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COMBINED METHOD OF RANKING OPTIONS IN PROJECT DECISION SUPPORT
SYSTEMS

The subject of research in the article is the process of ranking options in project decision support systems. The goal of the work is to
create a method for ranking options to improve the efficiency of decision support systems by coordinating the interaction between
automatic and interactive procedures of computer-aided design systems. The following tasks are solved in the article: review and
analysis of the current state of the problem of ranking options in design decision support systems; decomposition of the problem of
project decision support; development of a combined method of ranking options, which combines the procedures of technologies of
ordinalistic and cardinalistic ordering; development of a method of minimax selection of options from a set of effective for the
procedure of expert evaluation. The following methods are used: systems theory, utility theory, optimization and operations research.
Results. As a result of the analysis of the modern methodology of decision support, the existence of the problem of correct reduction
of subsets of effective design options for ranking, taking into account factors that are difficult to formalize, knowledge and experience
of the decision maker (DM), has been established. The decomposition of the problem of supporting the making of design decisions
into the tasks of determining the goal of designing an object, forming a universal set of design decisions, identifying sets of admissible
and effective decisions, ranking and choosing the best design option for decision makers has been performed. A combined method for
ranking options has been developed, which combines the procedures of ordinalistic and cardinalistic ordering technologies and allows
you to correctly reduce subsets of effective design solutions for ranking decision makers. A method of minimax selection of options
from a set of effective ones for the expert evaluation procedure of decision makers has been developed, which allows improving the
quality of the assessment. Conclusions. The developed method expands the methodological foundations of automation of processes
for supporting multi-criteria design decisions, allows for the correct reduction of the set of effective alternatives for the final choice,
taking into account factors that are difficult to formalize, knowledge and experience of decision makers. The practical use of the
results obtained due to the proposed procedure for determining the set of effective solutions will reduce the time and capacitive
complexity of decision support, and due to the use of the maximin procedure for selecting options in the synthesis of the estimation
model — to improve the quality of design solutions.

Keywords: design automation; multicriteria evaluation; effective solutions; comparative identification; project decision support;
utility theory.

Introduction

Increasing the requirements for the functional
characteristics of anthropogenic objects, which are
operated in various spheres of human activity, leads to the
complexity of technologies and means of their design [1].
Within the methodology of the system approach to obtain
effective and sustainable design solutions, it is advisable
to jointly solve the problems of structural, parametric and
technological optimization of objects at all major stages of
their life cycles [2]. However, most of these problems are
combinatorial in nature and are solved by a set of
functional and cost indicators in terms of incomplete
definition of goals and data [3-4].

The most complex objects of design and
management are organizational and technical systems,
which are characterized by significant structural
complexity and contain, along with traditional technical
components, active (organizational) elements [5]. In
territorially distributed technical and organizational-
technical  objects  (service  systems, logistics,
telecommunications, monitoring, etc.) cost and functional
characteristics are significantly dependent on their
topology (territorial organization) [6-7]. The processes of
design, development planning or reengineering of such
objects are even more complex due to the fact that they
include in addition to the above traditional synthesis
problems the problem of their topological optimization [8-
10]. This leads to the need to generate and analyze super-
powerful sets of alternatives. However, the vast majority
of decisions generated using automatic procedures are
inefficient, and the choice of the implementation of the

design object is made by the decision maker (DM), who is
able to analyze and make a choice among only a few
options [11].

At the same time, it is often not possible to
substantiate a single scalar criterion for assessing
efficiency, which would fully characterize the alternatives.
Based on this, DM evaluates the effectiveness of the
alternative as a whole based on the analysis of some set of
contradictory criteria, each of which characterizes some of
its partial properties [12-14]. Evaluation of the
effectiveness of alternatives is traditionally carried out
using the theory of utility. The decision-making process
for choosing the best project option is carried out using
the methods of individual or collective expert evaluation
[15-17]. The above raises problems of coordination of
interaction between automatic and interactive design
procedures of computer-aided design systems. One of
them is the problem of forming and correctly reducing the
set of effective alternatives for the final choice, taking into
account factors that are difficult to formalize, knowledge
and experience of DM.

Analysis of the problem and methods of its solution

In the first stages of formalization, the essence of the
problem of project decision-making can be represented by

the logical expression "necessary s°" or formally
<—,8°> (where s° is the optimal project decision) [18].
In this case, the decision-making situation d (formally
<d,—>) is usually not defined clearly enough. To move
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to the decision-making task of the form, the problem is
decomposed into a set of auxiliary problems of the form:

"given <d,—>, necessary <d,s*>", i.e.
<<d,->,<d,s’>>, or "given <-—,s°>, necessary
<d,s®>" ie <<—,8°>,<d, s’ >>.

In the subsequent stages, the problem of making
design decisions can be presented as a system Pr,
consisting of the set of tasks [19]:

Pr =<Tasks, Rels >, Tasks ={Task; }, i=16, (1)

where Tasks — the set of tasks obtained as a result of
decomposition of the problem; Rels —the set of
relationships between tasks that determine the scheme of
their relationships on input and output data; Task, — goal

setting; Task, — formation of a universal set of design
solutions S" ; Task, — selection of a set of valid solutions
ScSY; Task, — selection of a subset of effective
solutions S® =S = SY; Task, —decisions s e S® ranking;
Task, — choosing the best design solution s° € SF.

The task of determining the goal Task, is to
establish the set and importance of indicators (partial
criteria) of effectiveness k,(s), i=1,m, which

adequately characterize the design solutions [6, 20]. It
determines  the relationship  between  functional
k;(s)eQ(s) and costly k(s)eC(s) characteristics

k(s), i=1,m of the design solutions. The generalized

functional effect (3(5) of the object S in the general case
is a non-decreasing function of the amount of resources to
achieve it (cost) Q(s)=F[C(s)] (where Q(s) and
6(5) are generalized scalar estimates of the effect and

costs S; F is an operator that reflects the strategy of
resource use, which is determined by the construction
option of the S object).

The problem of determining the universal set of

design solutions SY (Task,) is combinatorial in nature
and can have computational complexity from O[2"] to
O[n!] . Its solution is carried out based on the specifics of

the projected object and the design task. In practice,
methods of directed search are widely used, which allow
to significantly reduce the set of alternative solutions that
are generated and analyzed in the process of designing
objects [21].

The problem of determining the set of admissible
solutions S = SY (Task,) is to remove from the universal

set SY of a subset of solutions S that do not satisfy the
constraint of the problem to be solved S = S" \S [6]:

ki(s)Zkj Vki(s)eQ(s), k(s)<k’ Vk(s)eQ(s).(2)

The task of selecting a subset of effective design
solutions SfcS (Task,) is to remove from the

admissible set S = SY of subsets of inefficient solutions

S° < S. Thus the variant of the design decision s© € S°
is called effective if on a set S of admissible design
decisions there is no decision s e S for which inequalities
would be fair [22]:

k(s)>k(s®),if k(s)—>max, 3)

k(s)<k(s®),if k(s)—>min (4)

and at least one of them was strict.

Depending on the features of the problem, methods
are used to solve it: discrete choice, weight [23], pairwise
comparisons, Carlin, Hermeyer [22], evolutionary search
[24-26].

Methods of discrete choice and pairwise
comparisons allow to correctly select subsets of effective
solutions, but have a relatively high time complexity.

A subset of effective variants S* < S by the Carlin
method is found by combining solutions s° and i=1,m

that optimize each of the partial criteria by solving a set of
parametric programming problems [22, 27]:

s =argmax{P(s)=Y 45(s)},  (5)
heA={4:4>0 vi=Im, Y4=1}, (©)

where & (s) — the value of the utility function (normalized
value) of the i-th partial criterion; 4, — weighting factor
of the i -th partial criterion.

The subset of effective design solutions S < S by
the Hermeyer method is determined by combining options

s, i=1,m that optimize each of the local criteria by

solving a set of parametric programming problems [22-
27]:

st =arg max{ P(s)=min 4&(s)}, ™
AeA={A:2>0 Vi=1m, Zm:/llzl. (8)

To reduce the time complexity of the methods of
pairwise comparisons, Carlin and Hermeyer use
procedures for selecting subsets of suboptimal Pareto
solutions S’ for which the condition is satisfied

Sf =S’ S [28]. They are implemented by the methods
of "sector" or "segment" and provide for a set of
acceptable solutions S ={s} to pre-determine the best
options for each of the partial criteria k', i=1,m.

Hyperplanes are drawn through the points k', i=1,m

lying on the boundary of the set of admissible solutions
S ={s} in the area of partial criteria. Hyperplanes will

divide variants into subsets that fall into a sector S; oS¢

or segment S, oS, respectively, and those that are
inefficient in the sense of (3)-(4):
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s=s/US", s/NS" =g; ©)

s=s,US", siNS =o. (10)

Among evolution, the most popular method is based
on a genetic algorithm with non-dominant sorting NSGA-
Il [29]. It is used to determine the Pareto front on
acceptable sets of ultra-large size and has the ability to
give convergence to the front and a good distribution of
solutions across the front. To accelerate the rate of
convergence of genetic algorithms to the Pareto
front, a method of reducing the number of target
functions based on the principal components method is
used [30].

The ranking of solutions (Task,) and the choice of

the best design solution s° € SF (Task, ) is based on the

paradigm of utility maximization within the framework of
ordinalistic or cardinalistic approaches [23]. When using
the ordinalistic approach, the ordering of a small set of
effective solutions se SF is carried out by DM. When
using the cardinalistic approach, a generalized efficiency
criterion P(s) is formed; it is used for scalar evaluation

and selection of the best design solution:

s® =arg maExP(s).

seS

(11)

At the same time, in both approaches, it is
considered that each of the design solutions is assigned a
value of some of its value P(s), which determines their

order [19]:
VsveS:s~ve P(s)=P(v);
S~VveP(s)>P(v);
SV« P(s)=P(v).

(12)

To solve these problems, methods of comparative
identification [11, 19] or expert collective assessment
[31-35] are used, which give quite satisfactory results on a
set of effective low-power solutions. In this case,
the model of generalized utility based on
the Kolmogorov-Gabor polynomial is used as a universal
one [11, 19, 36].

Research results

According to the results of the review of the current
state of the problem of project decision support, it is
established that:

- most design tasks are multi-criteria and have a
combinatorial nature;

- the process of solving them involves the generation
and automatic analysis of huge numbers of design
solutions;

- the vast majority of solutions generated in the
design process are ineffective according
to Pareto;

- methods of allocating subsets of effective solutions
have a high time and capacitive complexity and, based on

the peculiarities of design tasks, give subsets of enormous
power;

- evaluation of the effectiveness of design solutions
is traditionally carried out using the theory
of utility;

- the process of making a final decision is carried out
using the methods of expert evaluation, in the process of
which only a small number of project decisions can be
analyzed.

There is a need to correctly reduce subsets of
effective design solutions for ranking, taking into account
factors that are difficult to formalize, knowledge and
experience of DM.

The aim is to develop a combined method of ranking
options in project decision support systems, which will be
based on the procedures of ordinalistic and cardinalistic
ordering.

As a result of decomposition of the problem of
obtaining stable and effective system solutions for
complex design objects at the | -th (lower) level, we will

highlight the tasks [6]: Task, — definition of the principles
of object construction; Task, — choice of object structure;
Task, — determination of the topology of elements and
connections; Task; — choice of operating technology;
Task, — determination of parameters of elements and
connections; Task, — evaluation of efficiency and

selection of design solutions.

The scheme of system optimization of the object on
the selected set of tasks can be presented in the form of a
tuple [37]:

SysOptS = <Tasks, InDat, Res, DesDec, ProcDec >, (13)

where: Tasks =<Task!' >, i=16 — an ordered set of

tasks; InDat — set of input data tasks; Res is a set of task
constraints; DesDec is a set of design optimization
solutions; ProcDec — a decisive procedure that assigns a

non-empty subset {DesDec’}, i=16 to each npair
<InDat?,Res’ > .
The number of design solutions Card (SY)

increases nonlinearly with increasing dimension of the
problem (the number of partial criteria for evaluating
solutions m, the number of elements of the design
object n, the number of types of elements,
the number of possible locations of elements, etc.). It is
known that the power of a set of effective solutions is
much less than the power of a set of acceptable solutions
Card(SF)<<Card(S).

Table 1 shows examples of increasing the capacity of
the universal set of acceptable Card (S" ), subsets of

effective design solutions Card (SF) and reducing the
relative capacity of the subset of effective solutions
0S = Card (S¥)/ Card (S* ) in the task of structural and

topological optimization of a three-level centralized object
on four indicators (m=4).
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Table 1. Estimation of capacities of sets of admissible and effective design decisions

n 15 20 25 30 35 40
Card (SY) 3,27-10% 1,04-108 3,35-107 1,07-10° 3,44-1010 1,09-1012
Card (SF) 7,53-102 9,12-103 5,7-10% 1,18-10 2,06-107 8,79-107
58 0,023 0,0087 0,0017 0,0011 0,0006 0,00008

To solve the problem of ranking solutions from the
sets S ={s} acceptable in design automation systems, a

combined expert-machine method is proposed. It involves
the sequential implementation of the following stages:
selection on the set of allowable subsets of effective

options S® 'S, Card(S®)<<Card(S); determining
the preferences of experts on the importance of different
properties of options seS®, which are assessed by

partial criteria k;(s), i=1,m; parametric synthesis of the
generalized utility function P(s); ranking of options

using the synthesized generalized utility function
P(s)>P(v) <> s>V Vs,veS®; selection on a subset

S® of a subset of some of the most effective options
S'cSF, card(S’)<<card(S®); determining the ranks
of a subset of the most effective options.

Taking into account the limitations of the problem
and the use of directed search methods can significantly
reduce the set of acceptable solutions S relative to the
universal set of solutions SY, which leads to a
corresponding reduction of the subset of effective
solutions S®. However, in practice, the allocation of a

subset of effective solutions S® S, storage and
processing of information about it is quite problematic.
Based on this, it is proposed not to select a subset
SF of the set of acceptable solutions, but to form it in the
process of generating options. This allows not only to
significantly reduce the amount of memory to
store the characteristics of options for a set of

It is proposed to determine the advantages of DM by
parametric synthesis of the generalized utility function of
solution variants based on the Kolmogorov-Gabor
polynomial. [11, 19]:

P(5)= 3 AE(S)+ DD A& (S (5)+

.o D
+; ZZ Ap&i (), (8)&(s)+...
;(s)=Ei(s)=%, i—Im,  (15)

where P(s) — generalized scalar assessment of the

effectiveness of the solution s€S®; m — number of
partial criteria; 4, 4;, 4, — coefficients of importance of
criteria k(s), i=1,m and product of criteria k(s),
k,(s), k(s); 0<&(s)<1, i=1,m — the value of the
utility function of the partial criterion k(s), i=1,m fora
solution s; k;(s), k", ki — accordingly, the value of the
partial criterion for the solution s, the best and worst
value of the criterion k,(s), i=1,m.

Function (15) requires a minimum number of
machine operations to calculate its values among common
functions [20]. For a more accurate nonlinear (S- and
Z-shaped) approximation of estimates of the usefulness of

the values of partial criteria, it is proposed to use a
universal gluing function, which is the best in terms of the

indicators  k,(s), i=1m, but also the computer complex indicator "accuracy-complexity” among the
time to install a subset of effective solutions. common [38]:
5(b1+1)[1—£b1/[b1+@m,osk(s)sia;
Ka
&(s)= (16)

a+(1-a)(b, +1)><><[1—[b2 /(bz +

where &(s)=k(s); ka,a — normalized values of the
coordinates of the gluing point, 0<k.<1, 0<a<1;
b, , b, — coefficients that determine the type of dependence
on the initial and final segments of the function.

The value k-, i=1m for (15) should be
determined on the whole set of admissible solutions
S ={s}. Their definition only on a subset of effective S*
leads to the fact that the worst values of the utility

Mmi <k(s)<1,
1—Ka

functions of partial criteria &(s), i=1,m (15) and (16)
will be equal to 0 [11]. In this case, the property of
universality of the model constructed on the basis of the
Kolmogorov-Gabor polynomial (14) disappears and it is
transformed into the classical additive model.

The number of summonds N in model (14) is
determined by the required accuracy of restoring the
benefits of DM. To determine the parameters of model
(14) we will use the technology of comparative
identification [11, 36].
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The unreasonable choice of solutions for the
parametric synthesis of model (14) reduces the accuracy
of determining the advantages of DM, which is given by

the values of the weight coefficients, 4, 4;, ﬂ,”.l ,-.oo TO

increase the accuracy of identifying the advantages of
DM, we select among the effective subset of a given
number of the best options S’ < S by criterion:

s'=arg max min&,(s).
segE Iism

(17)

DM on the basis of requirements to the design
decision and subjective estimations forms the binary
relation of strict advantage on pairs of options [39]:

R(S')={<sv>:sveS' s>v}. (18)

Given the possibility of scalar estimation of solutions
(14), for relation (18) we make a system of inequalities:

P(A,5)>P(A,v), s,veR(S"), (19)

where A — the desired vector of parameters of the
generalized utility model (14).
Let’s enter the notation:

51(X)'§1(X):§m+1(x)’ /11,1 =A’m+1’ 51(X)'§2(X):§m+z(x)7
A, =4 (20)

me2 9 <o *

The maximum number of terms of model (14) is
N=C" -1 (where n is the given degree of the

polynomial). Taking into account the accepted notation
(20), model (14) can be presented in the classical additive
form:

P(25)= 34 4(5). @

Then the problem of parametric synthesis of the
generalized utility function (21) is reduced to determining

the vector of weight coefficients [4 ], i=1,N, which

satisfies the formed system of inequalities and
normalizing conditions:
N —
A =1 420, i=LN. (22)
i=1

Taking into account (21) we present a system of
inequalities (19) and equations (22), in the form:

nj(/l)zii, gj(s)—iﬁ,I &(v)>0, <s,v>eR(S"),

j=1n’, (23)

where n'=Card R(S') — the power of the set of the
established ratio of strict advantage (19).

The first part of the system (23) are homogeneous
inequalities defining the set of planes that pass through the

origin, and the second part acts as a normalizing condition
and defines the cutting plane.

The obtained system of inequalities and equations
(23) can have innumerable solutions or be incompatible (if
there are contradictions in the advantages of DM). The
problem of determining stable estimates of the vector of
weights of model (21) can be reduced to finding the
Chebyshev point [11, 19, 39].

Let’s introduce an additional variable A,,, in the

system of constraints (23) and require that the conditions
7;(A)< Ay, J=1,n" are satisfied. Then the search for
the Chebyshev point of system (23) is reduced to solving
the problem:

Ay, —> Min;

17,(A)+ Ay.1 >0,

N
el A)=D 4 =1, 420,
i=1

j=1n’,

i=1,

If the system of inequalities (24) is compatible, then
the indicator variable is

r=mﬁin m?xnj(ﬂ)go, (25)
and the obtained solution A° will be as resistant as

possible to possible shifts of the constraint planes
(variations of DM advantages). If the system of constraints

(24) is incompatible, then >0 . In this case, for the
system of DM advantages, given by the binary relation
R(S") (18), there is no vector of weight coefficients of
partial criteria [ 4 ] that satisfies the conditions (24).

At the next stage, the values of the generalized utility
function P(A°,s) (21) are calculated for all effective

variants s € S® with the set values of weight coefficients
[A°], i=1,N . This allows the ranking of the whole set
of effective options using the values of the synthesized

generalized utility function.
At the last stage, based on the quantitative evaluation

of options P(A1°,s), seS®, asubset S° € S* of a given

o

number n° of the best options is selected. With
Card(S°)<<Card(S®) . After that, DM, using the

methods of expert evaluation or lexicographic
optimization, makes the final choice of the best option
s°eS°,

Conclusions

In the process of analyzing the problem of project
decision support, it was found that most design tasks are
multi-criteria and combinatorial, and the final decision-
making processes are carried out using expert evaluation
methods by analyzing only a small number of options. In
practice, this leads to the problem of correctly reducing
subsets of effective design solutions for ranking, taking
into account factors that are difficult to formalize,
knowledge and experience of DM. As a result of
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decomposition of the problem of support of design
decisions the tasks of definition of the purpose of
designing of object, formation of universal set of design
decisions, allocation of sets of admissible and effective
decisions, ranking and a choice of the best design decision
are allocated.

To coordinate the interaction between automatic and
interactive design procedures of automated design and
control systems, a combined method of ranking options is
proposed, which combines the procedures of ordinalistic
and cardinalistic ordering technologies. It involves the
sequential implementation of the stages of formation of a
subset of effective options, determining the preferences of
experts on the importance of individual properties of
options, which are evaluated by partial criteria, parametric
synthesis of generalized utility function, ranking options
using synthesized generalized utility function, selection of

subsets of multiple options and several ranks of the
options selected in this way. Parametric synthesis of the
generalized utility function, built on the basis of the
Kolmogorov-Gabor polynomial, is proposed to be carried
out using the method of comparative identification on a
set of alternatives with maximum values of indicators.

The developed method expands the methodological
principles of automation of support processes for multi-
criteria design solutions, allows to correctly reduce the set
of effective alternatives for the final choice, taking into
account factors that are difficult to formalize, knowledge
and experience of DM. The practical use of the obtained
results due to the proposed procedure for determining the
set of effective decisions will reduce the time and capacity
complexity of decision support, and through the use of
maximum selection in the synthesis of the evaluation
model that is to improve the quality of design decisions.

References

1. Kossiakoff, A., Sweet, W. N., Seymour, S. J., Biemer, S. M. (2011), Systems Engineering Principles and Practice, Hoboken, New
Jersey : A John Wiley & Sons, 599 p.

2. Timchenko, A. A. (2004), Fundamentals of system design and analysis of complex objects: Fundamentals of system approach and
system analysis of objects of new technology [Osnovy systemnoho proektuvannya ta analizu skladnykh ob'yektiv: Osnovy systemnoho
pidkhodu ta systemnoho analizu ob'yektiv novoyi tekhniky], Ed. by Yu. G. Legi, Kyiv, Lybid, 288 p.

3. Greco, S., Ehrgott, M., Figueira, J. R. (2016), Multiple Criteria Decision Analysis — State of the Art Surveys, New York : USA,
Springer, 1346 p.

4. Kaliszewski, 1., Kiczkowiak, T., Mirofori-dis, J. (2016), "Mechanical design, Multiple Criteria Decision Making and Pareto
optimality gap", Engineering Computations, Vol. 33 (3), P. 876-895.

5. Putyatin, V. G. (2015), "Choosing a rational option for the technical implementation of a complex organizational and technical
system in the context of multi-criteria” ["Vibor ratsional'nogo varianta tekhnicheskoy realizatsii slozhnoy organizatsionno-
tekhncheskoy sistemi v usloviyakh mnogokriterial'nosti"], Restratsiya, zberigannya and i obrobka danih, Vol. 17, No. 4, P. 71-92.

6. Beskorovainyi, V. V. (2002), "Systemological analysis of the problem of structural synthesis of geographically distributed
systems" ["Sistemologicheskiy analiz problemy strukturnogo sinteza territorial'no raspredelennykh sistem"], Automated control
systems and automation devices, Issue 120, P. 29-37.

7. Beskorovainyi, V., Kuropatenko, O., Gobov, D. (2019), "Optimization of transportation routes in a closed logistics system",
Innovative Technologies and Scientific Solutions for Industries, No. 4 (10), P.24-32. DOI: https://doi.org/10.30837/2522-
9818.2019.10.024

8. Under total. ed. Vasilieva, S. N., Zvirkuna, A. D. (2019), "Managing the Development of Large-Scale Systems" ["Upravleniye
razvitiyem krupnomasshtabnykh sistem™], Proceedings of the 12th Int. Conference (MLSD'2019), 1-3 Oct. 2019, Moscow, IPU RAN,
1294 p.

9. VYelizyeva, A., Artiukh, R., Persiyanova, E. (2019), "Target and system aspects of the transport infrastructure development
program”, Innovative Technologies and Scientific Solutions for Industries, No. 3 (9), P. 81-90. DOI: https://doi.org/10.30837/2522-
9818.2019.9.081

10. Kosenko, V., Gopejenko, V., Persiyanova, E. (2019), "Models and applied information technology for supply logistics in the
context of demand swings”, Innovative Technologies and Scientific Solutions for Industries, No.1(7), P.59-68.
DOI: https://doi.org/10.30837/2522-9818.2019.7.059

11. Petrov, K. E., Deineko, A. A., Chalaya, O. V., Panferova, 1. Y. (2020), "Method of ranking options in the procedure of collective
expert evaluation" ["Metod ranzhyrovanyya variantiv pry provedenyy protsedury kollektyvnoho ékspertnoho otsenyvanyya'],
Radioelectronics, Informatics, Management, No. 2, P. 84-94.

12. Bernasconi, M., Choirat, C., Seri, R. (2014), "Empirical properties of group preference aggregation methods employed in AHP:
Theory and evidence", European Journal of Operational Research, No. 232, P. 584-592.

13. Podolyaka, O. A., Podolyaka, A. N. (2015), "Application of ordinal normalization and scrambling of criteria for solving
multicriteria  problems” ["Prymenenye poryadkovoy normalyzatsyy y skremblyrovanyya kryteryev dlya reshenyya
mnohokryteryal'nykh zadach"], Automotive and Electronics. Modern technologies, No. 8, P. 60-69.

14. Ataei, M., Shahsavany, H., Mikaeil, R. (2013), "Monte Carlo Analytic Hierarchy Process (MAHP) approach to selection of
optimum mining method", International Journal of Mining Science and Technology, No. 23, P. 573-578.

15. Bagocius, V., Zavadskas, E. K., Turskis, Z. (2014), "Multi-person selection of the best wind tur-bine based on the multi-criteria
integrated additive-multiplicative utility function”, Journal of Civil Engineering and Management, No. 20, P. 590-599.

16. Baky, I. A. (2014), "Interactive TOPSIS algorithms for solving multi-level non-linear multi-objective decision-making problems",
Applied Mathematical Modelling, No. 38, P. 1417-1433.

17. Baky, 1., Abo-Sinna, M. (2013), "ATOPSIS for bi-level MODM problems", Applied Mathematical Modelling, No, 37, P. 1004-
1015.

18. Vilkas, E. Y., Mayminas, E. Z. (1981), Solution: theory, information, modeling [Resheniye: teoriya, informatsiya,
modelirovaniye], Moscow : Radio and Communication, 328 p.




ISSN 2522-9818 (print)

CyuacHuii cman Hayko8ux 0ociiodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 4 (14) ISSN 2524-2296 (online)

19. Petrov, E. G., Brynza, N. A., Kolesnik, L. V., Pisklakova, O. A. (2014), Methods and models of decision making in conditions of
multicriteria and uncertainty [Metody i modeli prinyatiya resheniy v usloviyakh mnogokriterial'nosti i neopredelennosti], Kherson :
GrinD. S.,192 p.

20. Beskorovainyi, V., Berezovskyi, G. (2017), "Estimating the properties of technological systems based on fuzzy sets", Innovative
Technologies and Scientific Solutions for Industries, No. 1 (1), P. 14-20. DOI: https://doi.org/10.30837/2522-9818.2017.1.014

21. Beskorovainyi, V., Podolyaka, K. (2015), "Modifications of the directed search method for reengineering the topological
structures of large-scale monitoring systems" ["Modifikatsii metoda napravlennogo perebora dlya reinzhiniringa topologicheskikh
struktur sistem krupnomasshtabnogo monitoringa™], Radioelectronics and Informatics, No. 3 (70), P. 55-62.

22. Beskorovainyi, V., Petryshyn, L, Shevchenko, O. (2020), "Specific subset effective option in technology design decisions",
Applied Aspects of Information Technology, Vol. 3, No. 1, P. 443-455.

23. Bezruk, V. M., Chebotareva, D. V., Skorik, Yu. V. (2017), Multicriteria analysis and choice of telecommunication means
[Mnogokriterial’'nyy analiz i vybor sredstv telekommunikatsiy], Kharkiv : Ukraine, FOP Koryak S. F., 268 p.

24. Deb, K., Deb, D. (2014), "Analysing mutation schemes for real-parameter genetic algorithms", International Journal of Artificial
Intelligence and Soft Computing, No. 4 (1), P. 1-28.

25. Deb, K., Himanshu, J. (2014), "An evolutionary many-objective optimization algorithm using reference-point-based
nondominated sorting approach, part I: Solving problems with box constraints”, IEEE Trans. Evolutionary Computation, No. 18 (4),
P. 577-601.

26. Kalyanmoy, D. (2011), "Multi-objective optimization using evolutionary algorithms: an introduction”, In Multi-objective
evolutionary optimization for product design and manufacturing, Springer, P. 3-34.

27. Mikhalevich, V. S., Volkovich, V. L. (1982), Computational methods of research and design of complex systems [Vychislitel'nyye
metody issledovaniya i proyektirovaniya slozhnykh sistem], Moscow : Nauka, 288 p.

28. Beskorovainyi, V., Krasko, A. (2017), "Automation of processes for choosing effective solutions in the automated design of
control and automation systems™ ["Avtomatizatsiya protsessov vybora effektivnykh resheniy pri avtomatizirovannom proyektirovanii
sistem upravleniya i avtomatiki"], Bulletin of the Kherson National Technical University, No. 4 (27), P. 208-212.

29. Deb, K., Pratap, A., Agarwal, S., Meyarivan, T. (2002), "A fast and elitist multiobjective genetic algorithm: NSGA-1I", IEEE
transactions on evolutionary computation, Vol. 6 (2), P. 182-197.

30. Shadura, O. (2019), "Modification of genetic algorithms based on the method of non-centered principal components and standard
tests" ["Modyfikatsiya henetychnykh alhorytmiv na osnovi metodu netsetrovanykh holovnykh komponent ta standartni testy"], World
Science, No. 4 (44), P. 4-11.

31. Bernasconi, M., Choirat, C., Seri, R. (2014), "Empirical properties of group preference aggrega-tion methods employed in AHP:
Theory and evidence", European Journal of Operational Research, No. 232, P. 584-592.

32. Saaty, T. L. (2016), "The Analytic Hierarchy and Analytic Network Processes for the Measurement of Intangible Criteria and for
Decision-Making", Multiple Criteria Decision Analysis. International Series in Operations Research & Management Science, New
York : Springer, Vol. 233, P. 363-419.

33. Figueira J., Mousseau, V., Roy, B. (2016), "ELECTRE Methods", Multiple Criteria Decision Analysis. International Series in
Operations Research & Management Science, New York : Springer, Vol. 233, P. 155-185.

34. Brans, J. P, De, S. Y. (2016), "PROMETHEE Methods Multiple Criteria Decision Analysis", International Series in Operations
Research & Management Science, New York : Springer, Vol. 233, P. 187-219.

35. Papathanasiou, J., Ploskas, N. (2018), "TOPSIS", Multiple Criteria Decision Aid. Springer Optimization and Its Applications,
Cham : Springer, Vol. 136, P. 1-30.

36. Beskorovainyi, V., Trofimenko, 1. V. (2006), "Structural-parametric identification of multifactor estimation models" [Strukturno-
parametrychna identyfikatsiya modeley bahatofaktornoho otsinyuvannya™], Weapons systems and military equipment, No. 3 (7),
P. 56-59.

37. Beskorovainyi, V., Imanhulova, Z. (2017), "Technology of large-scale objects system optimization", ECONTECHMOD, Vol. 06,
No. 4, P. 3-8.

38. Beskorovainyi, V., Berezovskyi, H. (2017), "Identification of preferences in decision support systems"”, ECONTECHMOD,
Vol. 06, No. 4, P. 15-20.

39. Beskorovainyi, V. (2017), "Parametric synthesis of models for multicriterial estimation of technological systems", Innovative
Technologies and Scientific Solutions for Industries, No. 2 (2), P. 5-11. DOI: https://doi.org/10.30837/2522-9818.2017.2.005

Received 22.11.2020

Bidomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Be3kopoBaiinnii Bosonumup BajdeHTMHOBMY — [OKTOp TEXHIYHMX HayK, mnpodecop, XapKiBChbKHH HalliOHAIBHUIT
yHIBEpCHTET paioeeKTpoHiky, mpodecop kadeapu cucreMoTexHiku, XapkiB, Ykpaina, email: vladimir.beskorovainyi@nure.ua;
ORCID: https://orcid.org/0000-0001-7930-3984.

Beckopogaiinblii Biaagumup BajdeHTHHOBMY — JOKTOp TEXHHMYECKMX Hayk, mpodeccop, XapbKOBCKMH HalMOHATIbHBIH
YHUBEPCUTET PAANOIEKTPOHUKH, TIpodheccop Kadeapbl CHCTEMOTEXHUKH, XapbKoB, YKpanHa.

Beskorovainyi Vladimir — Doctor of Sciences (Engineering), Professor, Kharkiv National University of Radio Electronics,
Professor of the Department of System Engineering, Kharkiv, Ukraine.

KOMBIHOBAHUM METO/] PAH)KYBAHHSI BAPIAHTIB Y CHCTEMAX
HIATPUMKHU ITPUUHATTA IPOEKTHUX PIIEHD

ITpeaMeToM JOCII/UKEHHSI B CTATTI € MPOLIEC PAH)KyBaHHs BapiaHTIB y CHCTEMax MiATPUMKH NPUUHSITTS NPOEKTHHUX pinreHb. MeTa
poOOTH — CTBOpEHHS METOJY paH)KyBaHHS BapiaHTIB Ui MiJABHIICHHS ¢()EKTHBHOCTI CHCTEM MINTPUMKH TPHAHATTSA PIIICHb 3a
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PaxyHOK Y3TOZKEHHS B3a€MOJIl MiXK aBTOMATHMYHUMM # IHTEPaKTUBHHMH IPOLIELYPAaMU CHCTEM aBTOMAaTH30BAHOTO NPOEKTYBAaHHS.
VY crarTi BUpINIYIOTHCS HACTYIHI 3aBJAHHS: OTJDII 1 aHAi3 CyYacHOTO CTaHy HpOOJEMH paH)KyBaHHS BapiaHTIB y CHCTEMax
MiATPUMKN TPUHHATTS TPOEKTHHUX pIlIeHb; JEKOMIIO3MIUS NPOOIEeMH MIATPUMKH HPUHHATTS TPOEKTHHX pillleHb, pO3poOKa
KOMOIHOBaHOTO METOJy paHXXyBaHHS BapiaHTIB, SIKHH 00’€IHYye HPOIENYPH TEXHOJOTIH OpIUHAIICTHYHOTO Ta KapAWHATICTHYHOTO
BIOPSIKYBaHHS; pO3poOKa MeTomy MIiHIMakCHOrO BHOOpY BapiaHTIB 3 MHOXHHH €(QEKTHBHHX [UIS IPOLEAYpPH EKCIEPTHOTO
OIIHIOBaHHA. BUKOPHCTOBYIOThCA Taki MeTOAU: Teopii cucTeM, Teopil KOPHCHOCTI, ONTUMi3alii Ta NOCTIHKEHHA OIepaLiil.
Pesynpratu. 3a pesynbraTaMu aHajily Cy4acHOi METOHOJIOTI] MIATPUMKH HPUHHATTS pillleHb BCTAHOBJICHO iCHYBaHHS MpoOJIeMu
KOPEKTHOTO CKOPOYCHHS MiJMHOXHH ©(EKTUBHUX MPOEKTHUX BapiaHTIB AJsI PAH)KyBaHHS 3 ypaxyBaHHAM (aKkTOpiB, IO BaKKO
mignaroTees Gopmaiisauii, 3HaHb 1 JOCBiAy ocobwu, mo npuiiMae pimenns (OIIP). Bukonana mpexommosuuis mpoOiIeMu MiITPUMKH
NPUHHATTS TIPOEKTHHUX pIlleHb Ha 3afadi BU3HAYEHHS METH NPOEKTYyBaHHA 00’€KkTa, (OpMyBaHHS YHIBepCaIbHOI MHOXHHH
MIPOEKTHUX PpillleHb, BUJUICHHS MHOXHH JIOMYCTUMHX Ta e(EeKTHBHHUX pillleHb, pamkyBaHHA Ta BuOopy OIIP Haiikpamoro
MIPOEKTHOTO BapiaHTy. Po3poOneHo KOMOIHOBaHMH METOA pPAH)KyBaHHS BapiaHTIB, SKHH 00’€IHYe TPOLEAYypH TEXHOJOTIH
OPAMHANICTUYHOTO Ta KapJUHAJICTHYHOTO BIOPSAKYBAaHHS Ta JO3BOJISIE KOPEKTHO CKOPOYYBATH ITIIMHOKHH e€(EKTHBHHUX MTPOEKTHUX
pitens mis pamxyBanus OITP. Po3po6ieHo Meron MiHIMakcHOro BHOOpPY BapiaHTIB 3 MHOXHHH €(EKTUBHUX Ul MPOLELYpU
€KCIEPTHOrO OLIHIOBAHHSA 0CO00I0, IO NpHUiMae pillleHHs, SKUA J03BOJISE IiIBHUILYBAaTH SKICTh OLIHIOBaHHA. BHCHOBKH.
Po3po6iennii MeTon pO3IMIMPIOE METOAOJOTIUHI 3acagyl aBTOMATH3allii HpoLEciB MiATPUMKH OaraTOKpUTEpiaJbHUX NPOEKTHUX
pillleHb, O3BOJSE 3IIMCHIOBATM  KOPEKTHE CKOPOUCHHS MHOXHHH C€(EKTUBHMX aJbTEPHATHB OIS OCTaTOYHOrO BHOOpPY 3
ypaxyBaHHSIM (DaKTOpiB, IO BaKKO MiAalOThes Qopmamizamii, 3HaHs 1 gocBigy OIIP. IlpakTnyHe BHKOPHUCTAHHS OTPHMAaHUX
Pe3yNbTaTIB 32 paxyHOK 3aIPOIIOHOBAHOT IPOIEYpH BH3HAUYCHHS MHOXXHMHH €(EKTUBHHUX PillleHb JO3BOJHTH CKOPOUYBATH YacOBY H
€MHICHY CKJIaJJHOCTI HiITPUMKH HPUHHSATTS pillleHb, a 32 paxyHOK BUKOPUCTaHHS MAaKCUMIiHHOTO BifOOpY BapiaHTIB NpPH CHHTE3i
MOJIEJTi OI[IHFOBAHHS — IMiBUIIUTH SKICTh MPOEKTHUX PIllICHb.

KnrouoBi cioBa: aBTOMaTH3allis NPOEKTYBaHHS; OaraTOKpUTepiajlbHE OLIHIOBAaHHS; €(EKTHBHI pIlICHHS; KOMIIapaTopHa
ineHTH}IKaLisA; TIATPUMKA IPUHHATTS MPOEKTHUX PIllIEHB; TEOPisi KOPUCHOCTI.

KOMBUHHUPOBAHHBIA METO/I PAHXKUPOBAHUSI BAPUAHTOB B CHCTEMAX
INOJAEPXKKHU NPUHATUSA IIPOEKTHBIX PEHIEHUN

IIpenmeToM HcCIEeIOBaHUSA B CTAaThe SBISAETCS MPOIECC PAHKHUPOBAHUS BAPUAHTOB B CHCTEMAaX IMOJIEP)KKH HMPUHATHS HMPOEKTHBIX
pemrennii. Heas paGoTel — co3gaHHe METOAA PAHKHPOBAHHUS BAPHAHTOB IS MOBBIMICHUS 3()(EKTUBHOCTH CHUCTEM IOAAEPKKH
MPUHATHSA PEHICHHI 3a CUET COTNACOBAHUS B3aMMOMACHCTBHS MEXIy aBTOMATHYECCKHIMHU M WHTEPAaKTUBHBIMHU IPOIEAypaMU CHCTEM
aBTOMATH3UPOBAHHOTO NPOCKTHPOBaHUA. B cTaThe pemarorcs ciiefyromue 3agadd: o030p M aHAIM3 COBPEMEHHOIO COCTOSHUS
poOJIeMbl paHKUPOBAaHHE BApHAHTOB B CHCTEMax HOAJCPKKH IIPHHATHS IPOSKTHBIX PELICHHH; JEKOMIO3ULMS MPOOIeMbl
TIOAJICP’KKH TIPUHSTHSL NPOEKTHBIX PpEIIeHUH; pa3paboTka KOMOMHHPOBAHHOTO METOJa PAHXMPOBAHHS BapHUAHTOB, KOTOPBIH
00BEANHSET MPOLELYPhl TEXHOJIOTHI OPANHATUCTUYHOTO U KapAMHATMCTHYHOTO YIOPSAIOUSHNU; pa3paboTKa MeToja MUHIMAaKCHOTO
BBIOOpa BAPHAHTOB U3 MHOXKECTBA AP (EKTUBHBIX AJIS MPOLIEAYPHI SKCIIEPTHOTO OlleHHBaHUs. VICTIONb3yIOTCSl TAKHE METOMBL: TEOPUH
CHUCTEM, TEOPHM IIOJIE3HOCTH, ONTHUMM3AIMM W HccienoBaHus omepaiuil. Pesdyabrarbl. B pesynbrare aHanuza coBpeMeHHOM
METO/JOJIOTHN MOAJEPKKH TPHHATHS PEIICHHH YCTAHOBIEHO CYIIECTBOBAHHWE MPOOIEMBI KOPPEKTHOTO COKPAIICHUS MOAMHOMKECTB
3¢ PeKTHBHBIX MPOEKTHBIX BApHAHTOB JUIS PAHKHUPOBAHUS C y4eTOM (PaKTOpOB, TPYIHO IOJNAIONIMXCS (hOpMalM3aluy, 3HAHUH 1
ombITa NHna, npuHuMatomiero peuierus (JIIP). BremonHena nexoMmo3unus mpoOaeMbl TOAAEP KKH TPUHATHS TPOCKTHBIX PElIeHUH
Ha 3aJa4d OIpeJeeHHs] LEeNH IMPOEKTHPOBaHUS 00BbEeKTa, (HOPMUPOBAHMS YHUBEPCAIBHOTO MHOXKECTBA INPOEKTHBIX pEIICHUH,
BBIZIEJICHHSI MHOXKECTB JIONYCTUMBIX M 3((GEKTUBHBIX pEIleHUH, pamkupoBanus U Bbibopa JI[IP mydinero mpoexkTHOro BapuaHTA.
Pa3zpabotan KOMOWHHMPOBaHHBIH METOJ  DPAH)KMPOBAHHS BApHAaHTOB, KOTOPBIH OOBEAMHSET MPOLEAYPHI  TEXHOJOTHI
OpMHAIMCTHYHOTO M KapIUHATMCTHYHOTO YIOPSJIOYEHHS W IO3BOJSIET KOPPEKTHO COKpAaIlaTh IMOJAMHOXKECTBA 3()(EeKTHBHBIX
MIPOEKTHBIX perieHui st pamkuposanus JI[IP. Paspaboran MeTog MHHIMaKCHOTO BBIOOpa BapUAHTOB M3 MHOKECTBA d(PPEKTUBHBIX
U TIPOIIEAYPHI dKcTepTHOTO onleHnBanus JI[IP, KOTOPEIA MO3BONISET MOBBICHTH Ka4ecTBO OleHMBaHUA. BbiBoabl. PazpaboTaHHBII
METO/] PaCIIAPSAET METOJOTOTHIECKHE OCHOBBI aBTOMATH3AINH TIPOIIECCOB MOAAEP KK MHOTOKPUTEPHAIBHBIX MMPOESKTHBIX PEIICHHUH,
MO3BOJISIET OCYIIECTBISITh KOPPEKTHOE COKPAIIEHHE MHOXKECTBA 3P (PEKTHBHBIX aIbTEPHATHB IJISI OKOHYATEIEHOTO BEIOOpA C yUIETOM
(axTopoB, TpyaHO noanatomuxcs Gopmannzanuy, 3Hanui u onsita JIIIP. [TpakTHueckoe UCOIB30BaHUE MOTYUCHHBIX PE3YJILTATOB
3a CYeT MNpPEMJIOKEHHON IpOLeIypbl ONpe/eNeHUss MHOXecTBa A(P(EKTUBHBIX pPEIICHHI IO3BOJUT COKpAllaTh BPEMEHHYIO H
E€MKOCTHYIO CJIOKHOCTH NMOJAEPKKU HNPUHATUS PELICHUH, a 3a CYeT UCIOJIb30BAHUS MAKCUMHHHOW IpOleaypbl 0TOOpa BapUaHTOB
IIPYU CUHTE3€ MOJICIIN OLICHUBAHUS — MIOBBICUThH KAU€CTBO MIPOEKTHBIX PELIeHUi.

KnroueBble ci10Ba: aBTOMATH3aIMs IPOSKTUPOBAHNS; MHOTOKpHUTEpHAlbHAS OI[EHKA; d(Q(QeKTHBHBIE PEIIeHNs; KOMIIapaTopHa
nAeHTH(GUKANWS; TOAAEepKKa IPUHATHS IPOSKTHBIX PELISHH; TEOPHsI MOIE3HOCTH.
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