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Abstract

MELNYK OLGA, SROKA WEODZIMIERZ, ADAMIV MARTA, SHPAK YURII. 2017. Information
Diagnostic Support of Enterprise Under the Conditions of Uncertainty. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 65(4): 1403-1414.

The dynamics and uncertainty of business environment greatly complicate the decision-making
processesforthe company’s executivesand managers. That’s especiallyimportantif they donot possess
high-quality and reliable information database on the state of internal and external environment.
Thus, the purpose of this paperisthe development of specialized probability diagnostic techniques for
enterprise operating underthe conditions of uncertainty. Two basic research methods were used in our
research. Firstly, the study was conducted on the basis of review and analysis of specialized literature
in the field of information diagnostic support of enterprises under the conditions of uncertainty. This
allowed us to propose our own solution in this regard. Secondly, the developed diagnostic method
was tested on one of the Ukrainian enterprises. The obtained results enabled us to determine the most
probable threat to the functioning of the entity. We also conducted the quantitative assessment of its
possible impact on the performance of the company. Therefore, suggested diagnostic techniques aim
atforming the grounded information basisabout different potential changes of business environment,
as well as the enough time reserve, and can be recommended for the company’s managers during
the decision-making process under the conditions of uncertainty.

Keywords: diagnostics, uncertainty, functioning environment, information, weak signals,
opportunities, threats.

INTRODUCTION

The current environment of many businesses is
characterized by high dynamism, uncertainty and
unpredictability of conditions, which leads to an
acute shortage of information and time resources
for executives and managers of such businesses.
In such conditions, management of the enterprise
has to make managerial decisions under high time
pressure, often based on incomplete, inaccurate
and unverified information data. It accordingly
reduces the effectiveness of management decisions
on the use of opportunities or avoiding threats for
operating conditions of business structure.

In the context of the abovementioned problem,
the theory of events of the functioning environment,

based on weak and strong signals, has proven to
be of practical value. According to this theory, any
potential event is characterized by a certain period
of development from weak to strong signals, that
indicate the occurence of the relevant phenomena.
Weak signals are the very first, early, initial signs
of a certain phenomenon that contain vague,
incomplete and not very reliable information on
the phenomenon, but represent a significant time
lag between their occurence and onset and impact of
the phenomenon on the company. During a certain
period such signals develop, modify, acquire
information completeness and turn into strong
signals. As a rule, strong signals already contain
clear, obvious information data about a certain
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event and are characterized by only a small time
period between the points of identifying the signal
and occurrence of the phenomenon or event.

The value of identifying, analyzing and evaluating
the potential effects of weak signals is that with
the implementation of diagnostic procedures for
directors and managers of companies they get
a reliable information base and enough time for
amindful and informed decision-making regarding
the effective use of opportunities and eliminating
threats to the environment of operation. This, in
turn, enables businesses to gain new competitive
advantages, improve efficiency of operation, avoid
exposure to hazards, ensure stable and progressive
development, and so on. After all, as the current
practice of successful players of the world market
show, to maintain effective competition and achieve
high performance in today’s highly dynamic and
unpredictable functioning environment, it is far
not enough to be able to just adapt to changes in
operating conditions, there is a need in anticipation
of potential effects on the basis of diagnosis of weak
signals and effective decision-making.

The diagnosis of weak signals of business
environment represents the growing interest
among the scientific community. The paper of
Baklan et al. (2011) disclosed a concrete method of
identification and evaluation of weak signals of
business environment. It includes the classification,
quantative evaluation and identification of
dominant influence factors on the enterprise
activity, as well as the calculation of the generalized
integrated indicator that represents the influence
of all factors. Such indicator covers the evaluation
of factors’ influence in different operating areas
of enterprise: economic, socio-cultural, political,
productive, technological, market, competitive,
international ones. The generalized integrated
indicator also considers the interaction and
interdependence between all factors of influence on
the enterprise activity.

The significant contribution in the research
of the field of information diagnosis support of
enterprises under the conditions of uncertainty
was made in the work of Lysenko et al. (2009). In
this paper there is a list of concrete specialized
qualitive and quantitive methods for identification
and evaluation of weak signals of potential events.
In particular, according to authors the mathematical
instruments give an opportunity to detect the weak
signals on the basis of research of development
history of company’s indicators and include
the quantative forecasting methods. The quantative
models and methods are aimed at the establishment
of behavior patterns, formal confirmation or
refutation of hypotheses, reflecting the weak signals
in the form of numerical arrays with the possibility
of their further processing. These instruments
include: discriminant and factor analysis, correlation
and regression analysis, cluster analysis, taxonomy
methods, neural network, cards of Kohonen, etc.
Simultaneously, the qualitive expert methods

are useful for monitoring and detection of weak
signals of non-standard events and processes. Such
instruments include: brainstorming techniques,
aimed at generation of new ideas; methods of
scenarios, reflecting a logical sequence of events or
alternative solutions to problems; methods of expert
assessments. It should be noted that in the works
(Lysenko, Rudenskyi, Yehorova, et al, 2009;
Rudenskyi, 2009) there is developed a specialized
mechanism of identification of weak signals of
potential events that includes the combination and
implementation of expert methods, instruments of
neural networks and fuzzy logics.

In turn, Ashley and Morrison (1997) proposc
a diagnostic management model for making better
decisions that is grounded on the identification of
weak signals of business environment in the context
of ancitiation of potential changes. Such model
includes scanning, monitoring and forecasting of
weak signals to the concrete events, challenging
assumptions, conducting issue vulnerability audits,
writing scenarios, prioritizing issues, evaluating
performance.

Voloshyna (2010) proposes specific techniques
of identification of weak signals of operating
environment, but they are -characterized by
cybernetic approach to the detecting and processing
of weak signals, that is too complicated to use
on different enterprises and requires the special
resource support.

In addition to the above mentioned theoretical
sources there is also a list of scientific papers
(Ansoff, 1988; Ansoff, 2007; Harper, Glew, 2008;
Hiltunen, 2008; Hiltunen, 2007; Rebernik, 2000;
Kuokkanen, 2009; Potocan, 2002; Richter, 1996;
and others) that disclose some particular aspects of
information diagnosis support of enterprises under
the conditions of uncertainty, but don't reflect
the complete grounded mechanism, model or
method in research field.

So, Ansoff is a founder of the theory of
management on the basis of weak signals. In
the works (Ansoff, 1988; Ansoff, 2007) there is
descrided an idea of development of the potential
event in operating environment from its weak
to strong signals. According to this conception
the author distinguishes management on the basis
of weak signals that is aimed at early preparation
of organization to potential changes of business
environment through the identification and
interpretation of their weak signals.

Harper and Glew (2008) reveal only the role
of identification of weak signals of business
environment in the context of protection of
enterprise from possible hazards or reducing their
impact, as well as increasing of its competitiveness
through the better using of opportunities of
operating conditions.

In the papers (Hiltunen, 2007; Hiltunen, 2008)
there are presented the results of specialized
research of information sources of weak signals in
operating environment. According to given research



Information Diagnostic Support of Enterprise Under the Conditions of Uncertainty

1405

results the basic sources of weak signals are research
scientists, specialists of planning and prediction,
educational and scientific journals, reports of
research institutions. To our minds, this list is not
complete and must be supplemented by sources
from other areas.

Kuokkanen (2009) considers the need of scanning
of weak signals of operating environment for
supporting of anticipatory decision-making at
enterprises in changing environment. But in
the paper (Kuokkanen, 2009) the key attention
is directed at the decision-making process, not
at the mechanism of scanning of weak signals of
business environment.

Other works (Rebernik, 2000; Potocan, 2002;
Richter, 1996) describe only the role of diagnosis
of weak signals of operating environment in
the context of supporting of decision-making at
enterprises under the conditions of uncertainty, but
don’t represent the concrete practical techniques in
this field.

Given these facts, the purpose of this paper
is the development of specialized probability
diagnostic techniques for enterprise operating
under the conditions of uncertainty. Two basic
research methods were used in our research.
The study was conducted on the basis of review
and analysis of specialized literature in the field
of information diagnostic support of enterprises
under the conditions of uncertainty, as well as on
the results of testing of the developed diagnostic
method on one of the Ukrainian enterprises.

MATERIALS AND METHODS

The study was conducted on the basis of review
and analysis of specialized literature in the field
of information diagnosis support of enterprises
under the conditions of uncertainty. We also
reviewed the findings of one particular research
of functioning environment, conducted by
a Ukrainian company PJSC ‘Bulat’ in terms of
identifying weak signals of potential effects of its
activities, expert evaluation and simulation of
weak signals of potential phenomena in ‘Bulat’
operation sphere. To get the results we used
the following methods: theoretical generalizations
and comparisons - for isolation, grouping
and matching existing theoretical and applied
materials in the study area; expert assessment
and identification - to determine the weak signals
in the environment of the enterprise; causal
analysis - to build the tree model of events for
weak signals in the environment of the enterprise;
simulation, including the Monte Carlo method - for
probabilistic assessment of the impact, caused
by the opportunities and threats, identified by
the weak signals, on the resulting performance of
the company.

Next research was carried out in stages according
to the developed logically consistent methods of
diagnostics of enterprises under the conditions

of uncertainty. First, during January-June 2016,
we carried out environment monitoring in
the organization which was selected for research
purposes — Ukrainian engineering company PJSC
‘Bulat’. Our aim was to identify weak signals which
may be indicators of some potential effects that
may reflect on the activity of investigated entity.
Selection and attribution the signals to weak or
strong category were done on the basis of an expert
assessment of their strength. It was followed by
a quantitative analysis of the signal power parameter
by determining the entropy of each of them.
The results of qualitative and quantitative study
of identified power levels of potential effects in
functioning of PJSC ‘Bulat’ allowed us to rate them
in accordance with the following principle: the
highest entropy signal indicates its weakness and
accordingly makes it the highest rating position
among other signals.

Later, with the help of expert evaluation, we
formed the tree of events for each priority weak
signal within the operating environment of PJSC
‘Bulat’, reflecting the logically-consistent path
of transformation of a weak signal to a certain
phenomena. We also identified the probability of
relevant events at each stage of their development.
The output of this tree was identified by a specific
event (threat or opportunity) that was the most likely
to occur and may affect the activity of PJSC ‘Bulat’ as
a result of the corresponding weak signal. Later we
conducted a probabilistic exposure assessment of
identified opportunities or threats on the resulting
performance of PJSC ‘Bulat’ on the basis of
simulation modeling (Monte Carlo method), which
enabled us to model the interval of changes of
the resulting performance under the impact of
a certain phenomenon. The result of the diagnosis
of weak signal of a operating environment PJSC
‘Bulat’ allowed us to form a structured conclusion
that reflects the arrangement of specific potential
phenomena identified by their weak output signal,
the probability of their occurrence and displays
quantitative impact on the effectiveness of a certain
sphere of the entity.

RESULTS

Diagnosis of the enterprise functioning under
the conditions of uncertainty is based on target
detection of weak signals in operating environment,
their probability processing and ranked ordering,
selection of the most significant weak signals,
interpreting their further development to certain
conditions, opportunities or threats in operating
conditions and assessing the impact of the latter on
a certain type of company’s activity. The results of
this diagnostic form a reasonable quantitative and
qualitative information base for the development
and adoption of advanced management solutions
with the focus on identified opportunities and
threats for operating conditions.
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I: Theidentified characteristics of the signals of potential phenomena of operating environment classified by signal strength (Rudenskyi, 2009)

Signal stren
No Identified characteristics of the signal & - gth
(I)Weak  (2)Medium (3)Strong
1. Known possibility of potential changes in operating environment Yes Yes Yes
2 Ider}tlﬁed the source of the potential effects of the operating Yes Yes Yes
environment
3. Pehned specﬂ'.lc. charactepstlcs of potent.lal effects, trends of No Yes Yes
influence (positive, negative), spheres of influence
Known possible administrative decisions regarding the use of
4. S A - . No Yes Yes
possibilities or eliminating threats to operating conditions
Determined the influence of identified opportunities and threats to
5. N " " No No Yes
the organization in view of the possible reactions of management
For targeted diagnosis of the enterprise signals and their transition to medium and strong

functioning under the conditions of uncertainty,
we have developed a special diagnostic method,
a staged implementation sequence which we discuss
below.

Stage 1. Monitoring of operating environment
aimed at determining the signals, characterized by
incomplete and probabilistic semantic content, and
identifiying how they are linked to possible effects
which may occur.

As noted above, the weak signals of operating
environment - these are early, initial signs of
future changes in operating conditions that are
probabilistic basis to report the possibility and
potential sources of certain phenomena. In
modern working conditions of any enterprise,
even over small periods of time there may occur
a significant number of such weak signals that are
early indicators of possible changes in the internal
or external environment of the organization.
Obviously, quantitative and qualitative parameters
of weak signals depend on the size of the company,
the scale of its activities, industry sector, situational
features of internal and external environment
and so on. However, due to the fact that weak
signals are characterized by the ability to develop
and strengthen there are many signals of varying
strength in the operating environment of
the company. This is the fact that to some extent
complicates the distinction of weak and strong
signals that charcterise the origin of opportunities
and threats for the company. ITn order to facilitate
qualitative identification of weak signals we provide
the characteristics of the signals of varying strength
which report of potential effects on the environment
of operation in Tab. I.

According to Tab. T, all of the signals of potential
effects fell into three categories depending on
their strength: weak, medium and strong signals.
Weak signals contain information only about
the possibility of potential changes in operating
conditions and sources of their origin, and therefore
require further processing and interpretation
in order to form a complete vision of the future
situation. Thus, we mean that diagnostic specialsts
should interpret the further development of weak

signals, instead of waiting for their own organic
development, to anticipate the effects that will be
identified by the relevant weak signals.

Thus, on the first stage the process of
comprehensive monitoring of internal and external
environment of the enterprise is implemented,
with the purpose of qualitative detection and
identification of weak signals which may indicate
some potential events. The staff plays an important
role on this stage, since they use their intuitive and
logical reasoning to identify early signals, which
are characterized by incomplete and probabilistic
semantic content, and their impact on potential
changes in operating conditions of the enterprise.
Therefore, for successful implementation of the first
stage, it is advisable to involve workers with high
level of monitoring, identifying, prognostic skills,
with intuition and insight, those who have creative
approach to things and have experience in early
diagnostics etc. Tt also should be mentioned that in
functioning environment weak signals are usually
accompanied by information noise. Therefore,
at this stage it is advisable to implement the filter
for input information, based on the exclusion of
any false and erroneous information. Diagnostics
specialists should carefully analyze all incoming
signals, estimate their significance for the company
in terms of their semantic content and try eliminate
all information noise.

Stage 2. Evaluation of entropy of registered
signals as the defining parameter of signal strength;
signal identification priority, where signals with
the highest entropy are estimated as weak signals of
operating environment.

The results of monitoring of operating
environment aimed at determining weak signals of
potential effects, which were obtained phenomena
at the previous stage on the basis of expert opinions
and conclusions, can be characterized by a certain
level of subjectivity, inaccuracy, and therefore
require a quantitative study. For this purpose we
propose to estimate the level of information entropy
for each detected signal as a possible predictor of
certain changes in the enterprise.
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Nowadays the concept of “entropy” is used in
various disciplines as a measure of chaos, disorder
of the system consisting of many elements. First
time the concepts of entropy and information
were linked by an American engineer and
mathematician K. Shannon in 1948. Information
entropy or Shannon entropy describes the extent
of uncertainty, randomness and chaos, disorder of
information system and determines the amount
of useful information, which can be found in one
information source that generates statistically
independent events (Melnyk, 2005; Kudriashov,
20009).

The situation of maximum uncertainty
involves multiple equally probable alternatives
of a certain phenomenon or even. Thus, the more
equally probable options there are, the greater
the uncertainty, the more difficult it is to make
aclear choice and the greater amount of information
needs to be obtained. The minimum uncertainty is
zero, that is a situation of complete certainty, which
means that the choice is made and all necessary
information is received. In case if there are only two
alternatives with equal probabilities of occurrence of
certain events (p; = p» = 0.5), the information entropy
becomes maximum, indicating the complete
uncertainty. Whereas, zero entropy corresponds to
a situation where the likelihood of a phenomenon
or event is unity, and the other - zero (Kudriashov,
20009).

Due to the fact that there may be a lot of weak
signals in the environment of the enterprise,
the calculation of entropy values for each signal
should be simplified to calculation of probabilities
for two opposite alternatives of the course of
event identified by the relevant signal (p, p - 1).
Which means that we should view the potential
effect from the position of expert estimation
of its probability. Thus, on the second stage of
the proposed methodology, the experts based on
their own judgment, experience, characteristics of
weak signals and so on, determine the probability
of potential effects that may occur as a result of weak
signal registered.

Taking into consideration all the abovementioned,
the level of information entropy for independent
random events identified by weak signals, can be
calculated according to the formula (Kudriashov,
2009):

H, =—(P,(x)log, P, (x)+P (x)log, P, (x))

the level of information entropy
of the signal of potential effect in
the environment of the enterprise, bit;

X vveverene is a potential phenomenon or effect that may
occur as aresult of arelevant weak signal;

Po(x)...is the probability of non-occurence of
the potential effect of a relevant weak signal;
Pi(x)...is the probability of potential effect of

arelevant weak signal.

According to the identified information entropy of
weak signals, we rank them, based on the following
principle: the highest entropy signal indicates its
weakness thus makes it the highest rating position
among other signals. It should also be noted that
there is no specific criterion entropy values, which
would form the base for identifying weak signals as
signs of potential events. The criterion for classifying
asignal as medium or strong is logically suggested to
be a significant deviation of entropy from its highest
values downward.

Based on ranking, we choose several signals with
the highest rating, which indicates their weakness
and need for further processing. In addition,
the results of signals priority identification with
the highest levels of entropy as weak signals can be
supplemented by expert judgments concerning
the importance of weak signals in the future
of the enterprise. Particularly relevant is this
supplement in case of a large number of signals
with high entropy, that shows the effectiveness of
the results of the first stage. Then, as indicated above,
the selection of weak signals for further study is
carried out by expert methods based on estimation
of the significance of weak signals in the future of
the enterprise.

Stage 3. Construction of the tree of events for
each priority weak signal of potential effects in
the environment of the enterprise. Note that this
stage and all subsequent stages of the proposed
method should be consistently implemented for
each previously identified priority weak signal in
the operating environment of the enterprise.

3.1. Evaluation and study of a weak signal
as the initial indicator of potential effects in
the operating environment of the enterprise. On
the basis of the results of previous stages we choose
a specific weak signal, which is characterized by
the highest or one of the highest ranking positions
in the established rating for its level of entropy
and / or level of significance, and is identified as
the initial sign of probability of the potential effect.
At this stage, it is advisable to carefully examine
and describe the weak signal by features such as
the source of a weak signal; availability of analogues
of weak signals and ways of their development in
prior years of the enterprise, business competitors
and other companies and so on.

3.2. Formation and interpretation of probabilistic
trajectories of a weak signal to alternate strong signals
that notify of potential effects in the environment
of the enterprise, based on the establishment of
logical cause and effect relationships between
events. Application of causal connection allows
to form the logic of events (from a weak signal to
strong signals) through linking one event which is
the cause, and other event, which is the result and
therefore follows the first event. At this stage, based
on the characteristics of a weak signal, we should
be logical and reasonable and consistently consider
all alternatives of its development into strong
signals that indicate certain opportunities or threats
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1. Identification of weak signal as
a primary sign of the potential
event

11. Formation of probability trajectories of weak signal path to alternative strong signals
that inform about the appearance of opportunities or threats, on the basis of establishing the
"reason-consequence" relationships between events

111. Identification of all potential opportunities, threats and
conditions that may occur by the identified signals

— =

1.1.1. Competitor will seize a
small market share of PJSC
"Bulat"

A. The threat of a slight
decrease in market share
of PJSC "Bulat"

1.1. Competitor will
serve the market segment
that PJSC "Bulat" takes

1.1.2. Competitor will seize a
significant market share of
L PJSC "Bulat"

1. Main competitor Ltd

"Foundry-Mechanical
Plant Ispolin" plans to

1.2. Competitor will g

1.1.3. Competitor will fail in N
implementing the new activity

N / B. The threat of a

significant decrease in

market share of PJSC
"Bulat" or its loss

carry out an identical serve other market

activity for treatment

) segment that PJSC
and coating metals

"Bulat" doesn’t take

1.2.1. Competitor will not
seize a market share of PJSC
"Bulat"

S

1.3. Competitor will not
implement a new activity

@@

1.2.2. Competitor will seize a
small market share of PJSC
"Bulat"

share of PJSC "Bulat"

B. Keeping the market ‘J

Legend: [_] - weak signal of potential effects; C__> - probability of signal transition from one state to another;

(] - medium and strong signals of potential effects;
identified signals;

- -
of potential effects from one state to another.

- the most likely directions of transition of potential effects from one state to another;

I - opportunities, threats, and state of the enterprise that can occur on the

- - - other (less likely) directions of transition

1: Treeof events based on the registered weak signal “Main competitor Ltd “Foundry-Mechanical Plant Ispolin” plans to carry out an identical
activity for treatment and coating metals” in the operating environment of PJSC ‘Bulat’

in the environment of the enterprise. It should
be noted that strong signals should directly and
obviously indicate the specific potential events and
their characteristics (direction of influence, object
and sphere of influence, etc.). Each signal transition
from one state to another should fill the likelihood
of the underlying events that will allow pre-form an
idea of the least and most likely phenomena or effect
that can occur in the environment of the enterprise.
Since the probability is rather abstract and complex
notion in terms of quantitative calculation, it is
advisable to set its value in expert way.

3.3. Identification of all opportunities, threats and
states that may occur based on identified signals in
the environment of the enterprise. In accordance
with the strong signals, which clearly indicate
the occurrence of certain events, we identify
all opportunities, threats or future condition of
the enterprise. While constructing the tree of events
we should also take into consideration the fact
that one and the same weak signal in the course
of its development may indicate the potential
simultaneous positive effects and negative.

As a result of the research of operating
environment of PJSC ‘Bulat in terms of
determining the weak signals of potential effects on
the abovementioned stages, we formed the model of
the tree of events for registered weak signal “Main
competitor Ltd Foundry-Mechanical Plant Ispolin”
plans to carry outan identical activity with treatment
and coating metals” (Fig. 1).

Stage 4. Probabilistic exposure assessment of
opportunities and threats based on identification
of weak signals on the resulting performance of

the enterprise using the simulation modeling
method of Monte Carlo.

As far as it is quite difficult to determine
the specific impact of identified opportunities
and threats on the efficiency of the company in
quantitative terms, it is advisable to use economic
and mathematical methods of probabilistic
nature. The most appropriate solution in this case
is the method of statistical tests, or Monte Carlo
method. In modern conditions using Monte Carlo
method we solve a wide range of tasks, whose main
objective is to find the best solution to the problem
of a plurality of analyzed options. Monte Carlo is
a numerical method for solving problems through
simulation of random variables (Gmurman, 1999;
Sobol, 1968). Let us consider the use of Monte Carlo
method for evaluating the impact of identified
opportunities and threats based on weak signals.

From the standpoint of the theory of probability,
identified by a weak signal opportunity or threat
is a random event, ie an event which under given
conditions can either happen or not happen (in
this case, there is a probability (0 < p < 1) that it will
happen at the set conditions). Therefore, if you
choose a certain indicator, which reflects the impact
of potential developments on the performance
of the enterprise, its importance in this context
is a random variable, that is, the one which can
obtain certain values (from the set of its values)
with a certain level of probability (Gmurman, 1999;
Sobol, 1968).

In view of the above, the nature of Monte Carlo
method is the implementation of a large number
of trials of a random variable to determine the most
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likely options for its values. As far as it is difficult
to accurately estimate specific values of change
indicator of the company due to the influence of
certain phenomena with a weak signal, then using
the Monte Carlo method it can be replaced by
the interval of possible values. Further we model
different options of a random variable with set
boundary values, each time using a different set of
random probability values (Gmurman, 1999; Sobol,
1968).

4.1. Identification of objects of impact of
opportunities or threats identified by weak signals
to the enterprise and the selection of indicators
that can represent the impact of potential effects on
the efficiency of the selected object.

Inouropinion,atthis pointthe mostrepresentative
objects of impact of identified opportunities and
threats are functional activities of the company.
Each activity is characterized by a clear set of
indicators measuring both its status and properties
that provide an opportunity to assess the impact
of potential phenomena on the performance of
a certain type of activity and describe its trends. This
accordingly simplifies the process of finding and
selecting indicators that can represent the impact
of opportunities and threats on the effectiveness of
a particular type of business. Depending on the type
of economic activity, its mission, goals, objectives,
management features and other characteristics,
any company can carry out production activities,
scientific and technical preparation of production,
financial, economic, marketing, logistics, human
resources and foreign economic activity. In
addition, identifying specific activity as an object
of impact of potential events clearly indicates
the direction of anticipative measures, the members
of staff, responsible for the implementation of these
measures and others.

Turning to Fig. 1, in this case a priority threat to
PJSC ‘Bulat’ is a slight decrease in market share
of the enterprise and the object of its impact is
marketing activity. The volume of sales (V,) is chosen
as an indicator, which represents the impact of this
threat on the marketing activities of the company.

4.2. Set change intervals of chosen indicator due to
the impact of each potential phenomena identified
by the weak output signal.

Since, as mentioned above, is difficult to establish
the specific values of certain indicators as a random
variable and the corresponding probabilities,
so the random variable (indicator representing
the impact of potential events identified by weak
signals on the effectiveness of the company) is
continuous, possible values of which fill a a certain
range. Thus, at this stage, we should identify
a possible interval of its change due to the impact
of some potential events (threats or opportunities)
identified by the relevant weak signals. Performing
of this task should be based on consideration
of the impact of various factors, approximate
calculations, logical reasoning and so on.

Due to the impact of the threat A on the activity
of PJSC ‘Bulat’ (a slight decrease in market share of
the enterprise) by applying an expert method we
found that the range of variation in sales (AV,) equals
to 200,000 UAH - 300,000 UAH per month. State
“Keeping the market share of PJSC ‘Bulat’ ” does not
anticipate the substantial changes in the volume of
sales due to occurrence of a weak signal.

43. Selecting the type of probability distribution
of the random variable (chosen indicator or group
of indicators that represent the impact of potential
events indicated by the weak signal) and setting its
parameters.

As noted above, to determine the random variable
we must estimate all of the possible values and
corresponding probabilities. The law of distribution
of a random variable establishes the relationship
between the possible values of the random variable
and the corresponding probabilities. The main laws
of distribution of continuous random variables
are: uniform, normal, exponential distribution and
so on. The choice of a certain type of distribution
depends on the characteristics of the selected
indicator as a random variable. For example,
variables can have a uniform distribution, include
income from the future sales of a new product,
whereas the indicators that can be described by
a normal distribution, are inflation, energy prices
and so on. Each distribution is defined by certain
parameters, such as the mathematic expectation,
standard deviation, etc. (Gmurman, 1999; Sobol,
1968).

Typically, the Monte Carlo method, which
involves a large number of tests, often uses a normal
probability distribution of a random variable, which
is characterized by two parameters: the mathematic
expectation and standard (mean) deviation
of the normal distribution. Figure density of
the normal distribution curve is defined as normal
curve (Gaussian curve). It should be noted that in
case of large number of tests carried out during
the implementation of Monte Carlo method,
the arithmetic mean of observations is close to its
expected value (Gmurman, 1999; Sobol, 1968).

Inthe abovementioned case study of a functioning
environment of PJSC ‘Bulat’ we choose the normal
type of distribution, which is characterized by
parameters such as the expectation (or mean) and
standard deviation in the sample.

4.4. Simulation of possible values of the random
variable (chosen indicator, which represents
the impact of potential events identified by the weak
signal on the performance for a certain activity of
company).

First of all, we need to calculate the parameters that
determine the distribution of a random variable. For
normal distribution we estimate the mean value of
arandom variable and the sample standard deviation
(as output data we use the value from a set range of
random variable changes in relevant limits). Then
we need to determine the number of tests that must
be performed for optimal modeling of a random
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variable. Number of iterations to be made is quite
large and is dependent on a specified interval of
change of a random variable. Typically, the amount
of these tests is hundreds, thousands, tens of
thousands of iterations. Using the mathematical
function RAND in MS Excel we need to make
the probability distribution of a random variable.
This function generates uniformly distributed
within [0, 1] random numbers as the likelihood
of possible values of a random variable. Based
on these calculations we perform simulation of
probability values of certain indicators as random
variables using statistical function NORMINV
in MS Excel. This function returns the inverse
normal distribution for the specified mean value of
arandom variable and its standard deviation (Minko,
2004).

For the abovementioned case study of operating
environment of PJSC ‘Bulat’ we calculate
the parameters of normal distribution (Feshchur,
Barvinskyi, Kichor, et al., 2003):

o the average value of sales (7,) for the interval

[200,000-300,000], which is 250,000 UAH;

o standard deviation of sales for the sample (o), that

i 28,867.95 UAH.

For optimal simulation of random values (of sales)
we determine the number of tests that will be 1000
iterations. In MS Excel, using function RAND we
carry out the probability distribution of values
(Px,...,Pio0) occurrence of arandom variable (volume
of sales, V,) for 1000 tests. For example, below we
show first ten generated values of probability of
a random variable (volume of sales of PJSC ‘Bulat’)
(Tab. II). There after, using function NORMINV in
MS Excel we model the probabilistic values of sales
of PJSC ‘Bulat’ as aresult of a threat A and its impact
on the company. Below we present the first ten
simulated values of sales PJSC ‘Bulat’ (Tab. III).

In practice, the evaluation of error of Monte Carlo
method is done by calculation of the upper limit of
an allowable error ¢ and defined reliability y using
the formula:

P([X-d|<s)=7,

where:
X....is the average value of a random variable .X;
a ....is the expectation of a random variable X;

IL: Fragment of distribution of the potential value of sales of PJSC “Bulat” due to the impact of threat A (‘A slight decrease in market share”)

No of iteration

Generated probabilities of occurence of values of sales of PJSC ‘Bulat’

O 0 O VAW -

-
(=]

1000

0.820
0.033
0.348
0.282
0.649
0.461
0.300
0.073
0.298
0.820

0.197

I11: Fragment of simulation of probability values of sales of PJSC ‘Bulat’ due to the impact of threat A (‘A slight decrease in market share”)

No of iteration

Simulated probability values of sales of PJSC “Bulat”, V,, UAH

O 0 1 O v AW N -

)
(=]

1000

276,424.8
196,980.7
238,699.1
233,415.2
261,069.8
247,145.2
234,838.3
207,974.4
234,696.8
229,329.2

225,429.5
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J....is the upper limit of an allowable error of
the results of the trials of a random variable X;

7.....is reliability of an allowable error of the results
of the trials of a random variable X.

In case of normal distribution of arandom variable
with known standard deviation value ¢ the upper
limit of an error § with reliability y is calculated by
the formula (Gmurman, 1999):

S=to/In

where:
t.....is the value of the argument of Laplace function,
in which F(t) = y/2;

o..... standard deviation of X;
n ... number of trials of a random variable X.

Thus, for example, for the abovementioned case,
we will calculate the upper limit § of allowable error
with defined reliability y = 0.95:

28867,95
~1000

4.5. Construction of an interval scale of simulated
values of the random variable (selected indicators of
the company) and estimation of the most probable
interval of changes of the resulting indicator under
the impact of a potential phenomena identified by
the weak output signal.

At this stage, each modeled array of values of
the random variable (the corresponding indicator of
the company) due to the impact of potential effects
is divided into a certain number of intervals of
changing its values. The width of a relevant interval
Axis determined by the formula (Gmurman, 1999):

0=1,96x =1,789.41 UAH.

— xmax _xmin
1+3.32logn’
where:
Xmax .18 the maximum simulated random variable in
the sample;
Xuine...is the minimum simulated random variable in
the sample;

n......sample size.

Then for each interval we determine the number
of hits of random variable values at relevant intervals
using the conditional filtering of data. Based on
these results we choose the interval with the most
hits value that identifies this interval as the most
likely change interval due to the impact of certain
potential effects identified by the weak signals.

To demonstrate the abovementioned example, let
us calculate the width of the interval of changes of
simulated values of sales of PJSC ‘Bulat’ (AV,):

_353,062-163,859

X = ~17,263 UAH.
1+3.3210g1,000

Tab. IV shows the results of filtration of simulated
values of sales PJSC ‘Bulat’ due to the impact of
threat A, in accordance with the estimated limits of
its change.

As it can be seen from Tab. IV, the most probable
range of variation of sales PJSC ‘Bulat’ due to
the influence of threat A is [232,915-250,178]
UAH, and the upper limit of allowable error ¢ with
reliability y = 0.95is 1,789.41 UAH.

Stage 5. Formation of structured conclusions
based on potential final events (opportunities,
threats) from the positions of reflection of
probability of their perspective occurence and
quantitative effect on the efficiency of a certain type
of company activity.

In accordance with the analysis of the results of
weak signals of operating environment, we can form
a generalized conclusion, reflecting the orderly
arrangement of finite potential phenomena
identified by the weak output signal, the probability
of their occurrence and the quantitative impact
on the effectiveness of a certain type of company
activity. At the end we should also mention a specific
opportunity or threat to the enterprise from the tree
of events that has highest probability of occurrence,
and display the interval of the most likely values of
changes indicator of the impact on certain kind of
activity as the result of a potential influence of this
phenomenon.

IV: The results of simulation modeling of the values of sales of PJSC ‘Bulat’ due to the impact of threat A (“A slight decrease in market share”)

on the company

Intervals of changes of simulated values of sales of PJSC  Frequency of hits of modeled values of sales of PJSC

‘Bulat’, UAH

‘Bulat’ at appropriate intervals

163,859-181,122
181,123-198,386
198,387-215,650
215,651-232,914
232,915-250,178
250,179-267,442
267,443-284,706
284,707-301,970
301,971-319,234
319,235-336,498
336,499-353,762

8
29
66

159
224
221
166
87
31
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DISCUSSION

In the literature sources on features of diagnostic
information support of enterprises under
the conditions of uncertainty, some of the material
is devoted to the research methods of weak signals
of the operating environment. It should be noted
that in the works (Baklan, Poplavska, Tsmots,
2011; Voloshyna, 2011; Hiltunen, 2008; Lysenko,
Rudenskyi, Yehorova, et al, 2009) the authors
developed specific methods for detection and
processing of weak signals of potential phenomena,
which are characterized by a significant theoretical
and practical value. However, the results of
the study of literature (Baklan, Poplavska, Tsmots,
2011; Voloshyna, 2011; Hiltunen, 2008; Lysenko,
Rudenskyi, Yehorova, et al, 2009; Ansoff, 1988;
Ansoff, 2007; Harper, Glew, 2008; Hiltunen, 2008;
Hiltunen, 2007; Rebernik, 2000; Kuokkanen, 2009;
Potocan, 2002; Richter, 1996; Rudenskyi, 2009;
Voloshyna, 2010) showed that at present the scope
of diagnostic of weak signals of the functioning
environment as key indicators of its uncertainty
is less explored, so diagnosis of enterprises under
the conditions of uncertainty is complicated by such
problems as:

e current methodical base in the diagnosis of
weak signals of functioning environments is
underdeveloped, as it is characterized by a small
number of specific methods and techniques for
identification, assessment and processing of weak
signals in the environment of operation and their
insufficient substantiation;

e cxisting diagnostic methods and techniques
of weak signals, are not usually characterized
by systemic and complexity, have narrow
functionality (focused on a certain assignment in
terms of some study of weak signals), which makes
impossible their consistent and interconnected
use on one object research;

e much of diagnostic methods and techniques
of weak signals are characterized by cybernetic
approach to the identification and processing
of weak signals that is too complicated to use
on different enterprises, requires a high level of
expertise and experience in the relevant field,
special software, etc;

e cxisting diagnostic methods and techniques
of weak signals almost do mnot disclose
the quantitative impact of potential impact of
the phenomenaidentified by their weak signals on

the performance of companies that respectively

increases the risk of unjustified economic position

of developing responses to changes of operating
conditions of enterprises;

e some weak signals diagnostic methods do not take
into consideration the impact of factors of internal
environment as sources of weak signals, which
indicates incompletness of these methods and so
on.

Suggested technique of diagnostics of enterprises
activity under the conditions of uncertainty, unlike
the existing instruments in this area, aimes at
addressing the problems outlined above, since it
involves implementation of complex, coherent,
cohesive and applicale diagnostic procedures,
it allows us to not only identify weak signals in
operating environment for early identification
of potential conditions, opportunities or threats,
but also assess the probability of their impact on
the effectiveness of certain activity of business.

Using the proposed method of diagnostics of
enterprises under the conditions of uncertainty
brings us the following benefits:

e interms of highly dynamic operating environment
it provides early indication of all the potential
effects on the basis of identification and predictive
interpreting of weak signals that mark their
occurrence and thus forms a considerable time
allowance for reasonable development and
timely decision-making on the use of identified
opportunities or threats for operating conditions
of the company;

e reduces the level of uncertainty of the operating
environment by processing all unclear and
incomplete reports on possible changes in
operating conditions and prognostic supplement
of their essence in order to create on this
basis a reasonable information base regarding
the potential occurrence of specified events in
the future of the enterprise;

e in terms of increased competition in the market
serves as an cffective instrument for obtaining
new competitive advantages and  saving
existing ones, increasing the level of use of
promising opportunities and avoiding threats
to the competitive environment on the basis of
their timely identification and more adequate
consideration of the future of the company
compared to its competitors.

CONCLUSION

According to the results of the research, we found that in the current highly dynamic and
unpredictable operating environment, most companies do not possess adequate diagnostic tools
to ensure stable operation in an uncertain environment. With this purpose we developed a special
method of diagnostics of enterprises operating under the conditions of uncertainty, which aims to
identify weak signal of operating environment as an early indicator of potential events with a view to
timely identifying appropriate opportunities or threats for the operating conditions of the entity and
assessing their impact on the efficiency of the company.
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On the basis of the proposed method we performed diagnostic study of the operating environment
of PJSC ‘Bulat’ during January-June 2016, which resulted in identified priority weak signal “Main
competitor Ltd “Foundry-Mechanical Plant Ispolin” plans to carry out an identical activity of
processing and coatings metals”; identified probabilistic ways of development of this weak signal to
alternative strong signals about future changes in the environment of operation of PJSC ‘Bulat’; we
identified the most probable strong signals, including “The competitor will get a small market share
of PJSC ‘Bulat™, “A competitor can not seize market share of PJSC ‘Bulat”; we identified all potential
threats and conditions that may occur at the appropriate signals and determined the most likely threat
to the slight decrease in market share of PJSC ‘Bulat’; identified the receptor of the identified threats
(marketing activities of the company) and the indicator representing its impact on the effectiveness of
marketing activities (income from sales of enterprise); established the most probable range of variation
of monthly income from sales PJSC ‘Bulat’ due to the impact of threats — [232,915-250,178] UAH.

Acknowledgments

The publication contains the results of studies conducted by President’s of Ukraine grant for
competitive projects F66 of the State Fund for Fundamental Research.

REFERENCES

ANSOFF, I. H. 1988. The new corporate strategy. 1 Edition. New York: Wiley.

ANSOFF, I. H. 2007. Strategic management. London: Macmillan.

ASHLEY, W.C. and MORRISON, J. L. 1997. Anticipatory Management: Tools for Better Decision Making.
The Futurist, 31(5): 47-50.

BAKLAN, I. V,, POPLAVSKA, Z. V. and TSMOTS, O. I. 2011. Tdentification and evaluation of weak signals
in environment of machine-building enterprise [in Ukrainian: Bussnenus ta ouinioBanus cnabkux CHrHauiB
y cepenosuIi MamuHoOytiBHOrO Hignpuemcreal. Aktualni problemy ekonomiky, 5(119): 257-271.

FESHCHUR, R. V,, BARVINSKYT, A. F, KICHOR, V. P, ct. al. 2003. Statistics: theoretical basis and applied aspects
[in Ukrainian: Cmamucmuxa: meopemuuni 3acadu i npuxnaoui acnexmu). Lviv: Intelekt-Zakhid.

GMURMAN, V. E. 1999. Theory of probability and mathematical statistics [in Russian: Teopus eeposmuocmeii
u mamemamuueckas cmamucmuxal. 79 Edition. Moscow: Vyisshaya shkola.

HARPER, S. C. and GLEW, D. J. 2008. Anticipatory management can not be compromised. (CARPE FUTURUM)).
[Online]. Available at: http://www.entrepreneur.com/tradejournals/article/182930117_2.html.
[Accessed: 2016, July 257.

HILTUNEN, E. 2007. Where do future-oriented people find weak signals? FUTUREtakes. Transcultural futurist
magazine, 6(2). [Online]. Available at: http://www.futuretakes.org/docs/Volume%206%20N0%202/v6n2_
article2.pdf [Accessed: 2016, July 25].

HILTUNEN, E. 2008. Good sources of weak signals: a global study of where futurists look for weak signals.
Journal of future studies, 12(4): 21-44.

KUDRIASHOV, B. D. 2009. Theory of information [in Russian: Teopus ungopmayuu]. St. Petersburg: Tzdatelskiy
dom “Piter”.

KUOKKANEN, P. 2009. Communicative and Anticipatory Decision-Making Supported by Bayesian Networks.
Dissertation thesis. Helsinki: Finnish National Defence University, Department of Leadership and Military
Pedagogy. Available at: https://www.doria.fi/bitstream/handle/10024/74119/kuokkanen-communicative_
and_anticipatory_decision-making.pdf?sequence=1 [Accessed: 2016, July 25.

LYSENKO, Y. H., RUDENSKYT, R. A., YEHOROVA, L. I, et. al. 2009. Methods of anticrisis management by weak
signals [in Russian: Memoowr anmukpusucrozo ynpasnenus no ciaboin cuznaram]. Donetsk: Yugo-Vostok.

MELNYK, L. H. 2005. Economics and information: economics of information and information in economics [in
Russian: Dxoromuka u ungopmayus: sxonomuxa ungopmayuu u ungopmayus 6 sxonomuxe]. Sumy: Universitetskaya
kniga.

MINKO, A. A. 2004. Statistical analysis in MS Excel [in Russian: Cmamucmuueckuti anamz ¢ MS Excel].
Moscow: Tzdatelskiy dom “Wilyams”.

POTOCAN, V. 2002. Business systems: sustainable development and anticipatory system. Management,
7 (1): 67-79.

REBERNIK, M. 2000. Anticipatory inadequacies of business economics and entrepreneurship theory. Journal
CHAOS, 4 (1):315-332.

RICHTER, F-J. 1996. The dynamics of Japanese organizations. Routledge international studies in Asian-Pacific business.
London: Routledge.

RUDENSKYT, R. A. 2009. Anticipative management of complex economic systems: models, methods, instruments [in
Russian: Aumucunamuenoe ynpaejenue Cl0ACHbIMU IKOHOMUYECKUMU cucmemamu.: MO()EJZM, Memodbl, uHcmp)meHmbl].
Donetsk: Yugo-Vostok.



1414 Olha Melnyk, Whodzimierz Sroka, Marta Adamiv, Yurii Shpak

SOBOL, I. M. 1968. Method of Monte-Carlo [in Russian: Memoo Monme-Kapno]. Moscow: Nauka.
VOLOSHYNA, T.O.2010. Conceptual approach to identification of weak signals [in Russian: Kouyenmyanonsiii
n00x00 K eviserenuo crabvix cuenanos]. Formuvannya rynkovoyi ekonomiky v Ukrayini, 22: 52—-54.

Contact information
Marta Adamiv: marta_adamiv@i.ua



