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INNOVATIVE MANUFACTURING PLANNING BASED
ON INTEGRATED METHODOLOGY OF RATIONAL
ALTERNATIVE SELECTION

Introduction. Innovation is one of the major factors of
economic growth in modern economy on the macrolevel, and
a prominent contributor to an enterprise's profit increase at
microlevel. Nevertheless, innovation activity is accompanied
by a high level of risk and may cause significant losses. Thus,
the problem of limiting the risk by developing rational
methods of decision making is relevant.

Aim and tasks. The article aims at development of
integrated methodology for taking a decision as to selection of
rational innovative production alternative based on the usage
of a group of decision making methods in dependency on
conditions under which the decision is being taken.

Results. The article analyses decision making process in
the context of system approach and defines stages of decision
making. Criteria of effective decision are described and
classified. Methods of decision making are observed and
classified according to the conditions of decision making. The
necessary components of integrated methodology of selection
of rational innovative production alternative are defined. The
formation principles and general structure of the integrated
methodology of selection of rational innovative production
alternative are described.

Conclusions. The task of decision effectiveness
assessment is complicated by simultaneous existence of
number of performance goals with different suitability for
formal evaluation, negative correlation between speed and
accuracy of decision making, and temporal distance between
decision making process and goal achievement, which
requires employment of discounting methods. The above-
mentioned factors determine the necessity for an integrated
criterion, which includes economic efficiency indicators but is
not reduced to them. Thus, integrated methodology of
selection of rational innovative production alternative consists
of multicriteria decision making solution, assessment of
sufficient range of alternatives, allowance for uncertainty as to
input information about criteria, inclusion of different types of
criteria measurement, provision of possibility to use
alternative information at all stages of decision making
process.

Keywords: innovative production, management
decision making, manufacture organization, mathematical
methods in management.
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IIJIAHYBAHHSA ITHHOBAIIIMHOI'O BUPOEHUIITBA
HA OCHOBI KOMILIEKCHOI METOJIUKH BUEOPY
PAIIIOHAJIbHOI AJIbTEPHATUBHU

Beryn. InHOBamii € omHMM 3 OCHOBHUX (DakTOpiB
€KOHOMIYHOTO 3pOCTaHHS B Cy4YacHIl EKOHOMIIlI Ha
MakpoOpiBHI Ta ICTOTHUM (aKTOPOM 30UIBIICHHS TPUOYTKY
nianpueMcTBa Ha MikpopiBHi. [IpoTe, iHHOBAIIIIHA TisSUTBHICTD
CYIIPOBO/IKYETHCSI BUCOKUM PIBHEM PU3UKY 1 MOKE MPU3BECTU
710 3HaYHUX 30UTKiB. TakuM YMHOM, aKTyaJbHOIO € MpodieMa
OOMEXEHHSI PHU3WKY [UIIXOM PO3POOKH  parioOHAIbHUX
METO/IB MPUHHATTS PillICHb.

Mera i 3aBaannHs. MeToo craTrTi € po3poOka
KOMILIEKCHOT METOJIOJIOTIT TPHHHATTS pIIMICHHS TpO BHOIp
pamioHasbHO 1HHOBAIiIfHOI BUPOOHMYOI anbTEepHATUBH HA
OCHOBI BUKOPHCTaHHSI TPYNMH METOAIB MPHUUHATTS pIillleHb B
3aJISKHOCTI BiJl YMOB IPUHHATTS PIIICHHS.

PesyabTaT. VY craTTi  OpoaHaIi3oBaHO  IPOLEC
NPUAHATTSA PIIIEHh y KOHTEKCTI CHUCTEMHOTO IIIXOIy Ta
BU3HAYEHO eTanmu MNpUHHATTA pimeHb. OnucaHo Ta

kiacudikoBano Kputepii eheKTUBHOTO pimmeHHs. JlocaimkeHo
METOAM NPUHHATTA PIlICHb Ta KJIACH(]PIKOBAHO BiANOBIIHO 10
YMOB MPUUHSATTS pilieHb. Bu3HaueHo HE0oOXiaHI KOMIIOHEHTH
KOMILJIEKCHOT METOI0JIOTi{ BHOODY parioHaIbHOT
IHHOBAIlifHOT ~ BUPOOHMYOI  AIBTEPHATHBHU. Onucano
NPUHIUIH GOPMYBAHHS Ta 3arajbHy CTPYKTYPY KOMITJICKCHOT
METOJI0JIOTii BHOOPY parlioHaIbHOT 1HHOBAIIIHOT BUPOOHUYOT
IbTEPHATHBH.

BucHoBku. 3aBnaHHS OIHKA €(QEKTUBHOCTI pIlICHb
YCKIIQHIOETBCSl ~ OJHOYACHUM  ICHYBaHHSAM  pAay — LiJel
e(eKTUBHOCTI 3 PI3HOIO MPUAATHICTIO 7151 (HOPMAIILHOT OIIIHKH,
HETaTUBHOIO KOPEJSALIEI0 MDK IMBHIKICTIO 1 TOYHICTIO
NPUUHATTS PINIeHh 1 BIAAJIEHICTIO Yy 4Yaci MK IPOIECOM
OPUMAHATTS PIIEHh 1 JOCATHEHHSM METH, 10 BHUMAarae
3aCTOCYBaHHS METOJIB NHMCKOHTyBaHHs. I[lepepaxoBani BwuIIE
(daxkTopu BU3HAYAIOTh HEOOXIJHICTH KOMIUIEKCHOTO KPHUTEPIIO,
KU BKJTIOYA€E TMOKA3HUKHA €KOHOMIUHOI €)eKTUBHOCTI, aje He
3BOJUTHCS 1O HUX. TakuM YMHOM, KOMILUIEKCHA METOJOJIOTIs
BHOOpPY paIlioHAIbHOT IHHOBAIIMHOT BUPOOHWYOI aJTbTepHATUBU
CKJIQIA€ThCS 3 OaraTOKPUTEPIABbHOTO PIMICHHS JUIs IPUAHATTS
pIIICHb, OIIHKHU JTOCTATHHOTO Jiana3oHy albTEPHATHUB, OONIKY
HEBU3HAYEHOCT] BXIJHOI iH(pOpMAIIl PO KpUTepii, BKIIOYESHHS
pPI3HMX  BHWIIB BHUMIPIOBaHHS  KpUTEpiiB, 3a0e3MeUCHHS
MOXITUBOCTI BHKOPHUCTAHHS albTepHATHBHOI iH(opMmamii Ha
BCIX €Tarax MpoIecy NpUuHHATTS PillicHb.

KuiouoBi ciioBa: iHHOBAIIfHA TPOIYKITISA, TPUAHSITTS
YIpaBIIHCBKUX  pIillleHb,  Oprafi3amis  BHUPOOHUIITBA,
MaTEMAaTHYHI METOIH B YIIPABJIIHHI.

31



https://portal.issn.org/resource/issn/2616-7107
https://orcid.org/0000-0002-9310-3214

Economics. Ecology. Socium, Vol. 5, No.2, 2021

Introduction. The twenty-first century is
characterized by the emergence of significant
innovations. In developed countries, a scientific
and technological revolution is taking place,
leading to the formation of an innovation and
investment economy, which is based on the
sixth technological paradigm. In such countries
as the United States, Japan, and the European
Union, national programs and long-term
strategies for the development of scientific and
technological areas of the sixth technological
paradigm are already in place. But in Ukraine, it
is still quite common to believe that it is
necessary to first master the technologies of the
fifth technological paradigm, which condemns
the country to follow the strategy of "catching
up development", which does not allow the
country to bridge the gap in innovation and
investment development in comparison with
world leaders.

However, world experience shows that in
the development of the modern innovation and
investment system, the staged nature of
technological paradigm is relative, since several
technological paradigms are implemented
simultaneously on a global scale. Developed
countries, such as Japan, sell outdated and no
more feasible technologies to developing
countries, thus prolonging the technological lag
of the latter. A significant part of the countries
that have chosen the transition to innovation and
investment development as a strategic direction
continue to use the technologies of the previous
paradigm while introducing the latest ones - the
technologies of the fifth and sixth paradigms.
To bridge the technological gap, it is necessary
to invest in promising areas aiming at leadership
in order to be able to achieve a new
technological paradigm.

The basis for the development of a new
innovation and investment economy is the
innovation and investment potential of an
industrial enterprise. To mobilize it, it is
necessary to use scientific and intellectual
potential, attract natural and financial resources
and fixed capital, and apply scientifically
based management methods. The target
direction is to ensure the implementation of
innovation cycles and achieve sustainable
economic development based on innovations.

Innovative products allow the enterprise,
on the one hand, to increase its innovation and
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investment activity, and on the other hand, they
require certain costs for the implementation of
innovations. Moreover, as a rule, an increase in
innovation and investment activity is achieved
as a result of an increase in costs. This
consideration leads to the relevance of
scientifically justified planning methods of
rational production alternative selection.
Analysis of recent research and
publications. A number of works looking at
general issues of decision making process and
describing the specifics of particular method
implementation has been published in recent
years. Klepikova O. [1] reviews contemporary
decision = making  information  systems.
Hrubyak S.V. [2] analyses the dominant
approaches to decision making and defines
stages of decision making in general. Gusarina
N.V. [3] looks at modern methods of decision
making and offers an algorithm of information
support for decision making  system.
Kabachenko D.V. [4] also describes stages of
decision making and offers to assess efficiency
of a decision on the basis of Hurwitz criteria.
Makarenko M.V, Sapelnykova N.L and
Onishchenko V.V. [5] take EVA indicator for
the same purpose. Yu, G. F., Fei, W., and Li, D.
F. [6] describe an approach to multi-criterial
decision-making method, based on criteria
weights represented as utility functions.
Levykin V, Chala O. [7] build a model of the
temporal knowledge base, which allows to
define causative relationships between factors,
relevant for decision making. Shrestha, Y. R.,
Ben-Menahem, S. M., & Von Krogh, G. [8]
look at the possibility of Al implementation into
decision making process and develop a
framework for combining human-based and Al-
based models of decision making. Shrestha, Y.
R., Krishna, V., and von Krogh, G. [9] describe
deep learning algorithms for fostering decision
making process. Feng, F., Fujita, H., Ali, M. 1,
Yager, R. R., and Liu, X. [10] describe an
algorithm based on intuitionistic fuzzy soft sets
for multiattribute decision making. Dankeieva,
O., Solomianiuk, N., Strashynska, L.,
Fiedotova, N., Soloviova, Y., and Koval, V.
[11] apply cognitive modeling for improving
effectiveness of management decisions. Xu, H.,
and Deng, Y. [12] improve the traditional
method of finding correlation between factors
relevant for decision making, which allows the
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researchers to confirm indirect relationships
between two factors through a third factor.
Yankovyi, O., Koval, V., Trokhymets, O.,
Karpenko, M., and Matskevich, Y. [13] describe
an approach to determine volumes and payback
periods of investment in production with the
capital-labor ratio optimum. So, most of recent
studies explore the possibility of particular
method usage in decision making task.

Aim and tasks. The aim of this paper is to
form development principles of integrated
methodology of rational production alternative
selection based on multiple criteria.

Results. The development and
implementation of innovative investment
solutions has its own logic, a certain essence of
the project management concept as a science
and as a philosophy of entrepreneurship. This

logic is the same for both decisions in
subsystems  of  project  implementation
management on the innovative products
production, and for decisions made on

individual project management processes [1].
The process of making innovation and
investment decisions can be represented as a
system that interacts with the external
environment and with other systems. Today, a
systematic approach is used to solve many
scientific problems, including decision-making.
From the point of view of a systematic
approach, the object of research can be
represented as a set of elements connected to
each other, which determines its integrity. There
can be a fairly wide variety of relationships of
elements, cause-and-effect relationships within
the system and in interaction with the external
environment. In this case, the emergence effect
is observed: the properties of the system are not
equal to the simple sum of the properties of each
of its elements. It is characterized by the
appearance of new properties that are not
inherent in its elements taken separately. That
is, a crucial role in the functioning of the
system, apart from constituent elements,
belongs to the specifics of existing relationships.
From the point of view of a systematic
approach, solving a problem is an integral
system that is characterized by a certain type of
interaction of its components. Mandatory
components of such a system are: the goal that
should be achieved as a result of the
implementation of the decision; the goals of
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individual participants in the implementation of
the decision; the set of alternatives; the criteria
by which alternatives are evaluated.

Using the system approach as a
methodology for the decision-making process,
we can distinguish the following stages of
system analysis of the problem [1; 2; 3; 6]:

a) stating the main goals and objectives;

b) defining the boundaries of the system,
separating it from the external environment;

c) creating a list of system elements
(subsystems, factors, variables, etc.);

d) identification of the essence of the
integrity of the system;

e) analysis of the relationships of system
elements;

f) building the system structure;

g) establishing the functions of the system
and its subsystems;

h) coordination of the goals of the system
and its subsystems;

1) specifying the boundaries of the system
and each subsystem;

k) emergence analysis;

1) designing a system model.

The components of the decision-making
process are: decision parameters, multiple
alternatives, and the final goal.

The parameters of an innovation and
investment decision are determined by the
characteristics of the situation in which
decision-making is carried out. These
characteristics are very diverse and can be
classified according to various criteria. The
most commonly used classification is according
to the object of research, under which they are
divided into exogenous and endogenous groups.
Exogenous parameters include parameters that
characterize the external environment of an
object, and endogenous parameters characterize
its internal state.

It is clear that in order to make an
effective innovation and investment decision, it
is necessary to correctly define a set of decision-
making parameters and indicators that should be
used to evaluate these parameters.

In general, the following types of
indicators can influence decision-making on the
production of innovative products:

- efficiency indicators that characterize the
degree of adaptability of innovative products to
solution of tasks assigned to them;
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- cost-effective, which set the price required
to solve problems with a given efficiency;

- temporal, organizational, which
characterize the time required for the
implementation of certain technical solutions,
certain stages of implementation (R & D,
adjusting a new technology to the conditions of
the enterprise, training employees, etc.);

- which characterize the level of perfection of
a particular innovation;

- which characterize the resource and service
life of innovative products;

- which characterize the customer's risk in
achieving the innovation goals.

Simultaneous consideration of these
indicators puts the task of assessing
competitiveness and  designing  rational

innovative products alternatives in the category
of multiple-criteria  assessment of their
functional suitability, which significantly
complicates the task of performing a
comparative analysis of innovation and
investment activity.

Multiple alternatives are a prerequisite for
the decision-making process. Indeed, if there are
no alternative options, the decision-making
situation does not occur, and the use of analysis
methods and decision-making methods is
impractical.

An alternative option is understood as a
variant of solving a problem that is quite
acceptable from the point of view of decision-
making criteria [1]. In addition, those that are
worse than others by all indicators selected for
comparison should be excluded from the list of
alternatives.  For this  purpose, it 1is
recommended to use the Pareto set. To form a
Pareto set, you need to compare all the
alternatives with each other in pairs. The Pareto
set includes those alternatives that are better
than others by at least one criterion.

The early stage of research on alternatives
for the production of innovative products

introduces two more serious issues in the
implementation of this task:
a) a significant number of output

alternatives (due to the need for revision of the
entire range of innovations);

b) the need for mandatory allowance for
the uncertainty of the initial criteria information
about alternatives.
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The ultimate goal is the goal that must be
achieved as a result of implementing the
decision made. When making innovation and
investment decisions, the final goal is closely
related to innovation and investment goals and
may have an economic or socio-economic
orientation. When making decisions, the final
goal is formalized and presented as a set of
criteria. The task of making decisions is
complicated by the fact that the criteria may
contradict each other, as well as the fact that the
initial information about the evaluation of
criteria for each alternative is usually
incomplete, that is, the decision is made under
conditions of uncertainty.

The following types of information
representation can be selected to describe the
initial criteria information:

a) deterministic (to describe fully defined
information);

b) probabilistic (when information can be
given a probabilistic, random character);

c¢) interval (when there is no grounds for
interpreting information as random, i.e. the
nature of its uncertainty is unknown, only its
property of being limited is known).

In some cases, rank scores, i.e. scores
obtained on an order scale, can be used to
measure qualitative criteria (or quantitative
criteria, in the case of lack of information). In
this case, a notional scale for measuring the
criterion is introduced, most often in integer
points. However, in general, rank estimates can
be reduced to deterministic ones.

Analysis of the main methods for
evaluating innovative products has shown that
they do not contain a single methodological
basis. They use a limited set of quantitative and
qualitative indicators of innovative products,
and do not fully take into account uncertainties
in the initial information.

The quality and efficiency of innovation
and investment activity evaluation and selection
of rational innovative products alternatives
depend on the quality of building the evaluation
and decision-making process and the methods
used in this process. It is advisable to solve this
problem by using the methods of decision
making theory.
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In the process of solving the problem of
innovation and investment activity evaluation
and selection of rational innovative products
alternatives, the question arises: in what
dimension should the space of criteria
(indicators) be chosen? The increase in the
number of criteria considered, on the one hand,
makes it possible to characterize innovative
products alternatives multidimensionally, and
on the other hand, it makes it difficult to
understand the task, especially expert
comparative assessments of innovative product
alternatives.

To evaluate criterion information,
correlation analysis is most often used, which
allows the user to identify groups of strongly
related criteria with the subsequent exclusion of
a number of such criteria from consideration.

One of the most important questions
posed by the development of this methodology
is the choice of decision-making methods. This
choice is influenced by factors such as the
acceptability of risk in solving problems, the
amount of initial information about criteria and

alternatives, the available time to solve the
problem, etc.

It can be possible to try to -classify
decision-making methods, although this
classification will be quite notional. For this
purpose, we introduce a vector that
characterizes a specific decision-making
problem, as well as a number of additional
conditions for the decision-making process:

‘7: {Vla VZ) V39"'9V7}3 (1)

where V1 is the type of a problem to be
solved; V2 —available time to solve the
problem; V3 — method of including information
about criteria and alternatives; V4 —type of
information used; V5 — number of alternatives;
V6 — number of performance criteria; V7 —
acceptability of the risk level in the task.

In general, the number of vector
components is not final and can be increased if
the decision-making task needs to be more
detailed. For each component of the vector, we
can consider the set of permitted values given in
Table 1.

Table 1. Description of the criteria space in decision-making

Components Parameter of a decision making Permitted values of the
problem parameter
A Type of a problem to be solved | 1 - linear ranking of
alternatives;
2 - group ranking of
alternatives;
3 - search for one or more
of the best alternatives
V, Time available for solution of a | 1 1 — rather long;
problem 2 2 - limited
V3 Method of including I-explicit;
information about criteria and | 2-implicit
alternatives
Vy Type of information used 1-deterministic;
2-probabilistic;
3-interval
Vs Number of alternatives 1 1-small (A <6);
2—big (A > 6)
Ve Number of performance criteria | 2 1-small (C < 6);
2—-big (C>6)
\%i Acceptability of the risk level 1 1 —risk is acceptable;
in the task 2 2 — risk is not
acceptable
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It is also possible to classify decision-
making methods in accordance with the given
sets of values of the vector components. With a
certain degree of being notional, three groups of
decision-making methods can be distinguished
to solve our problem.

The first group includes a number of
decision-making methods, such as the ideal
point method, the best sum of places method,
the dominant criteria method, linear and
nonlinear convolution of criteria methods, etc.
These methods are the most frequently used and
fastest-acting, and do not require further expert
information. They use deterministic
information. They are designed to solve type 1
decision-making problems (i.e., problems of
linear ranking of alternatives by preference),
and, as a result, can also be used to solve
problems of Type 2 and 3. However, these
methods require preliminary evaluation of the
preferability of criteria by using coefficients of
their relative importance. This point is very
important, since any change in preferability can
significantly alter the final ranking of innovative
products alternatives.

Most methods allow for a certain degree
of risk when making decisions. However, there
are a number of situations where the risk is
generally unacceptable or needs to be
minimized. In this case, it is advisable to use
decision-making methods of the second group:

the minimax method, the Hurwitz method, etc.
These methods are used when it is necessary to
take into account a possible change in external
conditions with an unknown possibility of its
occurrence and solve the problem one or a small
number of times. They mainly use deterministic
information, and they also require pre-setting
coefficients of relative importance of criteria.

Most often, an expert assessment of the
coefficients of criteria relative importance is
used. However, it carries a considerable share of
unpredictability. In addition, this requires
significant experience of the expert, his
knowledge of the essence of the studied
problem. Moreover, with a large number of
criteria, the expert, due to the psychological
capabilities of a human, is not able to
simultaneously cover all the criteria during
comparison, to feel the difference in their
impact on the decision as a whole, which leads
to insufficient validity of the expert assignment
of the importance of criteria.

One of the rational approaches to solving
this issue is to use the method of hierarchy
analysis, which allows the researcher to measure
the impact on the final result by paired expert
comparison, which is carried out in terms of the
dominance of one element over another. The
characteristics of the main representatives of
decision-making methods are shown in Table 2.

Table 2. Characteristics and use of decision-making methods

Grou Vector ]_/) components of decision-making
P Decision-making methods blem descripti
number g problem description
Vl Vz V3 V4 VS v6 V7
Linear convolution of criteria
| | Thebest sum of places 23 (12| 1)1 e e
The ideal point
Dominant criteria. ..
) glmm.’tax 123 (121 1] 1 |12 12| 2
urwitz 123 |12 1| 1 |12 12 |12
3 Stochastic dominance method ... 120 L 1p 1o lin [ 1in 1

This classification is notional and can be
further refined.

Analysis of the existing literature shows
that mostly, when developing similar methods, a
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single (universal) method of decision-making is
considered. Such methods require a long
preparatory process of work and a significant
amount of additional expert information.
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Given the complexity of the task of
rational innovative production alternative
selection, the different degree of uncertainty of
the information used in this process, as well as
the possibility of fast solution of problems, it is
hardly advisable to use any single one, even
relatively universal method of decision-making
in the methodology.

Such a technique should contain a set of
different decision-making methods: from fast,
which do not require a large amount of initial
information, but are less precise, to more

accurate, but also more complex. Their use will
also allow us to conduct a study of the stability
of the resulting solution for confident and
reasonable decision-making on the rational
innovative production alternative selection.

The set of decisions implemented should
be minimally sufficient to solve the problem in
a multiple criteria representation, taking into
account different degrees of information
uncertainty and the level of risk. The general
structure of the proposed complex methodology
is shown in Fig. 1.

Innovative products feasibility study, representation of initial information
about criteria
Alternatives Criteria
> Ci |G| G G
Ay Si1 | Sa1 | Sai Sii
A, Si2| S22 | S3 Sia
Az Si3 | S»3 | Sa33 Siz
A_] S]J SQJ S3J SU

Information representation for decision making

Choice of Pareto
optimal alternatives

Criteria information
evaluation

Input of extra
expert information

Selection of a decision making method

Selection of the best alternative (prototype, model)

U

Expert assessment of the result (pre-planning studies, decision stability
analysis, comparison of results under different methodologies)

Result is not
satisfactory

The best alternative

Fig. 1. General structure of rational innovative production alternative selection process.
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In order for such a methodology to
function, the following must be developed:

- methodology of innovative products
feasibility study and formation of initial
information on criteria and alternatives;

- methodology of conducting criteria
research;

- methodology of reasonable selection of a
rational set of decision-making methods.

Conclusions. The problem of the
decision  effectiveness  assessment s
complicated by several circumstances. First,
as a result of decision-making, as a rule, a set
of goals is achieved in different areas of the
enterprise's activity, which may have different
suitability to formalized assessment and
different measurement scales. Secondly, at the
time of decision-making, its results are
predictive in nature, that is, there is a
contradiction between the desired speed and
the reliability of decision-making
effectiveness  assessment. Third, the
achievement of results is wusually not

instantaneous, but occurs over a period of a
certain duration, which requires consideration
and usage of discounting methods. These
listed circumstances do not allow us to use
only indicators of economic efficiency for the
purpose of evaluating the decision-making
process. Such an assessment should use an
integrated criterion in which economic
efficiency indicators would be of high
importance.

Thus, when an integrated methodology
of rational innovative production alternative
selection should include:

- solution of the decision-making problem
in a multiple-criteria interpretation;

- evaluation of a sufficient set of
alternatives;

- allowance for the uncertainty of the initial
criteria information about alternatives;

- usage of different criteria measurement
scales;

- use of alternative information at all stages
of the decision-making process.
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