most of the cases the similarity between groups 
seems to be significant.  

Future research will consist in further exploring the n-gram graph to extract 
more significant sequences and to reduce the ones that may be considered as a 
noise. The different choice of distance measures is planned to be considered as well 
as broader range of datasets for testing the method. 

REFERENCES 

[1] Papadimitriou C., Raghavan P., Tamaki H.; Vempala S. (2000) Latent Semantic  

Indexing: A probabilistic analysis, Journal of Computer and System Sciences, Vol. 61 
(2), 217�235 

[2] Blei D., Ng A, Jordan M. (2003) Latent Dirichlet allocation, Journal of Machine 
Learning Research, 3, 993�1022 

[3] Blei D. (2012) Probabilistic topic models, Communications of the ACM, 55 (4),  
77�84 



214 

[4] Danilevsky M., Wang C., Desai N.,, Ren X., Guo J., Han J. (2014) Automatic Con-

struction and Ranking of Topical Keyphrases on Collections of Short Documents, 
SDM�14 

[5] Han J., Pei J., Yin Y., Mao R. (2004) Mining frequent patterns without candidate 

generation: A frequent-pattern tree approach, Data Min. Knowl. Discov., 8 (1),  
53�87 

[6] El-Kishky A., Song Y., Wang C., Voss C., Han J. (2014) Scalable Topical Phrase 

Mining from Text Corpora, Proceedings of the VLDB Endowment, Vol. 8 (3),  
305−316 

[7] Agrawal R., Srikant R. (1995) Fast algorithms for mining association rules in large 

databases, In Proceedings of the 20th International Conference on Very Large Data 
Bases, VLDB �94, pages 487�499, San Francisco, CA, USA, 1994. Morgan Kauf-
mann Publishers Inc. 

[8] Machine Learning for Language Toolkit http://mallet.cs.umass.edu/ 

[9] Hamming R.W. (1950) Error detecting and error correcting codes, The Bell System 
Technical Journal, Vol. 29 (2) 

[10] ftp://medir.ohsu.edu/pub/ohsumed 

[11] http://www.ai.mit.edu/people/jrennie/20Newsgroups/ 



INFORMATION
SYSTEMS  IN 

MANAGEMENT Information Systems in Management (2016)  Vol. 5 (2)  215−226

NEURAL MODELING OF THE ELECTRIC POWER STOCK 

MARKET  IN USAGE OF MATLAB AND SIMULINK TOOLS FOR 

THE  DAY AHEAD MARKET DATA 

DARIUSZ RUCI�SKI,  JERZY TCHÓRZEWSKI

Department of Computer Science, Siedlce University of Natural Sciences  

and Humanities 

The work contains selected results of the modelling of neural Electric Power Ex-
change (EPE) in Poland. For modelling EPE system, artificial neural network 
(ANN) was constructed. ANN was learned and tested using of the next day market 
data. Generated neural model was used for simulation tests and susceptibility tests. 
Suitable model was implemented in Simulink. As a result of simulation tests and 
susceptibility testing a lot of interesting research results were obtained.
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1. Introduction 

The main advantages of the design of ANN and learning the ANN model in 
the available computing environments is among others adaptability, self-
organization, the possibility of parallel processing of information, low cost of 
building the system model, fault tolerance, and the like. Each ANN contains unique 
learned characteristics that predispose it to closely oriented categories of usage, 
such as to analyze the data with the ability to detect groups carrying discover ap-
proximation, prediction, optimization, pattern recognition, machine-based learning, 
cluster analysis etc. [1, 6-7, 10, 15] . 
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The basic dilemma for designers who use the SSN is a compromise between 
the size of the data set intended for learning and testing the network and the com-
plexity of its architecture. On the one hand, ANN trained for too many pairs of 
trainees may be overtraining, which would deprive it of important properties, 
which is the generalization of knowledge. On the other hand, strongly developed 
architecture caused that the model created with great imaging of data set used in 
the estimation of parameters, does not work on a set of previously unused data, 
despite belonging to the same statistical population. 

ANN unique properties allow you to get much better results in solving prob-
lems related to learning model of the system. ANN also exhibit to be a simple tool 
to help solve the problem of searching for regularities of development, especially 
in the field of data mining area. The greatest advantage is the speed of ANN due to 
the parallel process information and original way of functioning the very similar to 
the learning process occurring in living organisms.

2. Formulation of the problem 

Modeled building is the Electric Power Exchange (EPE) for business process-
es on the Day-Ahead Market (DAM). As input data adopted 24 figures for the vol-
ume of electricity distributed and sold on EPE [kWh] in different hours of the day, 
and as the size of the output respectively obtained in different hours of the day, 
average prices for electricity [z� / kWh]. The figures refer to six months, i.e. 181 
days (January 1, 2015 to June 30, 2015). 

For many years the exchange of electricity in Poland is of interest not only for 
researchers in technical sciences, but also for those in the social and economic sci-
ences. So far, however, it was not yet generally acceptable definition of electricity 
exchanges as a system. Market concept simple and understandable in practical 
consideration represents a major theoretical difficulties and interpretation, especial-
ly resulting from the need to strictly define a model for determining the average 
price of electricity only on the basis of delivered energy volume, assuming that the 
model implicitly included are thus different types external conditions (temperature, 
demand for power and electricity installed capacity, imports, exports, etc.), which 
led to specific practical relationship [2, 4, 5, 11, 13]. So in this way one strive to 
achieve model of the system as an equivalent circuit EPE in analogy to the dia-
grams replacement constructed using the theory of control systems. The defining of 
the electricity market, as DAM processes at EPE of the system is possible on the 
basis of control and systems theory, which can be found, among others, in the re-
search work of W. Mielczarski [5], J. Malki [3], J. Tchórzewski [11-13] and many 
others. 

There are also proposals for the creation of neural models, as SSN scientists 
using more input variables. Among other things at work One-Hour-Ahead Load 
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Forecasting Using Neural Network [8] proposed the model ANN using tempera-
ture as a factor determining energy consumption, which allow to include into the 
model short-term changes of demanding for the electricity energy. Another pro-
posal was presented at work Identification of nonparametric Dynamic Power Sys-
tem Equivalents with Artificial Neural Networks [9], in which an attempt was made 
to find sensitive parameters, followed by reduction of neural model in order to 
adapt to market requirements. On the other hand, in the article entitled. Next-Day 
Electricity Price Forecasting Based on Support Vector Machines and Data Mining 
Technology [4] there was given a proposal for seeking the improvement of market 
ANN model by modifying the model using back-propagation method to harden 
him for atypical and boundary data. 

Without compromising the objectives achieved by the construction of the 
above. Neuronal models we should note that they are constructed based on a mac-
roeconomic approach, which means that there is no taken into consideration sys-
temic nature of the electricity market and the resulting model can not be used to 
predict electricity prices. Meanwhile EPE, as the system has a number of mecha-
nisms whose understanding requires a simulation tests and susceptibility testing in 
order to determine the nature of the system EPE. For obvious reasons, carry out 
any experiments on real system is too risky and harmful. For these reasons, it is 
worthy to build models of EPE as a substitute schemes and thus have a sufficient 
and necessary workshop to conduct all types of experimental research. 

2.1. ANN to implement the system model EPE 

To implement the EPE model of multi-layered ANN was chosen, it was 
trained by back propagation of error algorithm in MATLAB and Simulink envi-
ronment by using Neural Network Toolbox (NNT). The structure and writing con-
ventions is as in Fig. 1. 

Figure 1. The neuron model in the convention used in MATLAB and Simulink. 
Symbols: pR � R- entrance to the ANN, R - number of input signals, , wij - the weight vector 
component j is connected to neuron i, b - bias, n - total signal value of the neuron (ie. net), 

f() - function of neuron activation, a - value of the output neuron signal  
(usually denoted as y). Source: [16] 
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There are many different types of artificial neural networks depending on the 
adopted architecture, methods of learning or activation function [4, 6-10, 15-16].  
In the example the functioning of the EPE for DAM such a network-oriented learn-
ing system model can be a one-way single-layer ANN, trained by back-propagation 
of logsig activation function () (Fig. 2). 

Figure 2. Architecture of single-layer artificial neural network, learning by backward prop-
agation, the activation function logsig (on the left side of architecture ANN trained neural 

model, EPE, right - flowchart ANN). Indications as to Figure 1. Source: [16] 

Multi-layered one-way artificial neural networks have one or more hidden 
layers. If the ANN has a non-linear neural activation function then it can be learned 
non-linear relation between the input vector and the output. Sometimes these types 
of issues it is convenient to apply the last layer of ANN linear function activation 
to achieve the model fit to the actual system. 

ANN used to implement the EPE system model is based on the activation 
functions tansing (in the hidden layer) and purelin (the output layer) as shown in 
Fig. 3. 

Figure 3.  Refer to Fig. 1. Source: MATLAB and Simulink [16] 
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2.2. ANN for implementation of system models 

The process of preparing and training the ANN model of the system involves 
the need to pre-prepare the training data, which is carried out increasingly different 
pre-treatments, such as normalization of data. This process preceding the design of 
ANN called cluster analysis requires knowledge of the issues enough to be able to 
determine the scope of modeling. The aim is to achieve high-quality neural model, 
which depends not only on the quality of the input and output, but also on properly 
conducted analysis of data to be stored in a file learners and the training file. 

The selection of inputs, and the architectural elements of the model is the sub-
ject of many studies that include various proposals and example. In [1] proposed 
adding to the size of the model inputs of neural temperature for the day, because it 
is one of the factors determining the energy consumption that is directly Translat-
ing short-term changes in demand for power and electricity. 

Another proposal was presented in the article [8], which proposed to improve 
the way search parameters in order to reduce the ANN model in the case when, for 
distributed electricity market, there is a lack of reliable data. Improving neural 
model parameters is possible using different methods and instance. In [9] empha-
sized the possibility of improving the system model by modifying the method of 
back propagation and replacing it by a more resistant to the critical values. It is 
important, therefore, that the scope of data used for training the ANN model of the 
system EPE covered all the essential characteristics of the model. 

So before start working with the data they should be adequately prepare for 
example by using the cluster analysis. At present time, the most common data 
preparation before learning is normalizing, which is to align the data within the 
scope processed by ANN. There are many methods of standardization of data used 
for training the ANN model of the system. The cluster analysis are sufficiently 
describes, inter alia in the monograph by M. K�opotek and S. Wierzchonia entitled 
Custer Analysis [14]. 

2.3. ANN design for learning the EPE model 

After appropriate preparation of the test and learner data file we should pro-
ceed to its design. In MATLAB and Simulink library using the NNT first step is 
declaration type of SSN, eg. Using functions feedforwardnet (hiddenSizes, 
trainFcn). The function has two optional arguments: hiddenSizes (number of neu-
rons in the hidden layers) and trainFcn (learning function). An important stage is 
the selection of the activation function of the individual layers, which in the present 
case were adopted respectively for the first and second layers as "tansing" and 
"purelin". Further configuration property SSN is possible using the configure func-
tion, in which can be specified as an argument input vector, output vector, learn-
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ersvector. For example, Net = configure (net 'outputs', t, i). The "configure" also 
initializes the weight and displacement called "bias". 

It is also possible to reinitialize the weights by using net = init (net). And fi-
nally the last command used to initialize learning ANN function is train as a [net tr] 
= train (net, X, T, X, A, and, EW), in which the individual arguments are respec-
tively as follows: net is the name of the network, and X is input matrix network, 
this is the desired network (teacher), Xi is ANN initial delay input, Ai is the initial 
delay layer, �W is severity of the errors. As a result of the above operation func-
tion, object is returned as net SSN, including matrices and vectors weight values 
biases. 

MATLAB and Simulink environment enables implementation of various 
types of networks, single and multi directional, single and multi layer. For exam-
ple, Cascadeforwardnet which forms the unidirectional cascade, the net-like feed-
forwardnet. The difference is input to the combined weight of each layer of the 
network and the weight of each subsequent layer to layers of the following. This 
architecture sometimes improves the learning speed network. Another useful func-
tion was a patternnet function which is similar to feedforwardnet except that the 
last network layer performs the function of transfer 'tansing' instead of purelin�. 

2.4. ANN learning EPE model 

ANN can be learned EPE model, which is the issue of determining the type of 
function approximating (linear regression). In this paper the learning process of 
ANN with a teacher who needs two sets of data, input data and reference data set 
(so called file learner of the trainees� pairs). 

ANN learning process depends on such adjustment weights to the file of the 
learner to input data in a way that is closest to the exit coincided with reference 
data. 

Parameter model is the net, which consists of a weighted summation process 
input variables defined in Matlab and Simulink using net.performFcn () - Table 1. 
The default function of executing the process in the adopted artificial neural net-
work (like feedforwardnet) is Mean Square Error (MSE). 

Table 1. "perf"  function paramers = performance(net,t,y,ew.) 

net Network name 
t The values of the desired network 
y The output values of the network 

ew weight of the errors (optional) 

Source: [16] 
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This function returns a value of errors. It has two optional parameters influ-
encing the process of training: 

- Regularization, which may have values between 0 and 1, where a higher 
value indicates that more weight is taken into account when calculating the value 
perf in relation to the error, and the default value of 0 indicates no impact on the 
learning process. 

- Normalization, which can take the value of none (default), the standard 
(normalization error of [−2, 2], and percent (normalization error of [−1, 1]). 

There are two ways to implement the learning process of ANN: incremental 
method and a batch. Incremental method calculates the gradient of weight and up-
dates its value after processing of each learning pair. In the batch method entire 
files are processed and after processing the weights are updated. It is believed that 
this first method is more accurate, and the other for faster learning ANN model of 
the system. 

For the purpose of training the ANN model, EPE trainlm function is selected, 
which is an implementation of the algorithm Levenberg-Marquardt due to, among 
others, its effectiveness, ie. Long convergence point optimization, and the fact that 
given the input vectors to approx. 1000 pieces shown a moderate demand for 
memory operations. 

Characteristics of the algorithm is approximate character of calculations, i.e. it 
is designed to be able to estimate the direction and value of change into the matrix 
weights on the basis of the information contained in the gradient error objective 
function (understood as the difference between the reference value and the value of 
output) and arbitrarily to modular regulatory factor. 

3. The research experiments and obtained results 

ANN learning system model has been used EPE, EPE figures for the DAM of 
the period from January 1, 2015 to June 30, 2015. Adopted 24 input variables rep-
resenting the volume of electricity for each hour of the day and 24 representing the 
size of the output electricity prices in the different hours of the day. 

As a method for network learning they use the "trainlm", which is an imple-
mentation of the algorithm Levenberg-Marquardt, the first layer activation function 
is the function sigmodalna "tansing" and the other a linear function "PURELINE". 
ANN architecture was built in MATLAB and Simulink using the NNT (Fig. 4). 
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Figure 4. ANN network model for DAM. Symbols: Input is the vector of the input (volume 
of electric power and energy [kWh]), Hidden Layer is the hidden layer, Output layer is a 

layer Output, Output is the vector output value (price)  
(MATLAB and Simulink calculations) 

3.1. Learning function ANN of EPE model 

As a result of learning obtained PPS system model, EPE, which in the fourth 
epoch received optimal network performance, and therefore can be considered as 
"sufficiently trained", i.e. the next era of learning does not improve its quality. In 
the generated model, EPE has also been examined, among others, the impact of the 
number of hidden layer neurons on the quality and speed of network learning  
(Fig. 6). 

Figure 5.  The course of training the ANN model of the system of EPE  
(MATLAB and Simulink calculations) 
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Figure 6. Trajectory of error MSE depending on the number of neurons in the hidden layer 
(MATLAB and Simulink calculations) 

As can be seen training the ANN model of the system EPE proceeded rela-
tively quickly regardless of the number of neurons in the hidden layer. In any case, 
since the fourth epoch weight changes were small and the number of neurons in the 
hidden layer have small effect on the rate and quality of learning. 

3.2. The sensitivity test of the neutral model EPE depending of the number 
of neurons in the hidden layer 

EPE neuronal model was also examined from the point of view of the number 
of hidden layer neurons to quality "fit" model to the training data (ie. Regression). 
The model reproduces well studied problem, if the value of regression is close to 
one - Fig. 7. 

According to Fig. 7 it shows for example, that the test pattern has a high sta-
bility in the tested range of 6 to 48 neurons in the hidden layer, and the regression 
is formed in the range of 0.75 to 0.85. You may also notice there's a single "peak" 
for a specific number of neurons in the hidden layer. It was therefore further at-
tempt to investigate the above. Therefore there was another attempt to train the 
network with the same input condition and examine the regression.

The course of the regression coefficient (R) depending on the number of hid-
den layer neurons (Fig. 8) shows among other things that the average value of the 
regression as well as for the case of Fig. 7 is formed in the range between 0.75 and 
0.85, but "peaks" appear for a different number of neurons in the hidden layer than 
in the case of Fig. 7. The research experiment shows that it is caused by, among 
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others, random weight initialization method in the learning process of ANN model 
of the system of EPE. 

Figure 7. Trajectory of the regression, depending on the number of neurons in the hidden 
layer (MATLAB and Simulink calculations) 

Figure 8.  Trajectory of the regression, depending on the number of neurons in the hidden 
layer (MATLAB and Simulink calculations) 
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4. Conclusions and directions for further research 

There is a need and possibilities for system modeling Electric Power Ex-
change in order to get the system model, EPE for DAM quotations. One of the 
method of modeling leading to a model of the system is EPE neuronal model. In 
order to obtain a model of neural system EPE figures collected for each hour of the 
day posted for trading DAM, subjected to normalization and used in the learning 
process of ANN model of the system of EPE. 

The resulting model of neuronal system, EPE is possible to use in further 
studies, especially in the conduct simulation studies on possible directions of de-
velopment and susceptibility testing EPE, EPE development for unusual situations 
that may arise in crisis situations. The method of modeling can also be used to con-
struct a model of neural safe control of the development of the electricity market in 
Poland. 
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In this paper the authors present an analysis of the transport process in a selected 

enterprise. The process map was prepared in accordance with the BPMN 2.0 

standard, currently functioning in the firm (map AS IS) and as a target (map TO 

BE). Then, to simulate the flow of transport orders, we will built analytical models 

for the mapped processes and introduced parameters for all activities and process 

events. The effect of changes examined by values of key performance indicators 

(KPIs) for the mean time order processing and human resources burden in the 

original model and the target which included the TMS class system 

implementations. 

Keywords: business process, process map, transport, BPMN 

1. Introduction 

Making an analysis is necessary before implementing any changes in 

organizations. One of the methods of searching for changing points – 

improvements and preparing for their implementation, is the process analysis  

[2, 3, 4]. It helps to understand the key activities of the organization. It helps to 

define their terms and their characteristics and also gives opportunity to evaluate 

their responsibilities for realization of each process. Centre of Process Excellence 

in Institute of Logistics and Warehousing has established methodology of business 

processes optimization, using BPMN 2.0 standard. The notation used in this 
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standard allows to unambiguously map all the processes occurring in the 

organization. The mapping is understandable not only by standard experts but 

management and IT specialists who are responsible for implementing tools to these 

processes as well. Illustrated processes are the starting point for further analysis 

which is also made in BPMN 2.0 standard IT tool. The software used during the 

simulation allows to parameterize process transactions and events and to determine 

the flow parameters of the process (sequence flow) and the flow of messages 

(massages flow). In this way, process models were built (which are derived of the 

agreed map and assumed parameters), the simulation helps to find the areas eligible 

for change [5]. In this case the aim was to reduce the operational costs and to 

eliminate the “bottlenecks” as well as improving the efficiency and effectiveness of 

processes used in the company. The purpose of this article is to indicate the 

possibility of improvements in the flow of transport orders in an selected company, 

using a model compatible to BPMN 2.0. [6].  

The article presents the simulation results of the processes currently used in 

the company (AS IS) and the target process, taking into account the proposed 

amendments (TO BE) The result will be the comparison of process simulation with 

the implemented changes and the real result of implementing them. 

2. Research outline 

Nowadays BPMN 2.0 standard is the most popular tool for mapping business 

and production processes. It is acknowledged by many commercial and no-

commercial organizations around the World. This standard is defined by the 

ISO/IEC 19510:2013 norm [16]. Information Technology – Object Management 

Group Business Process Model and Notation [1, 9, 10, 14, 15]. Main advantages of 

BPMN 2.0 include the following [7, 8]: 

−  user friendly style of process description, 

− possibility of modeling almost all business processes regardless of 

industry, 

−  standard symbols are recognizable in the business sector, 

−  possibility of diagnosing useless operations. 

A business process is a sequence of chronologically ordered actions initiated by 

one or more input events which are responsible for generating the extra value for 

the customer [11]. The key elements which need to be examined while defining the 

business processes [13]: 

− the beginning and the end of the process, 

− process strukture, 
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− process inputs and outputs, 

− suppliers and customers (internal and external clients), 

− process owners, 

− measurement and evaluation to ols, 

− available resources, 

− Key Performance Indicators (KPI), 

− process documentation and its course. 

The paper adopted the method of process analysis based on the approach "from the 

particular to the general" (bottom-up) (Figure 1). According to this methodology 

the analysis of the current transportation process (AS IS) needs [12]: 

− identification, 

− mapping, 

− parameterization process (time, logic flow), 

− building simulation scenario, 

− assigning the value of KPI. 

Key Performance Indicators (KPI) are financial and non-financial indicators used 

in the processes to measure the level of realization the business goals [12]. 

Figure 1. The method of the research realization 

The preparation phase is to gather basic information and prepare guidelines 

based on which the study is carried out. We build a scenario according to which we 

will explore current running process. The AS IS scenario includes inter alia 

information about the number of people that support the test process, time resource 

availability (uptime), information determining the transaction processes in terms of 

amount and time they are supposed to be generated. 
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The mapping phase is divided into two parts: AS IS mapping and TO BE 

mapping. The aim of AS IS mapping is to reflect the current process flow 

according to practice of their use and to prepare conclusions which are showing the 

discrepancies from arrangements with process owner. The aim of TO BE mapping  

is to show the planned changes and then verifying them in terms of business 

process correctness and logic. 

Simulation phase is also divided into two parts: creating and simulating the 

AS IS model and creating and simulating the TO BE model. The aim of AS IS 

simulation is to verify if the map prepared during modeling reflects the real state of 

the transportation process. Verification with the customer is the AS IS conclusion 

which leads to further work on the project – target state (TO BE) simulation based 

on changed scenario of business processes. 

The ending phase allows to merge all the elaborations, analysis and 

simulations into one report. Only after approval of this stage the results are handed 

to the customer. 

3. Results of researches 

3.1. Process AS IS 

In the audited company the transport orders service are handled by: 

accountant, dispatcher, mechanic and driver. Every person performs process 

activities which are assigned to the model by placing them in particular lane. Logic 

of process flow determines if the individual processes can be realized. In the 

current AS IS model, process gates are parameterized in the way that shows the 

real flow of transport orders based on the observed dependence. 

The process flow of transport orders (Figure 2) starts with an analysis of 

possibility of realizing by dispatcher, before giving the vehicle. Then the vehicle is 

issued to the driver, who checked the car and sign the handover protocol. During 

this activity it can turn out that the vehicle is out of order. Currently, on average it 

happens in 20% cases. The defects found are removed on the spot by mechanics, 

while major repairs require to transfer the vehicle to the repair workshop. The 

average time of transport service is 2.5 days. After this service the vehicle is 

checked in terms of efficiency, and the handover protocol is signed as a result.  

The data necessary to prepare the vehicle mileage document (EPP report) is 

grouped manually twice a year. This activity is released by accountant and loads 

her work up to 16,75%. EPP is an internal report made in accordance with the 

requirements of the Accounting Act. It consolidates information about operations 

of business cars. 
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Figure 2. Map AS IS for the process flow regarding the transport orders in enterprise 
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The KPI indexes received in the process analysis are used as comparative base 

for the simulation of targeted actions. Thanks to this it is possible to determine 

whether planned implementations will influence the KPI in the effective and 

positive way that allows to upgrade the transport orders process flow.  

The following values for key performance indicators for the AS IS condition 

in the flow of transport orders were defined: 

− average service time – 24,87 (days) – contains: work time and waiting time, 

− average work time – 12,73 (days) – contains: average time necessary for 

stuff to realise the order, calculation based on gathered time of all activities 

in the process, 

− accountants' commitment in the process – 16,75%, 

− dispatcher's commitment in the process – 1,06%. 

Existing process analysis consisted of its reconciliation and calibration - selection 

of parameters of AS IS model in the way that, values showed by the simulation are 

identical to the real ones, observed in this process. Only a well-calibrated model of 

the current process allows reliable management of its modification. 

3.2. Process TO BE 

The next step in the analysis is to create a map with goals of flow process 

transport orders. During the AS IS model verification, it was determined that the 

change which was designed and simulated, affects automatization of gathering 

information about localization of the cars, directions of use and repairs. The goal 

map – TO BE (Figure 3) shows the crossing point of messages flow with Transport 

Management System.  

Operation “analysis of the vehicle usage availability” lasts longer than in 

original trial thanks to automatic availability of analytical data. The accuracy of 

analysis of the history of vehicle exploitation translates into relevance of decision 

on its use. Processes which were shortened are tagged on the map as a circle, and 

the ones which were lengthened are tagged as a rectangle. Preparation of the EPP 

report in the TO BE process is based on checking its positions - the report is 

created automatically (up to date) from the data from TMS system. Also the report 

for each car's' history and exploitation is generated automatically – thanks to it, the 

dispatcher can concentrate on analyzing the data instead of recording it. 
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Figure 3. Map TO BE for a process flow regarding the transport orders in enterprise 
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3.3. The result analysis 

Based on the analysis of the starting and target processes, it was possible to 

compare efficiency of process flows in AS IS and TO BE models. The comparison 

effect was the assessment if the changes proposed will influence in the effective 

way the functioning of these processes without implementing them. The KPI 

indicators are graphically reflected in the charts. The analysis shows that the 

weighted average of resources usage has decreased (Figure 4) in the whole service 

transportation process. The effect is the increased time availability of dispatcher 

and accountant. 
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Figure 4. Weighted average use of human resources 
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Figure 5. The average accountant cost of handling the process 
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Figure 6. The average dispatcher cost of handling the process 

Another analyzed element was the average cost of servicing the process flow 

of transport orders by an accountant and dispatcher. The analysis shows that the 

accountant cost has decreased around 18 times (Figure 5) and the dispatcher cost 

has decreased around 30% (Figure 6). Cost of handling in process has been 

calculated on the basis of an hourly rate assigned to a resource (dispatcher 35 

PLN/h, accountant 25PLN/h) and average working hours in a single process 

transaction. 

4. Conclusion 

The article aim was to show, using the case study, the fast (business analysis 

time is no more than one day) method of research on consequences of process 

changes in the organization. 

In this case we were analyzing the management of organizational process in 

the transport company from the medium and small companies sector. The main 

business goal was to reduce the human resources (accountants) engagement. It was 

achieved thanks to implementing the TMS system, which automated the way of 

gathering the transport information in terms of vehicle exploitation. 

The forecasted increase of the efficiency in the tested process was determined 

theoretically using process simulation, and confirmed empirically after the 

implementation of the TMS system. Implementation of the changes resulted in a 

reduction in staff engagement and provide better and faster access to data with 

higher quality, more efficient data processing, higher efficiency of the process. 
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New concept of conflictless task scheduling is an alternative approach to existing 

solutions in concurrency. Conflictless task scheduling includes data structures and 

algorithm that prevents occurrence of resource conflict between tasks executed in 

parallel. The range of applications the conflictless task scheduling includes different 

environments like transactions processing in database management systems, 

scheduling of processes or threads in operating systems or business processes 

management. Task scheduling without any resource conflicts is dedicated to high 

contention of limited resources environments and its algorithm can be implemented 

in modern GPU. This paper presents concept of local task scheduling without 

resources conflicts occurrence, discusses features of new approach and focuses on 

problem of task starvation. Elimination of task starvation is included in conflictless 

task scheduling concept, detailed explanation are contained in this paper. 

Keywords: Resource conflict elimination, conflict free task schedule, deadlock 

avoidance, concurrency control, mutual exclusion, transaction processing, OLTP 

1. Introduction 

Resource conflict occurs in multitasking environment when many tasks 

executed in parallel use the same instance of resource and at least one of them 

perform operation, which changes this resource state. Elimination of negative 

phenomenon as resource conflicts can be performed in many ways, for example 

using competitive or cooperative concurrency. All concurrency methods 
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synchronize global resource allocation. In competitive concurrency various 

synchronization mechanism can be used (i.e. semaphores, locks or barriers), 

however tasks do not communicate each other to determine order of resource 

allocation. A significant problem in competitive concurrency is proper selection 

and correct application of synchronization mechanism for access to global 

resources. Another problem is to choose fine or coarse grain strategy in resource 

synchronization. In cooperative concurrency tasks communication is possible, also 

dedicated structures can be used to store environment state. Supervision 

mechanism bases on task communication or dedicated structures that support 

prevention of unsafe environment state [3, 5].  

The elimination of resource conflict between executed tasks ensures 

avoidance of deadlock. But there is no universal synchronization method that 

guarantees task execution without resource conflict in any environment. Even 

when task specification is known, selection and use proper concurrency method are 

not always apparent to programmer.  

In next chapters concept of universal solution of conflictless task scheduling 

will be presented. This concept bases on dedicated structures and algorithms, that 

guarantee fairness and liveliness in task processing without resource conflicts. New 

concept can be used in various environments of task processing that meet fixed 

assumptions. In further discussion a task starvation problem in conflictless task 

scheduling has been examined. 

2. Assumptions for conflictless task processing environment 

Task processing environment has own specifics resulting from the number of 

task sources and characteristics of requested tasks. Any requested task is single unit 

of work and is defined by sequence of operations and resources, which are required 

to finish its execution. Resources required by task can be local or global. Resource 

instance is local when is used by only one task, in other case resource is global. 

New concept of conflictless task scheduling is dedicated to any high 

contention environment that meets assumptions for requested tasks: 

• all resources required by requested task exists,  

• set of all global resources required by requested task is known before its 

execution begins, 

• many requested tasks can be executed in parallel, 

• execution time for task is not known and its finish time is not limited, 

• each task requires minimum one global resource, 

• task are independent and its execution order is not fixed, 

• task execution is not depended on interaction with external objects, 
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• tasks are equivalent and there is no task priorities, 

• number of global resources is limited and any global resource has only one 

instance. 

In applied task definition single task with long sequence of operations can be 

divided into many smaller sub-tasks, which have to be requested by task source one 

by another. This technique can be also used for interactive task to isolate subtasks 

that do not require any global resource. The range of application of proposed 

conflictless task scheduling includes various environments like scheduling of 

processes or threads in operating systems, transaction processing systems 

or business process environments. Regardless of the type of task in high-contention 

environments each requested task reveals a specific representation of all required 

global resources before its execution begin and reports finish of execution. 

Even task execution interrupted by error has to be reported to resume other waiting 

conflicted tasks. 

3. Task representation and resource conflict detection 

The concept of conflictless task scheduling requires special task resources 

representation model which is used to fast verification existence of resource 

conflict between tasks. In presented concept all global resources required by task 

are represented in its binary identifiers IRW and IR, they are granted to task by 

central resource controller. In those binary identifiers single bit represents only one 

global resource, the length of resources identifiers is limited by number of global 

resources. This task resource representation is scalable [4]. Identifier IRW

represents all global resources used by task that are read or written in its sequence 

of operations. However IR represents all global resources used by task that are only 

read. As opposite to write read operation do not change global resource state. 

Besides of resources identifiers each requested task tk has assigned a logical time Tk

number. Order of logical time values represents sequence of granting binary 

resource identifiers by central resources controller to tasks. 

Detection of resource conflict between two tasks using their binary resource 

identifiers requires to check simple condition:  

 (IRWi and IRWj) xor (IRi and IRj) � 0   (1)

If above condition is satisfied then exists at least one resource conflict 

between tasks. This means that two task can not be executed in parallel and its 

execution order must be determined. Logical time values can be used to determine 

sequence of conflicted task execution, longer waiting task can be executed first. 
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4. Structures for conflictless task schedules generation 

Controlling tasks execution without resource conflicts requires to maintain 

two sets: active task set R that are executed and waiting task set W that are 

suspended. In any n-th point in time active task set R
n
 and waiting task set W

n
 do 

not have any common elements W
n ∩ R

n
= Ø. Effective task processing requires 

maximization of cardinality of the active task set R
n
 in any point of time. Resource 

conflict detection between newly requested task and any active task and also 

between suspended tasks is supported by dedicated structures task classes C and 

conflict array M. State of this structures may vary over time, so state of task class 

Ck in n-th point of time will be marked C
n

k and respectively state of conflict array 

in n-th point of time represents M
n
. Single task class groups all tasks with the same 

values of resources binary identifiers: 

Ck = {ti: IRWi = IRWk ∧ IRi = IRk}   (2)

In n-th point in time task class C
n

k groups only supended tasks. If task from 

class Ck is executed (this task is included in set R
n
) then class C

n
k is marked as 

active, but active task t ∈ Ck ∩ R
n
 not belongs to C

n
k ⊆ Ck. Therefore in n-th point 

in time suspended task set W
n
 = C

n
1 ∪ � ∪ C

n
N. For any active class C

n
k there has 

to be determined task class C*nk which includes oldest suspended task t*k that has 

resource conflict with active task tk ∈ Ck ∩ R. Each non-empty task class has its 

own FIFO queue, which determines order of execution of their suspended tasks. 

Each FIFO queue is assigned to other resource group represented by task class, 

which has at least one task suspended. This multi queues approach can be treated as 

alternative to use many synchronization mechanisms with coordination of 

emptying their queues for waiting tasks. In n-th point of time cardinality of task 

class n(C
n

k) show number of suspended tasks that are located in class C
n

k queue. 

According to prepared conflictless schedule the task class C
n

k queue leaves only 

single the oldest waiting task, only if condition is not satisfied: 

IRWk = IRk     (3) 

If condition 3 is satisfied then all tasks from task class Ck queue can be 

executed in parallel. The conflict array M is another structure, which stores 

conflicts detected between task classes bases on condition 1. If in two dimension 

array value mij = 0 then there is no conflict between tasks belonging to different 

classes Ci and Cj. Conflict array M is always symmetric M = M
T
, so only half of it 

should be calculated. Dimension of array M changes every time when new task 

class is added because in n-th point of time M
n
 = g(R

n
, C

n
1, C

n
2, ..., C

n
N).  

If dimension of array M changes then all conflict values must be calculated 

between new added and any other existing task class. If there is no resource 
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conflict between the new class and any other active class, then execution of task 

from new class has begin and new class becomes active. Otherwise new task is 

suspended in class FIFO queue and is waiting to resume according to prepared 

conflictless schedule of task execution. 

5. Preparation of adaptive conflictless schedule 

The conflicless task processing includes determination the task execution 

order for waiting tasks, which ensures parallel task execution without global 

resource conflicts. Appropriate set of tasks is fixed by conflicless schedule, which 

is adequate to task environment state. In n-th point in time number of conflictless 

schedules to prepare is limited by cardinality of active task set R
n
 because time of 

task execution is not known. The conflictless schedule should be prepared to each 

situation that execution of active task tk ∈ R
n

finishes and requires to determine set 

S
n

k of suspended tasks that can be executed in parallel without resource conflicts. 

Any task set S
n

k has to fulfill all conditions: 

• all tasks belonging to S
n

k has conflict with finished task tk, 

• no resource conflict between task belonging to S
n

k and any active task from 
set R

n
/ {tk}, 

• no resource conflict between task belonging to S
n

k and the oldest suspended 

task t*k for any active task from R
n ∪ {tk} or when resource conflict exists 

between task ti belonging to S
n

k and oldest suspended task t*k for any active 

task from R
n ∪ {tk} and T

n
i < T*

n
k, 

• no resource conflict between any two tasks that belong to S
n

k, 

Above restrictions can cause that non-empty set S
n

k does not exist and when 

execution of active task tk is finished no other suspended task from task classes will 

be resumed to start its execution. 

In situation when various sets S
n

k exists arbitration rule should be used to 

choose conflictless one schedule S*
n

k, in example should be chosen most numerous

set of suspended task with the lowest sum of logical time values for task belonging 

to S
n

k. Each preparation of conflictless schedule in n-th point of time bases on 

detection of resource conflicts between many selected task couples stored in 

conflict array M
n
. Resource conflict between tasks from different classes can be 

simply detected by reading a single value from conflict array M i.e. resource 

conflict between tasks tx ∈ Ci and tx ∈ Cj exist only if mij � 0. The conflictless 

schedule has to adapt to task class cardinality and logical time of its longest waiting 

task, therefore it is a adaptive conflictless schedule which can be applied only in 

fixed state of task processing environment. 
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Figure 1. Example of conflict array in selected n-th point in time

Figure 1 presents example state of conflict array in fixed n-th point in time for 

number N of existing task classes. The presented conflict array contains 

additionally indication of active classes according to elements in active task set R
n
. 

6. Elimination of task starvation in adaptive conflictless schedule preparation 

Conflictless schedule is prepared step by step, which allows to adapt to 

changing conditions in task processing environment. Presented concept of 

conflictless scheduling determines set of tasks that execution can be started when 

fixed active task finish its execution. The multipath conflictless task scheduling is 

result of the assumption, that task execution time is not known. Lack of long-term 

schedule could cause a repeating pattern in task class selection, which can exclude 

resuming of task from other classes. If task has never been included in prepared 

schedule it waits infinitely for execution and task starvation problem occurs. 

Concept of conflicless task scheduling that allows occurrences of task starvation 

problem is not correct, because it does not ensure fairness in task execution. 

The main role in elimination of task starvation problem in conflictless task 

scheduling concept is to often change members of active class set. However this 

rule is not sufficient to eliminate the task starvation problem. Therefore another 

rule takes into consideration logical time of waiting tasks, in conflictless schedule 

preparation longer waiting tasks are preferred to begin its execution first. 
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Algorithm of determination of conflicless schedule S
n

k in n-th point of time 

for situation when active task tk ∈ Ck ∩ R
n
execution is finished: 

1. Determine collection Q
n

k of all non-empty task classes C
n

i that has conflict 

with C
n

k, where for i � k mik � 0 in conflict array. 

2. If task class C
n

k queue is not empty n(C
n

k) > 0, add class C
n

k to determined 

class collection Q
n

k. 

3. Among task classes from collection Q
n

k find the task t*k with the lowest 

value of logical time T*k, this task has the oldest waiting time in head of all 

class queues from collection Q
n

k. Class that include task t*k is marked C*
n

k. 

4. Remove from class collection Q
n

k each class that has at least one resource 

conflict with any other active class than C
n

k. 

5. Remove from class collection Q
n

k each class C
n

i that has at least one 

resource conflict with recently determined C*
n

j for any active class

(including C
n

k only if C*
n

k is included in collection Q
n

k) that fulfills the 

conditions C
n

i � C*
n

j and T
n

i > T*
n

j. 

6. If C*
n

k does not belongs to class collection Q
n

k then go to step 7, otherwise 

go to step 8. 

7. In class collection Q
n

k find the most numerous subset of classes without 

resource conflict and the lowest sum of logical time values for head task 

belonging to queues of classes from selected subset. Go to step 10. 

8. If C
n

k � C*
n

k then go to step 9 otherwise go to step 10. 

9. In class collection Q
n

k find the most numerous subset of classes without 

conflict and including C*
n

k. When many collections exist choose that one, 

that has lowest sum of logical time values for head task from class queues. 

10. Add to S
n

k each next task from queue of any class from collection Q
n

k. 

In situation when for C
n

j condition IRWj = IRj is also satisfied add to S
n

k all 

tasks waiting in queue of class C
n

j. 

Presented algorithm uses conflict array structure with additional information like 

cardinality of any task class or logical time of head task in all class queues. 

Presented algorithm can be run in many instances, which allows for fixed n-th 

point in time parallel preparation of many conflictless schedules S
n

k. Each one 

conflictless schedule S
n

k is prepared for other case, when execution one of active 

task t ∈ R
n

is finished. In practice only one from all prepared schedules will be 

used. Theoretically all calculations required to determine conflictless schedule S
n
k

can be performed ahead before active task t ∈ R
n

execution finish, than all required 

calculations for conflictless schedule preparation have to be performed in 

environment isolated from task execution. If all calculation related with preparation 

conflictless schedule Sk will be completed before finish of active task t ∈ Ck then 

there will be no additional delay in task processing. 
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Validity of determined conflictless schedules is time limited. Anyone of 

presented situations can cause useless of earlier determined conflictless schedules: 

• change in the active task set, 

• change in task class cardinality, 

• adding a new task class. 

Conflictless schedules have to be prepared often and quickly. It requires dedicated 

environment for manage structures and algorithm executions to prepare conflictless 

schedules, which is discussed in chapter 7. 

Example situation of conflictless task processing in environment with high 

contention resource utilization in n-th point in time presents state of conflict array 

on figure 2. Additionally for any detected resource conflict between non-empty 

task classes logical time values for classes are presented on figure 2, each one is 

determined by the longest waiting task in class queue in n-th point of time. 

In presented on figure 2 situation three conflictless schedules are determined using 

proposed algorithm. Only one from prepared conflictless schedule S*
n

2, S*
n

5, S*
n

7

will be used depending on which active task from R
n
 will be finished first. All 

prepared conflictless schedules S*
n

2, S*
n

5, S*
n

7 are valid only in n-th point of time. 

Figure 2. Conflictless schedules for example conflict array  

in selected n-th point of time 

Conflictless schedule S*
n

2 includes at least one task from class C
n

6 and C
n

8.  

If condition 3 is satisfied for class C
n

6 or C
n

8, then all tasks waiting in this class 

queue can be assigned to S*2. Class C
n

4 = C*
n

2 not belongs to S*
n

2 conflictless 
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schedule because it has resource conflict with C
n
3 = C*

n
7 and T

n
4 > T

n
3. This 

prevents starvation of tasks from class C
n

3 which is included in many cycles in 

WFG (Wait For Graph) presented in figure 3. Conflict array M is a representation 

of WFG for task classes. 

Figure 3. Wait for graph for task classes in selected n-th point in time

The conflictless schedule S*
n

7 includes at least one task from class C
n

3 and 

C
n

N. If condition 3 is satisfied for class C
n

3 or C
n

N, then all tasks waiting in class 

queue are assigned to schedule S*
n

7. When active task execution from class C5 is 

finished then according to prepared schedule S*
n

5 another task from class C
n

5 

begins execution. If condition 3 is satisfied then all suspended task can be removed 

from class C
n

5 queue and executed. The starvation of suspended task occurs if its 

execution will be stared in finite time [5]. Preparation of adaptive conflictless 

schedule bases on analysis of resource conflicts between not-empty classes and 

includes also logical time of waiting tasks. This ensures that set of active classes 

changes that execution of task from all classes will be resumed. This avoids 

occurrence of task starvation problem. 

The preparation of conflictless schedule for selected time period requires 

preparation of adaptive conflictless schedules many times according to presented 

algorithm. Current environment state is taking into account when adaptive 

conflictless schedules are prepared in selected points of time. Those time points are 

determined by execution finish of any active task. Figure 4 presents usage of 

prepared schedules for example conflict array form figure 4 in n + 1, n + 2 and 

n + 3 time points. Those points of time are determined by each execution finish of 

active task. In n + 1 point of time task from class C5 finish its execution and 

according to adaptive conflictless schedule another task from class C
n + 1

5 can be 

executed. However finish this task does not cause execution next task from class C5

which counteracts of task starvation for conflicted task from conflicted class C
n + 4

1

(execution of task from C1 is started later in n + 7 point in time). Identical situation 

occurs in n + 5 point of time, when execution of task form class C6 is finished, 

which prevents starvation of tasks from classes C
n + 5

2 and C
n + 5

4. 
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Figure 4. Example of conflictless schedule in period of time 

with environment conditions 

Analysis of schedule from figure 4 show that for any point of time new 

adaptive conflictless schedules should be prepared, because different environment 

conditions cause that earlier determined schedules are useless. Frequent and 

parallel preparation of conflictless schedule need isolated computing environment, 

which resources are not used by tasks. Efficient task execution required preparation 

of all conflictless schedules before one of active tasks finishes its execution. Due to 

the high degree of parallelization and frequency of conflictless schedule 

preparation as isolated computing environment for preparation of adaptive 

conflicless schedules was proposed modern GPU. 

7. Effective preparation of conflictless schedule by GPU 

Modern GPU are isolated computing environment with own memory and 

multiple processing units, that architecture is categorized as SIMD in Flynn 

Taxonomy [2]. The GPU can be used to prepare and store a conflict array with so 

far detected resources conflicts between task classes. Any request of new type of 

task causes new task class creation and update of conflict array. There is no need in 

conflictless schedule preparation to transfer conflict array from GPU memory. 

Using prepared algorithm GPU allows to prepare many conflictless schedule 

at the same time, each one for situation when other active task finish its execution. 

It is possible because during conflictless schedule preparation values stored in 

conflict array did not change. For conflicless scheduling implementation on GPU 

are recommended OpenCL or CUDA technology [1]. 
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8. Conclusions 

The proposed task scheduling concept is novel due to data model of task 

resources representation and methods of resource conflict detection between tasks, 

structures like task classes and conflict array and algorithms preparing schedule 

without resource conflict between tasks. Conflictless scheduling is designed to 

environment with limited number of global resources, that are acessed by task in 

high contention manner. The conflictless schedule eliminates resource conflict 

between executed tasks, therefore deadlock is not possible. Conflictless scheduling 

can be alternative to use other synchronization mechanism. The correctness of 

developed scheduling algorithm requires that it has to ensure liveness and fairness 

for tasks. Liveness requires that prepared conflictless schedule eliminate task 

starvation problem, which was discussed in this paper. In proposed task scheduling 

concept it was provided by using logical time for tasks and check its values in 

adaptive conflicless schedule preparation.
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Soft biometrics methods that involve gender, age and ethnicity are still 

developed. Face recognition methods often rely on gender recognition. The same 

applies to the methods reconstructing the faces or building 2D or 3D models of the 

faces. In the paper, we conduct study on different set of gender recognition methods 

and their mobile applications. We show the advantages and disadvantages of that 

methods and future challenges to the researches. In the previous papers, we 

examined a range variety of skin detection methods that help to spot the face in the 

images or video stream. On acquiring faces, we focus on gender recognition that 

will allow us to create pattern to build 2D and 3D automatic faces models from the 

images. That will result also in face recognition and authentication, also. 

Keywords: face identification, gender recognition, face authentication, biometrics

1. Introduction 

In the soft biometrics face recognition and authentication is still very 

important problem. One of the examined feature that is gender. There are many 

gender classifications approaches and methods. They can be divided in feature-

based and appearance-based methods [36]. They are presented in this paper. They 

use different approaches but they usually are trimmed on the same database. When 

they are compared on the same FERRET database [32] they show around 90 per 
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cent accuracy. When the database is different than the one used by the authors of 

the gender classification method, then the methods� accuracy drops to 60-70%.  

In the previous papers [1, 2] we concentrated on the skin colour classification. 

Finding skin colour pixel is important in face detection. On finding a face at the 

picture, e.g. [3], one can examine the face to extract their feature. After 

determining the gender of the face it will be easier to recognize or/and authenticate 

the person. From the other point apart from computer designed methods and 

applications there are more and more mobile apps that can do the same because of 

their hardware specification. In this article we wanted to check the suitability of 

gender as one of biometric features int the task of autentication based on the face. 

The paper is organised as follows. In section 2, we describe different face 

recognition aspects. In the next section, gender classification methods by face are 

presented. There are shown different approaches and methods e.g. neural network, 

SVM, Adaboost etc. In section 4, there are briefly described face databases and 

datasets, e.g FERET etc. Analysis and evaluation of gender classification methods 

is shown and discussed in section 5. Discussion about use of the presented methods 

in mobile applications contains section 6. Finally, we present some concluding 

remarks. 

2. Face recognition aspects 

The gender recognition might be one of the factors that fastens the person 

authentication because you limit the search for a person to 50% of the population. 

On the market the applications like How-Old.net allows you to upload your frontal 

picture then the service recognizes faces and analyses them to determine their age. 

The application gender accuracy is quite high but age accuracy depends on e.g. 

makeup, light, face size in the picture etc.  

2.1. Skin colour and face detection

In the previous papers [1, 2] there were presented several approaches to the 

skin colour classification. To determine gender of the person the first step in 

automatic methods is finding skin colour pixel or area. Then the area is checked 

whether it belongs to a face. It can be done using e.g. template matching methods. 

Nowadays there is a method very popular and helpful in face detection that was 

presented by Viola and Jones [3] . On finding a face at the picture, e.g. [3], one can 

examine the face to extract their feature for future processing. 

For example in Windows 10 facial recognition is a log-in option. Systems and 

services like those mentioned above are more and more spread but not perfect. That 

is why the problem is still vital.  
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2.2. Face recognition and authentication

In Windows 10 facial recognition is a log-in option. The same has appeared in 

mobile devices and operating systems. Systems and services like those mentioned 

above are more and more spread but not perfect and reliable. In the security 

systems recognizing and authentication of the face can strengthen the systems and 

data security. That is why the problem is still vital because the methods are used in 

a wide range of applications for access control, security and database indexing  

etc. [38]. 

The next problem is whether to classify the gender of the faces using 2D or 

3D images. Most of the methods base on 2D images and their processing, e.g. [39]. 

There number of 3D processing methods used in gender recognition is minimal. 

There are a few derived methods for the gender recognition and facial asymmetry 

using 3D methods [37]. 

3. Gender classification methods by face 

The automatic gender classification methods have been developed for over 20 

years. The first methods were presented by Cottrell and Metcalfe and Golomb at al. 

in the 1990. They both used a multi-layer neural network as classification method 

and was tested on the manually aligned faces. 

In the next years many authors tried different methods. They experiments with 

different network inputs: the set of geometrical features extracted from faces [4] or 

pixel-based input [5]. Also many different classification methods were used: neural 

network [7, 8], hyper basis function networks [4], radial basis function network [5], 

Gabor wavelets [6, 9], threshold Adaboost [10,13] LUT Adaboost [12], support 

vector machine (SVM) [11], linear discriminant analysis (LDA) [11], Self 

Organizing Map (SOM) [13], Bayesian classifier [11]. 

3.1. Preprocessing

Before the face will be subject to classification some preprocessing may be 

necessary. The classifiers are usually sensitive to imperfection of the image for 

example bed illuminations. Good preparation of the face image can reduce 

obtaining process  influence to the classification results. 

In this phase we can normalize brightness and contrast using histogram 

equalization, improve the face image geometric features, reduce the image size 

(number of pixels). 
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3.2. Face features

Generally, in the gender recognition task, we can distinguish two methods of 

feature extraction: geometric based and appearance based.  

The first method requires finding of the face characteristic points as a nose, 

mouth, eyes, ears or hair. This points are called fiducial points.  Geometric 

relationships between this point (fiducial distances) are used as a feature vector in 

the classification process.  Importance of these distances in the gender 

discrimination task is confirmed by the psychophysical studies. The number of 

using fiducial distances may be different, for example 18 in the [4] or 22 in  

the [15]. 

Geometric based methods allows to reduce the size of the feature vector using 

in the classification process, but some useful information can be thrown away. 

Further, the points extraction process must be very precise. 

Appearance based methods works on the image pixels that were previously 

transformed on the local or global level. At the local level image can be divided 

into lower windows or specific face regions such as mouth, nose or eyes.  

This approach preserves natural geometric relationships which can be used as a 

naïve features. It may be advantage because it is quite difficult to determine which 

geometrical features are important in the gender recognition task.  However, we 

have large number of features (each pixel is treated as a feature). This method also 

does not provide a good explanation why an image is classified as a man or 

woman. 

Pixel intensity values can be used directly as an input of the neural network or 

support vector machine (SVM).  However, for better results, some preprocessing is 

necessary. The image is usually normalized to equalize lighting or geometrical 

variations and resized to lower number of image pixels. The size of image using as 

a classifier input can be various, for example Moghaddam and Yang [16] used 

21x12 pixel images and Baluja and Rowley [20] 20x20 pixel images. 

Using pixel intensity values we have a large number of features. Dimension 

reduction methods allow to restrain this problem using representation of an image 

in the reduced dimension space. Most popular method is Principal Component 

Analysis (PCA) [11, 17, 18]. Also another dimension reduction method was 

studied, for example Jain et al. [19] were using Independent Component Analysis 

(ICA). 

Viola and Jones [3] proposed Haar-like features for fast face detection 

(Fig. 1). The sum of the pixels which lie within the white rectangles are subtracted 

from the sum of pixels in the grey rectangles to obtain the value of a rectangle 

feature. Adaboost is used to select the features. Also Shakhnarovich et al. [10] used 

this method for fast gender classification of videos in real-time. 
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Figure 1. Rectangle features [3] 

Local Binary Patterns (LBP) are features that are calculated from pixel 

intensities in a pixel neighborhood. The basic idea is that as many binary values are 

created as there are pixels in the neighborhood of the center pixel [29, 30]. At the 

end these are concatenated to one binary value. Originally LBP was defined for 3x3 

pixel neighborhood but later it was extended to different neighborhoods. Alexandre 

et al. [25] combined LBP with intensity and histogram of edge directions. Other 

variants inspired by LBP have been proposed for example by Zheng et al. [27]. 

Lowe [31] proposed Scale Invariant Feature Transform (SIFT) - features 

which are invariant to the scaling, translation and rotation transformations in the 

image domain and further partly invariant to illuminations changes. The advantage 

of this kind of method is the preprocessing step is not necessary. Wang et al. [24] 

proposed combination the SIFT with Gabor features. 

3.3. Classification methods

Neural network is one of the most popular classification method used in many 

different domain. Also in gender recognition case many authors proposed this 

method as a classifier. Before use the image as an input of the neural network it is 

scaled to the chosen size. The size of image determines the number of network 

input nodes, so we would like to have the image as small as possible but its size 

must be enough to keep the essential information about face features. The least 

used size of face image was 8*8 pixels [14]. The neural network used for the 

gender classification has one output node. 

The neural network is trained in round, by presentation labelled face example 

images as an network input. The connections weights are changed after each 

example presentation closer output to the expected result. After each round the 

validation image set is used for calculate the output error.

Support Vector Machine (SVM) assume that samples of different classes can 

be separated in the higher dimensional space using the transformed features. In the 

task of gender recognition by face, features can be image pixel intensities. For the 

transformation a kernel function is needed. Many authors proposed different kernel 

functions as radial basis function or polynomial kernels. It is possible to combine 

SVM with different kinds of features, we can use face image pixels intensity as 

well as local binary pattern.  

It seems that SVM is recently the mostly used classification method for the 

face gender recognition [11, 16, 17, 18, 19, 25, 26]. 
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The idea of Adaboost algorithm is that group of the weak classifiers can create 

together a strong classifier. The weak classifiers can be anything, they must only 

allow to classify appropriate data examples. Also the kind of using features is 

whichever. Most popular weak classifiers are threshold, mean and LUT. 

In the threshold weak classifiers the value calculated for an image with the 

single classifier is compare to the threshold. Each classifier has its own threshold 

value. The optimal threshold is finding in the training process.  The mean weak 

classifiers have a threshold by first calculating mean feature values separately for 

the male and female training example. 

LUT Adaboost [12] differs from others weak classifiers so that instead of a 

threshold it places the calculated feature value to a bin. The number of bins is 

determined before the training. 

4. Face databases and datasets 

For evaluation the accuracy of the gender recognition we need face database. 

There are several publicly available databases that have been used for experiments. 

Sometimes researchers combine several databases to obtain larger set of images or 

take a subset of the database to exclude inadequate images. Publicly available 

datasets examples are AR, FERET, BioID, CAS-PEAL-R1, MORPH-2, LFW. 

Databases FERET and CAS-PEAL-R1 deserve special attention.  

FERET [32] is one of the most popular evaluation dataset in the gender 

recognition domain. It contains above 14000 images of almost 1200 persons. The 

faces have a variety pose and varying facial expressions. The images have also 

some variation in illumination. 

CAS-PEAL [33] is a large scale Chinese face database. It contains above 

99000 images of 1040 persons (595 males and 445 females). They have varying 

pose, expression, accessories and lighting. A subset of the database CAS-PEAL-R1 

which contains 30900 images is available for research. The images were taken in a 

controlled environment.  

In contrast to FERET and CAS-PEAL, LFW [34] dataset images were 

required in uncontrolled environment which allow to study of face recognition in 

more natural condition. It contains above 13000 images. 

The MORPH [35] database was collected in real-world conditions. The 

dataset also contains metadata in the form of age, gender, race, height, weight, and 

eye coordinates. 

Not all databases have information about gender. If the images are not 

annotated with this information, researchers must do it manually. 

It appears that recently the MORPH-2 and LFW are the best datasets for face 

gender classification (first for controlled and second one for uncontrolled). 

There are also private databases as BCMI [26]. 
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5. Analysis and evaluation of gender classification methods 

Table 1 presents authors reported results of the selected works on face gender 

recognition. It contains information about features extraction method and classifier 

used, and also training and test database used by author. In the last column we have 

average total classification rate.

Table 1. Compare of the selected gender classification methods

 Author Feature 
extraction 

Classifier Training data Test data Classification 
rate (%)

1 Moghaddam (2002) 

[16] 

Pixel 

values 

SVM-RBF FERET cross 

validation 

96.62

2 Shakhnarovich (2002) 

[10] 

Haar-like Adaboost Web images cross 

validation 
video seq. 

79 

90

3 Sun (2002) [11] PCA with GA SVM UNR cross 
validation 

95.3

4 Castrillon (2003) [17] PCA SVM+ 

temporal fusion

Video frames  98.57

5 Buchala (2005) [18] PCA SVM �RBF Mix (FERET, 

AR, BioID) 

cross 

validation 

92.25

6 Jain (2005) [19] ICA SVM FERET FERET 95.67

7 Baluja (2006) [20] Pixel 
comp. 

Adaboost FERET cross 
validation 

94.3

8 Fok (2006) [21] Pixel 

values 

Convolutional 

neural net. 

FERET cross 

validation 

97.2

9 Aghajanian (2009) 

[22] 

Patchbased Bayesian Web images Web images 89

10 Demirkus (2010) [23] SIFT Bayesian FERET Video seqs. 90

11 Wang (2010) [24] SIFT, 
Gabor 

Adaboost Mix (FERET, 
CAS-EAL , 

Yale) 

cross 
validation 

~97

12 Alexandre (2010) [25] Intensity, 
hist. of edge 

dir., LBP 

SVM-linear FERET FERET 99.07

13 Li (2011) [26] LBP+ hair & 

clothing 

features 

SVM FERET FERET 95.8

14 Zheng (2011) [27] LGBPLDA SVMAC FERET 

CAS-PEAL 

FERET 

CAS-PEAL 

99.1 

99.8

15 Shan (2012) [28] LBP SVM-RBF LFW cross 

validation 

94.8

Source: own elaboration based on results reported by authors
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The authors of the selected works use different feature extraction and 

classification methods. It can be seen that most popular classifier is SVM. All 

feature extraction algorithms are the appearance based methods. 

The FERET database is the most often used as a training set, but researchers 

are using also different datasets as a datasets composed of the web images.  

The classification rate is the ratio of correctly classified test examples to the 

total number of test examples. Most popular method of testing results is cross 

validation, but many authors reports also that they train and test results on the 

different datasets. 

Comparison between the methods is very difficult because researchers use 

different datasets and parameters for evaluation their methods. Even if authors use 

the same  FERET database, they can select the different subset of images from this 

database. For example, some researchers used only frontal  face images and others 

may also use non frontal face images. 

The best results were reported by Zheng et al. [27]. For FERET database they 

obtained 99,1% and for CAS-PEAL database even better result � 99,8%, but the 

authors were selected only frontal face images from the datasets. For the images 

taken in uncontrolled environment the results are a little worst The best result in 

this case was 94,8% obtained by Shan et al. [28] using LFW dataset. 

Makinen and Raisamo [36] carried out the comparison study of the selected 

gender recognition methods. Each method was tested in the same condition � 

starting with the same way of the face recognition and testing on the same datasets. 

Table 2 presents the results for the FERET and the Web testing databases. In 

the first case separate set of the FERET images was used for training, in the second 

case  all FERET dataset was used for training.  

Table 2. Results for the FERET images

 FERET images Web images

Method  Classification rate  

(%) 

without hair 

Classification rate  

(%) 

with hair 

Classification rate  

(%) 

without hair 

Classification rate  

(%) 

with hair

Neural network 92.22 90 65.95 61.29

SVM 88.89 82 66.48 57.41

Threshold Adaboost 86.67 90 66.29 66.75

LUT Adaboost 88.89 93.33 66.19 64.81

Mean Adaboost 88.33 90 66.14 67.02

LBP + SVM 80.56 92 67.25 66.54

Source: Mäkinen E., Raisamo R. [36]
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It can be seen that the results obtained for the FERET testing set are 

significantly better than the results obtained for the web images. The authors 

suppose that the reason may be greater similarity of the training and testing sets 

when they used FERET set in both cases. Classifier adapts better to the recognition 

examples in this situation. Further, when the web images are used as a testing set, 

they have more quality variations, so they are more difficult to classify. 

6. Discussion � use in mobile applications  

The time that is needed to detect faces in an image depends on the methods 

that are used. Nonetheless, the time is quite big  in comparison with the time taken 

in gender classification. That is why in practice, gender classification can be real-

time with all the described methods [36]. This is generally true when using a 

standard PC or high-end smartphones. However, there are huge differences in 

training times between the methods. In search for the best and most efficient 

method or set of methods  used for recognition and/or authentication in mobile 

devices one has to take into account the architecture of the system.  

If it is service based system then mobile application can send acquired picture 

to the system service run on powerful hardware. The whole procedure can be done 

in the system and mobile application can receive results only. That will shorten the 

time. Of course the quality and resolution of the picture as well as the quality of the 

Internet connection will have a stress on it. 

If all the calculations are done of client/mobile application side, then the face 

detection, gender recognition and authentication methods can consume a lot of time 

depending on the smartphone/tablet specification.  

Both methods have their dis- and advantages in e.g. robustness, reliability or 

security measures.  

7. Conclusions 

In the paper, we focused on different set of gender recognition methods and 

their possible mobile applications. We show the advantages and disadvantages of 

that methods and future challenges to the researches. 

Comparison between the methods is very difficult because researchers use 

different datasets and parameters for evaluation their methods. Taking into account 

that the authors use the same FERET database, they can select the different subset 

of images from this database, e.g. some researchers used only frontal face images 

and others may also use non frontal face images. 

From the Table 2 it can be clearly seen that the results obtained for the 

FERET testing set are significantly better than the results obtained for the web 
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images. It might be a result of uniformity of FERET database. If the web images 

are used as a testing set, they have more quality variations, so they are more 

difficult to classify. 

Because we use in mobile solutions images taken in unspecified conditions, 

then our results will be closer to the results obtained while using web set images.
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The article presents attempts to identify the needs and problems of modern  

e-learning and designed a solution that meets the needs of the recipients of  

e-learning and e-learning content providers. On the basis of this analysis, it was 

found that the market lacks the e-learning platform that meets all the needs and 

requirements in remote education. E-learning systems are very poor functionally, 

and tools for achieving the objectives, such as content creation, content distribution, 

management learning, and synchronous online meetings appear as separate 

applications that do not necessarily work well together. Most often each of them 

must be used separately that extends the preparation of training materials, and is a 

burden in the administration and supervision of the training course. On the basis of 

the analysis of remote training needs of recipients and creators of content proposed 

solution supporting distance learning. On the basis of the analysis of literature and 

research of user behavior designed and developed an integrated e-learning platform 

that meets the expectations of the users. The system has successfully motivating tool 

to complete training and does not require expensive implementation. The main 

objective of the proposed system was to eliminate the disadvantages observed in 

other systems. It was found that the human factor impeding the effective acquisition 

of knowledge as lack of motivation for self-study and the lack of contact with the 

teacher. In order to minimize the impact of these factors on the educational goals 

proposed solutions such as elements of competition and extensive virtual 

classrooms. 
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1. Introduction 

The model of operation of modern organizations is subject to constant, 

dynamic change that enforce the requirements of the market and economic 

conditions, demographics, and more. An important factor in the functioning of 

companies and organizations are also new technologies. IT systems contributed to 

the way you work, running a business and performing its statutory organization. 

Content Management Systems ERP (Enterprise Resource Planning) [1], systems of 

customer relationship management CRM (Customer Relationship Management) 

offer new opportunities to improve operational efficiency and management of the 

organization [2-4]. The consequences of the introduction of new information 

technologies create pressure for changes in the functioning of companies, their 

organizational structures and have a significant impact also on the training process 

of the company. An increasingly important role in today's organizations also play 

e-learning systems [5]. E-learning contributes to a more efficient use of resources 

and communication tools. Users of the electronic courses learn to communicate 

effectively in the network and are able to work effectively in virtual task forces. 

The most popular and the most effective method used in educational portals for 

sharing knowledge and learning process management are e-learning platform. This 

platform is an advanced learning system designed for both self-study and under the 

supervision of a teacher. Type systems LMS (Learning Management System) in 

recent years have dominated the remote education (Internet-based education) [6]. 

LMS-based systems sometimes occur as part of ERP systems. E-learning can be 

useful both in the process of skills training hard and soft. E-learning systems allow 

you to enrich knowledge and are a source of data that can be used at any time. The 

level of capabilities of such systems and tools is similar to the requirements 

traditional courses. For the a virtual form of learning is supported mainly savings, 

as well as the opportunity to present multimedia content. In most cases barrier of 

distance learning is the lack of knowledge of the real possibilities of such tools, and 

lack of confidence in them. However well prepared and guided e-learning courses 

using the latest capabilities can not only compete with traditional training, but in 

many cases, they may be more effective. The e-learning has not only many 

advantages, but also disadvantages. Good understanding and definition of defects 

allows to countering irregularities during design and implementation phase of 

distance learning processes. Allison Rossett [7] gathered the advantages and 

disadvantages of teaching in e-learning model. Typical pros and cons of e-learning 

courses are shown in Table 1. 
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Table 1. Advantages and disadvantages of e-learning 

Advantages Disadvantages 

Reducing the cost of the trainings Additional investment 

Standards of knowledge The high cost of development and 

maintenance of training 

Convenience of training implementation, 

contex, multithreading and individualized 

training 

The atomization of knowledge could lose 

the context and the gaps of knowledge 

The possibility of a good supplement to 

other training 

Lack of reliability in the process of remote 

communication, the ability to impersonate 

for an expert 

The centralization of the educational 

process 

Training is superficial because it focuses on 

solving the problem rather than on in-depth 

knowledge 

The learning environment free from 

sanctions 

Reproducible quality of training (if training 

was bad-prepared, this is bad quality) 

Reduction employee turnover The negative impact on the culture of the 

organization after replacing traditional 

training courses of e-learning 

The ease of modify the content and its 

immediate distribution 

The necessity of involving large resources 

during the implementation of e-learning 

training, implementation ceases to be 

carried out solely by the training department 

The implementation of the e learning in an organization, whatever its type, 

must take into account such elements as:  

� Technology - software used to create e-learning content, as well as 

infrastructure through which content will be distributed

� Content - available in an electronic teaching materials, tests and exercises, 

videos, animations, simulations, educational games, webcasts, and more. 

� Communication - a means of communicating participants trainers, manner 

and form provide information on how to conduct training 

� People - the recipients of training have experience in the use of learning, 

territorial dispersion participants, competence of participants 

� Context - the scale of training and the conditions in which is implemented 

e-learning training, the duration, the scope and the characteristics of the 

target group 

� Behaviours - associated with perception and understanding of the training 

by the participants and their surroundings. 

The literature provides several different typologies of remote training [8, 9]. 

Trainings can be divided due to the form of transmission of educational content, 

training and development model of the type of training content. Division with 
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regard to form of communication asynchronous training stands that allow you to 

learn at your own pace, form the limits to self-education and training Synchronous 

where participants use the materials at their own pace, but communicate with the 

coach at a specific time. Such communication can provide, eg. virtual class. When 

the division due to model development training courses distinguish ready, 

personalized training and dedicated training. The division of training due to the 

type of content refers to what skills acquire the trainee. Hard training concern the 

knowledge and skills in areas related to their work and soft skills training relate 

personal skills and personal development of the trainee. It is worth mentioning that 

the structure has been standardized e-learning training [10]. It was developed a 

number of standards and guidelines for the development of training content. The 

standards define the principles of construction of educational materials, their 

operation and use in the teaching process. One of the most prominent are the ECC 

standard (E-learning Courseware Certification) [11] concerning the structure of the 

content of the training and SCORM standards (Sharable Content Object Reference 

Model) [12]  and also AICC (Aviation Industry Computer-Based Training 

Committee) [13]. They are associated with technical issues. Standard ECC is 

distributed by ASTD E-learning Institute and is designed for asynchronous courses 

based on the web and multimedia and formulates criteria for navigation, location 

and response messages, links, assistance and legibility and quality of the published 

text. SCORM standard defines, based on network technology, content aggregation 

model training (Content Aggregation Model) and runtime environment (Run-Time 

Environment). 

The aim of this study was to develop a system that supports distance learning, 

which supports solutions to meet the needs of both the recipients and suppliers of 

e-learning and e-learning content. When designing the system attempts to eliminate 

the disadvantages noted in other systems. The main aim was to build such an 

application that is user friendly and content creation in time is more effective than 

in other systems, while maintaining maximum functionality and complexity of the 

system. In order to minimize the impact of human factors on the educational goals 

proposed solutions such as elements of competition [14] and expanded virtual 

classrooms. 

2. Training management system 

The CMS system is a computer system that automates the management, 

administration, tracking and reporting of all activities related to education and 

training in one or more institutions. LMS systems are the basis for the transfer of 

knowledge in corporations and allow you to organize a training plan, deliver and 

manage them. Training can be conducted with the support of the coach or not, they 

may be assisted synchronous meetings in communities to work together online, eg. 
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In a virtual classroom. The system allows to evaluate and report their progress of 

the divided students, group, business lines. Invigilators of training enables clear 

insight into the educational activity that involves students and staff of the 

organization. At the same time they allow you to manage the competences and 

skills and detect gaps in knowledge in areas taught and complement these gaps. 

The basic tasks of LMS are primarily functions: 

• Management - allows you to design schedules classes and courses, to 

build a directory of available resources, import and publish courses 

trainees, resource training management, management fees for courses, 

• Supporting the process of remote training - allows you to share 

training content to a wide audience to diffuse territorial area, yet allow 

for easy communication in a consistent learning environment 

• Tracking the process of learning - functions allow you to collect data 

on the educational process, the actions of trainers, collecting reports of 

time spent on learning, monitoring the behavior of students while 

learning, record the costs of the learning process 

• Reporting - functions to generate reports on learning outcomes, 

student satisfaction, their behavior in the educational process and other 

reports of an administrative 

An extension of LMS class systems are the systems LCMS (Learning Content 

Management Systems) [15], in which the basic functions are supplemented with 

tools for creating training content. LCMS helps you create, reuse, localize into 

multiple languages, deliver, manage, and improve the content of training courses. 

The content usually is managed in a centralized archive in the form of small, self-

describing, identified elements or as training units. The LCMS is able to provide 

the customer with a personalized of training unit training to meet a single task or 

provide a larger elements of the course, as defined by the LMS. In advanced 

systems are controlled LCSM student interaction with the objects of the course and 

based on this information provides the student a personalized study path. LC MS 

provides invigilators transparent and valuable reports that in the future may also be 

used to improve training facilities. Some of the LCMS systems allow cooperation 

and exchange of knowledge with regard to training facilities between students and 

teachers. While in most LMS realized tasks are similar, LCMS systems may vary 

significantly. Tools for creating content can be integrated into the system or can be 

external programs. A supplementary element of LMS systems can be the type of 

LCS (Live Communications Systems) [16]. These systems are used to support 

synchronous e-learning. To the requirements of the LCS systems must support 

video conferencing and VoIP, which allows you to stream video and voice over the 

Internet network. Using a virtual whiteboard is possible to view what a lecturer 

wrote. A useful feature is also shared teacher�s computer desktop. Transmitted live 

lessons are usually archived by LCS as a training facility. LCS systems can be 
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interchangeably used with systems VCS (Virtual Classroom System) [17, 18]. 

These solutions enable the management and operation of distance learning in 

synchronous mode "live". VCS provides several possibilities for collaboration, 

communication and distribution of knowledge with immediate feedback. High-

quality solutions enable this class, among others: 

• carrying out any kind of training activity in synchronous mode using a 

virtual whiteboard or screen sharing. 

• application sharing, audio and video communication, chat, etc, 

• synchronous learning process management, build training materials for use 

in training "live". 

Comparison between systems classes LMS, LCMS and LCS are shown in Table 2. 

Table 2. Comparison of e-learning systems 

System LMS LCMS LCS 

Dimension People Knowledge Communication 

The main function Management of 

training and 

competence building 

Management of 

training materials 

Management of 

communication and 

cooperation online 

Ability to manage 

the process of 

training 

Full includes not 

only of training 

remote, but also a 

stationary 

Very limited, 

covering only 

courses built with 

the system 

Very limited - 

covering only the 

learning process 

synchronous 

The possibility of 

building courses 

Very limited, 

usually only simple 

forms of exercises 

Full: the content 

repository facilities 

management, 

version management 

features and 

facilities 

management group 

work 

Very limited - 

covering only the 

learning process 

synchronous 

The ability to 

interact 

Very limited 

(usually chat, 

forum) 

Very limited 

(usually chat, forum) 

Full of opportunities 

to interact online 

cooperation and 

communication 

E-learning currently facing several important issues that were identified 

during the consultation with the recipients of e-learning as well as with companies 

and organizations implementing learning. These problems were also confirmed by 

the literature and reports about e- learning [19]. The problems relate to both e-

learning content providers and their customers. They reduce the effectiveness of 

achieving the objectives of both educational and commercial. 
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We identified the following problems: 

• Lower motivation to learn, 

• Time-consuming process of starting up training of e-learning, 

• No contact with the teacher / mentor. 

The last problem results from the specific forms of distance learning and the first 

two problems are the result of several factors. In the case of smaller motivation 

such factors are flexibility of time and pace of learning - on the one hand, this is 

one of the main advantages of e-learning, but the recipient of the training must  

take care of the realization of the material in good own pace. E-learning system 

which is not user friendly may discourage to use it. Long process of starting up 

training of learning  affects: 

• E-learning software implementation process, which often is complicated 

and expensive, 

• The process of creating content is a less effective laborious. 

Based on the above analysis the e-learning management system has been made. 

3. The project of integrated system of e-learning 

The main idea was to create a platform for e-learning as a comprehensive 
computer system used to conduct and manage e-learning trainings integrated with 
external services. The application was made as an application type client - server 
which includes: database, application server and web services WSDL definitions. 
The system design was made using the Flex platform. The use of e-learning 
platform designed the Flex SDK allowed the execution of rich functionality and 
tools that make at other technologies would lead to an ineffective effort.  
In addition, the Flex SDK includes support for building applications for mobile 
devices. For its portrayal content of the design platform is responsible Flash Player 
now the world's most popular platform for playing multimedia content. The project 
application was preceded by studies of user needs in terms of functionality and in 
terms of usability. On the basis of a general presumption of what was to create an 
integrated system of e-learning brought together some functionality useful in 
remote teaching. Our system includes such modules as 

• LMS - Management of groups of students, teachers and staff management, 
customer management, management training, providing training, reporting 
of learning outcomes. 

• The Wizard of training - the slides management, media library, testing 
module, multimedia tools, effects and settings tools. 

• Virtual classrooms - a meeting place for students. 
• Integration of external services using the API service provider - search 

videos YouTube, search images from the image bank. 
• A tool for planning activities in the virtual classroom. 
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Training of e learning within the designed platform was divided according to 

the diagram (Fig. 1). The course is acceptable to create any number of training 

courses. Training can consist of any number of courses (modules) within which 

you can create any number of lessons. 

Figure 1. Structure of the training 

The lesson is a unit of knowledge to assimilate and can consist of any number 

of screens training. Each screen contains objects that serve the transfer of 

knowledge. Such objects are: text, images, sounds, tests, quizzes, games, comics 

and more. Objects on the screen may occur singly and may also be any number of 

them on a single screen. In the system separated tasks that can be performed by 

different user groups (administrator, student, teacher). Users after log are redirected 

to the appropriate view depending on the role played in the system. The developed 

system consists of multiple modules which will eventually allow you to achieve the 

desired educational goal. The flow of information in the system is illustrated in 

Figure 2. This is the proposed flow of information within the organization 

conducting the training or e-learning courses. In addition, the system includes a 

closed environment in which organizations or school and university teach, where 

they are known in advance the person to which the training is reached. This way 

you can organize trainings called closed. Using the module included in the system 

of retail sales training organizations, academic institutions, or independent 

developers can distribute content created courses and training in a different manner 

shown in the diagram (Figure 2). In such a model of content distribution person or 

organization has a predetermined planned list of people participating in the 

training. This way you can organize open training courses, which enroll any 

interested individual. Such training can be free or paid for. Payments for training 

the user performs directly in the system using the integrated payment system.  

In the event of such a distribution model training, a user must visit a portal (web 

site) on which there will be a list of possibilities to acquire training, select the 

training of interested to him and make his purchase. 
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Figure 2. The flow of information in the system 

Designed in the system editor lesson allows you to build attractive visually 

and content-rich lessons and training. The functionality of the editor is divisible 

into several areas. To perform the tasks of a given area serves a variety of tools and 

controls that allow you to achieve the desired effect. There are different types of 

exercises and tests, for example drag and drop tests, filling gaps in the test, the 

traditional multiple choice and single choice. Created educational content can gain 

a new dimension with the Wizard comics and stories. To illustrate the content of 

the lesson, you can add video from prepared file. You can also use the system's 

built-in search videos from YouTube, video or audio record audio directly from 

webcam and microphone. Creating educational content can be used also available 

in the wizard animations and effects. Through its dynamics are more attractive 

presentation of catching attention and making that their content will be rapidly 

assimilated and stored by the user of training. As the content of the training can be 

placed on the stage of pre-prepared presentations in Microsoft PowerPoint, and 

PDF files or MS Word documents. You can also import training content created in 

other programs and available in SWF format. For lector�s base was used IVONA 

[20]. With this solution all the training content can be automatically read by the 

computer. In addition, in the lessons can be also put a recording of the prior  

prepared mp3 files. In addition, you can record the contents of each track a lecturer 

straight from the microphone. Lesson editor interface consists of 5 major 

components which are shown in Figure 3. Using this interface, you can prepare a 

complete lesson training without leaving the application. All tools and options are 

placed in practical locations, and also are described by means of called tooltips. 

The lesson editor has also been included media library that organizes all the files 

and multimedia placed under training. It allows you to reuse the same files and 

makes it easier to browse files stored in the training. 
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Figure 3. Interface of lesson editor 

Working with the system consists of several stages. The most important are: 

the introduction of user: employee, teacher, student and the introduction of training 

content. That the training was complete in addition to creating training wizard. You 

should design a training structure and create a system of appropriate modules 

divided into lessons.  

4. Conclusion 

When reviewing the e-learning solutions available on the market, it turned out 

that there is a need for a modern e-learning system which integrates a lot of tools. 

After analysis of e-learning solutions it can be concluded that rarely the solutions 

are attractive for consumers and content providers. Lack of consolidation services 

and e-learning software can lead to the belief that distance learning is costly and 

complicated and open source tools are too poor functionally and difficult to handle. 

Existing solutions LMS type not usually meet all the training needs of both 

companies and educational entities. Such systems should be introduced that content 

to be created by means of external tools. Creating content in open source systems is 

tedious and time-consuming. The tools are not enough insights and are not 

ergonomic. In the designed system the emphasis is placed on comfort and speed of 

content creation. The proposed system comprehensively meets the needs of remote 

education, and effectively addresses emerging issues. Designed platform can be 

expanded and adapted to the expectations of wider audience by adding new 

functionality. It should be noted that the fundamental assumption of the design was 

the intuitiveness and simplicity in the use of the platform. Adding new functions in 

the system should be preceded by research utilities so as to be consistent with the 

current assumptions and would not introduce user confusion. 
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The development of electronic commerce over the past several years has pro-

gressed very rapidly. On 25 December 2014 the Consumer Rights Act, which ap-

plies, among others, to e-commerce, came into force. The act introduces new rules 

for consumer protection as a consequence of the implementation of the Directive 

2011/83/EU into the Polish legal system. This implementation resulted in, among 

others, changes in the formulation of rules and regulations of electronic services, in-

tensification of the information obligation and abolition of legal barriers to cross-

border e-commerce. The need to adapt websites is often troublesome for entrepre-

neurs, however the increase in the catalogue of consumer rights should increase the 

number of electronic transactions. 

Keywords: E-commerce, electronic commerce, consumer

1. Introduction 

Traditionally, electronic commerce is divided into two types: business-to-

consumer e-commerce including purchases made by natural persons, most often in 

online stores, and business-to-business e-commerce which consists in purchases of 

goods made by entrepreneurs for production or distribution purposes (bulk pur-

chases) [4]. Usually, the consumer�s position in the relationship with the seller is 

weaker, which is why the provisions formulating the principles of online trading 

and consumer protection in relationships with the entrepreneur are of particular 
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importance [5]. The article presents an overview of key mechanisms and law in-

struments underpinning the functioning of e-commerce in Poland.  

On 30 May 2014 the Consumer Rights Act was passed [7]. The act came into 

force on 25 December 2014 and it significantly changed the legal regulations con-

cerning the conclusion of contracts (including electronic contracts) with the con-

sumers.  The new act is the result of the implementation of the provisions of the 

Directive 2011/83/EU of the European Parliament and of the Council of 25 Octo-

ber 2011 on consumer rights into the Polish legal system, and a further step in the 

process of harmonisation of the Polish law with the EU law [13]. The EU law is 

aimed at full harmonisation of internal regulations of Member States. Harmonisa-

tion has two functions: it ensures common consumer protection rules on the EU 

market and establishes the same protection standards and regulation mechanisms 

[1]. The unification of the regulations concerning online trading should result in the 

increase of the share of Polish companies on the Community e-commerce market.  

It is worth pointing out that in 2014 alone, the cross-border sales resulting from 

contracts concluded electronically increased by 45% [2]. 

By introducing the new consumer protection rules (which undoubtedly 

strengthen the consumer�s position in the relationship with the entrepreneur), the 

act amended the Civil Code regulations on sales contracts concluded with consum-

ers and repealed the Act of 2 March 2000 on the Protection of Certain Consumer 

Rights and on the Liability for Damage Caused by a Dangerous Product (Dz.U. of 

2012, item 1225, consolidated text) and the Act of 27 July 2002 on Specific Terms 

and Conditions of Consumer Sale and Amendments to the Civil Code (Dz.U. of 

2002, No. 141, item 1176, as amended). 

The act is an attempt to present the primary directions of changes in electronic 

commerce and problems with their interpretation and implementation by entrepre-

neurs. 

2. The new regulation 

2.1. The definition of a consumer 

The Consumer Rights Act amended Article 22
1
 of the Civil Code formulating 

the definition of a consumer. In accordance with the content of this article �a con-

sumer is a natural person who carries out with the entrepreneur a legal act not di-

rectly related with his/her business or professional activity� [10]. Previously this 

article stated that �a consumer is a natural person who carries out a legal act not 

directly related with his/her business or professional activity�.  

The new definition was made more precise by the indication of the other party 

to the contract, which should be the entrepreneur. The extended definition in this 

regard should be viewed in a positive light as it helps to avoid many interpretation 
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problems. This change was dictated undoubtedly by the wish to extend the scope of 

application of the consumer rights provisions to natural persons who, although 

perform actions related to their business or professional activity, act for purposes 

not related with such activity [14]. This solution should lead to the elimination of 

the problem with appropriate qualification of dual nature contracts. The extension 

of the content of Article 22
1
 of the Civil Code leaves the contracts the parties to 

which are natural persons who do not conduct business activity or the contracts 

concluded by natural persons with entities who are not entrepreneurs outside the 

scope of the consumer rights act.  

It is worth pointing out that the act gives the consumer status only to a natural 

person. A legal person or organizational units who are not legal persons with legal 

capacity under the act, e.g. registered or limited partnerships, cannot be considered 

a consumer. The situation remains unchanged when such entities do not conduct 

business activity, as in case of e.g. associations or foundations. 

The condition for considering a natural person a consumer is the performance 

of a legal act not �directly related with the business or professional activity� of the 

natural person. This is essential for qualification of the contract because the provi-

sions of the consumer rights act can be also applied in case of legal relationships 

between a natural person conducting business activity and an entrepreneur. The 

definition of the term �consumer� does not specify whether it refers to a natural 

person conducting business or professional activity or not. It is necessary, however, 

for the legal act not to be related with his/her business or professional activity or be 

related with it only indirectly.  

Often the assessment of whether the given action is related with the activity of 

a natural person is very problematic. The obligation to prove that the given action 

is not related with the business activity, in accordance with the general rule speci-

fied in Article 6 of the Civil Code, is incumbent upon the consumer [3]. According 

to the case-law of the Supreme Court the consumer contract should serve the own, 

personal needs of the person concluding it or his/her immediate family, but may be 

concluded in order to ensure the proper functioning of the household [15]. 

It is worth noting that although the legal act carried out by the consumer most 

often has the form of a contract against payment, it is not always the case. The act 

can also be unilateral, in the form of e.g. withdrawal from a contract.  

2.2. Information obligations of entrepreneurs 

The range of information obligations of entrepreneurs in consumer trading is 

broad. The catalogue of such obligations with regard to consumer distance con-

tracts is specified in Articles 12-26 of the Consumer Rights Acts [7]. 

In the light of Article 12, paragraph 1 the entrepreneur shall inform the con-

sumer in a clear and comprehensible manner in particular about the main features 

of the good or service, the way of communication with the consumer, his/her iden-
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tification data, business address, email address, postal address to which the con-

sumer can direct the complaints, total price or remuneration for the good or service 

including taxes, as well as transport, delivery, postal services fees and other costs, 

payment method and deadline, manner of and deadline for performance of the good 

or service by the entrepreneur and the procedure for handling complaints applied 

by the entrepreneur, manner of and deadline for execution of the right of withdraw-

al from the contract, and a template of the withdrawal form, and finally about the 

existence and content of the guarantee and after-sales services and the manner of 

their implementation [7].  

The obligation to provide information about key elements of the concluded 

consumer contract in a clear and comprehensible manner introduced by the provi-

sions of the act increases transparency and safety of transactions.  

In accordance with Article 17, paragraph 1 of the act in case of distance con-

tracts against payment, concluded with means of electronic communication, the 

entrepreneur must provide the consumer in a clear and legible manner, immediately 

before the order is placed by the consumer, with information concerning main fea-

tures of the good or service, total price, including transport, delivery, postal ser-

vices fees or other costs, term of contract or manner and conditions for contract 

termination or the minimum term of the consumer�s obligations under the contract 

[7]. Particular emphasis was given to the obligation to inform the consumer about 

the payment-based nature of the good or service. In light of Article 17, paragraph 2 

the consumer should confirm that he/she is aware of his/her obligation to pay  

resulting from the concluded contract, most often by selecting an appropriate but-

ton [7].  

It is worth noting that in accordance with Article 12, paragraph 1, section 14 it 

is the seller who shall inform the consumer about the term and content of the guar-

antee, if it was additionally granted by the manufacturer or the distributor [7].  

Information about products on the websites should contain this information and 

respective files should be placed directly on the product fiche or on the store�s 

website created specifically for this purpose. A sole reference to the manufacturer�s 

website with a link does not fulfill the above information obligation.  

It can be concluded that the range of information obligations of the entrepre-

neur was considerably extended with the provisions of the Consumer Rights Act of 

30 May 2014. However, particular significance has not the extension of the scope 

of information, as much as the form of their provision to the consumer and the 

deadline for fulfillment of such obligations by the entrepreneur. Under Article 18, 

paragraph 1 the entrepreneur must, not later than at the beginning of order place-

ment, provide on the websites used for electronic commerce the explicit, clear and 

legible information about any limitations to delivery and accepted methods of 

payment [7]. 
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Provision of necessary information to the consumer should be made not later 

than at the moment he/she expresses a wish to be bound by the distance contract. 

Therefore, the consumer should be informed about the data specified in Article 12, 

paragraph 1 not later than when he/she uses the �place the order� button or other 

button with an equivalently unambiguous expression [7].

The provisions of the act specify, in exceptional situations, a limitation to the 

catalog of information obligations of the entrepreneur. In case the technical charac-

teristics of the applied mean of distance communication limit the size of the infor-

mation to be provided or the time to provide it (e.g. a text message) Article 19 

states that the entrepreneur shall provide the consumer, before the conclusion of the 

contract, with at least information concerning: 1) the main features of the good or 

service provided by the entrepreneur, 2) the designation of the entrepreneur, 3) the 

total price or remuneration, 4) the right to withdraw from the contract, 5) the term 

of the contract, and in case the contract was concluded for the indefinite period of 

time � the manner of and conditions for its termination [7]. 

The remaining information must be provided by the entrepreneur to the con-

sumer in a clear and legible manner, in a way corresponding to the type of the ap-

plied mean of distance communication.  

In accordance with Article 13 information concerning: 1) the manner of and 

deadline for the execution of the right to withdraw from the contract, as well as the 

template of withdrawal form, 2) the costs of the return of the product, in case of 

withdrawal from the contract, which are incurred by the consumer if due to the 

nature of the products they cannot be sent back with regular postal service, 3) the 

obligation of the consumer to pay reasonable costs incurred by the entrepreneur, in 

case the consumer withdrew from the contract after submitting a request to begin 

the provision of the service to the entrepreneur, the entrepreneur may give the con-

sumer, with the use of the template, the instructions on withdrawal from the con-

tract attached as Appendix No. 1 to the act [7]. This solution is a significant facili-

tation for the entrepreneur conducting business activity online, as provision of such 

template to the customer results in fulfillment of the information obligation in that 

regard.  

The use of the instructions template concerning the right to withdraw in the 

trading sector will enable the entrepreneur to comply with the above-specified in-

formation obligations. Non-compliance with the statutory content and the mode of 

providing the consumer with the information results in negative legal consequenc-

es. Under Article 29 lack of information about the right to withdraw from the con-

tract results in extension of the withdrawal period by 12 months, and in accordance 

with Article 23 lack of information about additional costs exempts the consumer 

from incurring these fees (it applies also to costs relating to the return of  

goods) [7].
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A certain facilitation is formulated also in Article 21, paragraph 1 in accord-

ance with which the entrepreneur shall provide the consumer with a confirmation 

of the conclusion of the distance contract on a durable medium within a reasonable 

period of time after the contract conclusion, not later than upon delivery of the 

good or before commencement of the service provision [7]. It will enable the en-

trepreneur to fully eliminate paper correspondence in contacts with the consumer in 

the area of e-commerce.  

The burden of proving that all information obligations under the provisions of 

law were fulfilled shall rest upon the entrepreneur. 

In the light of the provisions of the Consumer Rights Act of 30 May 2014 the 

principles of creating web service regulations have changed. Apart from the in-

crease of the amount of information which the seller must include on the online 

store website (from 6 to 21), it is worth noting that it should include specific terms 

and conditions for contract conclusion and meet technical requirements specified in 

the act (e.g. the above-mentioned obligation to describe the order button with the 

phrase �the order with obligation to pay� or other equivalent unambiguous phrase). 

Moreover, the provisions concerning the purchasing procedure should be correctly 

formulated, i.e. cannot violate statutory consumer rights, but also cannot contain 

solutions considered to be impermissible statutory provisions entered into the regis-

ter maintained by the President of the Office of Competition and Consumer Protec-

tion. Unfortunately, this problem is one of the most frequently recurring errors in 

the process of formulation of regulations for e-commerce stores.  

2.3. The extension of the consumer rights 

The manifestation of pro-consumer solutions of the act in question is the ex-

tension of the consumer�s right to withdraw from the contract. The act unified the 

period for withdrawal from the distance contract or the contract concluded outside 

the company�s place of business in all states within the European Union, which 

improves cross-boarder trade. As already mentioned above, the period to exercise 

this right was extended from 10 to 14 days. In case the entrepreneur does not per-

form his/her information obligations, the period is extended to 12 months, whereby 

such period is calculated from the day on which the initial 14-day period ends [7]. 

If the consumer is informed by the entrepreneur about the right to withdraw from 

the contract within the 12-month period specified above, such period for withdraw-

al from the contract ends 14 days after information about this right is provided to 

the consumer [7]. 

The consumer�s position has been, therefore, significantly strengthened, and 

granting him/her a new tool aiding in the fight to exercise his/her rights helps to 

ensure safety of e-commerce. 

It is worth emphasizing that the notice of withdrawal from the contract may 

take any form, the act does not specify any formal requirements in this regard. 



278 

Such notice may be submitted with the use of a unified form. The template of such 

document constitutes an appendix to the Consumer Rights Act. Although the entre-

preneur may enable the consumer the submission of such notice via electronic 

means of communication, under Article 30, paragraph 4 also in such case he/she 

must provide the consumer with a confirmation of receipt of the notice of with-

drawal from the contract on a durable medium (e.g. via email or by submitting a 

notice via the entrepreneur�s website) [7]. As emphasized above, the use of the 

form is on the one hand a facilitation for the entrepreneur, but on the other hand it 

may be beneficial to the consumer. This solution ensures the fulfillment of all re-

quirements necessary to terminate the contract concluded between the consumer 

and the other party to the contract. 

The act formulates a closed list of cases in which the consumer may withdraw 

from the contract. Such possibility was specified in 13 cases listed literally in Arti-

cle 38 [7]. For example, the consumer has no such right in case of contracts for 

delivery of digital content not saved on a tangible medium. Under the previous act 

the withdrawal right was excluded only in case of sales of tangible data media [9]. 

The withdrawal right is also excluded for contracts the subject of which is a prod-

uct which deteriorates quickly or has a short expiration date, or the subject of 

which is a product delivered in a sealed package that, after opening of the package, 

cannot be returned for health protection or hygienic reasons if the package was 

opened after delivery. What is important, we can conclude from the content of 

Article 28, paragraph 1 that in regard to service contracts, if the consumer agreed, 

the right of withdrawal from the contract after performance of the full service may 

be excluded. The entrepreneur should provide this information before he/she be-

gins execution of the subject of the contract [7]. This solution is also more benefi-

cial to the consumer. In the previous legislation, the loss of the withdrawal right 

could occur already as a result of commencement of performance of the contractual 

service. 

The act introduces detailed solutions concerning settlements with consumers. 

In accordance with Article 31, paragraph 1 upon receipt of the notice of withdrawal 

from the contract the entrepreneur must immediately (not later than within 14 days) 

refund all payments made by the consumer, including delivery costs. Given the fact 

that the requirement to return the good is the consumer�s responsibility, the entre-

preneur who did not declare a good pick-up service, may refund the payment only 

after he/she receives the good or a confirmation of dispatch of the good [7]. 

The refund is made with the payment method used by the consumer. An ex-

ception is made in case the consumer agreed to a different method of refund that 

does not entail additional costs. 

As a rule, the costs relating to the consumer�s withdrawal from the distance 

contract are incurred by the entrepreneur. However, the consumer shall cover direct 

costs of return of the good, unless the entrepreneur agreed to cover such costs or 
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did not inform the consumer about the need to cover such costs. A similar excep-

tion applies to the cost of delivery of goods exceeding the cost of the cheapest, 

regular method of delivery of goods by the entrepreneur, if the more expensive 

delivery method was selected by the consumer e.g. courier delivery instead of a 

regular postal service. In case the information obligation under Article 12, para-

graph 1, section 9 is not fulfilled by the entrepreneur, i.e. in case the consumer was 

not informed about the loss of his/her right to withdraw from the contract and con-

sequences of its execution (about the period and method of execution of the right to 

withdraw from the agreement, and about the template of the withdrawal form), the 

seller is responsible for the reduction of the value of the good resulting from its use 

extending beyond the level required to establish the nature, features and function-

ing of the good [7].  Article 34, paragraph 3 states that in case of delivery made to 

the consumer�s place of residence upon conclusion of the contract and if due to the 

nature of the good it cannot be returned with the regular postal service the cost of 

receipt is covered by the entrepreneur [7]. Moreover, the consumer does not incur 

the costs of delivery of digital content that is not saved on a tangible medium, if the 

consumer did not agree to delivery of such content before the end of the period for 

withdrawal from the contract or was not informed about the loss of the right to 

withdraw from the contract upon giving such consent or did not receive a confir-

mation of contract conclusion on a tangible medium.

The Consumer Rights Act of 30 May 2014 covers with its scope also the issue 

of the use of the purchased good by the consumer in case of withdrawal from the 

contract. It is worth reminding that the repealed by the new regulations Act of 2 

March 2000 on the Protection of Certain Consumer Rights and on the Liability for 

Damage Caused by a Dangerous Product included an undefined statutorily term of 

�usual management� within which the consumer had the right to use the good in 

compliance with the intended use [11]. 

In accordance with Article 34, paragraph 4 the buyer is responsible for the re-

duction of value of the product which results from its use extending beyond the use 

necessary to establish the nature, features and functioning of the product, unless the 

entrepreneur did not inform the consumer about the right to withdraw from the 

contract in accordance with the requirements [7]. Therefore, this obligation is de-

pendent on the prior notification of the buyer about his/her right to withdraw from 

the contract. The provision specifies the extent to which the person making the 

purchase can use the good in the period in which the withdrawal from the contract 

is allowed. The consumer is obligated to be in charge over the ordered good until it 

is returned. After the receipt of the product, its type, status, completeness can be 

checked and its functional characteristics can be verified. It should be assumed that 

the scope of such activities does not exceed the rights of the customer of the sta-

tionary shop [6]. A similar position was taken in the recital 47 to the Directive 

2011/83/EU, the implementation of which is the Consumer Rights Act of 30 May 
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2014 [13]. It can be concluded then that the principles for using the good in the 

period before withdrawal are currently slightly less beneficial to the consumer.

Payment of the compensation for the reduction of value of the good that is the 

result of activities extending beyond the above-described activities necessary to 

familiarize oneself with the good is the consumer�s responsibility. The amount of 

compensation due to the entrepreneur may include costs of cleaning and repair, or 

the need to lower the sales value in the next transaction, which is a consequence of 

the use of the good. 

2.4. The unification of the rules of liability for the quality of the sold good 

Upon coming into force of the Consumer Rights Act on 25 December 2014, 

the new solutions concerning the liability for quality of the good sold to the con-

sumer became binding. This regulation was transferred from a separate act (Act of 

27 July 2003 on Specific Terms and Conditions of Consumer Sale and Amend-

ments to the Civil Code) to the Civil Code [8].  

The Civil Code introduces a unified liability regime for improper quality of 

the good, based on the warranty scheme. The provisions do not introduce differ-

ences between the contracts concluded with entrepreneurs or in consumer trading. 

Among the new solutions, particular importance should be placed on the re-

placement of the previous phrase of �inconsistency of the good with the contract� 

with the term �defect�. Article 556 of the Civil Code states that the seller is respon-

sible to the buyer under warranty, if the sold good has a physical or legal defect 

[10]. Physical and legal defect were defined separately. With reference to the phys-

ical defect it is worth to point out that Article 556
1
 of the Civil Code extends the 

scope of its definition. A physical defect occurs when the sold good is incompatible 

with the contract. The term �inconsistency with the contract� used in the legislature 

cannot be considered synonymous with the term included in the earlier entrepre-

neur�s liability system in consumer trading. It only defines the physical defect and 

specifies when such defect occurs. The catalog of cases in which the inconsistency 

of the sold good with the contract is established, included in Article 556
1
 of the 

Civil Code, is open and based on solutions adopted in the acts previously in force. 

Particular significance for the entrepreneur as well as the consumer have the 

warranty terms which have been extended. The amendment definitely improved the 

situation of the latter.  The period for establishing a physical defect specified in 

Article 568 of the Civil Code was extended to 2 years, counting from the moment 

the good was released to the buyer [10]. If the buyer is a consumer and the subject 

of sale is a used movable, the seller�s liability may be limited to no less than a year 

from the day the good was released to the buyer. In case of defects in real estates, 

the 3-year-long term was replaced with a 5-year-long term.

Also the regulation on the consequences of expiry of the periods for meeting 

claims has been changed. Under Article 556
2
 of the Civil Code, the period for pre-



281 

sumption of a defect of the purchased good was extended from 6 to 12 months 

[10]. Filing a complaint by the buyer within 12 months from the day the good was 

released results in a presumption of defect at the moment the good was released to 

the consumer. Thus, during the first 12 months of the period, until the complaint is 

filed, the burden of proving that the defect results from improper behaviour of the 

customer lies on the entrepreneur.�After that period it is the consumer who must 

prove that the defect existed upon the release of the good. Application of this solu-

tion often decreases the consumer�s possibilities to exercise the rights resulting 

from the warranty.�

In accordance with Article 568, paragraph 2 of the Civil Code, the one-year 

limitation period for submission of the request of removal of the defect or ex-

change of the sold product with a defect-free one is calculated from the day the 

defect is established by the buyer. In case a party to the contract is the consumer, 

the limitation period may end before the period specified in Article 568, paragraph 

1 of the Civil Code i.e. 2 years [10]. Thus, it has been significantly extended. 

The provisions of the act introduce a one-year final period for submission by 

the consumer of a statement of withdrawal from the contract or price reduction.  

In accordance with Article 568, paragraph 3 of the Civil Code if the buyer request-

ed the exchange of the good with a defect-free one or removal of the defect, the 

period for submission of the statement of withdrawal from the contract or price 

reduction begins with the moment of ineffective expiry of the period for the good 

exchange or defect removal (final date) [10]. The consumer�s request of e.g. re-

moval of the defect, does not result in the loss of the right to submit a declaration 

of price reduction or statement of withdrawal in case of lack of reaction of the sell-

er or nonperformance of an effective repair and ineffective expiry of the period.  

It is worth emphasizing that the order in which the buyer can request the set-

tlement of individual claims has also changed. Before 25 December 2014 the cus-

tomer could request the repair or exchange of the good with a new one. Only when 

the repair or exchange entailed excessive difficulties, the consumer could withdraw 

from the contract and request a price refund or price reduction for a defective prod-

uct. In the current legal system it is the buyer who decides about the manner of 

bringing the good to a satisfactory state. Article 560, paragraph 2 of the Civil Code 

states that if the buyer is a consumer he/she may, instead of the proposed by the 

seller way of defect removal, request the exchange of the product for a defect-free 

one or, instead of an exchange of the product, request the removal of the defect, 

unless bringing the good to conformity with the contract in the manner selected by 

the buyer is impossible or would require excessive costs in comparison with the 

manner proposed by the seller [10].��

Equally important is the fact that the buyer retains all rights in case the court 

proceedings are initiated and these rights are not dependent on the elapsed period 

of time or the previously selected way of bringing the good to the state conformant 
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with the contract. Under Article 568, paragraph 4 of the Civil Code in case one of 

the rights under warranty is enforced in the proceedings before the court or the 

court of arbitration, the period for performance of other rights of the buyer under 

warranty is suspended until the final termination of the proceedings [10].

4. Conclusion 

The paper focuses on the essentials of polish regulations of the functioning of 

e-commerce. The Consumer Rights Act of 30 May 2014 introduced a range of 

changes in the scope of obligations of entrepreneurs conducting business activity in 

the e-commerce sector. These changes require adjustment of the online store regu-

lations, order submission systems or rules on providing the consumer with all nec-

essary information to the new requirements 

Violation of information obligations leads to the extension of the consumer�s 

rights. One of the examples is the extension of the period for withdrawal from the 

contract in case the consumer was not informed about the right to withdraw from 

the contract. 

Such action is also a criminal offence under the petty offences law. Under Ar-

ticle 139b of the Petty Offences Code a person who, within the scope of his/her 

business, concluding a contract does not meet requirements of providing infor-

mation or issuing a document specified in the provisions of the Consumer Rights 

Act of 30 May 2014 (Dz. U. item 827) is liable to a fine [12].

On the other hand, the act strengthened the consumer�s position in regard to 

the conclusion of online contracts. The obligation to inform about all costs result-

ing from the contract was introduced; the period for withdrawal from the contract 

was extended. The term of a �defect� was restored and the principles of liability for 

the goods with defects were unified, with the period to exercise warranty being 

simultaneously extended, which at the same time increased the freedom of the con-

sumer in the choice of the right that he/she wishes to exercise in case the good is 

incompatible with the contract. 

Application of the new solutions causes a range of problems, often technical 

in nature. Ambiguities concern in particular the time and manner of performance of 

certain information obligations. Such doubt arises in case of the obligation of the 

entrepreneur to inform the consumer about the content of the guarantee.  Often the 

amount of information on websites does not allow for a clear and legible message. 

Legislative solutions in the area of consumer provisions integrated the Polish 

and UE regulations in this extent, and the consumer protection mechanisms that 

were implemented on their basis, despite certain shortcomings, should be viewed 

as positive.  However, less than a year after the act on consumer protection came 

into force, it is too early for drawing conclusions about its real influence on online 

commerce. 
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Dynamic development of IT tool applications is observed in all areas 
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1. Introduction 

On one hand, information technologies constitute a set of processing methods 

and tools, which includes methods of information acquisition, selection, gathering, 

recording, storing, processing and transferring or removing. On the other hand, it 

comprises all technical activities related to manners of designing architecture and 

production of technical information resources [6]. Information technology is also 

a combination of computer science technologies with other associated 

technologies, in particular with communication technologies, whereas computer 

science technology is a technological application of information technology within 

the society, i.e. also in its organised forms, such as companies.  
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Information technology systems and tools play an increasingly significant role 

in management processes used no manage not only particular companies [1, 13, 16, 

17], but also entire supply chains [8]. 

Management supporting computer systems improve operational efficiency of 

companies [9, 11], in particular in the area of logistics [4, 10] by supporting 

information exchange both inside the company [12] and outside it [3]. Equally 

important are business-specific applications in the form of e.g. virtual laboratory 

[15] or applications used in reverse logistics [5].

Furthermore, such state-of-the-art solutions as Business Intelligence and 

Cloud Computing [14], are increasingly often used, also in small and medium 

businesses [2].  

To sum up, it can be said that information technologies perform two basic 

functions in companies: the innovative function and the services-providing 

function. The innovative function creates new opportunities of development, which 

would have been impossible without the use of IT, while the services-providing 

function allows the company to more effectively perform its activities in various 

areas, especially through process automation and speedup. In this area, 

an important role is played by software. 

2.  Review of IT tools in basic work health and safety areas 

Possibilities of using computer technologies to support work safety 

management are highly varied, and computer programmes constitute indispensable 

tools used in various work health and safety areas.

Basic software groups, which are most frequently used in the area of work 

health and safety management in organisations, comprise: work safety management 

in a systemic perspective, analysis of broadly comprehended (accident and illness) 

risks, analysis of reasons for accidents and near-misses (taking into account 

varying levels of detail in such an analysis) and the hygiene of work. Thematic 

databases and the Internet are also commonly used due to a large number of 

governmental and free-of-charge websites dedicated to theoretical and practical 

aspects of providing for safe and healthy conditions of work in organisations of 

varying types and with varying operational specifics. 

The group of programmes dedicated, broadly speaking, to work safety 

management primarily includes programmes used to support planning and 

monitoring activities connected with work safety systems. These are the 

programmes that are above all used for control and assessment of work safety 

management system by using audits, for employee health monitoring, for hazard 

identification and risk management, for preparing emergency plans for disasters, as 

well as for planning and monitoring work health and safety training programmes. 
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The second vast group covers risk assessment programmes using such 

methods as: fault trees, event trees, HAZOP or WHAT-IF, as well as programmes 

used to simulate accident scenarios. 

The next group is the group programmes used to review reasons for accidents 

and near-misses based upon accident emergence model we adopted. This group 

comprises programmes used to review reasons for failures and defining methods to 

remove them, programmes used to record accidents and accident statistical analysis 

programmes, as well as special expert systems used to analyse reasons for 

accidents. 

The last vast group of programmes includes tools used to evaluate employee 

health exposure to some determined hazard types, and to select optimum solutions 

aimed at improving conditions at work, i.e. focused at proper hygiene of work, e.g. 

by indicating the most appropriate personal protection equipment. Programmes 

within this group primarily pertain to the analysis of noise-related hazards, manual 

transport works, loads on the human locomotor system parts, various types of 

radiation, microclimatic conditions, as well as health hazards caused by stress at 

work. Examples of software concerning work health and safety areas being 

discussed here are listed in Table 1 and 2. 

Table 1. Examples of work safety software (listed alphabetically) � section 1 

Topics The program name and producer 

Analysis of health hazards in the case 

of handwork and transport 

ErgonLIFT (IfADo, Grmany) 

Analysis of health risks in the case 

stress and burden movement organs 

Desk Dokter (Uitgeverij Kerckebossch, Netherlands) 

Analysis of noise in the workplace  SOUNDCALC (ARBOSOFT, Netherlands) 

Analysis of radiation exposure PCCOSYMA (EC, Belgium 

Analysis of the risks of explosion and 

fire 

Spectrum (Battelle Process Risk Management Services, 

USA) 

Expert systems to study the causes of 

accidents 

REX-SAMAN (Rodan Telecom, Poland) 

FMEA (Failure Mode and Effects 

Analysis) FMECA (Failure Mode, 

Effects and Critical Analysis 

Processor) 

FMECA, ProFMEA (Advanced Logistics Developments, 

USA) 

Hazard identification and risk 

management 

RAMS (DELTASOFT Ltd., England) 

Modelling the potential impact of 

threats 

ATMS (Ebasco Environmental, USA); COLLIDE (Dove 

Safec AS, Norway); DISMA (TUV Ostdeutsschland, 

Germany); Sofia (SOFRETEN, France) 

Source: own preparation on the basis [7] 
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Table 2. Examples of work safety software (listed alphabetically) � section 2 

Monitoring and evaluation work 

safety management system (Audits) 

Flowcharting (Conger & Elsea, USA) 

Monitoring the health of workers CamHealth (CamAxys Ltd., England), CHAOSS (ICL, 

England) 

Planning and monitoring of work 

safety management 

S-CHASE (HASTAM, England); MANAGE-PC 

(PrimaTech Inc., USA); REX-SAMAN (Rodan 

Telecom, Poland); Safety Auditor (ErgoSystems Ltd., 

England) 

Probabilistic risk analysis methods, 

mathematical and statistical 

FRA NTIC ABC, RiskCalc (Applied Biomathematics, 

USA) 

Registration accidents and their 

statistical analysis 

ACCIDENT (ARBOSOFT, Netherlands); UNAP 

(Machinenbau und Metall Brufsgenossenschatf, 

Germany) 

Registration and analysis of the 

causes of accidents 

Microsafe (Bowring Protection Consultans, England); 

PERSIST (NIA, Netherlands); SAFEGUARD (Cypher 

Information Systems, England) 

Research microclimate conditions in 

the workplace 

CLIMCALC (ARBOSOFT, Netherlands) 

Research the causes of failure and 

methods of their removal  

v-FRACAS Failure Reporting and Corrective Action 

System (Advanced Logistics Developments, USA) 

Risk analysis using the event tree Events & Casual Factors (Conger & Elsea, USA); Risk 

Spectrum (RELCON, Sweden); HAZOPimizer (Arthur 

D. Little, USA); PAPA (Taylor Associates Aps, 

Denmark), PHA Works (PrimaTech, USA) 

Risk analysis using the fault tree FaultrEASE (Arthur D. Little, USA); Fault Tree 

Analysis (Conger & Elsea, USA); Fault Tree Manager 

(AEA, England); PRE-EASE (Dovre Safe AC, Norway); 

Risk Spectrum (RELCON, Sweden); SAFETY Monitor 

Software (NUC Corporation, USA) 

Simulation of accident scenarios  EFFECTS, GasMal P (TNO, Netherlands; COPRO, 

Poland) 

Technical safety management CB-Prisma (ClassBase Software, Netherlands); V-CARE 

(BQR Reliability Engineering Ltd., Israel) 

Source: own preparation on the basis [7]

Most frequently used databases primarily comprise information upon legal 

regulations, both domestic and international, upon chemical products, upon 

literature thematically related to work safety, upon standards, licences and 

certificates in this area, as well as information concerning serious accidents and 

failures. Examples of databases are listed in Table 3.  

Whereas Table 4 lists examples of work safety web information sources 

offered by governmental organisations or various kinds of associations. 
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Table 3. Examples of work safety databases (listed alphabetically)

Topics The database name and producer 

Accidents and 

failures 

FACTS (TNO, Netherlands); EIDAS, MHIDAS (AEA, England); 

MARS � Major Accident Reporting System (Joint Research Institute 

ISPRA, Italy) 

Chemical products CHEMINFO, CHEMSource, HSBD � Health and Safety Toxic Effects 

(CCOHS, Canada); CHEMLIST (ARBOSOFT, Netherlands); ED40 

Database (DMSO Publication Center, England); IRIS (EPA, USA) 

Regulations ChemADVISOR (CCOHS, Canada); EHAS (EHAS, England); 

EuroOSH (Chapman& Hall, England); ICRMS (Ariel Research 

Corporation, USA); Lex (Wydawnictwo Prawnicze Lex, Sp z o.o., 

Poland) 

The literature on 

work safety 

ARBOSOFT (ARBOSOFT, Netherlands); OSH InterData (CCOHS, 

Canada) 

The standards, 

licenses, certificates 

SHE (Atlas International Computing Services Ltd., England) 

Source: own preparation on the basis [7] 

Table 4. Examples of work safety web information sources (listed alphabetically)

Source Name Website 

Advanced Chemical Safety, Inc. http://www.chemical-safety.com./ 

American Chemical Society Division of Chemical 

Health and Safety 
http://www.dchas.org/ 

China Academy of Safety Science and Technology http://www.chinasafety.ac.cn/ 

Health and Safety Executive http://www.hse.gov.uk/ 

International Labour Organization Social Protection http://www.ilo.org/safework/ 

International Programme on Chemical Safety http://www.aho.int/ipcs/en/ 

Occupational Safety and Health Administration, US http://www.osha.gov/ 

Occupational Safety and Health Association, China http://www.cosha.org.cn/ 

Occupational Safety and Health Council, HK http://www.oshc.org.hk/ 

Safe Work Australia http://www.safeworkaustralia.gov.au/

State Administration of Coal Mine Safety, China http://www.chinacoal-safety.gov.cn/ 

State Administration of Work Safety, China http://www.chinasafety.gov.cn/ 

The American Industrial Hygiene Association http://www.aiha.org/ 

The American Society of Safety Engineering http://www.asse.org/ 

The Canadian Centre for Occupational Health and Safety http://www.ccohs.ca/ 

The Safety Association for Canada�s Upstream Oil and 

Gas Industry 
http://www.psc.ca/ 
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3. Research methodology 

This paper is based upon test results from tests conducted in 97 small and 

medium manufacturing businesses in southern Poland (mainly the Province of 

Silesian). Small businesses, i.e. the ones that employed from 10 to 49 employees 

inclusive (53.61%) constituted the majority of the group examined. Medium 

businesses, i.e. the ones that employed from 50 to 250 employees inclusive, 

constituted the remaining part. Micro enterprises were not tested. The research was 

carried out using the questionnaire method in January 2014, and years 2011-2013 

were surveyed. Questionnaires were delivered to random selected companies. 

Filling in a standard �name plate� including basic company data (name, main seat 

of business, employment, legal form, etc.) was a condition for the questionnaires to 

be accepted for further processing. The statistical data we obtained was processed 

using the STATISTICA software in the quantitative and qualitative aspect. Basic 

statistical measures were used to perform the statistical analysis, and a non-

parametrical equivalent of the single variant analysis, Kruskal � Wallis test, 

supplemented by the median test, was used to verify the initial hypotheses we had 

adopted. The objective of this research was to find an answer to the question 

whether or not there was any difference in using selected work health and safety 

information tools in manufacturing companies of varying sizes. The analysis was 

based on the following six basic groups of tools: M1 � hazard identification and 

risk management tools, M2 � work health and safety management system control 

and assessment tools (audits), M3 � employee health monitoring tools, M4 � 

training planning and monitoring tools, M5 � disaster emergency planning tools 

and M6 � statistical analysis and accident recording tools.  

4. Utilization rate of selected IT tools in the area of work health and safety 

The companies we reviewed evaluated their utilisation rates of information 

tools divided to six basic groups, using a five-point scale from 1 � �not used� to  

5 � �used systematically�. Table 5 lists basic statistical values that characterise the 

reviewed group of 97 small and medium manufacturing companies for using the 

information tools that support work health and safety management as discussed 

here. 

The list suggests that the companies we reviewed relatively gave the highest 

grade to their utilisation rate of hazard identification and risk management tools 

(A = 2.41), most probably because these tools pertained to their basic and 

mandatory actions. On the other hand, the lowest grade was given by them to their 

utilisation rate of statistical analysis and accident recording tools (A = 2.00), 

probably because they failed to notice the need to perform such actions in the 

context of the obligation to draw up statistical accident charts.  



290 

Table 5. Statistics of utilisation rate of work health and safety information tools in the 

reviewed group of 97 small and medium manufacturing companies

 % of companies with grade 

1 2 3 4 5 A 
ST 

DEV 
VAR 

Hazard identification and risk 

management tools (M1) 
17.53 42.27 26.80 8.25 5.15 2.41 1.04 1.08 

Work health and safety 

management system control and 

assessment tools (audits) (M2) 

11.34 36.08 43.30 9.28 0 2.51 0.82 0.67 

Employee health monitoring 

tools (M3) 
9.28 47.42 38.14 5.15 0 2.39 0.73 0.53 

Training planning and 

monitoring tools (M4) 
15.46 48.45 29.90 5.15 1.03 2.28 0.83 0.68 

Disaster emergency planning 

tools (M5) 
16.49 43.30 34.02 6.19 0 2.30 0.82 0.67 

Statistical analysis and accident 

recording tools (M6) 
26.80 49.48 20.62 2.06 1.03 2.00 0.81 0.66 

A � Average; ST DEV � Standard Deviation; VAR � Variance 

Grading scale: 1 � not used; 2 � very rarely used; 3 � sometimes used; 4 � frequently used; 5 � 

used systematically 

5. Size of a company and utilization rate of work health and safety 

information tools 

The following initial hypotheses were adopted, which assumed that there was 

no statistically significant difference in utilisation rates of selected work health and 

safety information tools, in the group of small companies and in the group of 

medium companies. Alternative hypotheses assumed that there were some 

statistically significant differences with this respect. Table 6 lists results of the 

analysis of variance for the adopted dependent variables M1 � M6 as well as for 

the �company size� grouping variable. 

The analyses obtained suggested that for the adopted materiality level  

� = 0.05, the initial hypotheses we adopted should be refuted in case of usage of 

work health and safety management system control and assessment tools (M2), 

employee health monitoring tools (M3), and disaster emergency planning tools 

(M5). In case of these dependent variables, the probability level for the Kruskal-

Wallis test, and for the chi-square test, was much lower than the adopted 

materiality level �, which meant that there was a statistically significant difference 

between utilisation rates of these three groups of tools in companies of various 

sizes. 
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Table 6. Results of non-parametrical single variant analysis for the examined  

dependent variables and the �company size� grouping variable

Non-parametrical statistics for multiple independent groups 

Significance level � = 0.05;  Grouping variable: �company size� 

Group 1: small enterprises (10-49 employees) 

Group 2: medium enterprises (50-250 employees) 

Dependent variables M1 M2 M3 M4 M5 M6 

ANOVA Kruskal � Wallis range 

Sample size of group 1 52 52 52 52 52 52 

Rang sum of group 1 2724.5 2225.0 2189.0 2653.0 2214.0 2621.5 

Sample size of group 2 45 45 45 45 45 45 

Rang sum of group 2 2028.5 2528.0 2564.0 2100.0 2539.0 2131.5 

H � Kruskal-Wallis test 

value 
1.8128 6.2775 8.0575 0.6741 6.6729 0.3322 

p � Probability level for the 

above value of test H 
0.1782 0.0122 0.0045 0.4116 0.0098 0.5643 

Median test 

Total median 2.00 2.00 2.00 2.00 2.00 2.00 

Chi-square 4.4721 11.463 7.1676 0.2750 8.2264 0.1029 

df � Number of test 

freedom degrees 

1 1 1 1 1 1 

p � Probability level for the 

above value of Chi - test 
0.0345 0.0007 0.0074 0.5999 0.0041 0.7484 

Explanations M1-M6 as shown in Table 4. 

On the other hand, in case of the remaining dependent variables, the 

probability level for the Kruskal-Wallis test was higher than the adopted 

materiality level �. Hence, it could be assumed that there was no statistically 

significant difference in utilisation rates of hazard identification and risk 

management tools (M1), training planning and monitoring tools (M4) and 

statistical analysis and accident recording tools (M6) in the reviewed group of 

small companies and in the reviewed group of medium companies.  

6. Summary and conclusions 

Dynamic development of IT tools we have observed in recent years has also 

been mirrored in the area of work health and safety management.  

Construction of information system management depends on the adopted 

model of managing health and safety, for example by ILO2001, OHSAS or 

BS8800 (and others). The model focuses on specific areas of health and safety, and 

thus obtained a variety of data and information. Depending on the approach to 

safety by measures taken by the company may be ad hoc, systematic, systemic and 
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proactive, which influences the choice of tools in terms of area and severity of 

these tools. On the other hand, depending on the level of management maturity  

(as a whole) in the company, reports and results may vary in scope and form.  

In addition, system solutions can be dedicated to particular industries and 

even companies. Tools used in areas such as risk assessment and investigation of 

accidents and disasters, are particularly varied due to the different definition of the 

concept of risk (including differences in parameters and measurements) and 

a multitude of models, techniques and tools for examination of various kinds of 

accidents and disasters, in various industries.

Basic software groups used in companies in the area of work health and safety 

comprised: work safety management in a systemic perspective, risk assessment, 

analysis of reasons for accidents and near-misses, and the hygiene of work.

Based upon analysis of test results, it was found that the size of a company 

exerted an impact upon utilisation rates of programmes in the group of work health 

and safety management system control and assessment tools, employee health 

monitoring tools, and disaster emergency planning tools. This primarily results 

from the fact that control and assessment of work health and safety management 

systems, in practice, only refers to companies that have their systemic work health 

and safety solutions in place, which is still not very widespread; employee health 

monitoring is most frequently outsourced to external companies, and the need to 

devise disaster emergency plans is not fully recognised yet, especially within the 

group of small companies.  

In case of the group of small and medium companies, an especially beneficial 

solution is offered by free-of-charge open source software and systems, as they 

significantly raise utilisation rates of information tools in other areas of 

management; and so they could improve this company group�s results in the area 

of work health and safety management as well. 
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The aim of this article is to carry out a comparative analysis of the performance 

of databases: SQLite, MS SQL Server 2014, Firebird 2.5 Server and Firebird  

2.5  Embedded with the use of the object-relational mapping library 

ServiceStack.Ormlite and IDBCommand interface in Visual Studio with the use of 
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The selected database will serve in the future as a data store for the operation of a 

genetic algorithm, which role will be processing of stock market data. Test data is 

daily data of stock quotations of the stock exchange downloaded from bossa.pl on 

6.06.2015. 

Keywords: databases, genetic algorithm, database performance, stock exchange 

1. Introduction 

The issue concerning the productivity of software, which task is to analyze 

data that requires many repetitive operations (SELECT, UPDATE, INSERT) is 

extremely important, when its task is to process data collection, in which 

considerable amount of records was saved. Due to the fact that databases allow the 

easy management, connection and selection of data for its storage, we should pay 

special attention to their performance during the above-mentioned operations. 

Methods related to the frequent performance of repetitive data undoubtedly 

include genetic algorithms. Their operation assumes the reiteration of action for so-
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called genetic operators. Simultaneously, if a genetic algorithm operates on such a 

large data set like, for example, data concerning stocks quoted on the stock 

exchange, we must also take into account the performance of such a database in the 

context of operations on a large amount of data. The article will describe the 

performance test of selected databases with the aim of using them as the data 

storage for the genetic algorithm data in the stock exchange. An example will be 

data about all daily quotations of stocks quoted on the Warsaw Stock Exchange. 

The principle of the algorithm and the use of test data are described in this 

study [9]. It can be assumed that in case of the algorithm that processes stock 

market data, an fitness function will be based on the analysis of historical data 

containing values of technical analysis for stock market individual stocks. Due to 

the fact that the collection of this data is a set of significant volume, a key becomes 

a mechanism for reading the data in order to calculate the value of the fitness 

function on statistics that show how did the formation of stock�s prices look like in 

previous periods after the occurrence of signals, which are a combination of 

technical analysis indicators. These combinations will be generated during the 

operation of the genetic algorithm. 

It should also be noted that the choice of a base in the context of genetic 

algorithms is significant in the case when historical data of significant volume will 

be used to calculate a value of the fitness function. The speed of this algorithm will 

be determined by the speed of the fitness function, which must be actuated for each 

generated solution. However, if an fitness function in its action is based on a 

calculation of the statistics on the basis of a large set of historical data, a key 

becomes the selection of such a database, in which data will be stored and shared 

so as to provide the fastest time of this process. 

2. Assumptions and conditions of the research problem 

2.1. Technical analysis of stock market indicators 

Technical analysis is one of the methods to identify possible or probable 

trends in the behavior of rates for stocks. One definition of the technical analysis 

says that it is �the use of regularities in the formation of share prices to predict 

changes in price trends before these trends will be reversed� [6]. To this definition, 

we should add that in addition to anticipate changes in trends, it is also important to 

predict the time horizon for a continuation of already observed trends. 

Technical analysis is based on the assumption saying that there are 

regularities in price movements of financial instruments. However, it should be 

noted that there is no single universal method that fully describes these regularities. 

This is connected with a very large number of factors affecting the game of supply 

and demand observed in the financial markets. The stock exchange is included to 
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these markets. Therefore, technical analysis focuses on the study of variability of 

different indicators derived on the basis of basic parameters of stock market 

quotations. These quotations include the opening price, closing prices, maximum 

price, minimum price and the value of trading in a specific period of time. The 

sheer number of technical analysis indicators, which are widely described in the 

literature of the subject, oscillates around thousands of points. It presents the 

complexity of a matter for analysis of rules governing the formation of a listed 

companies� rate. 

2.2. Genetic algorithms 

Genetic algorithms are the field of artificial intelligence, which was taken 

assumptions drawn from the theory of evolution as a paradigm. It was observed 

that the evolution is based on a variation in the population of individuals, which 

ensures a variety of characteristics for a set of individuals. This, in turn, enables 

(saying in the greatest generalization) the survival and transfer of feature for these 

individuals that are best suited to the environment surrounding them. The feature of 

adaptation determined the extent, in which particular individuals are able to survive 

in the environment surrounding them [7, 8]. It can be assumed that genetic 

algorithms should be used wherever there is a well-known role that gives a chance 

to solve the problem in detail. Referring to ��ski, it can be assumed to algorithms 

or evolutionary methods include such methods that mimic the process of natural 

evolution, which involves making changes in populations of living organisms, 

which direction is the adaptation in order to improve the chances of survival and 

reproduction of organisms [5]. 

The most popular types of evolutionary methods are genetic algorithms. The 

forerunner of this approach is J. H. Holland, who published in 1962 the work under 

the title �Outline for a logical theory of adaptive systems�. Holland presented in 

this work the bases for adaptive systems, which can vary in response to the 

environment, in which they function [1]. Thanks to this J. H. Holland�s research 

work, it can be seen that the operation of genetic algorithms is largely based on a 

process controlled by the fitness function that largely uses the probability calculus. 

As a result, solutions more and more consistent with the stated objective are 

generated.  

Operation of the genetic algorithm can be presented by the following steps [2]: 

1. Initialization of the population 

2. Calculation of the value for fitness function of each individual in a 

population 

3. Reproduction of selected individuals in order to create a new population 

4. Performance of crossing and mutation in the new population 

5. Realization of the step 2, unless there will be a conditions of ending the 

processing.  
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It can be assumed that in the genetic algorithm each representative of the 
population is a presentation of one solution in the tested problem. The quality of 
such a solution is determined on the basis of its matching to the criteria that are 
taken into account during the assessment, which is a function of the assessment of 
a certain individual to a given problem. Therefore, it refers to the value represented 
by a chromosome (of the individual) when calculating the adaptation [4]. Speed of 

the fitness function is crucial for the functioning of the whole algorithm, because 
due to the fact that it must be done for each individual constituting the solution of 
the problem, it is actually the most frequently performed operation, which 
additionally requires an access to substantial data subsets necessary to set up the 
procedure of its calculation in many applications. 

In one course of the genetic algorithm, a new population constituting a set of 

individuals is generated. This population includes individuals that are best suited to 
create conditions, which are represented and determined by the fitness function. 
Assurance of variation elements is realized at the stage of genetic operations, 
which through the use of genetic operators such as crossing or mutations make 
changes to the genotype of individuals, so they are changes that affect the 
particular characteristics of an individual or individuals selected for changes. 

Working principle for the classical genetic algorithm is the simplest approach 
to genetic algorithms. Its operation can be controlled by a number of parameters 
describing the functioning of the algorithm, as well as parameters of individual 
genetic operators and boundary conditions of generated solutions. The generation 
of initial population in this algorithm randomly creates an initial set of individuals 
that will undergo further changes in order to achieve a solution, which will be as 

close as possible to the optimal solution. The crossing operator allows random 
matching of individuals in order to generate descendants, whose genes will be 
mixed from genomes (i.e. genetic materials). By contrast, the mutation operator is 
used to introduce random changes on a smaller scale, because it randomly inserts 
small changes in an individual�s genome.  

Why, despite the fact that that GA does not guarantee the emergency of the 

optimal solution, do generated results usually turn out to be useful in solving a 
given problem? First of all, classic and individualized approaches normally will not 
be possible to carry out, and GA paradigms will be useful in many different 
situations. Another reason is that the real power of GA paradigms shows that they 
are generally quite durable. The durability means that the algorithm can be used to 
solve many problems and even many types of problems and it requires a minimal 

amount of specific corrections considering the specific characteristics of a 
particular problem. Typically, the evolutionary algorithm requires the 
determination of the length of vectors for solving the problem, details of their 
coding and fitness function � the rest of the program implementing this algorithm 
does not need to be changed. 
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Therefore, it can be assumed that if a solution or solutions (generated through 
the genetic algorithm) are good enough, they are provided quickly enough and they 
are cheap enough � they are appropriate. Almost all applications of the real world 
search sufficient solutions and they are usually considered as satisfactory solutions. 
Of course, it should be noted that the �good enough� solution means that the 
solution meets the requirements of the specification.  

A. M. Kwiatkowski writes that an objective of the genetic algorithm can also 
be the acquisition of knowledge about the real, new, undiscovered and yet 
unknown laws and rules that are relevant for the project and govern the studied 
phenomena [3]. The only premises of examined processed available to researchers 
are often observations and their awareness of the regularities that stand behind 
these observations. Therefore, genetic algorithms (due to their characteristics) 

enable to reach and discover these rules. Genetic algorithms (or more broadly � 
evolutionary methods) are widely used in the analysis of stock market data. 

2.3. Hypothesis and purpose of the study 

The adopted research hypothesis says that Sqlite database is an appropriate to 

use as a working database in the processing of market data for the purpose of 

genetic algorithm. 

The premise to consider the Sqlite database is its popularity resulting from its 

use is systems such as: web browsers (Google Chrome, Opera, Safari), operating 

systems (Blackberry, Android, NetBSD, OpenBSD, Solaris, Windows and others). 

At the same time, we should pay attention to a very small size of the library that 

enables its operation (approx. MB). In combination with the support of the SQL 

language, it suggests that it will be the right solution for storage and access to the 

data needed for operation of genetic algorithms.  

Whereas the aim of this study was to perform a comparative analysis of 

performance for Sqlite database in combination with MS SQL Server 2014, 

Firebird 2.5 and Firebird Embedded 2.5 with the use of object-relational mapping 

library ServiceStack.Ormlite and IDBCommand class in Visual Studio using C# 

language within the framework of .NET Framework 4.5 platform. 

3. Methodology of the experiment 

3.1. Testing and software environment 

The experiment was carried out by writing a computer program in MS Visual 

Studio 2015 with the use of C# language for .Net Framework 4.5 platform. 

ServiceStack.Ormlite
1
 was selected as a framework ORM (object relational

���������������������������������������� �������������������
1
 https://github.com/ServiceStack/ServiceStack.OrmLite 
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mapping). It is one of the most popular object-relational mapping tools operating in 

line with the POCO principle, which assumes that one business class corresponds 

to a single table in the data structure [11]. 

The aim of POCO approach is to create a ORM mechanism that will easily 

reconstruct the business logic on the physical structures of database unlike all 

complex solutions introduced in such ORM libraries like Entity Framework from 

Microsoft. Additionally, one of the performed tasks was made without Ormlite, but 

with the use of a standard interface IDBCommand that enables the performance of 

SQL language queries directly to the database.  

The computer Intel NUC 5i5RYH was used for these tests. It was equipped 

with the following components: 

• RAM memory: 8 GB RAM 

• Hard disk: SSD 240GB 

• Processor: Intel Core i5-5250U 

• Operating system: Windows 8.1. 

3.2. Selection of databases 

The following databases were selected for testing: 

SQLite: a library written in C language that implements mechanisms for 

managing the database. It is widely used as a database of a handy popular 

consumer software (e.g. Mozlilla Firefox, Adobe AIR) and systemic software (e.g. 

Android, Mac OS X). This database is available under public domain license.  

MS SQL Server 2014: a database management system working in client-

server architecture. The producer of this system is Microsoft. It is one of the most 

popular databases on the market [11]. MS SQL Server is a database available on a 

commercial basis. This system is available in free version, but with some 

limitations, which include mainly the maximum capacity - 10 GB of disk space. 

Firebird 2.5: an open-source server for relational database management 

derived from the commercial database Interbase. This database was selected for the 

study because of two available versions: server and embedded. It allows a simple 

scaling of the solution from single-user applications to multi-user network 

applications. 

3.3. Types of examined operations in database 

Data processing within the framework of action in the genetic algorithm, for 

which large data sets are training data, requires the performance of various 

operations in these databases: these operations include repeatedly performed 

SELECT operations needed for the calculation of the fitness function for specific 

(both small and large sets) records in the training base, as well as update operations 

for already entered data (UPDATE) and INSERT operations required when saving 
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the generated solutions during operation of this algorithm. Because of the above 

mentioned conditions within the framework of the testing procedure, the following 

operations were carried out: 

1. Data loading (database filling) � download of approx. 1 800 000 records 

for quotations of all stocks quoted of the Warsaw Stock Exchange saved 

in CSV files downloaded from the brokerage office bossa.pl 

2. Data loading (database filling) � IDBCommand � the same operation as in 

point 1 with the exception that it is carried out via INSERT command 

made through IDBCommand interface, not ServiceStack.Ormlite library 

3. Update of all data � change in the value of all quotations 

4. Readout of all data � download of all quotations 

5. Partially readout of quotations for all stocks � download of quotations in 

parts for all stocks separately  

6. Random readout of 10 000 single quotations � random download of data 

for randomly selected quotations. 

3.4. Testing procedure 

The purpose of the testing procedure was to eliminate interferences caused by 

the operating system. Therefore, each operation for each database was performed 

in the following sequence of steps: 

• Computer restart 

• 5-times start of a certain operation for a given database 

• Performance of a measurement, which was the result. The number of 

seconds is the average time for activation of each operation. 

3. Results of the experiment 

Figure 1. Data loading 
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As shown in Fig. 1, the shortest time for the realization of data loading test 

was demonstrated by SQLite database, but the time achieved by SQL Server 

database was not much worse. Firebird databases were significantly slower � this 

operation lasted especially long for Firebird Server database. 

Figure 2. Data loading by using IDBCommand interface

In comparison with the first operation, there are minimal changes in the data 

loading operation time via IDBCommand interface (Fig. 2) � a significant increase 

was recorded for Firebird database in versions Server and Embedded, while this 

operation was slightly slower for databases SQLite and SQL Server. It proves the 

high optimization of action for ServiceStack.Ormlite library. 

Figure 3. Update of all data of quotations 
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The results of update operations for all quotations in a single pass (Fig. 3) are 

different from previous operations. Although the shortest time is presented by 

SQLite, the slightly worse result was calculated for Firebird Embedded database. 

The slowest result was obtained by SQL Server database. 

Figure 4. Readout operation for all quotations 

In �competition� of readout for all quotations (Fig. 4), definitely the best 

result was achieved by SQL Server database. Firebird Server database and SQLite 

database were worse than the above-mentioned database. Definitely the slowest 

readout was presented by Firebird Embedded. Attention should be drawn to the 

fact that server solutions were characterized by the shortest readout times. 

Figure 5. Download of all records, but for each stock in a separate pass
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In the case of readout operations of all quotations for individual stocks  

(Fig. 5 � more than 1200 exchange stocks), there are similar results as in the case 

of readout of all quotations in one pass (operation 4), but with longer time for each 

database. 

Figure 6. Random readout operation for 10 000 records of quotations 

Random readout operation for 10 000 records of quotations (Fig. 6) was the 

quickest operation in comparison with other operations. This is caused by a small 

number of readouts in relation to all test base. Here you can also observe a much 

lower performance of Firebird databases. Simultaneously, it should also be noted 

that the lowest execution time was achieved by SQL Server database.  

4. Conclusions 

SQLite turned out to be a database, which as totals in individual tests showed 

the highest performance. However, we can say that this will not be the appropriate 

solution for network applications, but it can be recommended as a working 

database in all cases, where researches are carried out on a single computer station. 

It can be assumed that the adopted research hypothesis (with the above 

reservations) was made accurately, but this is not the only base that can be taken 

into account when constructing the operating environment of genetic algorithms. 

SQL Server may be taken into consideration due to the very low data readout 

times, but it is necessary to consider the cost of full version, which does not have 

limits of the Express version (maximum use of 1 GB RAM and maximum database 

size of 10 GB). 
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Firebird has the lowest performance, but it can be used in server applications, 

where you cannot afford to buy MS SQL Server database (or other commercial 

database), and at the same time it enables to scale applications from a simple 

solution (Embedded) to a full-fledged database server and what is important � 

server, which unlike SQL Server can be installed not only in Windows operating 

system, but also on the different versions of Linux. 

Extension of the use of proposed procedure for other databases with particular 

emphasis on No SQL databases, which are becoming more and more applications 

(including analytical applications), can be assumed as a future direction of 

researches. 
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