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PREFACE - RESPONSIBLE DEVELOPMENT OF SYSTEMS

In the 20th and 21st century the limited human psychological, intellectual and physical abilities
have been substantially transformed by sophisticated technologies. Some even say the human
species in its current form does not represent the end of its development, but the beginning of
a new evolutionary era based on technologies. However, the rapid development of technologies
that overcome human limitations should be accompanied by the study of potential dangers and
benefits of such technologies.

Science and technology reduce poverty, disability, malnutrition and improve the human body
at the individual level. The quality of life is increased and mental and physical barriers are
eliminated. Some scientists even think people can enhance themselves beyond what is naturally
human. Artificial intelligence, virtual reality, 3D printing, internet of things etc. are the
promises for the future.

Other thinkers are also concerned with the possible dangers of extremely rapid technological
change and propose options for ensuring that advanced technology is used responsibly. There
are existential risks to humanity's future welfare, including ones that could be created by
emerging technologies. To name just a few of them, we are facing the problems of digital divide,
social alienation, loss of privacy, lack of autonomy and creativity, unemployment etc.

We should responsibly design and implement new technologies and carefully watch the effects
and implications of our technological development to support its potential and minimalize its
risks for human beings.



System approaches’16 — Responsible development of systems
ISBN: 978-80-245-2186-2
DOI: 10.18267/pr.2016.pav.2186.2-1

THE LIFE CYCLE OF MEDICAL IMAGING
TECHNOLOGY

Anca OPRIS, Sorin IONESCU
University POLITEHNICA of Bucharest
Doctoral School of Entrepreneurship and Industrial Engineering
ancalilianaopris@gmail.com

ABSTRACT

Knowing the life cycle of medical technologies plays a crucial role in the continued performance of
medical technology used to treat and cure patients. To this end, we analyzed the characteristics of the
non-invasive medical technology lifecycle, taking as a case study the medical imaging technologies
(MIT). This paper examines this issue in a chronological manner, starting from the discovery of X rays
(1895), the origin of the first medical imaging technology or computer tomography (CT) up to the
modern hybrid medical imaging (PET CT, PET MRI). PET represents the positron emission
tomography, and MRI is the magnetic resonance imaging. Thus, it has been identified the stage of MIT
(CT, PET, MRI, PET-CT, PET, MRI) life cycle and found that traditional imaging (CT, MRI, PET)
suffered multiple incremental improvements over time, currently being in a mature stage, while in the
coming years it is expected to enter into a slow decline due to the increasing use of the hybrids (PET-
CT, PET-MRI). The life cycle of medical imaging technologies is found in various stages: a) initial
phase for PET-MRI, b) growth phase for PET-CT and c) the maturity phase for CT, MRI and PET, taken
separately. MIT hybrid type revolutionized medical technology that has not changed in its essence for
40 years, relying only on incremental changes.

KEY WORDS

life cycle of technology, medical imaging, non-invasive medical technology, MRI, PET, CT scan.

INTRODUCTION

Medical technology has been defined by the World Health Organization (WHO) as "the application of
knowledge and skills in the form of devices, medicines, vaccines, procedures and systems developed to
solve a health problem and to improve quality of life"
(http://www.who.int/topics/technology _medical/en/).

Medical technology runs through four phases to marketing (Hazarika, 2013): Phase 1 - initial preclinical
studies or laboratory which do not involve human subjects; Phase 2 - studies on small groups of human
volunteers; Phase 3 - studies on large groups of patients, more research centers, to determine the efficacy,
benefits and risks arising from the new technology; Phase 4 - studies and post-marketing analysis,
follows the evolution of technology during the entire life cycle. These phases are tightly controlled by
government authorities in each country.

There are two main features (Hazarika, 2013) important for medical technology development:

The first characteristic is that technological innovation in the medical field is a cumulative process.
Progressive changes or modifications in the basic knowledge of certain technologies (incremental) at
some point, not very different from existing versions, over a long period of time, give rise to radical
results in many areas. In the scanner case, based on X-rays, subsequent amendments were gradual, but
within six to seven decades of research in various fields, including computers, have created a new brand
of technology based on X-rays, known as CT scan (computer tomography).

The second characteristic considers that a new technology can come from a discovery or the
development of a technology that originally had a particular purpose or no medical purpose. For
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example, medical magnetic resonance imaging (MRI) has its origins in basic research in physics on
nuclear magnetic resonance (Hazarika, 2013).

In addition, in TIM case, computers hold an important role and computer technology is used to produce
3D images, to visualize anatomical structures and physiological delimitation. 3D images and the
obtained data are sent to PACS (Picture Archiving and Communication Systems) network. PACS is a
combination of hardware and software used for the storage, retrieval, management, distribution and
presentation of images. Universal format for storing and transferring images is DICOM PACS (Digital
Imaging and Communications in Medicine). The basic components of the PACS system outlined in
Fig.1 are: a) a PACS server that consists of a computer (server) with large storage space on hard disk
for data input, b) software for transfer and archiving of DICOM images and c) a PACS Client consisting
of a computer with specialized software (DICOM viewer) to view the image in DICOM format.

(http://www.service-it.ro, 2016).
-
[ ]
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Figure 1. PACS system for processing storage of images provided by the MIT .

THE LIFE CYCLE OF TECHNOLOGY (LCT)

The life cycle of a technology describes how the technology influences the life stages of products and
the impact of technology in the business of research and development stage, including the stages of
growth, maturity and the decline to technology. Life cycle describes also the commercial gains of a
technology incorporated into a product or process. The life cycle of a technology actually describes the
time travel of that technology. The technology is born and grows up to its inevitable decline and
eventually to death.

Understanding the life cycle of a technology helps to predict the ability of recovering the investment
made for the development of such technologies, and when to plan new projects. Thus, the life cycle of
a technology is a useful tool for estimating future development of a specific technology and to take the
decision of whether or not to invest in it.

The S-curve of technology’s life cycle. S-curves are usually connected to "market adoption™. The S
curve concept is applied to the life cycle of technology and seeks to limit the performance that can be
achieved by technology, as the performance may increase continuously and indefinitely (Cristensen,
1997; Foster, 1986a, 1986b; Ng et al., 2015; Sahl, 1981; Schilling, 2013; Sung, et al., 2015; Taylor and
Taylor, 2012; Utterbach, 1994).

In Fig.2a is plotted the technology performance against the amount of effort and/or the money invested
in a technology. It shows initially a slow improvement in performance, followed by an increase, then a
decrease in performance. Improving performance in the early stages of technology is slow because the
fundamentals of technology are still not well understood. But with a better understanding of technology,
it begins to accelerate improvement, increasing the performance per unit of effort. At one point, the
technology will reach its inherent limits.

Fig 2b shows the S-curve of lifecycle technology that signals a possible discontinuity in an emerging
technology that replaces a mature technology. The beginning curve highlights the birth of new market
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opportunities, while the end of the curve shows the death or obsolescence of the technology market.
Usually at the end of an old S-curve emerges a new S curve. For example, the endoscopy invasive
diagnostic is replaced by the non-invasive diagnosis based on medical imaging. In this situation there
is a "breakthrough” technology in medical technology. Technological progress will generate a
succession of S-curves. In Figure 2c an S-curve is used to describe the spread of technology.
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Figure 2. A. S-curve improves the performance of a technology. B. Technology adoption curve vs. S-curve. C,
Double S curves describe the transition from one technology to another.

Unlike the S curve used to show performance technology (Ng et al. 2015), the S curve used to show the
diffusion of technology is obtained by plotting a cumulative number of adopters of technology over
time. Adoption is slow initially, when a new technology is introduced on the market and accelerates as
the technology is better understood and used in mass until the market is saturated, so the rate of adoption
will be in decline. Managers can use the model of S-curve as a tool to predict when a technology reaches
its limits and it is used as a guide in the timing of when a company should move to a new technology or
identify radical new technologies. S curve model limitations as a tool bar are:

1. First, it is rare when the true limits of a technology are known in advance, and there is a considerable
disagreement among companies about the limitations of the technology;

2. Secondly, the S-curve of a technology is not set in stone. Unexpected changes occurred in the market
for components and complementary technologies can shorten or extend the lifecycle of existing
technologies;

3. Furthermore, the firms can influence the shape of the S curve through their activities of scientific
research and development.

MATHEMATICAL MODELING OF LIFECYCLE TECHNOLOGY

The precise form of LCT depends on the type of product’s sales curve, market, product policy,
specifically the marketing mix and competition (lonescu, 2014). The various analyzes carried out on
concrete data sets revealed that such curves correspond to an exponential function Y (t) as:

Y(t) = kt? g™
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where Y(t) represents the sales at time t, a and b are specific parameters of the product and market
(Fig.3).

100 -
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t Time
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Figure 3. Features of the life cycle of technology (lonescu, 2014).

THE STUDY OF THE LIFECYCLE OF MEDICAL IMAGING
TECHNOLOGIES

Innovation in the field of X-rays has led to changes in the organization of healthcare in all countries, the
specialty of radiology was established officially in 1930. X-ray Technology (Fig. 4) diffused rapidly and
continued to generate the largest MIT income. Since the discovery of X rays, the new MIT are relying
on the experience of the previous generation of potential adopters. New users of CT scanners had
expectations based on their experience with X-ray scanners and the new users of MRI have expectations
based on their experience in using the CT scan type.

DR X-ray CT PET-CT

1993

1987

/_/ 1971

1895

X-ray (film based)

Figure 4. X-ray Imaging (Ng et al. 2015).

Medical imaging with computed tomography (CT). CT scanner is a diagnostic tool that combines X-
ray equipment with a computer and a cathode ray tube to produce images of cross sections of the human
body. In the early stages of this technology a large sum of money was spent on research and
development and required many years to produce the first commercial prototype, which was marketed
by company EMI Co. in 1972. Since then the technology underwent many incremental improvements
(Figure 5) and is currently leading the seventh generation of CT scanners (Gould, 2014;
http://www.imaginis.com/ct-scan/brief-history-of-ct; httpO://www.impactscan.org/CThistory.htm).
Once the technology has reached a certain level of development, know-how and expertise began to
spread. The S curve of this technology diffused rapidly because of the existence of a vacuum to market
area; at present this technology is in a mature stage. Statistical data on this technology market in recent
years shows that it is in balance with very small oscillations, the S-curve in the coming years is expected
to show a decline of this technology.

Medical magnetic resonance imaging (MRI). MRI is the innovation in the field of medical imaging
based on magnetic resonance imaging. The first image produced by an MRI scanner type Lauterbur was
obtained in 1973. Prototypes of MRI scanners have been developed in the United States, England and
the Netherlands, at the end of 1977 (http://www.two-views.com/mri-imaging/ history.html#sthash. TZ4MCV
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xg.dpbs). In 1980 it began the marketing of MRI scanner. Despite its technological potential, the initial
distribution of the MRI scanners were slower than of the CT scanners. The cause of this situation is the
existence of partial similarity of images obtained by the two types of technology, and the higher cost of
MRI scanners compared to the CT scanners and the fact that new technology principles were not well
understood (Brusco, 2015).

Performance

18]

>
1971 1974 1976 1978 1984 1989 1994 2020
Tiffort/Timc

Figure 5. Multiple S curves on the evolution of computerized tomography (CT).

The introduction and dissemination of this technology were slowed because of the economic recession
of the early 80s and after this period it was recorded a growth in MRI market (U.S. Congress, Office of
Technology Assessment, 1995). Between 1993-1997 there was a slight slowdown in the adoption of
MRI (Baker et al. 2004, 2008), because of the introduction of health care management activities in the
US. But with a deeper understanding of the technology, its dissemination begins to accelerate. After
1997 this technology has been on the upward curve. MRI over time suffered a series of incremental
improvements (Figure 6), achieving scanners increasingly more efficient, from 0.5 T (Tesla) to 3 T,
while in the evaluation phase are the 7 T and in the research phase the 11,5-20 T (Garbutt, 2016). In the
coming years it is expected a slow decline of this technology.

Medical imaging by positron emission tomography (PET). PET is a functional method by which
images are created through isotopically labeled molecules with positron emission, which restores the
body's biochemical processes. In 1953, the first PET image was obtained. The first PET scanner type
was built for human studies by Edward Hoffman in 1973 (Hoffman et al., 1976; Hunter, 2016). In 1975
was commercialized the first PET scanner, since until now these PET scanners have undergone
incremental innovations to improve performance.

Imaging technologies (CT, MRI and PET) provide information about the operating status of the body
via a visual display. The three technologies had undergone incremental innovations, currently being in
the mature stage of the LCT.

Hybrid medical imaging. In the late 90s there was a new approach to medical imaging, the hybrid
medical imaging (Wagner, 2007). This type of imaging is defined as a fusion of two or more MITs in
one new form of synergistic imaging (PET-CT, PET-MRI).

Hybrid imaging PET-CT. In 1999, it appeared the first prototype of hybrid imaging PET-CT, built by
combining PET scanners PET with CT, that obtained images of functional (PET) along with
morphological information (CT) within the same image (Fig. 7). The first hybrid scanner PET-CT was
sold in 2001. Over the decade, this technology was improved by incremental innovations, this hibid is
currently in the growth phase of the life cycle of technology (http://www.itnonline.com/content/philips-
showcases-nuclear-imaging-solutions-snmmi-2016

10
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Hybrid imaging PET-MRI. PET-MRI is a high technology product obtained by incorporating PET
scanners in MRI devices with magnetic field (Tesla) (figure 7b), resulting in the most accurate medical
diagnostic imaging device. Development of hybrid PET-MRI in a single system started in the late 90s.

After a period of 15 years PET-MRI is available for sale. In 2008 it was created the first hybrid PET-
MRI prototype by Siemens. In 2012, the company MR Solutions Ltd. developed the first PET-MRI
scanner, the world's top high-performance magnetic field 3T. A stronger range than 7 Tesla followed in
2014 (http://www.itnonline.com/content/philips-showcases-nuclear-imaging-solutions-snmmi-2016).

Performance

1977 1998 2006 2013 2020
Effort/Time

Figure 6. Multiple S curves on the evolution of magnetic resonance imaging (MRI).
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Figure 7. MIT S-curves for hybrid technologies PET-CT & PET-MRI.

Initiation of PET-MRI integration was based on the huge success of the combination of PET-CT. One
of the reasons for the slow progress of this hybrid is the complexity of the technical integration of PET
and MRI due to the presence of magnetic fields (http://www.itnonline.com/content/jury-still-out-
effectiveness-petmri-versus-petct; http://www.mrsolutions.com/news-events/news-item/mr-solutions-
introduce-worlds-first-commercial-range-simultaneous-petmri-preclinical-scanners) and another is the
high cost of a PET-MRI scanner. Currently, hospitals are facing substantial costs for procurement of
integrated PET-MRI technologies, including the construction or renovation necessary to match the
physical demands of the combined system and installing medical equipment required during imaging
procedures. This new hybrid technology has been accepted by innovators and early adopters, being now
in "chasm" phase (Figure 8), and to overcome this obstacle is necessary to develop a market strategy so
that to pass the early adopters and the technology to survive in order to enter the market. This technology
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is in competition with the hybrid technology of PET-CT, these two technologies are found in a situation
similar to that in the 80 -90, when MRI and CT scan competed.

THE ROLE OF LIFECYCLE ADOPTING TECHNOLOGY (LCAT)

It has been shown how to make the transition from a market dominated by a few customers (early
visionaries) to a mass market dominated by a large group of customers who are pragmatic in orientation
(Moore, 2014; Rogers, 2003). M. Rogers classified the technology life cycle stages as relative
percentages of customers which adopt the technology in each stage. Initially are the innovators (2.5%)
and early followers (13.5%) who are primarily concerned with the underlying technology and its
performance. Then, comes successively the early majority (34%) and the late majority (34%) and finally
the skeptics (16%); all of whom are more interested in solutions and comfort. Lifecycle on the adoption
of technology takes the form of a bell curve used to understand how the acceptance of new technologies
takes place. G. Moore relying on work by M. Rogers introduced the concept of chasm (fig. 8; gulf), that
is located between the early followers and early majority, and it describes the point where a new
technology "dies" or “survives”, when it may or may not disappoint the adopters of new technology,
depending on the performance of this technology to obtain revenue through its sales.

In 1995, Gartner coined the term "hype cycle" for the route of the new technologies-from the occurrence
until maturity. Cycle expectations (hype) show the events happening around the introduction of new
technologies or the discovery/innovation, tip inflated expectations, disillusionment (low confidence),
lighting (slope productivity) and the plateau of productivity (http://www.gartner.com/ technology
[/research/methodologies /hype-cycle.jsp; Fenn, 1995). New technologies undergo through a cycle of
adoption, when early adopters will adopt a new technology, but it can be blocked by a vacuum. This gap
is referred to as the "death valley" and overlaps with the “chasm” (gap) that is found on the lifecycle
adopting technology. Companies need financial resources to develop these new technologies until the
performance will generate sufficient revenues. It is recommended for continuous investing of financial
resources, that crossing the chasm ("death valley") should be done by segmenting the market, creating
a niche in a larger market, where medical technology is recommended by the excellence in accuracy on
diagnosis of a certain type of disease (eg. oncology, cardiology or neurology) and attacking competitors
on small segments through proper positioning.

It is important for references that the number of customers who buy/use the technology to be growing.
Once past this gulf ("death valley"), companies can afford to focus on other market segments.
Sustainability depends on overcoming this technology to reach early majority. When most early starters
use the technology, the hype cycle follows a slope of enlightenment (productivity), which will positively
influence the decision of others to adopt this technology. Most late adopters (skeptics) then begin to
adopt the technology.

Traditional medical imaging technologies CT, MRI and PET are shown when the maturity curve S,
being adopted with delay (by skeptics) on the life cycle curve of technology adoption and along the
cycle expectations (hype) is on the productivity plateau. It is expected to enter the decline phase, but
this will happen slowly (Fig. 8).
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Figure 8. Hype cycle curve vs. S-curve LCAT and medical imaging technology

Hybrid medical imaging technologies PET-CT & PET-MRI. PET-CT is in the growth phase of the S-
curve, adopted by the early majority and it is at the time of adoption by most late adopters in the life
cycle curve on the adoption of technology, while along the cycle expectations (hype) is located on the
slope of productivity (Fig. 8). Progressive development of this type of technology has the opposite effect
on traditional TIM, increasing the pace of their decline.

PET-MRI is in the beginning phase of growth on the S-curve of the life cycle curve for adoption of
technology, when it is accepted by early adopters and is facing the abyss. It should pass this stage to be
adopted by the early majority and the expectations over the cycle (hype) that is in front of the "death
valley"/low confidence (Fig. 8). It must exceed this valley in order to be on the slope of productivity,
the future evolution of this type of technology depends on medical performance increase, medical cost
reduction and the financial resources invested by government authorities, public companies/private and
public.

In recent years, policymakers are trying to gather information about emerging medical technologies and
healthcare before they reach the market. Pre-release information on the cost-benefit, risk, effectiveness
are modeled (influenced) by mechanisms regulating medical devices and health technologies. There are
government agencies, consortia of stakeholders who are actively involved in healthcare technology
assessment (HTA). Companies that come with new technologies must know this trend and be prepared
to overcome this obstacle. A strategy needs to be designed so as to survive the early adopters and
technology would enter the market. In this situation is the hybrid PET-MRI technology (Beyer et. al.,
2010; Kalamis, 2014a, 2014b; Vandenberghe et al., 2015).Global medical imaging market is expected
to grow from 731.9 million dollars in 2015 to 1.0529 billion dollars respectively in 2021 at a CAGR of
6.30% between 2016 and 2021 (Fig. 9). The clinical use of medical imaging has grown rapidly in all
phases of the clinical trial. This report studies the market potential of services and software for diagnostic
imaging, and research and development (http://www.marketresearchstore.com/news/global-clinical-
trial-imaging-market-247software; http://www.marketsandmarkets.com) .
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Figure 9. The global market for medical imaging during 2015-2021.

(http://www.marketsandmarkets.com).

CONCLUSION

Recently, medical imaging technology has become a tool increasingly specific, in both sensitivity and
specificity, largely due to the creation of 3D images. 3D imaging helps significantly to understand
diseases through: management, diagnosis, treatment and prevention, so that we can better assess
pathology of disease and to intervene much earlier in their treatment. Accelerating the pace of
innovation in medicine is inspiring hope for a better medical care. Now we can monitor the
improvements in medical imaging allowing us to see even the biochemical changes that occur at the
onset of disease. Medical imaging allows a broader understanding of human vision disease, by providing
an accurate diagnosis. In the future, MIT innovations will play an important role in the development of
medical science. In this article we studied the MIT of CT, MRI and PET, as well as the PET-CT hybrid
and PET-MRI types. The life cycle of medical imaging technologies is found in various stages, like: a)
the introduction of PET-MRI, b) the growing of PET-CT, and c) the maturity of CT, MRl and PET. The
adoption of these technologies is carried out along a period of time, requiring preclinical and clinical
studies on the efficacy and safety. Medical imaging technologies have diffused to new generations
based on their previous experience. Users of CT scanners anticipated the "death valley" gap that new
technologies are facing, based on their experience with X-rays; MRI users have relied on their
experience in using CT scanners, while PET-MRI users were based on their experience in handling PET-
CT scanners. In turn, all these technologies underwent numerous incremental innovations. An
interesting case is the competition between CT and MRI, PET-CT and respectively PET-MRI. These
differences can be summarized in four basic categories: i) scanning technology, ii) targeted anatomical
region suitability, iii) safety, and iv) cost considerations. MITs are advanced and reliable technologies
that have distinct advantages, but also have some disadvantages to be taken into account in the design
and the development of elements for study protocol acquisition. Understanding how each technology
works is a priority in designing a successful clinical trial.
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ABSTRACT

An effective management of socioeconomic systems such as educational ones in terms of system
cybernetic approach predicts the usage of mathematic models combination. At some point creating of
such models was an issue for the scientists from various countries for more than a hundred years. It
allowed to create effective pedagogical technologies and means of teaching which includes program as
well. The authors of the article suggested the model of management process learning based on the
usage of the theory of machines and Kholmogorov's system of linear non homogeneous differential
equations.

KEY WORDS

Management of educational systems and process, mathematical model, learning optimization.

Introduction

Management of various social systems as well as education management has been a difficult and
currently important issue. Earlier, the management in the socio-economic sphere, paid attention
to the scientists of many countries, in particular, the founders of cybernetic ideas of N. Wiener,
W. Ashby, W. Forrester, A. Berg, V. Glushkov etc. Education — an integral part of the socio-
economic sphere. Education has all the features of this area. The results of educational processes
are important to society, and therefore require constant monitoring, analysis, improvement and
adjustment.

The peculiarity of implementation of educational system management on the base of system-
cybernetic approach is its function optimization. In other words, it is management of achieving
goals to the best advantage. In order to choose the way to implement management, different
options of anticipated “behavior” of such system should be compared with the help of evaluation,
which characterizes the function quality or level and speed of getting closer to the global goal. In
turn, such an assessment is part of the objective function or performance criterion (optimality)

management processes.

The purpose of this article is to present author's interpretations of some concepts of education
management and development of mathematical model to optimization of learning processes.
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THE AUTHOR'S INTERPRETATION OF SOME CONCEPTS IN THE FIELD
OF MANAGEMENT EDUCATION

Thesis 1. The goal function of management system in education is some formalized characteristic of
effective factor of parameters functioning of the controlled object, which shows the quality of
management processes implementation or level of goal management achievement. Synthesis of such
function is a process of goal management formalization. The notion “goal function” is accepted
relevantly and used by pedagogical society. As for the educational process, the notion has been used in
publications of such researchers and teachers as G. Elnikova, V. Ortynsky, P. Tretyakov,
G. Petrutchenya etc. Educational systems like all other systems (social, economic, biologic, technical
etc.) are dynamic and constantly developing. Such development presupposes the changing of numeral
parameters meanings of functioning and management. Furthermore, behavior correction and searching
for relevant goal (goal identification).

H. Frank confirmed: “The education goal is the final behavior which is behavior of a person who finishes
the educational process, regulated by a teacher or educational curriculum”. He explained the process of
education goal achievement as formation of complex of relevant professional behavior depending on a
certain concrete situation. As for the fact of education goal achievement, he suggested to implement
with the help of making control of professional actions in certain simulated situations which may occur
in the future practical activity of a graduator (Frank, 1969).

Human role definition is important in terms of education system control which has been created and
functioned according to the satisfying the requirements of separate individuals and the whole social
groups. Learners are the elements of this system as well. One of the main requirements to the control
systems in social sphere is behavior adaptation for high level support of working life and effective
functioning. And people are inherent properties that best contribute to the adaptation of control systems,
namely:

— to change the programs and action algorithms quickly;

— to take effective decisions in cases with insufficiency of meaningful information about the
controlled objects and environment;

— to find the most appropriate behavior pattern in abnormal and crisis situations;

— to get rid of definitely unacceptable decisions.

Along the numerous scientific researches it was proved that a person is the most flexible element of any
system. That is why integration of control is quite natural and essential condition of success achievement
in terms of social control implementation. Emelyanov S. u Nappelbaun E. pointed out the social systems
in the following way “...the specific feature of conscious behavior is the result of planned or unplanned
outside or inside formation. Moreover, they are always more complex than preconceived idea on the
level of planning and formation. There are always unpredictable phenomena in behavior which cannot
be predicted with the help of analysis and studying of separate elements function without paying
attention to the interconnection between them (Emelyanov, 1981).

Thesis 2. The condition of educational process or system is a complex of meanings of their parameters
which describe the most important aspects of “behavior” from the point of goal achievement
(functioning). Such explanation of this notion emphasizes the researchers’ choice of peculiarities
complex which describe the system condition depends on the fixed target beforehand. In other words,
the goal and its achievement have been an effective criterion of parameters choice characterizing the
education process and systems relevantly. Their evaluation (meanings’ identification) have been carried
out occasionally, whereas the process of identification (evaluation) corresponds to the previously
established procedure.

Educational system has been dynamic though its condition doesn’t change with the influence of cause-
and-effect connection. In case the system condition doesn’t change for a certain period of time it's called
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static. Educational systems can be relatively static due to their condition being artificially “fixed” or
some deliberate idealization of the situation.

Thesis 3. The situation in education (pedagogical situation) — it a formalized description of quite
changeable environment of educational (pedagogical) system with the help of parameters complex, fixed
(evaluated) in a certain period of time. In terms of system cybernetic approach two method of explaining
the notions “situation” and “condition” are given. Those are "terminal method" and "method goal
achievement". The terminal method presupposes a system reflection with the usage of “input/output”
conception (in particular the notions “input situation” and “output situation”). The method goal
achievement concentrates on relationship two components, such as system of working out and taking
decisions and situation. In addition, the situation is a system where decisions were implemented due to
receiving the current information about its changes. As for the education, — it is socio-economic and
political situation in the country (Glushkov, 1964).

Beforehand we suggested the authors™ method of situation evaluation which is called positional. In this
case the situation is analyzed depending on the place of location (position) of so called “observer” related
to the system of control (inside or outside of it). An observer is an individual to the benefit of whom
some processes are implemented. He is the one who determines the goals and evaluates the level of their
achievement success. For instance, pedagogical society and entrepreneurship, society representatives
and ordinary citizens evaluate government situation related to the current progress in education, the
condition of educational processes and their role in different ways. As a rule, university teachers and
students’ opinion about control of functioning of process quality doesn’t coincide with the evaluation of
the whole society (Jablochnikov, 2011).

One of the reasons why it is so difficult to describe the educational systems and processes in a formal
way is the existence of many “observers” in the sphere of education. There is a variety of opinions about
the control system. Moreover, there are plenty of goals formulated by them. As a rule, the following
methods of formalization are implemented to describe the changes of system condition and movement:
verbal, graphic, logic, tabular, mathematic. The verbal one presupposes consequent enumeration of all
peculiarities of system condition. The implementation of graphic method suggests the corresponding
images of dynamic processes which are created by diagrams, graphics, phase picture etc. The logic
method depicts the logic of actions and processes with the help of means of Math logic (logic equations,
graphs, truth tables) and the theory of sets. Mathematic method uses mathematic models. We suggest
that the above mentioned methods™ complex is quite efficient. Moreover, we offer our own method of
formalization — probabilistic method (or information-entropic balance), which was worked out and
validated in one of our publications (Yablochnikov, 2011).

Thesis 4. Behavior of educational system — is its ability to transmit from one condition into another
under certain circumstances and for a certain period of time. This notion is implemented when the rules
of such kind are known beforehand. In this case it’s stated the system has behavior, character, algorithm
or logic which should be defined (to work out or form its model).

Thesis 5. Equilibrium — is the peculiarity of educational system which has constant outside
destabilization which demonstrates its activity in some parameters intervals or without them to keep
some constant behavior for an unlimited period of time. For the majority of educational systems there
should be an optimal condition of such equilibrium which develops gradually and constantly. Sudden
and abrupt changes are not natural for educational systems due to the fact of being inert. The changes
are harmful for systems.

Thesis 6. Stability of educational system — is its ability to return to the state of equilibrium with the help
of existence of some inside reserve whilst derivation of outside indignation out of it. Complex systems
possess such peculiarity when there are constant signals of control or if there are absolute signals
declinations from the average meanings which don’t exceed some critical level. Stable condition of
equilibrium is a system with a sufficient level of relativity where it can return by itself. Along with that
the condition of unstable equilibrium may exist.

Thesis 7. Management of educational processes (systems) — is a complex of coordinated and beforehand
planned actions to transmit one object of control from one state (the initial state) into another (final)
state which corresponds to a certain goal or moves to the goal.
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Thesis 8. Management action — is a certain influence of the educational system elements on another in
order to achieve a goal of having some state. Such influence can be understood as controlling influence
of pedagogical, psychological, educational, administrative, economic, social character etc. As for the
cognitive level, it is implementation of planned steps beforehand in terms of certain pedagogical
methods (technologies), formation of learning motivation, usage of modern pedagogical technologies
and means etc.

As creative control and socio evolutional level of education sphere hierarchy, these are normative,
administrative, control, financial, political influence and impact.

Thesis 9. Movement of dynamic educational system is a process of transition from some initial
condition into another one which corresponds to a certain goal (global, local, transitive, current etc.)
Goal achievement demands implementation of a complex of actions which can be implemented as
a result of making a set of operations for a certain period of time such as:

Getting new information about the object of management;

Identification of its initial condition (initial parameters);

Modeling and forecasting of process or object condition;

Taking decision on management;

Actions planning and their implementation;

Evaluation of consequences of management decisions implementation;

Comparison of planned results and establishment of the fact of achievement (or non
achievement) of the goal by certain means;

e Goal correction and the beginning of a new cycle of management.

Any complex system as well as educational one is quite inertial. That is why between the moment of
taking a decision about the process management (system) or the initial condition and the moment of
achieving another condition because of management that takes some time. That period is characterized
by periodicity of management formation actions. Nevertheless, unusual, stress and crisis situations may
occur which demand out-of-order, unusual decisions or separate specific actions which can management
the whole educational process. That is so called crisis or extreme management. As a rule, the goal is
achieved due to implementation of a few cycles of a complex of management actions. In other words,
during the movement to the goal the system goes through a set of transitive conditions which are moving
to it. Implementing “movement” in n-dimensional space parameters, the controlled system describes
a certain track which unites various transitive conditions relatively.

Thesis 10. Trajectory of movement of educational system is conditional line which unites a point of n-
dimensional space with coordinates which correspond to transitive conditions where it is moving to the
goal gradually (iteration). The system movement trajectory can be linear or non-linear which depends
on conditions, methods, technologies, algorithms and means of management, the type of control system,
parameters of environment, speed of development, process cycle, inner and outside factors.

Thesis 11. Space of movement of educational system — is n-dimensional informative space originated
n orthogonal axis of coordinates which correspond to the complex of elected parameters by observers
in order to implement the evaluation of educational system controlled part (the object of management).
As for practice, 100% of orthogonal informative space parameters are impossible. The level of
orthogonality is checked by the analysis of statistic data, testing of observations on possessing
multicollinearity with the usage of Farrar-Glauber algorithm (criterion %2, F-criterion, t-criterion) and
method of the main components (Wenzel, 1988).

Thesis 12. The cycle of control of educational system — is a complex of actions implemented during
dynamic educational system moving from its initial condition into the one which corresponds to its goal.
The cycle may have sub cycles corresponding to transitive control management or processes of transitive
(local) goal achievement. The time of control is a period of time when the whole management cycle of
educational system is implemented on its way to the goal. If management actions lead to the changes of
educational control system there is some function indicating correlation among parameters of controlled
actions and dynamic changes (gradient) of condition parameters of the system in a formal way.
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Such function has been a math model and the process of its synthesis is modeling (compulsive stage of
control implementation on the base of system cybernetic approach). As for the theory of management,
there is a approach of isomorphism which establishes some connection among mixed models that are
isomorphic if there is one-valued transit from one model to another and vice a versa. In other case, the
models are homomorphic.

Thesis 13. Math model of education (pedagogical) system (of educational process) — is a functional
which unites dynamic of changes of management system (object of teaching) and parameters of
controlling influence of control system with the help of mathematic. It also takes the changes of
environment influence into consideration. To describe mathematic real educational system relevantly
we have to implement some part of definite system of dynamic parameters which is a model of plurality
of variables.

Thesis 15. The observed parameters are a complex of peculiarities of object control and environment
where the numerical values can be some means. According to some moments of time they can definitely
be the subject of control or the observer.

Thesis 16. Controlled parameters are a complex of peculiarities which include an effective part of goal
function of educational system and acquire corresponding changes due to control process
implementation.

MODELING OF EDUCATIONAL PROCESSES

According to the scientific sources, there are many endeavours of pedagogical system “behavior”
modeling implementation and math processes implementation such as processes of learning. Quite
famous models were suggested by the following scientists L. Thurstone, H. Gulliksen, R. Atkinson,
R. Bush, F. Mosteller, U. Estes, K.Hall, Yu.Antamonov, V. Prisnyakov, V. Trapeznikov,
V. Glushkov, V. Warshavsky, M. Novikov, L. Itelson. The authors of this article also synthesized two-
goods model of pedagogical system control (Jablochnikov, 2010). In this case we worked out the model
of learning process which is based on the model of H.Frank and work of Moor machine.

First of all we have to analyze the system of learning with two discrete conditions: Si, S,. Constant
positive parameter / indicates intensification of transition from initial condition S; to the final S,. In
other words, the system describes marked out graph of conditions which is illustrated in drawing 1.

Drawing. 1 ° Q

Then as for relativity p. and p2, which characterize the dynamic of process of learning in each moment
of time t, the equations are true:

{pl == P1
P, + P, =1.

Such model was analyzed from a different point of view in previous publications (Novikov, 1998,
Antamonov, 1968). We have to mention that system equation solution (1) with initial condition

p, (0) =1 (or the initial system condition— S1) will be function p,(t) =1-e *'. That means after some
time theoretically any learner can achieve condition S, completely acquiring the educational program.
Apparently, such situation is possible only for elementary basic actions where everyone is learning.

Introduction of equation system instead of constant parameter 1 doesn 't change the main principle of
immanency of learning condition. Actually, if we take the system of equation into consideration (2)

1)

p —_—th
P2 Y @)
P, + P, =1,
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t? :
solution of this system will be function p, (t) = a1 where the following is correct tIIm p,(t)=1.
+ —>+0

Consequently, the above mentioned models (1) and (2) don’t describe the process of learning relatively.
That is why the following situation occur. The situation when it is necessary to analyze the models
considering three or more discrete conditions. These extra (transit) conditions reflect not complete but
vice versa excessive acquisition of learners™ curriculum (for instance, the intermediate level of
acquisition of advanced). The system of learning is described by the graph of conditions depicted in the
drawing (2).

Ass

(7

O
M@

)\3’)
Drawing. 2

Then the dynamics of relativity condition change and mutual transition from one into another one can
be depicted with the help of Kholmogorov's equations.

Py =4y, Py,
pz = (212 _/132)‘ P, _(123 +132)' P, +132’ 3)
P+ P, + P =1

Presumably, the relativity at the beginning stage of learning satisfies the conditions
p,(0)=1 p,(0) =0, thenitis the solution of equation system (3) in the following functions:

pl — e_’iiz't ,
p, = /132 n /112 _/132 -e_ﬂ“'t _ }“12 '/123 ,e—(/lzawz)'t
2 ]
/123 + /132 /123 + /132 - /112 (/123 + /132) ’ (/123 + /132 - /112)
Ps =1- P, — P,.
Consequently, if t — +oo then p,(t) = 0, p,(t) — _He p,(t) = A
, ' e 123 + 132 ’ ’ 2‘23 + 2“32

In other words, there is always a probability that the system will will not transmit to condition Ss, (for
example, a learner will acquire some educational program partially but on a acceptable level (Sz). The higher

probability the more intensity of A, .

Carrying out the transition to the general math problem and correspondingly to n model conditions S;
(i=1,...,n), we get heteronomous linear system of non-homogeneous differential equations of
Kholmogorov (Wenzel, 1988), which index generally will depend not only on time but also on some

controlling parameters &, ¢&,,...,&, .

Introducing the designating ¢ =colon(g,¢,,...,&.), p=colon(p,, P,,..., P,1), the system of
Kholmogorov will be written:

p=A( &) p+L(te), 4)
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where A(t, &) — (n—1) x (n—1) — matrix of coefficients
, L(t,&) =colon(0,0,...,0,1(t, £)), where I(t, &) — scalar-valued function.

Components of vectorial parameter & may reflect not only its characteristics of educational structure
(such as parameters of its control), but also characteristics of some learners group such as individual
characteristics of each participant of such a group.

If there is some meaning of parameter & =g then itis
I(t,&) =0, (®)

If itis £ =& it becomes a trivial solution p=0, or p,=1 (probability of such program acquisition is
equal to 1), as a matter of practice most likely it’s not possible to achieve. Nevertheless, it is necessary
to emphasize Kholmogorov's system (4) near the solution & =& bifurcation equation (5), there is a
possibility of completely new curves for real meanings of parameter.

Actually, let system (4) in some neighborhood of bifurcation equation & =g possess the
characteristic exponential dichotomy, not local continuability, existence and uniqueness of
solutions, function A(t, &), L(t,&) uninterrupted and limited with their variable. Then system (4)

has function of Green where solution is

p(t,¢) = [G(t5)- L(s,&)-ds, ©)

where G(t,s) - function of Green is limited and uninterrupted according to parameter
(Mitropolsky, 1990, Dalezky, 1970, Kuptsov, 1998). So, if the parameter meaning becomes less and we
choose the corresponding initial data we may achieve the solution (6) close to equilibrium condition. In
other words, parameter meanings can be selected in such way that probability p1, p2,..., pn1 Would be
little. And probability p, increases accordingly.

CONCLUSIONS

The approach of math model synthesis of educational processes suggested by the authors of the
article affords to establish the complex of parameters relatively (psycho-pedagogical
characteristics, personal characteristics), which make it possible to control pedagogical
processes effectively according to some educational program. In this case the possibility of
educational process goal achievement aims for one.
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ABSTRACT

The study examined the use of features synergistic approach to trading systems. Management proposed
to implement the use of information systems and process approach. The main synergistic effect is
introduction in the process management and intelligent information systems. The models obtain
maximum synergistic effect of management process of the trade systems. The mathematical model can
determine performance indicator management of integrated information, material and financial flows
in the logistics system. This index allows showing the efficiency of process management in trading
systems.

KEY WORDS

Synergistic approach, the effect of economic efficiency, processes information, intelligent information
system, trading system, process management.

INTRODUCTION

The question of increasing the efficiency of enterprises and their competitiveness has always been
relevant. One of the resolution of these issues is the use of a synergistic approach to business
management (Haken, 1993). Any company in a market economy is a specially structured and
coordinated open the socio-economic system that interacts with the environment. Each socio-economic
system is the social structure of the information component that tends to tune into more economical
mode of operation due to the constant changes in the functions and processes. This socio-economic
system to retain in its structure all compositional elements are in certain proportions, to achieve the
greatest total capacity at all stages of the life cycle. Because the company for its survival must use the
resources of the environment and constantly changing, adapting to external factors. The more
information the company has on its internal and external environment, the greater the likelihood of its
sustainable operation.

One of the main principles of effective development is the rational use of resources, which is achieved
by forming synergy (Haken, 1983). Synergy Effect is effect of the joint action of all elements of the
system, which increases the performance of the quality without increasing the quantity. This is because
the company as an open system that is both material and information and informational material entities.
As the material nature of the information the company operates to service the material basis of the
system. This aimed material and energy exchange system with the environment and between different
parts of the system, and information control flows of material substances in space and time. As
information and material nature of the enterprise exists to implement the information functions of
systems, that is to information base. Information functions include contact information between the
individual components of the system. Thus, we can say that the foundation serves informational material
and material - information. But it provides information component system unique look and actually
makes enterprise system, creating it from the standard material blocks. The quantitative increase in each
of the parameters of the system does not always mean improvement of its quality status. If the sum of
the components in the formation of the system is not changed, but the quality of a whole increases, this
increase is due to an increase in system volume information.
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Concept of synergy in economic systems connected with violation of proportionality (Haken, 1982).
Sometimes called the synergy effect of "2 + 2 = 5" in order to emphasize that the company is in search
of resource production and commodity-market combinations in which the resulting effect exceeds the
effects components. This unit is an additional effect (5-4 = 1) which is due to synergism or synergistic
effect.

It is known (Mikhailov, 1990) each organization based on the totality of its constituent elements. Thus,
each element has its potential, its functions and consequently - possibilities. The task of management is
to unite the efforts of individual elements into a single mechanism and system collaborates so that the
result obtained exceeded the effect of single actions. A key element in some joint activities gives greater
effectiveness, quality measurement that the obtained results will exceed the quantitative results in the
summation components.

Result efforts on formation of commercial enterprises are known synergetic effects (A. S. Mikhailov,
1996 ), described by three variables: the increase in income; reduction of operating costs; decrease
investment needs (due to internal effect).

In any corporate entities, there are three forms of synergy (Mikhailov, 1990). In the first form of
expression understand the synergy effect association or team synergy. The second form - functional
economies of scale or synergies. This type of synergy resulting from the expansion of the scale of
business operations (activities). The third form of manifestation of synergies - is the effect of integration
is targeted synergies. In our view, the synergy in all its forms is the main result of effective corporate
commercial entities.

Based on the above, in synergistic effect management of trade enterprise will realize an increase in
performance of the enterprise by integrating, integration, merger, restructuring trade processes in a
single system. As a result of these changes the overall efficiency of the company will exceed the sum of
the effects of each process separately through interaction processes.

PROBLEM FORMULATION

Effective performance is basing on establishing optimal proportions to use factors of trading systems,
market linkages and joint responsibility of all elements of value chain for competitive products (goods
and services). Important role played by development of processes involving all partners under constant
external changes. The development of trading systems and their business activity involves, from our
point of view, is taking into account of the basic provisions harmonization: the production and the
distribution areas; form stability and environmental change; quality and value of the component
distribution processes; the basic and providing functions or corresponding functions harmonies,
structures and relationships trading system between the rulers or the ruled components trading systems;
human relations between labor and management; interests and incentives.

In our opinion, the most important performance indicators of any commercial enterprise are the
organizational level, innovation and marketing. In terms of efficient production synchronization of the
buyer (and oriented to work with the customer departments) of executive and planning center
management system provides different levels operational ability to identify opportunities to create
competitive advantages. Violations of trade rhythm as a result of the requirements of customers, who
are in real time in planning, makes managers at all levels to pay attention not only to their own activities,
but also take into account the operational management of the factors of the crisis situation of the market
and consumer characteristics of goods, products and services.

System related trading companies, which are basing on the account of and interaction with the buyer
instead on domestic problems (Axelrod, 2000), can receive substantial benefits through systematic
approach to assess the goods and services required to offer attractive market segments.
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Currently manufacturers own decision on the choice of product and market niches, but these solutions
tend (Davenport, 2005), isolated from executive departments system that will implement them. On the
other hand, systems planning and resource management, "feel" of the market and critical information
about the buyer is planning difficult for businesses and isolated as posted on various local subsystems

(Figure 1).
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In terms of a civilized market with a developed legal framework made moving the focus from production
planning to schedule of customer orders. Supply-side planning is a reflection of the requirements of
customers (buyers) coming from units designed to work with them. Thus, business practice focused on
market activity, not the production activity.

From the standpoint of process control of system approach is to ensure that the head of the process
continuously or at intervals prescribed course of the process controls and coordinates decisions on
process parameters, which are formed within the regulated criteria. According to the scheme of the
process control algorithm (Figure 2) process manager is plan the allocation of resources to achieve these
goals with maximum efficiency (Andersen, 2007). The implementation process of executing checked
information, that comes from places control points. Director of operational management process is the
process of changing the planned allocation of resources, changing plans, timing and requirements
according to the results of the ongoing changes. Operation manager process depends on the external and
internal environment. Therefore, his decision is subject to strong influence of uncertainty and requires
significant of operational formalization, what is possible through the detailed process approach
(Harrington, 1997).

Figure 2 is adapted algorithm trading process management information systems, which decomposes into
components: strategic management of the entire enterprise from top management; case management by
middle managers; operational management processes supervisors trade processes.

The approach is seen as an algorithm of actions of the head of trading process to an end. Numbers and
names of elements of process control loop formed by terminology process approach in accordance with
ISO 9000: 2001 (Figure 2) (Andersen, 2007).
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Figure 2. Adapted algorithm trade process management information system: A - active intervention in the
process: C - checkina the information: D - the imnlementation process: P - nlannina process. Source: Author

As used in the literature (Doomun, 2008) the term "limits of the process" establishes the area of

responsibility and competence of the process. All values that cross these boundaries, "inputs"”, "outputs",
"resources™ must have its own data.

The system manages sales processes enterprise manager, which plans its activities; the responsibilities,
authorities and relationships between processes. It is an analysis of the input parameters controls the
process and set of commercial processes, deciding on the results of the analysis of their progress.

Thus, the top manager closes the second level of feedback management trading company. Scheme of
interaction of components is showing for process management of trade enterprise in Figure 3
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Figure 3. The scheme of interaction between the components of the trade process management information system,
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(Davenport, 1993).
e According to the scheme above highlighted features such the process management of trade
information system:

e commodity resources coming from the auxiliary processes outsourcing (as arrow "Resources"
removed from the process);
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o the ins and outs of the process depicted on the verge of the process and act as one of the signs
for the formation of other processes of commercial enterprises. Input or output document is
finished with quantitative indicators;

e control outputs of the process is ongoing and is one of the main sources of information on
indicators (indicators characterizing the process);

e consumer satisfaction data that are outside the internal processes of commercial enterprises, but
the owner of the process must have an appropriate system of data collection and use;

o limits the process should match the domain of authority, responsibility and jurisdiction of the
owner of the process;

e top-manager managed all processes owned commercial enterprises.

¢ In this context, the manager process owned are developing the appropriate operational of cycle
management, which should include:

e the results of the monitoring process, control of commaodity resources at the entrance and collect
information about their performance, resource control and collect information about the
performance of the whole process, obtaining timely, objective and adequate information on
customer satisfaction (and in the process and preprocess sections);

o regulated system results analysis process and approval of corrective actions;

o the possibility of introducing amendments adopted on the basis of the description unstructured
process.

Features the work and operations that make the content technology trade processes should be regulated
in job, industry methodologies and standards.

THE MODELING OF BUSINESS PROCESS IN THE TRADING SYSTEM

Considering the management of trade enterprise as trade information system, the subject of our research
is the system of trade and information flows in the company. As the flow of goods is guided by means
of information provision based on the flow of information, goods traffic which precedes, accompanies
and governs it as information procedures are also considered as a process.

The proposed engineering and process approach to effectively control the formation mechanism of trade
now allow management to detail the entire economic system of enterprise management system to
functional management processes from functional management to process management operation
trading activities. This, in turn, means that the effectiveness of management of commercial enterprises
depend on the efficiency of management smallest commercial transactions (Parmenter, 2007).

In the system of commercial enterprise, there are two types of processes: business and management.
Economic processes are worth four basic trade processes: supply, the formation of commodity resources,
sales, inventory. Administrative processes are worth five basic management functions: planning,
analysis, accounting, control, regulation. Each of the basic management functions to achieve efficiency
should be applied to the whole system, every process and every transaction.

Based on this formal description of concepts of effective management of trade now looks like:

GS = 3. T8E, (1)
i=1
US =S FUBP, )
el
TBP = 3 GO, 3)
i=l
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UTEF = Z FUGO, (4)
il
where GS - economic system; TBP - shopping business process; US - management system; FUBP -

business process management functions; GO - business operation; UTBP - commercial business
management process; FUGO - business operation management functions; i - quantitative characteristics.

Based on the presented concepts determine the effectiveness (bottom-up process) commercial enterprise
formalized as follows:

Ere=Vas/ Das (5)
Vs = évmﬁ (6)
Dy = !_%Drm (7)

Erzp = Vrged Drap (8)
Vrge = éVGG ()
Dyge= éDGG (10)

where EGS - efficiency of the economic system; VGS - the costs of the economic system; DGS - income
economic system; VTBP - the cost of commercial business process; DTBP - income trading business
process; ETBP - efficiency of commercial business process; VGO - the cost of business operations; DGO
- income business transaction.

Thus, process management in a trading company as trade information system based on modeling
management processes to maximize performance.

In our view, measure a synergistic effect can be the amount of income received from trading and other
activities in process management of trade enterprise, less costs of rotation and "production” set the
volume of trade turnover (excluding expenditure on salaries). We consider it appropriate to name the
proposed measure net income of commercial enterprise.

Despite the fact that the value of net income redistribution exercise significant influence attitude (change
of prices, tariffs), this indicator is most suitable as measuring the economic effects of trade. That should
be noted the final economic results at commercial enterprises do not coincide with the result of the
economic sector. This is due to the fact that at the enterprise level outcomes commercial activities not
directly aimed at achieving national economic benefits, but they have only a partial effect. Given this,
the authors recommend as an indicator of economic benefit commercial enterprises use the increase in
net income, which is calculated using the formula:

AB = [Dy = (Vy + K207 = [Dy— (Vo + Ep*Zy)f (11)

where AE - economic impact; Do and D1 - gross earnings in the reference and planning period; Vo and
V1 - expenses rotation (excluding labor costs) in the base and the planning period; Ko and K; - number
of employees in the base and the planning period; Zo and Z; - average wages in the base period and
expected.

In the practice of determining the effectiveness of control systems in the trade area are trying to calculate
performance-based expert method. But the difficulty of expertise related to the recruitment of specialists
and experts and making recommendations findings make distribution of this approach is rather limited.
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In an analysis of 20 studied the relationship parametric performance management systems and studied
27 indicators of their effectiveness.

The following describes the main results of the implementation of the expert approach. This methodical
analysis was conducted in three phases. The aim of the first phase were found overall trends
differentiating performance management systems according to changes in their condition. This goal is
quite satisfying method is analytical groupings.

The second stage is established that trend subject to quantitative description. These requirements are
satisfied almost Calculation of pair correlation between changes in parametric performance management
and performance of their operation.

The purpose of the third stage was a quantitative calculation of the subjective factor in the formation of
final conclusions. This requirement corresponds to the method step regression analysis, which provides
for selection of the most informative indicators based on the calculation of partial coefficients of
determination and assessment of their significance.

Based on the analysis of differentiation of performance management systems under use different set of
management can make certain conclusions. The introduction of collective forms of work organization
based computer systems (25-75%), which definitely has a place in supermarkets, accompanied by the
general trend of improvement of almost all indicators such as productivity, commodity turnover,
resource efficiency, the impact of current assets (Table 1).

Performance indicators Share means of information in the organization of work, %
Norm to 40 to 50 to 60 more 60
Resource efficiency 100 115 125 150 170
,;-\zze;so\;?il:g of that advance in fixed 100 110 137 145 160
Assets revolving funds 100 117 135 147 165
Assets of fixed assets 100 115 138 150 170
Productivity 100 125 150 160 180
Turnover of working capital 100 117 122 125 131
Profitability resources 100 125 133 137 145

The analysis of performance management system based on their provision of computer tools suggest
that the main focus of the relationship in this case is productivity growth as the totality of workers and
management staff (Table 2). Rising productivity makes revenue growth, resulting in increased
profitability expenses.

The introduction of a systematic approach to managing the functionality of trading enterprise and
automation of business processes accompanied by stable growth performance, resource impact,
profitability use of all resources, productivity, return current expenses, turnover and working capital
optimization of product flow and inventory.
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The
The first level The second level The third level final
(D =0,350) (D=0,270-0,350) (D=0,270) phase
e Resources returns e Assets value of investments in fixed and o Assets of fixed assets of
) : . work
e Assets revolving funds working capital e Return on assets
e QOperating ratio of a working e Stock capacity turnover to a
capital e Return on working capital
e The return means that e Return on the wage bill
invested in payroll e The power of the coefficient of
e The level of expenditure performance targets
rotation

e Consumption return

sufficient range of performance management systems become of step regression analysis. This method
is known, allows to formalize the procedure for selecting the most significant indicators by calculating
partial regression coefficients and coefficients of determination and determine their significance.

For this parametric specification management system were merged into three groups. Each group
analyzed the correlation matrix and partial coefficients of determination of the factors included in the
regression equation for each performance indicator.

Carrying step regression analysis allowed to divide all the performance indicators in terms of their
information content into three groups (Table 2).

The analysis resulted in the table 3 shows that the introduction of computer systems to the most
informative performance got many of the indicators are allocated based on an analysis by the method of
analysis groupings, and correlation analysis.

First of
Performance indicators Number of facilities management The amount of facilities management all
)
Productivity -0,51 0,49
The level of expenditure rotation 0,57 -0,20

D T L B U TSI Ao A AN

attention is drawn to the sustainable allocation for the three stages of analysis of indicators such as
resource efficiency, capital working capital, spending rotation commodity turnover coefficient power of
the performance targets. These figures are determined collectively and most informative in the strict
formal selection. This fact indicates that these figures advisable to give priority to use in assessing the
effectiveness of control systems.

Analysis of the correlation matrix coefficients steamy performance shows (table 3) is also a close
connection indicators such as resource efficiency, capital costs, investments in fixed and working
capital, capital assets.

Table 3 presents data characterizing density connection between changes in these structural factors. As
the number of managed objects and scope of their activities reflected the relationship of performance
indicators trade process management information system.

The analysis shows that the effect of the introduction of the content management aspect is seen
differently. But now all of them can be summarized in three main areas to measure the effect of
management: the cumulative effect derived from all economic activities; the share of cumulative effect,
which is caused by the operation of control systems; the direct effect of managerial work.

DISCUSSION

Without going into polemics with authors about the legality and feasibility of using the first two lines
can only note that the data completely reject methodological approaches to evaluating the effectiveness
of management is not quite true that in certain situations they are eligible for use as a basic conceptual
terms. Regarding the third direction of research management efficiency, the authors propose to consider
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its basic position from the standpoint of forming integral indicator of the effectiveness of management
of trade enterprise.

The authors hold to the opinion that this direction of research management efficiency involves two
approaches: information and organizing. At the heart of the first of them is the idea of measuring the
direct effect of control on the quantity and quality of information produced by the machine control
particular company. Information, its quantity and quality, of course, is a direct product of administrative
work, but the practical use of such a proposal is extremely difficult, because there is no objective basis
for comparison of different types of information. In addition, the quantity and quality of information
provided to even reduce to a common denominator, not give answers to questions about the effectiveness
of information potential and its impact on economic outcomes of facility management.

Organizational approach to management effectiveness is based on the premise that the effect of control
is the level of the production process. However, the main methodological shortcoming of this approach
is that high levels of the production process creates only prerequisite for its effective functioning, but
does not guarantee the same efficiency.

Definitely final performance of the control system must match, that carry a single methodological
framework. The criterion of economic efficiency of the trade process management information system
must meet the following requirements: to display the final results of economic activity targeted managed
object and the degree of their achievement; record spending regulator to achieve a managed object goals.

Based on the existing requirements under the criteria of economic efficiency management should
understand the results management system that achieves a managed object goals at minimum cost
management.

Generalized model of economic efficiency management system that satisfies the above listed
requirements can be formulated as follows:

£ F £
EJ,=J( . e (12)

where: Rn, Rn1 - return (ratio of net profit to turnover) in the planning and the base period; Pn, Pn.1 -
productivity (the ratio of turnover by number of employees) in the planning and the base period; Ey, Vi
1 - efficiency management system (ratio of net income to the cost of maintenance management system)
in the planning and the base period.

This increase in economic efficiency of the trade process management information system can occur
while performing one of the following four conditions: the effectiveness and efficiency of economic
management while increasing; the effectiveness of economic activity increases and profitability
management is stable; the effectiveness of economic activity is stable, and cost management increases;
increasing efficiency of economic activities to a greater degree than the reduced level of economic
management. Considered a generic process management performance indicator information system
establishes trade value depending on the efficiency of business operations (collectively functional
business processes) the level of enterprise cost management entity. Its practical meaning is expressed in
the fact that it is aimed at achieving not only high-efficiency operation of its management components.
In addition, it can be used to assess the dynamics of economic efficiency of a particular commercial
enterprise, and for comparative assessment of different options for improving management systems.

CONCLUSION

Concluding consideration of synergy and building system performance process management trade
information system, it should be noted that no matter how complete and comprehensive was the system
performance, it is not able to answer questions about the outcome of performance management system
(regardless of system integrators filling). This is due, firstly, the possible different orientation individual
indicators. Second, due to the fact that any attempt to use a set of indicators to measure or assess the
development of the functional process leads to a clash with another unsolved problem prioritization of
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individual indicators. Really existing practical difficulties unambiguous assessment of management
efficiency through a system of indicators put economics before the need to search index received such
an assessment. Such studies are carried out widely enough and now to build and implement effective
systems of trading activities.

The authors express confidence that is used in the trade process management and information systems
standardized latest technology will become an effective tool for effective management of commercial
enterprise.
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ABSTRACT

The paper highlights the capacity of the mutual use of selected creative problem solving methods, system
dynamics and multi-criteria decision-making methods when dealing with complex problems. It has
already been shown that creative approaches are not limited to merely problem definitions and problem
structuring, since they can also be used in typically analytical steps in the framework procedure of multi-
criteria decision making. The goal of this paper is to explore the possibilities how to employ creative
problem solving methods in system dynamics, and how to complete system dynamics with multi-criteria
decision making. This paper shows that the creative problem solving methods based on questions can
be used in structuring complex system dynamic problems with the selected mapping methods. It can be
concluded that system dynamic models can help decision makers in enhancing understanding of system
behavior over time; however, the evaluation of the consequences of different strategies showed by these
models can be supported by multi-criteria decision making. The mutual assistance of creative, systems
dynamic and multi-criteria decision methods is illustrated by contemporary interdisciplinary examples.

KEY WORDS

Creative problem solving, human resource management, mapping methods, multi-criteria decision
making, questions based methods, system dynamics

INTRODUCTION

Creative problem solving (CPS) methods can be used in defining (identifying) and structuring complex
dynamic problems (Canger, 2010). Multi-criteria decision making (MCDM) methods that have already
turned out to be very applicable in business practice can be used to complement intuition and practical
experience in solving complex problems (Canger, 2010, 2012). System dynamics (SD) models are
frequently used to explain the dynamics of complex systems and their behavior in different fields (Peji¢
Bach et al., 2016). This paper highlights the capacity of the mutual use of CPS methods, SD and MCDM
methods when dealing with complex problems.

It has already been shown that creative approaches are not limited to merely problem definitions and
problem structuring, since they can also be used in typically analytical steps in the framework procedure
of MCDM (Canéer, 2012). The goal of this paper is to explore the possibilities how to employ CPS in
SD, and how to employ MCDM as the completion of SD. The paper thus deals with multimethodology
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— “combining together more than one methodology ... within a particular intervention" (Mingers, Gill,
1997, p. 2). It presents several examples of CPS, SD and MCDM in economics and business, showing
the mutual assistance of creative, system dynamics and multi-criteria decision tools and approaches.

CPS METHODS IN DEFINING/STRUCTURING SD
PROBLEMS

CPS is the framework process of solving problems, which includes the techniques of creative and critical
(e.g. decision) thinking with the aim of designing and developing new and useful outcomes (Cancer,
2010). According to lIsaksen et al. (2011), the phases of CPS process include problem definition,
generating ideas, choosing ideas and solution implementation.

To determine which CPS methods can be used in defining and structuring complex SD problems, we
explored several methods and approaches for a mess, fact and problem finding and definition, based on
visualization and questions.

MAPPING METHODS

Cognitive mapping can be used for both problem definition and solution finding (Cook, 1998). Mingers
and Gill (1997) suggested that cognitive mapping could facilitate the structuring of complex mental
models at an individual and group level. It includes many variations, e.g. fishbone diagrams, rich
picturing, Post-it method. Santos et al. (2001) have already found very valuable the use of Post-its
complemented with qualitative maps for structuring the ideas generated. Cognitive mapping can be very
participative. Our experience says that participants often feel a real sense of ownership of their map.

Cognitive maps have nodes and arcs, also known as “causal concepts (constructs)” and “causal
connection”, elements and beliefs, nodes and links, nodes and edges, and points and arrows. The nodes
can represent a concept, variable, issue, entity or attribute and can be represented by a single word,
phrase or paragraph. The arcs represent the relationships between the nodes. Cognitive maps can be
represented by either undirected or directed graphs (maps). The type of directed cognitive maps are
causal maps. (Scavarda et al., 2004)

Cognitive mapping has already been combined with SD, for example in the litigation/project
management (Ackermann et al., 1997); the validated maps served as the raw material for developing an
SD model.

As mentioned above, Scavarda et al. (2004) classified causal maps in the group of directed cognitive
maps.

Causal mapping provides a structure to the merging of perspectives and avoids the danger of reducing
the complexity by focusing on a small number of considerations (Eden, Ackermann, 2010, p. 242).
Causal maps represents thoughts as a network of causal relations, representing concepts through nodes
and causality through links between nodes (Schaffernicht, 2007, p. 7). A causal map consists of variables
(not constructs or concepts) and links that may indicate a type of relationship and indication of strength.
Causal maps are generally used for dealing with cause-effect relations embedded in deciders’ thinking.
Schaffernicht (2007) noted that in such diagrams, only structure is explicitly represented, while behavior
has been abstracted away. A causal map, as opposed to other representations, will be more likely to
capture feedback (Eden, Ackermann, 2010), a basic characteristic of complex social systems (Mildeova,
Vojtko, 2006). Feedback represents the potential for dynamics in the situation — changes over time. Two
possibilities for feedback are positive (or self-sustaining) and negative feedback. One of the current
approaches to developing an SD model is based on causal loop diagrams (for other approaches see Peji¢
Bach, Ceri¢, 2007). A causal loop diagram (CLD) is a causal diagram that aids in visualizing how
different variables in a system are interrelated.

As compiled by Chaib-draa (2002), causal maps have been used in the fields of international relations,
administrative sciences, management sciences, and distributed group decision support (neural networks,
multi-agent systems). Causal mapping has been used extensively in strategy and management science
(Scavarda et al., 2004). Moreover, CLDs have been extensively used in (business) SD modelling in
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information technology (IT): for dynamics of IT principles, infrastructure, architecture, applications,
investments; for the dynamics of e-business infrastructure, knowledge management systems (knowledge
management in e-business, in outsourcing relationship), outsourcing partnership quality governance
(Gottschalk, 2007).

Causal maps are usually based on human “communications” collected by interviewing or found in
documents such as corporate reports or memos (Chaib-draa, 2002). The widely accepted approaches for
capturing cognitive data for a causal map are brainstorming and structured interviews. We suggest the
use of CPS methods based on questions to elicit data from experts.

When used alone, CLDs do not allow participants to understand the dynamic behavior of factors
affecting performance and do not allow a full assessment of the interconnections between these factors.
For this reason, the translation of CLDs into a simulation model using the SD approach is necessary.
CLDs have long been used in standard SD practice for simulation modelling; they can be transformed
to stock and flow diagrams in order to describe complex systems.

The stock and flow diagrams were used as graphical language in SD. Stock variables are accumulators
or stocks with a behavior determined by their own value “just before” (at each pint in time) and the sum
of all connected flows. The behavior of a flow variable is defined for a period of time. Schaffernicht
(2007)

CPS METHODS BASED ON QUESTIONS

In this paper, special attention is given to the methods based on questions whose aim is to define
problems. The W technique is named after the first letter of the German words was (Eng. what), wie
(Eng. how), wer (Eng. who), warum (Eng. why), welche (Eng. which), wann (Eng. when), etc. Based
on the questions, the W technique is appropriate for problem definition, problem analysis, and finding
the very heart of the problem. Since — compared with other techniques based on questions — the W
technique enables the most extensive description of the problem, it is appropriate to facilitate problem
structuring by mapping methods. The procedure of the W’s technique starts with an explanation of the
problem. Then we ask questions starting with why, what, how, what else, when, where, etc. The answers
are noted down. One or more participants can perform the technique. The technique is simple to use;
however, when using it for the analysis of a problem, it requires extensive and specific professional
knowledge about the problem.

The derivatives of the W technique are the six-question technique or the 5Ws & H technique (Cook,
1998), the why technique, and the five whys technique (Boulden, 2002). In practice, the why technique
and the five whys technique are used to find the core of the problem and to seek possible solutions to
problems. They are appropriate for the event approach to problem solving: when there is an event that
cause a problem, we can use the why technique to find the cause of the problem. For example if we are
in debts (the event that is a problem), then we may conclude that this is because the costs are too high
(the event that is the cause of the problem). Then we can ask why the costs are too high (the event that
is a problem). We might then conclude that this is because we bought used machines (the event that is
the cause of the problem). Then we can look for the cause of our new problem and continue this process:
Q: Why did we buy used machines? A: To produce semi-products. Q: Why do we want to produce semi-
products? A: To build them into products at the end of the production process. Possible solution might
be as follows: co-operators can produce semi-products; we can lease or sell the machinery.

Almost two decades ago, Kirkwood (1998) concluded that it is difficult to determine what to do to
improve performance. The answer of the authors of this paper is that participants must orient their
guestions and answers towards seeking the solution; together with finding the very core of the problem,
they can also find the solution of the problem. However, we agree that the why and the five whys
techniques work well for solving simple problems. When we want to solve complex problems, systems
approach should be adopted by focusing on the internal system structure and patterns of behavior.
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MCDM METHODS COMPLEMENTARY TO SD

SD models are frequently developed and used to represent, analyze and explain the dynamics of complex
systems. The dynamics of behavior of a system is defined by its structure and the interactions of its
parts. The main goal of SD is to understand how this behavior is produced, and use this understanding
to predict the consequences over time of policy changes on the system. Almost four decades ago,
Gardiner and Ford (1980, p. 242) pointed out “the emphasis and focus (of SD models, explanation of
the authors of this paper) is on developing models that show consequences, not on formally evaluating
these consequences.” Formal evaluation of the consequences showed by SD models can be supported
by MCDM. It has been widely recognized that MCDM methods can help decision makers learn about
the problems they face, and consequently make better-informed and justifiable choices. Santos et al.
(2001) concluded that SD and MCDM can play a major role in detailed analysis of the structure of the
problem under study and the consideration of trade-offs (to understand the causes of poor performance
and determine the proper action plan for performance improvement).

Araz (2013, p. 319) pointed out that “sole use of simulation models falls short in terms of incorporating
policy decision makers' preferences into decision-making processes.” Araz (2013) developed a
framework for public health preparedness exercise design that simulates disease spread with selected
intervention strategies. The framework integrates an AHP model for MCDM with a simulation model
to evaluate policy decision options based on criteria determined by decision makers. SD was used to
model different policy interventions. MCDM was used to express preferences to alternatives
(interventions strategies, policies) and judgments on criteria’s importance.

Santos et al. (2001) argue that the integration between SD and multiple criteria analysis can address
some issues which require further study if measurement systems are to be supporting the decision
making process, and contribute to improve organizational performance. These issues are the
identification of key performance factors (or performance drivers), a better understanding of the
interrelationships and the consideration of trade-offs between performance measured, the dynamism of
organizations and the dynamism of measurement systems. The integration of SD and MCDM can bring
new insights to inform and support performance measurement and management. (Santos et al., 2001)

Pruyt (2006) looked at the combination of SD, multiple criteria decision analysis (MCDA) and ethics to
support strategy selection in case of dynamically complex multi-dimensional societal issues, with
special attention paid to the capacity of the multi-methodology. It was suggested that SD could be used
to simulate the multi-dimensional behavior, and MCDA could then be used to describe, evaluate and
choose between the strategies simulated with the SD models.

To summarize, MCDM can be used to evaluate policy decision options obtained by SD. We propose the
use of the frame procedure of MCDM for the group of methods based on assigning weights (Cancer,
2012): problem definition and structuring, measuring local alternatives’ values (by using value functions
and pairwise comparisons), criteria weighting (by using the methods based on ordinal, interval and ratio
scale), synthesis, ranking and sensitivity analysis.

EXAMPLE CASE OF THE MUTUAL USE OF CPS, SD AND
MCDM

The nine pillars of technological advancement within Industry 4.0 (Big Data and Analytics, Autonomous
Robots, Simulation, Horizontal and Vertical System Integration, Internet of Things, Cybersecurity,
Cloud, Additive Manufacturing) on growing markets require highly educated employees. We briefly
illustrated the use of the W technique to get the description of the problem:

e Q: What is the role of firms dealing with the pillars of Industry 4.0?

e A: They are believed to be the drivers of the new industrial revolution; they are expected to
increase productivity, shift economics, foster industrial growth, and modify the profile of the
workforce. (RiiBmann et al., 2015)

e Q: Who is the main resource in these firms?
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e A: Highly qualified employees.

e Q: Who are highly qualified employees that do the work for these firms?

o A:Firms employ expert professionals; if there are not enough experts, they can employ trainees.

e Q: Which are the most important variables that influence employee satisfaction?

o A: Workload (number of projects/employee) and salary.

e Q: What is one of the main reasons for decreased productivity of the current employees and thus
for employing new staff?

e A: Stress of the current employees.

e Q: How does stress effect the quality of work?

e A ltdecreasesit.

o .

e Q: What else should be taken into consideration when developing this model?

e A: Demand and business success.

e Q: To summarize, which sectors should therefore be taken into consideration for managing

highly qualified employees?
e A: Employee lifecycle, employee satisfaction, quality of service, demand and business success.

The W technique was therefore used to facilitate structuring the problem with cognitive map which was
supportive of SD modelling.

The use of the why technigue has been illustrated for finding the events — problems and events — causes
in the employee satisfaction sector when drawing the causal diagram.

Problem: The quality of services is decreasing.

Q: Why is the quality of services decreasing?
A: Because of many mistakes.

Q: Why are so many mistakes?

A: Because of employee burnout.

Q: Why are employees suffering from burnout?
A: Because they are under stress.

Q: Why are employees under stress?

A: Because of the increased number of projects.
Q: Why do they have to work on more project?
A: Because the owner did not hire new trainees.

The causal diagrams were transformed in stock and flow diagrams for the following sectors: employee
lifecycle, employee satisfaction, quality of service, demand and business success. The SD model has
already been developed for identifying efficient human resource management (HRM) policies. We made
two simulations: for the one-year period and for the five-year period.

MCDM has been employed to evaluate HRM policies: normal working conditions, stressful working
conditions with an average salary, and stressful working conditions with a high salary. The criteria for
evaluating these policies are employee satisfaction, quality of service and profit. We followed the frame
procedure for MCDM (Canéer, 2012). The goal (selection of the most appropriate HRM policy when
managing highly qualified employees), the criteria and the alternatives (the above mentioned HRM
policies) were structured in problem hierarchy. The weights of criteria were determined by using the
SWING method that is based on an interval scale. The data for entering MCDM process were obtained
by SD model by using the SD results of the simulation for the one-year and for the five-year period.
With respect to profit, the HRM policies were measured by increasing linear value function. The results
in Table 1 show that with respect to profit, the ‘stressful working conditions with an average salary’
achieved the highest value and the ‘normal working conditions’ policy achieved the lowest value in the
one-year period. The results with respect to profit for the five-year period, however, show that the
‘normal working conditions’ policy is the most appropriate policy and the ‘stressful working conditions
with an average salary’ is the least appropriate policy (Table 1). With respect to employee satisfaction
and quality of service, the HRM policies were measured by pairwise comparisons. The SD results
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showed that major changes in employee satisfaction occurred in the period from six to nine months of
the first year. For this reason, the values of the HRM policies with respect to employee satisfaction after
the one-year period are equal to the ones after the five-year period (Table 1). With respect to quality of
service, the values of the ‘normal working conditions’ policy and the ‘stressful working conditions with
a high salary’ are slightly higher for the five-year period than for the one-year period (Table 1). With
respect to multiple criteria, the ‘stressful working conditions with an average salary’ policy achieved the
highest aggregate value in the one-year period, and the ‘normal working conditions’ policy achieved the
highest value in the five-year period (Table 1).

. Value with Value with
Value with
respect to respect to Aggregate
respect to : Rank
_ rofit enjployge quallt_y of value
HRM policy P satisfaction service
One Five One Five One Five One Five One Five
year | years | year | years | year | years | year | years | year | years
Normal 0 1 0.648 | 0.648 | 0.588 | 0.626 | 0.397 | 0.761 2. 1.
working
conditions
Stressful 1 0 0.122 | 0.122 | 0.118 | 0.072 | 0.426 | 0.058 1. 3.
working
conditions
with an
average salary
Stressful 0.603 | 0.624 | 0.230 | 0.230 | 0.294 | 0.301 | 0.388 | 0.398 3. 2.
working
conditions
with a high
salary

Table 1 — The HRM policies* values obtained by MCDM (own calculations)

The gradient sensitivity analysis has been performed to analyze the effects of changes in criteria’s
weights on alternatives’ ranking. The results showed that ranking of alternatives is very sensitive to
changes in criteria’s weights in the one-year period, but it is not sensitive in the five-year period. The
MCDM model results confirmed that — with respect to multiple criteria — normal conditions policy is
the best policy in management of highly qualified human resources in the long run.

CONCLUSIONS

The case presented in this paper represents an approach to face with risks to humanity's future welfare,
including ones that could be created by emerging technologies, e.g. loss of creativity, stress, overloading,
and unemployment.

This paper shows that the CPS based on questions can be used in structuring complex SD problems with
mapping methods. Moreover, different methods of CPS can complement each other (e.g., the W
technique can facilitate drawing cognitive maps). Among the CPS methods based on questions, the why
and the five whys techniques are appropriate to facilitate the event approach to problem solving, and the
W technique can facilitate the systems approach. SD models can help decision makers in enhancing
understanding of system behavior over time, and MCDM enables explicit evaluation of this behavior.

Since the six-question technique is a structured method that examines a problem from multiple
viewpoints (Cook, 1998), the authors of this paper consider it as further research possibility to facilitate
problem structuring by mapping methods.
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ABSTRACT

At the beginning of the 21st century, great social-economic changes took place in the context of
industrial revolution. The changes will have an influence not only on production but they will impact
also into all areas of human lives. The main trigger is starting the fourth industrial revolution which
brings decentralized production management system, penetration of information technologies into the
production and higher satisfaction of customer needs. According to the customer demands, the
individual mass production will replace bulk mass production. Planning and production will be
supported by robotic units with distributed control system. This is a production model diametrically
different from the current one. It represents the transition from centralized to decentralized
management, where the individual production robots organize and align themselves according to the
requirements given by the product prototype. The product prototype will exist in abstract (digital)
version and its features will be defined by a customer. The aim of the fourth industrial revolution is
production optimization leading to economic savings, higher satisfaction of people and healthier
environment. This will result in essential changes in production and society. Higher demands will be
required regarding the knowledge of people, different ways of thinking, knowledge related to
information technologies etc. To prepare people for this transformation, the change of study courses,
broadband education comprising knowledge from different areas, changes in thinking patterns related
to different judgment factors influencing addressed problems must be applied.

KEY WORDS

The fourth industrial revolution, Industry 4.0, systems thinking, critical thinking

INTRODUCTION

The beginning of the 21st century has been marked by starting robotization, information technologies,
transmission networks, Internet and many other aspects. The most significant change influencing human
development is the change in the production process. The fourth industrial revolution (Industry 4.0) is
represented by the transition from mass production to individualized mass production. Individualized
production is dependent on the development of a digital pattern of the future real product which serves
as itsimage. The digital image is built according to customer's vision and communicated to the
production through the internet. The digital image carries all details necessary for the production.
According to the digital image, the production machines realize the production. In this concept, the
production machines represent complex robotic units with proper level of intelligence and ability to
communicate with their environment. The control of the machines is decentralized, the production
system does not have any control center. The production is completed in accordance with requirements
given by the digital image of the future product. The machine-product communication stays on supply
and demand basis The product (at the beginning as a semi-finished product) sends a request to machines
connected to the network to do a certain task (e.g. to drill the hole). Only one or few machines from the
group of machines are able to do this. The product selects the machine according to certain criteria
(generally auction principle). Afterwards, the next step is to proceed to the selected machine. This is the
way how the product is accomplished and sent to the customer.
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The fourth industrial revolution resembles agents technologies. Agents technologies assume that agents
(production units) communicate with the aim to fulfill the requirement for production which is defined
by the pattern object. Agents mutually exchange information about their production options and probe
to satisfy the requirements. Huge demands are imposed on the agents interface, data transmission
systems and processing enormous amount of data. Here it is possible that the data have distributed
character and information is processed by individual agents. The agent capable to fulfill the requirements
communicates this information to its environment or on contrary informs its environment about the not
being able to satisfy the requirements. Other agents provide their knowledge to resolve the situation
occurred.

Industry 4.0 enables to individualize the production with preserving the character of mass volume
production.

HISTORICAL OVERVIEW ON THE DEVELOPMENT OF THE
INDUSTRY

Nowadays changes occur much faster than in the past. Some activities that in the past took one day are
nowadays done in one hour and tomorrow they will be accomplished in few minutes. This era is
symbolized with the boom of digital technologies. We are embraced by digitalization: WIFI, e-mail, the
internet, social networks, smart phones, smart TVs, smart home appliances. In ordinary life we have
moved from the bookstore to e-books, from yellow pages to the e-shops. Industry 4.0, also known as the
digital industrial revolution has been becoming the nowadays phenomenon. The concept has appeared
just recently and is expected to expand. Therefore we must get used to handle with frequently. It is based
on the fact that people, machines, devices and products can mutually communicate and cooperate. The
industry has existed for thousands of years since the construction of the first towns. But it was the first
industrial revolution that shaped the industry into the form known nowadays. The first industrial
revolution (1760-1840) was started by the invention of the steam machine and machines powered by
water and steam. They transformed the manual work into the machine work. Factories were built and
manpower moved from agriculture to production. The first significant rise in standard of living happened
in the history. Other inventions like steam engine, electricity, combustion engine and airplane
accelerated life and shortened the distance. The second industrial revolution started at the beginning of
the 20th century and was identified by usage of electricity for introduction of mass, line production that
significantly increased work productivity. It was a period of personalities like Henry Ford or Bata
brothers, who succeeded to get the production into incomprehensible quantities at that time. The third
industrial revolution appeared in the second half of the last century when the production started to
become automated and robotized. Computers began to be implemented in workplace and enabled faster
computing and measuring (Brettel, Malte, et al., 2014). Industrial production enters the breakthrough
point — after the era of steam, electricity and computers, another technological improvement in the form
of the fourth industrial revolution takes place. (Figure 1)

The term Industry 4.0 comprises varied definitions and features. This term indicates the way of usage
of information and communication technologies that promise in industrial factories changes comparable
with those mentioned above. The strategic line of Industry 4.0 originated in Germany as a reaction to
the decrease in industrial production after removal of production capacities to cheaper countries.
Because of the high price of manpower in the European industry and low work productivity, this
European industrial leader started gradually losing its positions in the competitive struggle with China
and other Asian countries. Leading German concerns like Siemens, Bosch, Schunk and Volkswagen
joined the initiative to be able to compete with the cheapest manpower. They have proved that tools of
Industry 4.0 will be more important for the increase in productivity in modern industry than the price of
manpower.
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Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0

1 2 3 4
Use of water and steam Use of electrical power to Use of electronics and  Use of cyber-physical systems to
power to run mechanical enable work-sharing mass IT to automate monitor, analyze, and automate
production facilities production production business

Figure 1 Development of industry

CONSEQUENCES OF INDUSTRY 4.0

Changes in production will be reflected in all areas of human life. (Marik, 2016). The change in work
organization will lead to changes in the society. New professions not known yet will appear. Regional
and university education will play a significant role in this process. Important contribution of the state
is expected in requalification. It is necessary to train new experts familiar with network and information
technologies, their connection to control centers of production systems and on the other side the
connection to customers, users. Industry 4.0 represents a new way of thinking comprising a wide
spectrum of knowledge which will enable to analyze occurred situations from higher perspective.
Particularly it is necessary to educate workers and customers in new principles of systems thinking.

As it has been already emphasized in the past the systems thinking does not appear spontaneously but it
requires learning. The aim is to prepare schools (primary, high and universities) for these changes.
However, it is not easy to implement new study programmes (or to expand the existing). It is necessary
to be open-minded and confident about this change, to understand the requirements of the future, to
overcome the ossified and accustomed thinking and substitute it with new principles.

From today's 10% of applied principles of Industry 4.0 this rate will grow to more than 60% in 5 to 10
years period. The implementation of the principles of Industry 4.0 into the study programmes is
inevitable immediately because the reaction time of the school system to the change of the graduates'
knowledge is at least 5 years. Industry 4.0 represents consistent decentralization of management.

It is necessary to educate people qualified in decision-making. Moreover they must be able to understand
how automated systems connected to computer networks operate and integrate the performance.
Education becomes the highest priority in Industry 4.0. Industry (and not only industry) must be
considered from the point of complex distributed systems that do not need to have a central element.
This will have an impact on economy and society. Human thinking must be prepared for this situation.
Unfortunately the education system seems to get behind in this area not only in technical but also in
social sciences, in the field of economics, philosophy, law etc.

LEGISLATIVE FRAMEWORK OF INDUSTRY 4.0

The application of the fourth industrial revolution is not spontaneous. A series of measures that support
and allow applying the fundamentals of trends in progress is inevitable. Industry 4.0 will be reflected
in all aspects of human activities. It will influence human life, make opinions and attitudes. Society
needs to be well prepared for future changes and therefore it is inevitable to have analytical documents
determining starting points for the near and distant future as well.

In the Czech Republic the team led by Prof. Dr. Vladimir Matik was in charge of preparing a document
characterizing starting points and aims of the fourth industrial revolution. This team has prepared the
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document "The Industry 4.0 Initiative" approved by the Czech Government. The document represents
233 pages material. In this material, the analysis of particular areas connected to the fourth industrial
revolution has been presented. Starting points, possibilities and sequence of solutions are defined
regarding possible risks in the process of realization.

In Slovakia, the document "Smart Industry" of 39 pages has been created by the young team of the
Ministry of Economy led by Zuzana Nehajova, General Director of the Directorate General for
Innovation and Business Environment (Bolozon, 2016). The document entitled "The concept of
Intelligent Industry for Slovakia" (Mehajova a kol., 2016) has been still in the comment process. Several
crucial comments have been raised. One of the comments connected to this paper claims that the
document is not in compliance with the document in the course of completion "The Long-term Plan of
Educational, Research and Development, and Additional Creative Activities for the Universities for
Years 2016-2020". For instance the definition of educational requirements has been limited as follows:
"The result should be the creation of more suitable, predictable and interdisciplinary schemes at all levels
of education. Aiming at solving the shortage of expertise in particular areas and adjusting the education
system to the present and future reality we need to highlight new, highly specialized skills as e-
leadership for IT, informatics, coding, digital skills, subjects STEM (science, technology, technique and
mathematics) on all levels. " (Mehajova a kol., 2016). The material is generally of declarative character
and requires to be improved in more detailed way.

CONCLUSION

The new upcoming industrial revolution is based on the usage of modern information technologies in
all areas of the industry. Stereotypical manual labor will be more often replaced by machines but on the
other side the demand for specialized professions focused on digital technologies will increase. New
jobs will be created mainly in the area of ICT programmers, experts of data analysis, and new
technologies like nanotechnology, robotics, and artificial intelligence. If only a half of the expectations
connected to Industry 4.0 come true, in the next five years the competitive environment will change
significantly. It will bring a lot of new jobs, opportunities and changes in many sectors. For companies
this will mean time saving, increase in effectivity and flexibility. The education and the lack of skilled
professionals may become the main obstacle. Already nowadays we complain about the shortage of
technical engineers, however, we will need them even more and even of completely different
professional profile. Future graduates should have interdisciplinary thinking and systems overview on
complex, distributed systems. It is inevitable to accept systematic measures for education support in
science and technical study branches. The persistent minimalization of education in mathematics and
physics is unreasonable. The Industry 4.0 must be incorporated into all education programmes at high
schools and universities. However the present reality is completely different. In spite of high number of
students graduated from universities, only a small percentage of them have studied mathematics, physics
or informatics. Therefore it is required to communicate constantly with young people. The reason is that
in the future 90% of all newly created jobs will require high knowledge in information technologies.
The newly accredited study programme at the Czech Technical University in Prague originated as
areaction to the current status of education for the needs of upcoming digital revolution and
interconnected technological changes should be considered as "the first milestone*.

If we are able to manage this process quickly, the fourth industrial revolution will become prospective
for the future. Otherwise, not only young skilled people but also companies will in few years sit into
pilotless airplane and move to the place where they were able to react to new technological challenges
and opportunities.
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ABSTRACT

Due to numerous specifics in company business operations, it is difficult to conduct the procedure of
business valuation by using a single method within the existing valuation approach. In particular, this
problem is evident in complex industries such as oil and gas industry, in which there is a need for
a different approach to business valuation. Such an approach, apart from the application of expert
opinions, requires the use of modern tools such as neural networks, which have proved to be particularly
effective especially in the analysis and classification of data. This paper presents the use of neural
networks in the classification of financial parameters that affect the value of the company in the oil and
gas industry, to support the decision-making process in the business valuation.

KEY WORDS

business valuation, classification of financial parameters, application of neural networks

INTRODUCTION

Due to the complexity of operations in oil and gas industry enterprises, related to the specifics of the
production process, production equipment and business operations (Raymond, Leffer, 2006), which
result in accounting specifics (Wright, Gallun, 2008) and financial specifics (Johnston, Johnston, 2006),
business valuation by using of one of the methods within the conventional approach (asset approach,
income approach or market approach) is almost impossible, and usually requires a combination of
several methods from different approaches (Brle¢i¢ Valci¢ et al., 2013).

Besides that, the complexity of the industry requires the analysis of indicators affecting the company's
business and value creation, which is reflected in the quantification, identification and assessment of
both the external (environmental) and internal (company) factors. The computational intelligence has
been recognized as an effective tool and support for decision-making in the business valuation,,
primarily because of its proven effectiveness in identifying the factors that affect the revenue
management (Tsai, Chiou, 2009), examining the financial and economic variables that affect the returns
on shares (Thawornwong, Enke, 2004), an intelligent collection and classification of data useful for
business valuation (Seng Lai, 2010), the assessment of client suitability and rating (Sarlija et al., 2006),
as well as risk analysis and investment management (Burrell, Folarin, 1997) .

By comparing the various quantitative and qualitative factors, individually and in groups, it can be
determined to what extent and by what criteria they affect the creation and accumulation of business
value. Therefore, the neuro-deterministic phase of the modern approach to business valuation (Brle¢i¢
Valci¢ et al., 2013), which is used for the classification of financial parameters that affect the business
value, is a must in the modern approach to the business valuation of oil and gas industry companies.
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PROBLEM FORMULATION

Neuro-deterministic phase consists of (Brleci¢ Valci¢, et al., 2013):

quantification of the financial parameters with regard to the weighted average business value,
analysis of the interdependence of all the selected parameters, as well as an analysis of their
impact on the company value, and

selection of all relevant factors for contemporary approach to assessing the value of the
company.

Weighted average business value implies the combination of all three valuation approaches (asset
approach, income approach and market approach). Therefore, the research was conducted within the
target group of selected experts from the oil and gas industry and the field of business valuation, with
the purpose of quantification of each valuation approach for each individual sector of the industry, i.e.
Exploration and Production (E&P), Transportation and Storage (T&S), Refining and Marketing (R&M),
Oil Field Services (OFS) and Integrated Majors (IM).

Based on expert opinions, individual approaches to business valuation were weighted and an indicator
was created that serves as the basis to test the interdependence of parameters and models for the oil and
gas industry valuation by a modern approach.

In order to examine the influence of selected financial parameters to the company value, based on expert
opinion, the weighted average business value was defined according to the following formula:

BV, =a,BV, ,, +:Bz‘BVi,1A + 7BV, va s

whereby %, b, and 77 are the influences (percentage expressed) in individual sectors of oil and gas
industry for the asset approach (AA), income approach (IA) and market approach (MA), respectively,
given that:

ie{IM, E&P, R& M, OFS, T&S}.

If we consider only one sector of the industry, the formula can be simplified:
BV=aBV,,+pBBV,+yBV,,,

whereby BV is the value of the company calculated by the asset approach, BVia is the value of the

company obtained by the income approach, while BV is the value of the company estimated by the

market approach.

For the purpose of this paper, the value obtained by the asset approach is based on a combination of the
asset approach according to the book value of capital and the capitalization of earnings approach. It is
calculated according to the formula:

assets —liability) + (normalized earnings /WACC)
2

BV, =

whereby the normalized earnings is obtained with a ten-year average net profit.
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The value BV, obtained by the income approach is determined by the DCF method, while the value

BV,,, (the market approach) is obtained according to the market value of issued shares, since the

observed companies are traded companies. Data for evaluation was mostly collected from (Damodaran,
2013) and (Bloomberg Businessweek, 2013).

The impact of selected financial parameters on the business value of the companies in the oil and gas
industry has been tested by using artificial neural networks. The observed 35 parameters are listed in
Table 1.

The ranking of individual parameters (1 - 35) in Table 1, with regard to their impact on the weighted
average business value BV, was made on the basis of the results obtained by feedforward neural
networks (FFBPNN), generalized regression neural networks (GRNN) and simple linear regression
(LR). For the evaluation of the performance of individual models, the determination coefficient has been
used (Brleci¢ Valcic, 2014).

Simple linear regression was used to make the results obtained by neural networks comparable to a
conventional statistical method, but also to identify the nonlinearity measure in the dependence between
the weighted average business value BV and selected 35 parameters separately.

The observed parameters in Table 1 were divided into two groups. The first group (parameters 1 to 19,
and parameter 36) consists of classic financial indicators expressed in the cash value (USD). The second
group (parameters 20 to 37) consists of financial ratios (with the exception of 37), widely used in
financial analyses.

In addition to standard financial ratios, the index of business excellence BEX has been observed, defined
in (Belak, 2014), as an overall indicator, and its individual components ex1, ex2, ex3 and ex4.

Table 1. Selected financial parameters for analysis with regard to the company value

No. Parameter
L Total assets
2. Total liabilities
3. Current assets
4. Cash and cash equivalents
>. Current liabilities
6. Book value of equity
7. Amortization
8. Working capital
9. Changes in non-cash working capital
10. Net Cap Ex
11. Net profit
12. Total revenue
13. | EBIT
14. EBIT x(1—-t)
15. | EBITDA
16. | FCFF
17. Invested capital
18. Dividends
19. Share price (31 December 2012)
20. Country Marginal tax rate
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21. Current ratio

22. Total assets over total revenue ratio

23. Total revenue over non-current assets ratio
24. Total revenues over short-term assets ratio
25. Total revenues over capital ratio

26. ROA

27. ROE

28. Net profit margin

29. | EV/EBIT

30. exi

31. exa

32. exs

33. exa

34. BEX

35. Cash / Firm Value

36. Business value
Source: Brle¢i¢ Valéi¢, 2014

During the training of feedforward neural networks, the weights of the hidden and output layers are
selected randomly, which means that every time they have different values. That is the reason why the
response of two feedforward neural networks trained on the same learning set is different each time. In
order to obtain a more reliable result of success with regard to the real possibilities of the networks that
are trained, the usual practice of machine learning requires the retrial of feedforward neural networks
training 50 to 60 times. It is recommended that the results of success are based on the averages of
selected indicators.

For this reason training was repeated 50 times in the application of feedforward neural networks, for
each pair of input-output variables. After that, the ranking of parameters was conducted separately

according to the average determination coefficient R? for all 50 models created, particularly according
to the highest achieved coefficient of determination R2_ corresponding to the most successful model.
This whole process was repeated in two cases, for 10 or 20 neurons in the hidden layer.

During training phase, hyperbolic tangent sigmoid (tansig) transfer function was used in the hidden layer

and linear (purelin) transfer function was used in the output layer. The networks were trained using the
Levenberg-Marquardt learning algorithm.

As mentioned above, due to the random selection during the initialization of weight coefficients, the
response of all 3500 trained feedforward neural networks (50 neural networks for each of the 35 input
parameters for 10 and 20 neurons in the hidden layer) is somewhat is different. Therefore, the average

determination coefficient R? is certainly somewhat more representative compared to the assessment of
the most successful models selected according to the maximum determination coefficient R2_ .

ANALYSIS AND DISCUSSION OF RESULTS

The results obtained by processing the expert opinions, shown in Table 2, show the greatest impact of
the asset approach to the valuation, but also a different dispersion of individual approaches per sectors.
The asset approach has the greatest impact on the Exploration and Production sector (E&P), and the
lowest on the Oil Fields Services (OFS) sector. The income approach has the greatest percentage of
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impact recorded in the OFS sector, and lowest in the E&P sector. The impact of the market approach is
greatest in the OFS sector, and lowest in the E&P sector.

Table 2. Impact of individual approaches to valuation (by industry sectors)

Valuation Influence by oil and gas industry sectors

approach M E&P R&M OFs T&S
Asset 29.00 % 35.76 % 22.70 % 18.21 % 27.64 %
Income 37.39% 34.83 % 43.26 % 48.02 % 41.38%
Market 33.61% 29.41% 34.04 % 33.77 % 30.98 %

Source: Brle¢i¢ Valci¢, 2014

The ranking of individual parameters with regard to their impact on BV was obtained by applying a
feedforward neural network according to the average and maximum determination coefficient,
separately for 10 and 20 neurons in the hidden layer, as shown in Table 3.

Table 3: Ranking of individual parameters with regard to their influence on business value BV

FFBPNN - 10 neurons FFBPNN - 20 neurons Linear
GRNN .
in the hidden layer in the hidden layer regression

# R # R |# R # R |# R # R

6 0.9851 15 0.9898 15 0.9879 1 0.9903 1 1.0000 1 0.93