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Introduction

Sustainable and competitive socio-economic development, either in terms of global or regional and local
point of view, is ever more associated with optimizing its material and environmental dimension i the
form of “green growth.” International calls from this area and the derived strategic development docu-
ments of European Union and Slovak republic are focussing on the process of balanced fulfilment of
technical, economic, social and environmental objectives. Production management, related technical sup-
port sciences and economic practice must respond to these developing trends,

Maonography of Production Management and Engincering Sciences composed of monothematic sci-
entific submissions by experts from several countries, describe the status quo and presents the progressive
development trends in industrial engineering and integrated quality (technical, environmental, security,
economic, social, energetic, ...), as well as in management of sustainable and competitive enterprise pro-
duction, supported by technical fields such as computer simulation and modelling processes, metrology
and testing, authorization and standardization, with focus on implementation of the best techniques and
technologies available, Innovation Union and Horizon 2020 included.

Rescarchers present a case study of experimental research and development of new technology sup-
porting qualitative environmental-safety growth and sustainable development of production management
in the field of energetics in Slovakia and European Union.

Editors

xi
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Analysis of linear programming utilization in Slovak and foreign
industrial plants

L. Veselovska & J. Zavadsky & Z. Zavadska

Matej Bel University, Faculty of Economics, Institute of managerial systems, Poprad, Slovak republic

ABSTRACT: This rescarch paper deals with process optimization via linear programming application. It presents the results of a
survey conducted on a sample set consisting of industrial plants operating both in the Slovak republic and abroad. The scientific
aims of this research paper is to explore the possibilities of linear programming utilization in process optimization among Slovak
and foreign industrial plants and to create foundations for a model of process optimization in selected production company using
linear programming methods. The object of this research is the selected production processes and the research subject of this paper
is linear programming methods. We tested three related hypotheses in this paper with the most significant benefit being the creation
of an image of recent linear programming applications in practice by Slovak industrial plants, mapping its economic benefits, and

proposing requirements for a model of process optimization based on a linear programming foundation.

| INTRODUCTION

This research paper focuses on process optimization via linear
programming application. Linear Programming is a widely rec-
ognized method of solving various problems in managerial
practice. It is considered a powerful tool for effective achieve-
ments, The main purpose of this paper is to explore the possi-
bilities of linear programming utilization in process optimiza-
tion among Slovak and foreign industrial plants. The research
results were achieved through empirical study. Our results pro-
vide insights into current applications, which stressed the re-
sulting benefits of a company and these results thus serve as
guidelines for future linear programming applications. The re-
sults of this research have various implications for process op-
timization, which we explored further by creating the founda-
tions for a model algorithm based on linear programming,

Our focus is on linear programming as an optimizing method.
Sarker & Newton (2008), Buresh-Openheim & Davis
& Impagliazzo (2011) and Baker (2011) evaluated the ad-
vantages and disadvantages of linear programming utilization
and considered the application of these methods for long-term
production planning to have a significant advantage as they are
relatively accurate. The use of linear programming assumes the
creation of the linear objective function, which describes the
problem as closely as possible. The variables also enable the
close modeling of the company’s conditions. One of the main
disadvantages of linear programming utilization is the fact that
sometimes the linear function may not be the best option for
modeling a processes and a situation may arise when company
would have to resort to other non-linear methods for operation-
al research. Despite this fact, there are significant advantages
for using linear programming utilization in companies as their
application can help companies solve many different problems
as various authors have found (Vanichchinchai & lgel 2011,

Floudas & Lin 2005, Gass 2010, Das 2011, Avis & Umemolo
2003).

7 MOTIVATION FOR THE STUDY

In the 21st century, industrial plants faced severe competition
that put severe pressure not only on their quality requirements,
but also on their production processes. It is the goal of every
company's operations management to ensure the best possible
outcome and gain a competitive advantage enabling them to es-
tablish a desirable market position. However, it is not a single
set of managerial decisions that make this possible. A strive for
excellence is a continuous process which does not only involve
establishing a good market position, but it also focuses on im-
plementing measures necessary to maintain it. One of the effec-
tive ways companies can achieve excellence is through imple-
menting specific measures in order to achieve flexibility and
cost minimization of their processes. One of the basic tools is
linear programming.

The theoretical aspects of process optimization are broadly
covered at various Universities all around the world and that
includes application of various optimizing tools including line-
ar programming. Still, there is a question if such methods are
currently being applied in businesses and how successful they
are, Thus, we consider a closer look at both Slovak reality and
the situation abroad to be extremely valuable.

3 RESEARCH METHODOLOGY

The main purpose of this paper is to explore the possibilities of
linear programming utilization in process optimization among
Slovak and foreign industrial plants. In order to fulfill this goal
we use data provided by Slovak companies and foreign compa-
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nies via a survey, which was conducted in the period between
March 2014 and June 2014, Our research sample file was cre-
ated as a representative sample of the base file. This file con-
sists of Slovak companies classified by the SK NACE classifi-
cation as production companies. Moreover, we took into
account other criteria, mainly the size of company. We focused
our research on medium-sized and large-sized companies, since
we assume they had a higher extent of linear programming ap-
plications. The decisive criterion was set according to the Eu-
ropean Standard No. 96/280/EC. Foreign companies were cho-
sen in accordance with the same criteria in order to achieve the
possibilities for cross-country comparisons.

Research was carried out on a set consisting of 1,300 Slovak
production companies. The companies were selected randomly
and chosen respondents were addressed by email. The ques-
tionnaire was fulfilled by 236 Slovak companies, which repre-
sents an 18,13% return. In key companies, we used the method
of structured interviews with the company’s representatives,
The overall research sample consisted of 248 Slovak compa-
nies. The creation of a sample set of foreign companies was a
more complex process. Firstly, we decided which countries we
would like to involve in this research. We selected the Czech
Republic, Australia, New Zealand, Poland, Germany and Aus-
tria. Secondly, we sclected those companies in these countries,
which met the criteria of our research. Consequently, a similar
questionnaire was used to gather data from these companies.
Our questionnaire consisted of 16 questions divided into 3 cat-
egories. The first set of questions was focused on exploring
various applications of optimizing methods and was completed
by all the companies in the survey. The second part of the ques-
tionnaire involved questions designed to gain data about linear
programming utilization. This section was fulfilled only by
companies that currently use these methods or have used them
sometime in the past, Lastly, we also added the socio-economic
questions created in order to gain data about respondents. We
asked companies to provide information about their size (the
number of their employees), sector of economy, and regions
where they operate,

Our sample file of Slovak companies consists of 38.31% large-
sized companies with over 251 employees. Nearly two thirds of
companies in our sample file have 51 to 250 employees (Table
1}

Table 1. Structure of Slovak sample file based on the size of
company

‘Number uf'a:mplﬂyﬂera_ companies
" no. %Yo
51-250 153 61.69
over 251 95 38.31
100,00

Total ' 248

Table 2. Structure of sample file based on the sector of econo-
my
Sector of economy

Slovak companies Foreign companies

nc. Ui nao. %%

Food production 312,50 15 15.00
Manufacture (M.) of

textiles and clothing 22 5.87 ) Q.00
M. of leather 1 0.40 1 1.00
Processing of wood 17 685 8 5.00
M. of paper 15 6.05 7 7.00
M. of chemicals 39 1573 9 900
M. of pharmaceutical

products 6 6.45 2 2.00
M. of rubber and

plastic products 5 A2 5 5.00
M. of metals 35 14.52 12 12.00
M. of electronic devices 12 4.84 & 6.00
M. of machinery 36 14.52 19 19,00
M. of motor vehicles,

trailers and semi-trailers 11 4.44 [ 6,00
M. of other transport

equipment 8 3.23 1 1.00

100.00 100

Total 248 100.00
The sector structure of rescarch sample is presented in Table 2,
For specification of the production sector, we used the Statisti-
cal Classification of Economic Activities in the European
Community {SK NACE).
With the use of SPSS Statistics and information about the data-
hase set, we can verify the representativeness of this sample ac-
cording to size and based on the data from the Statistical bu-
reau of the Slovak Republic we can describe its character. In
2014, there were 70,370 manufacturing companies in Slovakia.
The number of medium-sized companies (based on number of
employees) was 1,641 and 627 were large companies. To verify
the representativeness of the sample we used the Chi-square
test. We set the null hypothesis, which assumes that the sample
is representative, The alternative hypothesis is an assumption of
non - representativeness of the sample. From a mathematical
point of view, the hypothesis is formulated as:

He: Fix) = Gix); Hy: Fix) + Gix)

Statistical lesting in SPSS software is based on the follow-
ing formula (1)

7 (n,—m: | 3
¥e=%r 1 12 Hy¥:S ..
where X° is Pearson statistics,

ris line,

n is overall frequency in the base set,

m is measured frequency.

Consequently, we find the critical value of 32 distribution for

fr-1} degrees of freedom and selected level of significance a

from tables of critical values of the chi square. The Chi square

test, however, requires the fulfillment of two conditions:

- nointerval should have zero frequency:

- a maximum of 20% confidence intervals should have a
frequency of less than 5 as discussed by Maloney &
Byard.

The second part of our sample consisted of foreign companies

with a focus on neighboring countries as well as New Zealand

and Australia. This sample included 100 foreign companies.

Figure | provides the data about these companies sorted by

country,

Consequently, we also sorted these foreign companies by size.

We used the same scale as was used with Slovak companies.
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We can therefore state that 61% of our sampled companies are
medium-size and 39% are large-size.

We test one main hypothesis and two related hypotheses in this
thesis, In the first hypothesis (H,) we assume that the majority
of selected production companies do not use linear program-
ming. In hypothesis H, we assume that companies that use lin-
ear programming methods most frequently apply these methods
for solving tasks of resource allocation. Hypothesis Hs tests the
assumption that the majority of selected companies, which use
linear programming methods, consider the reduction of raw ma-
terial costs to be the most important economic benefit of linear
programming application.

Foreign companies sorted by their
country of origin
m Anstralia ol Mew
Fealal
W ey el Anstna

Poland

wi'zech republic

Figure 1. Foreign companies sorted by their country of origin

4 RESEARCH RESULTS

In this part of the paper, we present the results of a survey con-
ducted in order to evaluate the current state of linear program-
ming utilization in process optimization among Slovak and for-
eign industrial plants. In the first part of the guestionnaire, we
have obtained information about the optimization ol company
processes in general, regardless of the used method. We have
found that 68.55% of selected production companies are using
optimization methods regularly.

The use of the optimization methods is equally divided between
positive and negative answer in the subset of Slovak medium-
sized companies. In larger companies, we can mostly identify
positive answers with 93.68% of them regularly using optimi-
zation methods. Only 6 companies with more than 251 employ-
¢es do not use any optimization methods (6.32%). These find-
ings indicate thai the use of optimization methods in industrial
production practice is proportionally dependent on the size of
the company. If a company applied optimizing methods, we
further explored the various aspects of optimization. Firstly. we
focused on what types of techniques these companies use with
emphasis on linear programming, We found 41.76% of Slovak
companies that applied optimizing tools chose linear program-
ming—representing 28.63% of all companies in the Slovak
subset, Since this aspect represents the focus of our research,
we then look more closely at this aspect under different circum-
stances. Firstly, we analyzed utilization of linear programming
based on the size of companies.

& 2016 Taylor & Francis Group, London, ISBN: 976-1-138-02856-2

The results of this research showed us that linear programming
is mostly used by large-sized companies in Slovakia, 42.11%,
compared to only 20.26% of medium-sized companies in pro-
cess optimization. The difference between large-sized and me-
dium-sized companies in usage of linear programming is rather
significant (Table 3).

Table 3. Application of linear programming structured by size
of Slovak companies

:&ppl]catiun_ul"-l,l:' Yes Mo

no. %a no. I:.'-'ir_
Medium-sized companies 31 20.26 122 79.74
Large-sized companies 40 4211 55 5789
Total T 177 71.37

Moreover, we assumed that there is dependence between linear
programming application and the size of companies. In order to
confirm this assumption we performed the Pearson correlation
test. We indeed discovered that there is a medium-strong direct
dependence between these two factors. Therefore, our first sig-
nificant finding is that managers of bigger production compa-
nies in Slovakia are more likely to choose linear programming
as their optimizing tool.

We achieved similar results in the group of foreign companies,
Based on data from the questionnaire survey, we found that
68% of surveyed foreign companies regularly optimize their
processes, however only 42.65% of them (29% of all foreign
companies) use linear programming as their selected optimiza-
tion tool. The differentiation of the research sample by country
of origin revealed that the rate of linear programming applica-
tion is particularly higher in companies located in Australia and
New Zealand (at 35%). Linear programming is also significant-
Iy used in German and Austrian companies (at 30%). Despite
the higher rate of lincar programming utilization among foreign
companies, this rate is substantially lower than a 50% share.
These findings are also related to our hypothesis H,. Since we
found that only 28.63% of Slovak companies use linear pro-
gramming, the hypothesis was confirmed. Moreover, we used a
binomial test to serve as further evidence to this finding, Even
though the rate of linear programming utilization was slightly
higher in the group of foreign companies, we were unable to
reach the rates necessary to disprove our hypothesis,

The follawing part of the questionnaire involved only compa-
nies that used/use linear programming for process optimization.
Firstly, we have investigated the most important barriers of lin-
ear programming utilization in these companies. Since it was an
open question, we got a variety of answers. However, we con-
sider it very interesting that the variability of statements related
with this question was not significantly affected by country of
origin. We received similar results regardless of location. The
most frequent barrier was the size of the company. This barrier
was especially important for medium-sized companies (51 to
250 employees). One of the most frequent answers was the in-
adequacy of linear programming for the needs of the company.
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This barrier is also related to the use of other optimization
methods, especially if the company is satisfied with the
achieved results of the optimization process, The lack of
knowledge of linear programming by managers and subsequent
distrust of these methods and achieved results were also prob-
lematic. Managers tend to use other, better-known or previous
optimization method. One of the barriers of the linear pro-
gramming application was the price of the software. The most
problematic and hardest barrier to remove was the satisfaction
of the managers with the achieved results. That is why manag-
ers pay less attention to optimization, which can consequently
cause stagnation and an inevitable reduction in quality of manu-
factured products. These facts can cause the reduction of com-
petitiveness as well, In practice, this fact seems to be a problem
of many managers who prefer short-term positive results 1o sus-
tainable future competitiveness, Inattentive long-term vision is
a serious obstacle to the application of linear programming in
companies both in Slovakia and abroad.

We also explored the various possible applications of linear
programming. Various types of production processed were se-
lected as provided options. Our goal was to lind out which are
the most common applications to the analyzed methods. Table
5 provided this information gave us an accurate image. There-
fore. we also include those possibilities that were not selected.
The percentage provides information about how many of all
companies in the sample file choose that particular application
{Table 4).

Table 4. Application of linear programming on different types
of production processes structured by the location of company

Optimized process  Slovak companies Foreign companies

ne. Y no, %
resource allocation 3l 4360 13 4483
creating production plans 30 42,25 14 48.28
creating cutting plans 39 54.93 12 62.07
personnel management 7 9.86 1 345
mixture preparation 8 11.27 3 10.34
waste management 1 1.41 2 6.90
distribution plans 14 1972 5 17.24
financial management 8 11.27 1 345
supply-chain manage. 0 000 i 3.45

Another significant factor we wanted to explore was the linear
programming applications in terms of the sector of economy in
which company operates. We discovered that linear program-
ming is mostly used by companies manufacturing chemicals
and chemical products with resource allocation (27.66% Slovak
companies). These companies often use linear programming al-
s0 1o create their production plan (23.4% Slovak companies).
However, these companies also apply optimization to other
processes. We marked the highest diversification of results in
the group of these companies, e.g. the highest amount aof differ-
ent applications, Our findings also indicate that Slovak compa-
nies processing wood and manufacturing products made of
wood and cork often apply linear programming to create their
cutting plans. We also find that no production company in our
sample file applied these methods to supply chain optimization.
This application can bring company many benefits and as such,
we consider this arca to be a gap to be fulfilled in the future.

The results in the group of foreign companies were similar. The
most common application of linear programming is also in the
process of creating cutting plans. The biggest difference was if
the rate of financial management use of linear programming
application as it was significantly lower among foreign compa-
nies. These findings served as a foundation for verification of
hypothesis H.. We were unable to confirm this hypothesis de-
spite the fact that resource allocation is a significant linear pro-
gramming application. However, linear programming is not
commonly applied in this process optimization, either in Slo-
vakia or abroad,

One of the last questions included in the questionnaire was fo-
cused on analyzing the economic benefits of linear program-
ming application in the management of industrial companies.
The most general advantages are involved with various types of
cost reductions. We explored the opinions of corresponding
managers of companies on this subject (Table 5).

Table 5. Cost reduction structured by areas in the company

Type of cost reduction Slovak companies Foreign companies

M, Yo no. %o
r. of raw material costs 41 57.75 22 75.86
r. of labour costs 23 3239 4] 20.69
r. of overheads 23 3239 9 31.03
r. of administrative costs 0 0.00 1 3.45
r. of selling expenses 15 2113 4 13.79

According to the data presented in this table, we can state that
the most significant benefit of linear programming application
is the reduction of raw material costs in both Slovak and for-
eign companies. Medium-sized Slovak companies consider re-
duction of labour costs and reduction of production overheads
as important advantages of linear programming application. On
the other hand, reduction of administrative costs is not per-
ceived as a significant benefit by any Slovak company. Moreo-
ver, only one foreign company considers it important. We also
looked at these benefits dependent on the sector of economy
where the company operates. According to provided data, em-
phasis can be placed on the fact that reduction of raw material
costs is perceived as a significant benefit by companies from all
economic sectors that used linear programming in optimization.
These finding allowed us to confirm hypothesis Hs.

5 DISCUSSION AND CONCLUSION

This rescarch paper focuses on application of linear program-
ming in practice. The scientific aim of this research paper was
to explore the possibilities of linear programming utilization in
process optimization among Slovak and foreign industrial
plants and to create a model of process optimization in selected
production company using these methods. Based on the survey
analysis, we can conclude that this objective was fulfilled.

We found that according to the provided data, nearly a third of
medium-sized companies choose linear programming as their
optimizing tool. We therefore concluded that the size of com-
pany is an important factor of linear programming application.
The extent of utilization was significantly higher in the group of
large-sized companies.
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Moreover, we explored various aspects of practical applica-
tions of linear programming in terms of the size of company
and the sector of the economy where company operates both in
Slovakia and abroad. Consequently, we assessed perceived ad-
vantages of linear programming applications. Cur focus includ-
ed various types of cost reductions, In terms of our contribution
and originality, we consider this to be the most significant as-
pect of this paper. The value of this article lies mainly in
providing a detailed insight into the extent of linear program-
ming applications in managerial practice of Slovak production
companies and indications for possible differences in compari-
son to companies operating abroad. Since our sample file of
foreign companies was rather small. we used data provided by
them only as outline for comparison and for assessing possible
differences. These findings can serve as a foundation for fur-
ther, more extended research.

Based on the information concluded from the conducted re-

search we can assess not only the present situation of linear

programming application in practice. but we can also predict
hasic trends for the future. Methods of linear programming are
broadly covered as topics of education at universities all around
the world. However, we Tound less than a third of Slovak pro-
duction companies utilize these methods, This is merely a prob-
lem of perception of managers since they perceive their com-
pany to be “good encugh”. Therefore, such managers do not
feel the need to seek the best optimization methods. Another
hoth current and future problem involves perception. Many
managers consider linear programming to be a set of very sim-
ple methods and in their opinion: linear programming is not
suitable and instead favor other method. This problem is some-
times caused by personal characteristics of managers, especial-
ly factors concerning risk avoidance. In general, when manager
do not thoroughly know linear programming, the person usually
chooses other — more commonly known optimizing technigues.

Academic experts clearly consider these methods suitable for

practical applications whereas managers of production compa-

nies tend to favor other optimization methods. Overall, linear
programming is simultanecusly a very useful optimizing tool
and a highly underestimated one.

Moreover, these findings served as a foundation for creating a

model algorithm of selected process optimization. All of the

above findings took into account the essential required basis
and these guidelines provided some necessary information and
helped us set:

- the objective of model algorithm — the specification of type
of cost reduction that would make this model algorithm
maore suitable for practical needs in company and that would
make its application more beneficial;

- the requirement of flexibility — implementation of various
measures designed to increase flexibility of particular oper-
ations;

- the orientation of the model — since supply chain optimiza-
tion is absolutely absent among linear programming appli-
cations in Slovakia, we decided not to model only the pro-
duction process itself, but the whole logistics process from

& 2016 Taylor & Francis Group, Londan, [SBN. 978-1-138-02856-2
receiving of an order, the creation of products, and their fi-
nal delivery to the customer;

- the types of secondary tasks this model algorithm needs to
focus on — since linear programming is most commonly ap-
ply towards creating cutting plans and resource allocation,
these problems had to be addressed (if applicable) to our
maodel algorithm.
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