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DESIGN OF VERBAL MODELS

FOR FORMING AN OPTIMAL STRATEGY
FOR SUSTAINABLE DEVELOPMENT

OF SERVICE ENTERPRISES

IN THE CONDITIONS OF A CRISIS

Introduction. The presence of a strategy and a strategic plan, necessary for determining the direction of the en-
terprise development and for making informed decisions, allows enterprise to achieve its goals with confidence
and, at the same time, to respond flexibly to changes in the external environment, especially in times of crisis.

Problem Statement. The formation of sustainable development strategies requires sufficient consultancy
costs and technologies that are designed for being used by large enterprises with professionals having relevant
expertise. However, most of all, during the crisis, small and medium-sized enterprises of the service sector suffer
from it, which prevents them from using such consulting and technologies.

Purpose. The development of a verbal model for shaping an optimal strategy for sustainable development
of small and medium-sized enterprises of the service sector in times of crisis to find, to evaluate, and to support
effective management decisions.
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Materials and Methods. Methods of formal logic, qualitative methods of verbal analysis, methods of discrete
mathematics, and benchmarking method.

Results. A verbal model has been developed for classifying the current state of enterprises on the basis of qua-
litative methods. The model is adapted for the possibility of its use in the presence of an arbitrary set of criteria
and their values. A model has been developed for the automatically finding the optimal path (strategy) from
a certain alternative (the current state of the enterprise) to an alternative that is guaranteed to belong either
to the next better class (short-term strategy), or to the best class (long-term strategy).

Conclusions. The verbal model allows us to describe and to classify the states of small and medium-sized en-
terprises of the service sector in any branch of business and automatically produces optimal strategies for their
sustainable development. The criteria for optimal strategy may be the time and cost of achieving the required state

of enterprise.

Keywords:verbal analysis, optimal strategy, and decision support system.

The modern business environment defines its
own rules of conduct for enterprises in the com-
petitive market. Market practice demonstrates
new modern methods, tools, and approaches to
the management of organizations, which allow
enterprises to form advantages among competi-
tors and, accordingly, to raise their competitive-
ness. In this case, the presence of a strategy, a
strategic plan, necessary for determining the di-
rection of the enterprise development, making
informed decisions, comes to the fore. Without a
strategy, a company lacks a well-designed plan of
action which helps it adapt quickly and easily to
the changing external environment and without
which it is difficult to achieve the desired goals
and objectives. A strategy allows the enterprise
to achieve its goals with confidence and, at the
same time, to respond flexibly to changes in the
external environment. This is most evident in
times of crisis. A prime example of such a situa-
tion is the COVID19 pandemic, which has had
serious economic consequences worldwide, espe-
cially for small and medium-sized enterprises
(SMEs) in the service sector. In particular, statis-
tics show that 33% of such small enterprises in
Ukraine have lost between 50% and 75% of their
income, and 7% are considering closing down [1].
In such a situation, service SMEs, which do not
have enough qualified specialists or do not have
them at all, need consulting on making effective
management decisions. This is particularly rele-
vant in such a specific area as building a sustain-
able enterprise development strategy in a crisis.
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There is a substantial number of publications
in this field.

Thus, the paper [2] discusses theoretical and
practical examples of how to achieve and main-
tain SME business efficiency by implementing
optimal and cohesive management models. The
basis for increasing efficiency is the optimization
of SME business processes. The disadvantage is
that this approach requires quite a long time, sig-
nificant funds and qualified specialists.

The paper [3] proposes theoretical provisions
and methodological recommendations on the for-
mation of a logistics approach to the develop-
ment strategy of service companies to make mana-
gerial decisions in conditions of economic insta-
bility. Based on the assessment of quantitative
parameters of micro-, macro- and internal envi-
ronment of the company, the company’s business
profile and general development strategy are de-
termined. The strategy is based on identification
of optimal logistic, marketing, production, finan-
cial and human resources strategies for an indi-
vidual strategic area of business. The research is
theoretical and uses quantitative methods. The
disadvantages include the fact that the results of
the study are designed for sufficiently large en-
terprises with corresponding human resources.

The subject of the paper [4] is a set of theoreti-
cal and methodological aspects of development
strategy formed for objects (country, region, in-
dustry, enterprise) on the basis of life cycle theory
in conditions of uncertainty of the external en-
vironment. The methodology involves a certain
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sequence of studying the life cycle of a product in
retrospect and at the current moment, then mo-
deling and developing options for implementing
short-term and long-term strategies. The results
of the study are intended to substantiate the
methodology of strategic planning in the context
of environmental uncertainty, taking into account
the life cycle theory. The combination of strategic
management with life cycle theory will improve
the objectivity and effectiveness of management
decisions. Taking into account the li-fe cycles of
an organization in strategic planning allows
choosing an effective strategy. The disadvantages
are the following: the proposed methodology uses
quantitative methods and is designed for large
production enterprises that have the sufficient
human resources and funds for research.

In the paper [5], a methodology based on mul-
ti-criteria optimization is described and applied
to a case study of the industrial supply chain. It is
also stated that life cycle assessment is an impor-
tant tool in mapping enterprise strategy. It is em-
phasized that improving sustainability reporting
by identifying sources of uncertainty in life cycle
methodologies as well as supply chain analytics
has the greatest impact on defining business stra-
tegies. The proposed methodology addresses supp-
ly chain design and planning and therefore the
definition of business strategy in relation to envi-
ronmental protection strategies. This is impor-
tant for large industrial enterprises, but is not de-
cisive for SMEs.

The work [6] investigates topical issues of for-
mation of sustainable development methodology.
The main factors of sustainable development are
analyzed. The economic tools to ensure sustain-
able development of enterprises at different le-
vels of management are considered. Particular at-
tention is paid to scientific and applied aspects of
sustainable development, such as public-private
partnership, professional and emotional compe-
tence of civil servants and information space of
innovative business processes of industrial en-
terprises. The scientific-applied aspects of credit
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support in the financing of investment activities
of enterprises, marketing research of new media
and technological development of the process of
implementation of banking products are also con-
sidered. The disadvantage is that the proposed
economic instruments are designed for sufficient-
ly large enterprises with sufficient human resour-
ces and funds.

In [7], research has been conducted into the
sustainability of retail trade. It is highlighted
that, increasingly, retailers are facing major sus-
tainability challenges, such as pressure from re-
source constraints, fierce competition, changing
customer needs and evolving technology. It is
suggested that adopting best practices through
manager training is the key to achieving sustain-
ability for retailers. The disadvantage is that this
approach requires the creation or acquisition of
sufficient training material and the availability
or selection of adequate staff willing to be trai-
ned for a certain period of time.

The paper [8] addresses the fundamental prob-
lem of corporate sustainability in terms of trans-
forming trade-offs through win-win management
strategies aimed at value creation. A combination of
four identified management strategies with three
ESG (“ecological, social and governance”) sustai-
nability criteria in the form of a matrix of 12 blocks
is proposed as a tool for strategic management of
corporate sustainability. The disadvantage is that
the results of the study are based on quantitative
methods and are designed for large enterprises
with a large number of staff and stakeholders.

In [9], as a strategy for the development of
power supply companies, it is proposed to carry
out their organizational changes on the basis of
optimization of information management sup-
port using the Petri nets. The disadvantage is
that this approach requires a detailed description
of business processes, i.e. quite a long time, sig-
nificant funds and qualified specialists.

All this allows us to argue that the formation of
sustainable development strategies:
¢ requires sufficient consultancy costs;
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¢ use technologies based on mathematical mo-
dels and quantitative methods that are desig-
ned for use in large enterprises with specialists
with relevant expertise.

In other words, there is currently no adequate,
sufficiently simple and accessible consultancy
tool to enable SMEs to formulate an optimal
strategy for their sustainable development.

If we turn to the world practice, such problems
are solved by creating consulting zones for entre-
preneurs. For example, in the USA, there is a
company American Small Business Development
Centers (SBDC) [10], which provides SMEs
with free business consulting on business plan-
ning and many other topics. If we take Ukraine,
the Ministry of Digital Transformation is dealing
with this problem, and at the end of 2019 it star-
ted the creation of consulting zones for entrepre-
neurs on the model of SBDC.

However, this program, like its prototype, the
SBDC, is designed mainly for off-line counselling
(with on-line counselling available only by ap-
pointment and strictly during office hours) [11].

Therefore, it is relevant to develop a verbal
model (VM) of the optimal strategy for sustain-
able development of service enterprises in times
of crisis for SME consulting in a non-stop on-line
mode. This will enable the management of such
enterprises to make effective management deci-
sions with minimal loss of time and money.

The application of economic and mathematical
methods in management and marketing is often
limited. In many cases, this is due to the lack of
statistical and other information in small and me-
dium-sized enterprises, as well as to the lack of
specialists in such enterprises with necessary
qualifications. It is especially noteworthy that in
a crisis situation it is not possible to apply statis-
tical data that are obtained under normal condi-
tions. In such a situation, expert judgement is the
only means of solving such problems [12]. The
advantages of expert evaluations include ease of
application for forecasting almost any situation,
including under conditions of incomplete infor-
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mation. In particular, the EFQM model [13], which
helps organizations to manage change and imp-
rove productivity, contains about 160 criteria, di-
vided into 9 groups, the vast majority of which
are qualitative.

The aim of the study is to develop a VM for
shaping an optimal strategy for sustainable de-
velopment of service SMEs in times of crisis to
find, evaluate and support effective management
decisions.

In order to achieve the objective, the following
tasks need to be carried out:
¢ develop a verbal model for classifying the cur-

rent state of service SMEs based on qualitative

methods;

¢ adapt the verbal model for classifying the cur-
rent state of SMEs, which has been chosen as
the basis of the VM, so that it can be used with
an arbitrary set of criteria and their values;

¢ develop a model for automatically finding the
optimal path (strategy) from a given alterna-
tive (current state of the enterprise) to an al-
ternative that is guaranteed to belong either to
the next best class — short-term strategy, or to
the tops class — long-term strategy.

In quantitative methods used to build decision
support systems (DSS), an implicit assumption is
made that a person measures some quantitative
parameter once [14]. The resulting value is the
only one that reflects the decision maker’s (DM)
preference. However, psychological research [15],
as well as practical experience of applying these
methods, allow us to question the validity of this
assumption.

As we know, DM is not an accurate measuring
device that does not allow for inaccuracy in quan-
titative measurements [14]. Psychophysics pro-
vides quantitative evidence of human inaccuracy
in measuring physical parameters (weight,
length, and so on). As a consequence, the direct
assignment of quantitative criterion weights is
always carried out with errors [16]. The need to
account for errors in quantitative measurements
is rightly pointed out in [17]. In psychological ex-
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It is necessary to construct
a decisive rule

Determining the distance between | _
the best and worst alternative -
v Criteria,

Determining the coordinates @ their values,
of the class centers classes

v

Determining the informativeness
of the alternatives

v

Presenting the most informative
alternative to the DM

v

Identifying class to which
this alternativebelongs by the DM

v
Checking the DM
s answer for mistake

Defining with the DM
the alternative
which was misclassified

Is there Yes
a mistake?

No

Reindexing of alternatives

No Do all alternatives have
X a single class index?
Yes
Demswe ruled Decisive
1s constructe rule

Fig. 1. Procedure for constructing a decisive rule

periments [15] it was shown that human “heuris-
tics and biases” lead to significant errors in the
information obtained (for example, in quantita-
tive assessment of event probabilities).
Therefore, the development of the proposed mo-
del is based on the use of qualitative information —
expert knowledge obtained from experts in terms
of their subject area. The expert is the DM, who
is the main source of data for the VM. ORCLASS
(ORdinary CLASSification of options) [15] from
the set of verbal decision analysis methods is cho-
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sen as the method. This converts quantitative cri-

terion scales into verbal ordinal scales. For examp-

le, quantitative thermometer scales are converted
by the DM (expert doctor) into an ordinal tem-
perature scale:

— “low”;

— “normal”;

— “elevated”;

— “high”.

The ORCLASS method is based on three con-
cepts: alternative, criterion (and its values) and
class — having the following meaning:

o alternatives: data sets (research results). For
the model under development, these are sets of
SME indicator values;

¢ criteria: the set of characteristics that distin-
guish the alternatives from one another. For
the model being developed, it is a set of SME
indicators;

¢ criterion values: the set of all possible values
for all criteria, ordered from best to worst for
each criterion. For the model under develop-
ment, these are the values of the SME indicators;

¢ classes: having their own unique features, or-
dered (from best to worst) parts of a common
list of all possible alternatives. For the model
being developed, this is one of the possible sta-
tes of an SME.

The concepts described are defined with the
use of benchmarking techniques [18], based on
the performance of leaders in the business sector
in which the SME is operating.

Table 1. Fragment of the Decisive Rule

Number Criteria values
of the Class
alternative C1 C2 C3 C4 C5 C6
1 1 1 1 1 1 1 1
2 1 1 1 1 1 2 1

7815 3 3 3 3 3 5 3
7816 3 3 3 3 4 1 2

15624 5 5 5 5 5 4 5
15625 5 5 5 5 5 5 5
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It is necessary to classify
the current state of SME

Analyze the performance of business <
leaders in the sector in which the SME
operates, based on benchmarking methods

v

Determine:
- the assessment criteria of SME state and their values;
- the SME state classes

L]

Constructing a decisive rule

L]

Form a criterion description
of the current state of SME

L]

List Open source
of indicators e information

Y
Criteria,
their values, ——
classes

Decisive rule

Criterion
description

Classify the current state of SME

The current state of
SME has been classified

Class of the current
state of SME

Fig. 2. Verbal model of the ORCLASS method for classifying the current state of SMEs

The basic principles of verbal decision analysis
are formulated as follows
¢ the use of definitions and formulations to de-

scribe the problem and the wording of the as-

sessment of options in a way that is natural to
the decision-maker, their advisers and active
groups, without any conversion of such verbal
formulations into quantitative values;

¢ the construction of a decisive rule (Fig. 1) ba-
sed on logical, qualitative transformations of
verbal variables while respecting the psycho-
logical and mathematical correctness of these
transformations.

The decisive rule for the model being deve-
loped is a table containing all possible alterna-
tives arranged in lexicographical order from the
best (having the best values of all SMEs indica-
tors) to the worst (having the worst values of all
SMEs indicators) alternative, each of which is as-
signed a class to which it belongs.
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A fragment of the decisive rule for 6 criteria
with 5 values (total 5= 15625 alternatives) and
5 classes is shown in Table 1.

In contrast to ORCLASS, we can assume that
the probability of assigning an alternative to a
certain class is a constant, independent of the al-
ternative and determined only by the number of
partition classes.

The optimal path is searched in the space of all
hypothetically possible SME states, as the path
with the shortest distance from the current state
to the boundary state of the next best class.

1. Development of VM for
of the current state

of service SMEs based
on qualitative methods

A verbal model of the ORCLASS method for
classifying the current state of SMEs is presented
in Fig. 2.

63



Hutsa, O. M., Yelchaninov, D. B., Merkulova, T. V., Kyriy, V. V., lIhumentseva, N. V., Dovgopol, N. V., Zabuga, S. I, and ets.

The model presented in Figure 2, the DSS for
classifying the current state of the enterprise,
contains the following procedure:

1) based on publicly available information on
the performance of business leaders in the indus-
try in which the SME operates, benchmarking
techniques are used to determine a list of indica-
tors that can be used to assess the performance of
businesses in the industry;

2) based on the identified list of indicators, the
criteria, their values and the SME state classes
are defined.

Examples of criteria: state of management, exis-
ting policies and strategies, state of human re-
sources, state of partnerships and resources, state
of processes, attitude to customers, attitude to so-
ciety, main results of activities, etc.

Example values for the process state criterion
(from best to worst): all SME processes are descri-
bed, most SME processes are described, main SME
processes are described, some SME processes are
described, SME processes are not described.

Examples of classes (from best to worst): “Stab-
le development”; “Developmental tendency”; “Equi-
librium”; “Stagnation tendency”; “Stagnation”. As
practice shows, a breakdown into 5 classes is suf-
ficient;

3) Based on the list of criteria, their values and
classes of SME states, a decisive rule is develo-
ped according to the procedure shown in Figure 1.
A certain SME state belongs to a certain class:
from the best (class I) to the worst. The subdivi-
sion of all possible alternatives of the SME state
into classes is made on the basis of expert evalua-
tions. Each class has its own set of criterion va-
lues, i.e. alternatives;

4) Based on the list of criteria and their values,
a criterion description of the current state of the
SME is formed, i.e. SME managers determine the
current value for each criterion on the basis of
the available data;

5) The resulting criterion description (set of
criterion values) of the current SME state is com-
pared with the complete set of all possible SME
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states, i.e. with a decisive rule in the form of a table.
In this table, a row is determined which coincides
with the set of criterion values from the criterion
description and the corresponding value of the
SME state class.

The model developed makes it possible:
¢ For any set of process indicators and their va-

lues, to rank (to arrange into predetermined

classes) according to the “better-worse” prin-
ciple a certain number of alternatives (sets of

SME process indicator values), i.e. to build a

decisive rule;
¢ touse the decisive rule to unambiguously iden-

tify which class any of the alternatives in the

DSS input belongs to.

Due to the peculiarities of the procedure for
constructing a decisive rule, namely the need to
calculate the informativeness of an alternative
relative to a particular class, the number of crite-
ria and their values is currently limited. Practice
has shown that when there are 4 criteria with 5
values each, the resulting values of the informa-
tiveness of the alternative are incorrect when di-
vided into 5 classes. An alternative that differs
from the best by one criterion by one value is
more informative than an alternative that has av-
erage values for all criteria.

This required an appropriate adaptation of the
existing procedure for constructing a decision
rule for an arbitrary number of criteria and their
values.

2. Adaptation of VM
for the classification of the current
state of service SMEs

Formally the classification (distribution) of al-
ternatives into k classes corresponds to a polyno-
mial (multinomial) distribution in which the
event A is expressed by assigning (classifying) an
alternative to i-th class (i =1, ..., k). These events
are mutually exclusive, because an alternative can
belong to only one class. Let us denote by p, > 0
the probability of event A, & is the number of al-
ternatives belonging to i-th class, P(§, = n,, ..,

ISSN 2409-9066. Sci. innov. 2022. 18 (3)



Design of Verbal Models for Forming an Optimal Strategy for Sustainable Development of Service Enterprises

e o 2
o o o
= & &

<
S
o

Probability Mass

(=]

Fig. 3. Visualization of the trinomial distribution with
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¢,= n,) is the probability that the event A, occurs
n times (i = 1, ..., k). Then

P=(¢,-=n,.,5=n)=

_ n! " "
_n1!><...nkl Py XX Py e

Y p=1

i=1

(2)

n
1

-

=n, 3)

1

where 7 is the number of all hypothetically pos-
sible alternatives.

Visualizing the probability function P(§, = n,,
&,=n,, &= n,) by formulae (1)—(3) withp, = p, =
=p,=1/3 and n = 10 by means of MATLAB [18]
is shown in Fig. 3.
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It is necessary
to construct

Criteria, ..
. a decisive rule
their values,
classes Determine the number
_ of all hypothetically
possible alternatives
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L]

Classify the alternatives
according to a normal
distribution

v

Present of the classification
of the alrnatives to the DM
for controlling

I

Decisive
rule Redistribute
the alternatives
Does the DM by class
agree with the according
classification? to a normal
distribution

Decisive rule
is constructed

Fig. 5. Adapted procedure for building a decisive rule

Fig. 3 shows that for a fixed value of one va-
riable, the other two variables are distributed in
a binomial law.

The binomial distribution is known to approxi-
mate the normal distribution for large values of n.
Therefore, the classification result of all hypothe-
tically possible states of service SMEs should also
approximate the corresponding normal distribution.

For example, let 1,036,800 alternatives be al-
located to the 5 classes as follows:
¢ ingrades 1 (best) and 5 (worst), 5.558 alterna-

tives each;
¢ in grade 3 (middle), 556.638 alternatives;
¢ grades 2 and 4 have 234.523 alternatives each.

This distribution then corresponds to a normal

distribution (Fig. 4).

This is the basis of the proposed adapted deci-
sive rule procedure (Fig. 5).
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k,, )
Fig. 6. K criterion scale

k

m1

The adapted procedure shown in Fig. 5 con-
tains the following order of operations:
¢ define the number of all hypothetically possi-

ble alternatives as the product of the lengths of

the criterion scales;
¢ determine the number of classes based on the

DM’s response;
¢ distribute the alternatives into classes accor-

ding to a normal distribution, as the minimum

possible deviation of the numbers (frequen-
cies) of alternatives in the classes from the nor-

mal distribution curve (Fig. 4);
¢ present the distribution of alternatives to the

DM for monitoring, with upper and lower class

boundaries;
¢ In the case of disagreement with the distri-

bution presented by the DM, reallocate the
boundary alternatives, taking into account the

DM’s opinion, while remaining within the nor-

mal distribution (Fig. 4).

Thus, the adapted procedure is based on the
result that the classical algorithm for building
a decisive rule seeks to achieve: matching the
classification to a normal distribution. This con-
structs a pattern that the decision maker can mo-
dify by reallocating alternatives across classes,
staying within the normal distribution.

3. Development of a model
for automatically finding
the optimal path (strategy)

Formally there is a set of K={K } _ criteria for
assessing the state of SMEs. Each criterion K
has a set of values, which will be formally deno-
ted in the same way as the criterion itself: K =

={k, .}, "™, where N(m) is the number of crite-
rion values K . The set of K values is ordered
from best to worst. In other Words a ratio R =

= {(k,, k,) K, K]k, >k, (better) at i <]}
of linear order (scale) is glven k . is the best va-
lue, k& is the worst value. An illustration of

m,N(m)
the scale of criterion K isshown in Fig. 6.
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If there is a formal description of the criteria,
we can define the set A = K x K, x..x K, of all
hypothetically possible states of an SME. The
best SME stateis a’'= (k, , k T M1) the worst
is qvorst = (k1N(1), kzm), kMNM)) Often, to shor-
ten the entry, only the number of value on the
criterion scale is given: a*'= (1, 1, ..., 1), a*' =
— (N(1), N(2), ..., N(M)).

The criteria scales define a dominance relation

Ron the set A. A state a,= (@, @y oy G, 1S bet-
terthana (a,a,.. )1fa za, forallm—l
I ]
., Mand ‘there exists such m, that a 0> A

The set A is divided into non- overlappmg sub-
sets (classes of SME states):

A=Q A, 4)

where A NA=Dati=#] aI;d1 A, > A, (better) when
i<j.

Partitioning (4) must satisfy two conditions:

a)ifa,>a and a e A, thena e A att<s, in
other words the best state should not fall into the
worst class;

b)ifa,>a and a,e A, then agA_ats <t in
other words, the worst state should not fall into
the best class.

The lower boundary of class A, is the set A <
A, whose elements pass to the worse class when
any of their components deteriorates: a=(a,,

a —kmn, ey @) € A, if (@ - mn+1’ . ZM) €
H . foranym =1, . M The upper bound of class
A, is the set A" A » Whose elements pass to the
best class when any of their components is im-
proved: a,= (a,, .., a,,= ) € Al ecom
(a, ...,kmn o @ ) eA foranym—1 .M.

The d1stance between the states a,and a;is the
sum of the moduli of the differences of the respec-
tive components:

d=(a;a)

M

= m; a,, —a,l|

The most distant from each other are the best
a’t and worst a** states of the SME. From for-
mula (5) we get:

max aiyujeA {d (ai’ aj)} — d (abest, aworst) —
=3 [t~ N, (6)

N(m) — is the number of criterion values K .

(5)
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Thus, the optimal transition path for an SME
from its current state a, € A, to the best class A, |
is the path in the attitude space R of dominance
on the set A to the nearest element b lower bound
A, *. Finding this element reduces to the fol-
lowing minimization problem:

d=(a,b)= IninaeAi,f.1 {(d (a, a)}. (7

For example, for the set K= {K, K,}, where K, =
=1k, ), nK,={k,,}, " theset A = K x K, with
best state a” = (1, 1) and the worst a** = (5,
4),distant from each other by distance 7 (see for-
mula (6)), can be divided into classes A, u A,
such that A = {(1,4), (2.3), (3.2), (4.1)} and
A = ((2.4), (3.3), (4.2), (5.1)}. The relation R
of dominance on the set A is shown in Fig. 7.

Let (5.2)€A, be the current state of the SME.
Then the search for the optimal way of SME
transition to the best class A, is reduced by for-
mula (7) to the problem Inina%zow{d ((5.2), a)}.
This problem has two solutions: b, = (3.2) and
b,= (4.1). The final choice may depend on both
the time and the cost of moving from the current
state of the SME to the states b, and b,

4. Shaping the final VM of the optimal
strategy for sustainable development
of service SMEs in crisis

Based on the research results, we carry out the

final formation of the VM, which is shown in Fig. 8.
The developed VM (Fig. 8) describes the fol-

lowing procedure:

¢ consolidate information on leaders in a given
business area, based on benchmarking tech-
niques;

¢ based on the consolidated information, gener-
ate a list of classes, qualitative criteria and
their values in definitions that are natural to
the DM, their advisers and active groups in the
given business area;

¢ based on the list of classes, qualitative criteria
and their values, develop a decision rule ac-
cording to an adapted decisive rule procedure;

¢ based on the list of qualitative criteria and
their values, form a criterion description of the
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Fig. 7. Ratio R of dominance on the set A

current state of SMEs, i.e. to define a list of va-

lues for all criteria;

+ using the decisive rule and a criterion descrip-
tion of the current state of the SME, determine
the class to which this state belongs, based on
the decisive rule, as a result of an adapted pro-
cedure for constructing the decisive rule;

¢ choose the optimality criterion (time/cost) and
type of strategy (short/long term);

¢ based on the chosen optimality criterion and
type of strategy, generate an optimal SME sus-
tainability strategy according to an automatic
optimal pathfinder model (strategy).

The formation of an optimal strategy in VM
consists of 3 steps (Fig. 9):

Step 1: Information preparation for SME per-
formance assessment. The performance of lea-
ders in a given business sector is analyzed and the
values of the qualitative criteria describing their
state, the values of the criteria that are ordered
from best to worst, and the name of the classes to
which that state may belong, are determined.

The current state of an SME is defined as a set
of criterion values that describe the performance
of leaders in a given business sector — a criterion
description is formed.

Step 2: Classification of the current state of
SMEs. According to the developed decisive rule,
the current state of SMEs is automatically classified
in relation to the indicators of the business leaders.

Step 3: Determining the optimal SME deve-
lopment strategy. An optimal list of criteria is
automatically determined, whose values and to
what extent they need to be improved (strategy)
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It is necessary to form an optimal strategy
for sustainable development of SME

List
of indicators B

Analyze the performance of business leaders
in the sector in which SME operates,
based on benchmarking methods

- Open source
information

v

— the assessment criteria of SME state and their values;
— the SME state classes

Determine:

v

o
Criteria,
their values,
classes

Constructing a decisive rule

v

Form a criterion description
of the current state of SME

Decisive rule

v

Criterion
description

Classify the current state of SME

v

Optimality
criterion, type

— the optimality criterion (time/cost);
— the type of strategy (short/long term)

Class
of the current
state of SME

Determine:

of strategy

v

Form an optimal strategy

An optimal strategy for sustainable

Strategy

development of SME has been formed

Fig. 8. Verbal model for forming an optimal strategy for sustainable development of service SMEs in the conditions of a crisis

in order for the SME to be able to move up the
class. The strategy can be either short-term (pro-
motion to the next “best” class) or long-term
(promotion to the “best” class). Optimization of a
set of criteria can be both in terms of time and
cost to achieve the objective.

The result to be achieved with the developed
VM is an automatically generated optimal ser-
vice SME development strategy, which will be
based on proven methods. Namely, methods of
formal logic, qualitative methods of verbal analy-
sis (in particular ORCLASS) and methods of dis-
crete mathematics (in particular graph theory).
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5. Discussion on the results
The hypothesis underlying the research is that all
the prerequisites are in place to develop an on-
line automated consultancy for the formation of
an optimal strategy for the sustainable develop-
ment of enterprises.
Such prerequisites are:
¢ the global practice of such off-line consultancy,
which, for example in Ukraine, is recognized as
relevant at state level, especially for SMEs wi-
thout adequate resources;
¢ the EFQM model for classifying the state of
management of companies on the basis of qua-
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Optimal lists of criteria

whose values need to be improved

Current state
of SME

Class II

Class III

Class IV

Criterion
description . .
P Classification of
the current iterion descrinti
state of SME criterion description

based on the expert
analysis
of performance

D of business leaders

\d

(Decisive rule)

Expected state
of SME

Class 11
Class III
Class IV

Long-term
strategy

T

Short-term
strategy

Phase 11

in the sector
< Phase I %

Fig. 9. Stages of optimal strategy formation in VMs

litative criteria, which has been used in prac-
tice since 1992;

¢ the ORCLASS verbal method for allocating
alternatives to ordered classes, the first men-
tion of its use dates back to 1982;

¢ the need for a strategy that is a competitive ad-
vantage and allows for easy adaptation to chan-
ging external conditions, including a crisis.
Each of the prerequisites has its own disad-

vantages:

+ off-line consultancy requires time and human
resources diverted from the core business;

¢ the EFQM model only states the current state
of enterprise management, without offering any
recommendations for improvement;

¢ the ORCLASS verbal method effectively allo-
cates alternatives for a fairly small number of
criteria and their values;

¢ enterprise strategy formation is a rather infor-
mal brainstorming process which often, in the ca-
se of SMEs, lacks the necessary level of experts.
In fact, the aim and objectives of the study we-

re to remedy these shortcomings:

¢ VM allows moving consultancy from off-line
to on-line 24 /7,

¢ the developed VM automatically generates the
optimal (in terms of time or cost) path to im-
prove the current state of the enterprise;
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¢ the procedure for assigning alternatives to clas-
ses is adapted for an arbitrary number of crite-
ria and their values;

¢ The developed VM formalizes the process of
shaping the enterprise’s strategy).

The effectiveness of the proposed VM can be
assessed in terms of the time it takes both to con-
struct an ordinal classification and to form a
strategy.

When constructing an ordinal classification in
the ORCLASS method, the DM is presented
with the alternatives selected for the direct clas-
sification, and its responses are continuously mo-
nitored for consistency. If inconsistencies are
found, it is necessary to go back to the point of
inconsistency, correct it and continue the classi-
fication from the same place. This takes quite a
lot of time. For example, according to the data
from [20], it took 12 hours of net time of expert’s
work (7 working days in total) to develop an or-
dinal classification of 2304 alternatives in 7 clas-
ses. The development of an ordinal classification
of about 20,000 alternatives in 14 classes required
60 hours of net expert time (about 20 working
days in total).

In the developed VM, constructing an ordinal
classification of 1,036,800 alternatives into 5 clas-
ses took one working day. This is due to the fact
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that in the proposed approach, the DM is exclu-
ded from the process of developing the ordinal
classification. In other words, a source of error is
eliminated.

With the current approach to consultancy ser-
vices, strategy formation can take anywhere from
a few days to months.

In the developed VM, it takes almost no time
at all to form a strategy (a fraction of a second,
depending on the speed of the computer), but it
can take several hours to enter a description of
the current state of the company, depending on
the number of criteria.

Verbal models are generally adequate [14]:
¢ for unstructured tasks, which includes strate-

gy formation;
¢ for the human information processing system

that is the DM;
¢+ in terms of logic (the best condition does not

fall into the worst class, the worst condition

does not fall into the best class);

¢ in terms of using the experts: these are experi-
enced people and the adequacy of their criteria
has been tested by experience, time and recog-
nized in a particular field.

The VM is not sensitive to small changes in
criterion values. Changing the value of any crite-
rion by one unit on the scale does not result in a
change of class for most alternatives. For border-
line alternatives, it is possible to move to an adja-
cent class.

Practical results obtained in the course of VM
development have confirmed the hypothesis that
it is possible to develop on-line automated consul-
ting for the formation of an optimal strategy for
sustainable development of enterprises. At the sa-
me time, the VM is not sufficiently detailed to be-
come a method. It is the first step towards the cre-
ation of information technology (software product).
The lack of detailed elaboration and practical imp-
lementation at a specific enterprise can be conside-
red shortcomings, but they were not the purpose
of the study and can be the basis for its development.

The advantages of the developed model over
similar scientific and technical products are the
following:
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¢ ease of use — definitions that are natural to the

DM, their advisers and active groups are used

to describe the state of SMEs, without con-

verting such verbal formulations into quanti-
tative values;

¢ automatic formation of an optimal sustainable
development strategy for service SMEs based
on quality expert data and proven scientific
methods, which enable such enterprises to avoid
spending money on suitably qualified specialists;

o the versatility of the verbal model for any busi-
ness area of service SMEs through the use of
qualitative criteria to describe the state of the
enterprise.

As a software product, the VM can be executed
as a web application (open access site), electronic
link to which will be available to potential users
both in Ukraine and abroad. On such a website,
the user with the program prompts:

a) conducts information preparation for ob-
taining consultancy — introducing the meaning
of the qualitative criteria describing its condition
and their meaning and the name of the classes in
which this condition may belong.

b) then enters the current values of the crite-
ria — the criterion description of the state of the
enterprise;

c) is then given the name of the class to which
the current state of the enterprise belongs;

d) then receives recommendations as to which
values of which criteria need to be improved and
to what extent in order for the enterprise to
“move up” to the next best class — short-term
strategy, or to the tops class — long-term enter-
prise development strategy;

Once the changes have been implemented ac-
cording to the formed strategy — points b), ¢) and
d) are repeated with the necessary frequency un-
til the company’s objectives have been achieved.

The website, as an information and analytical
system, should have a well-developed advisory
and supportive environment for informing the as-
sessment of a service SME and shaping its sus-
tainable development strategy.

If necessary, monetization of the product can
be implemented as follows: information prepara-
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tion and definition (classification) of the current
state of the company is free of charge, and strate-
gy formation for a fee.

Limitations of the study include:
¢ applying only qualitative criteria when descri-

bing the subject area;
¢ the availability of up-to-date information on

the cost of tasks, which will allow for changing
the values of the criteria and their execution
times for optimality calculations;

A shortcoming of the study is the generality of
the recommendations for the application of a nor-
mal distribution of alternatives across classes. A
remedy is to make such recommendations more
specific and requires additional research.

The development of this research lies in sol-
ving the problem of path minimization on a graph
when searching for an optimal strategy for high
dimensional problems. This is due to mathemati-
cal and methodological difficulties due to the lack
of a general approach to solving such problems.

Conclusions

1. Based on the ORCLASS verbal decision analy-
sis method, a verbal model for classifying the cur-
rent state of service SMEs has been developed.
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PO3POBKA BEPBAJIbBHOTI MOJIEJII ®OPMYBAHHY
OIITUMAJIBHOI CTPATETII CTAJIOTO PO3BUTKY
CEPBICHUX MIJIIPMEMCTB B YMOBAX KPU3U

Beryn. HasgsHicTb cTparerii, cTpaTteriaHoro miaty, HeoOXiIHOTO Uit BUSHAUEHHS HATIPSMKY PO3BUTKY I AN PUEMCTBA, IIPHIi-
HATTSI OOIPYHTOBAHUX PIllleHb J03BOJISIE MITPUEMCTBY BIIEBHEHO JOCSTATH MTOCTABICHUX IHiJI€i, i BOJHOYAC THYYKO peary-
BaTU HAa 3MIHU 30BHIIHBOTO CEPEOBUIIA, OCOOIUBO B YMOBAX KPU3HL.

IIpoGaemarura. MopMyBaHHS CTPATEriil CTATIOrO PO3BUTKY BUMAra€ JOCTATHIX BUTPAT HA KOHCAJITUHT Ta BUKOPUCTOBYE
TEXHOJIOTIi, IKi PO3paX0BaHO Ha 3aCTOCYBAHHS HA BEJMKUX MiAMPUEMCTBAX, 1110 MAIOTh (haxiBIliB BiANMOBiIHOI KBasi(ikaIlii.
Aute Haiibisible B yMOBaxX KPH3HU MOTEPIIAIOTh MaJI Ta cepe/iHi miAnpueMcTBa cepr HafaHHsl CepBICHKX TIOC/IYT, SIKi He B 3MO3i
BUKOPUCTOBYBATH TaKUIl KOHCAJITHHT Ta TEXHOJOTI].

Mera. Po3poOka BepOasibHOT MoiesIi (pOPMYBAHHS ONTUMAJIBHOI CTPATETil CTATOr0 PO3BUTKY MAJIKX Ta CEPEAHIX THiAPU-
€MCTB c(hepy HaJIaHHS CEePBICHUX TIOCJIYT B YMOBAX KPU3H /I TIOIIYKY, OIiHKK Ta IATPUMKNA IPUUHATTS e(DEKTUBHUX YII-
PaBJIIHCHKUX PillleHb.

Marepianu it metoau. Metozan (hopMaIbHOT JTOTIKM, IKICHI MeTOIM BepOaIbHOTO aHaJIi3y, METOIN AUCKPETHOI MAaTeMaTUKH,
MeTO/I GEeHYMAPKIHTA.

Pesyabratu. Po3po6iieHo BepOasibHy Mojiesib Kiacugikallii I0TOYHOTO CTaHy MiANPUEMCTB Ha OCHOBI SIKICHUX METO/IIB.
PO6JIEHO MOJIETh ABTOMATUYHOTO MOIIYKY ONTUMAIbHOrO MLIAXy (cTparerii) Biz meBHOI ajibrepHaTuBu (IIOTOYHOTO CTAHy
MIIIPUEMCTBA) JI0 AJIBTEPHATHBY, SIKA FAPAHTOBAHO HAJIEKUTH 200 HACTYITHOMY KPAIOMY KJIACy — KOPOTKOCTPOKOBA CTpa-
Terist, 800 HAWKPAIOMY KJIacy — JOBrOCTPOKOBA CTPATETsL.

BucHoBku. Bep6asbia Moiesrb T03BOJISIE OMUCYBATH Ta KJacH(DIiKyBaTH CTaH MaJUX Ta CEPEIHiX MiAMPUEMCTB chepr
HaJIAHHS CEePBICHUX MOCIYT y Oy/Ib-sTKiii rasysi GizHecy Ta aBTOMATHYHO OTPUMYBATH ONITHMAJIbHI CTPATETii iXHBOTO CTAIOTO
po3BUTKY. KpuTepisiMu onTiuMaibHOCTI CTpaTerii MOKYTh OYTH Yac Ta BAPTICTH AOCITHEHHS HEOOXIZHOTO CTaHYy TAIPUEMCTBA.

Knwouoesi croea: BepbanbHuii aHai3, ONTUMaIbHA CTPATETISA, CUCTEMA THATPUMKN MIPUAHSATTS PillleHb.
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