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Abstract. In the standard methods of conducting feasibility studies for R&D projects in the field of
. mechanical engineering, project complexity is typically taken into account using empirical coefficients
. that lack a rigorous scientific basis. Therefore, it is important to improve existing methods for
organizing production processes with the goal of increasing the accuracy with which the complexity
of prospective projects can be assessed. This will in turn enable a more precise estimation of the
difficulty and timeframe for implementing such projects in the future.

The aim of this proposed study is to develop a scientific and methodical framework (expressed as a
methodology) for evaluating the complexity of new projects based on data from similar projects. To
accomplish this, the author will use methods of systems analysis, expert analysis, non-parametric
statistics, and methodological recommendations from the Russian Ministry of Labor regarding
labor regulations in R&D activities. The novelty of the proposed methodology lies in its ability to
evaluate the complexity of various projects in mechanical engineering, including research, design,
and manufacturing. This paper presents a formal approach to analyzing the complexity of new
projects based on similar (prototype) projects. It also proposes a system of indicators for pre-project
assessment of the complexity of research and new developments, as well as the permissible numerical
< values for these indicators in specialized mechanical engineering.

The proposed methodology allows for a practical evaluation of the complexity of a project in order
to make informed organizational and technical decisions. It can also be used for further feasibility
studies for R&D efforts in the field of mechanical engineering.

Keywords: agro-industrial complex, agricultural enterprise, innovation, innovative technologies,
innovative development, innovation process

Annomayusn. B 0Owenpuramolx MemoouKax npoeedeHus MmexHUKO-3KOHOMUYECKO20 0OO0CHOBAHUS
uccne0osanull u pazpabomox 6 06NAcmU MAUUHOCIPOCHUS CLONCHOCHb NPOEKMOB, KAK NPAGUIL0, Y4~
MbIBACMCSL IMNUPUYECKUMU KOIDPUYUEHMAMU, KOMOPbLE HE UMEIOM CIMPO2020 HAYYHO20 0OOCHOBAHUSL.
Taxkum ob6pazom, akmyanbHOU A6AEMCA 3a0a4d COBEPUIEHCNEOBAHU CYIECMEYIOUUX MENOO08 0p2a-
HU3AYUY NPOU3BOOCEA 8 HANPABIEHUU NOGLIUEHUS. MOYHOCTIU OYEHKU CTONCHOCHIU NEPCHEKIMUBHBIX
npoekmos, Ymo 6 Oyoyuem no3eonum boiee MouHO OYeHUNb MPYOOEMKOCHb U CPOKU UX Peaiu3ayul.
: Lenvio npednacaemoti cmamvu 5615€mMcs paspabomrka HAY4YHO-MemoOUuecKo20 UHCMpPYMeHmMapusi
(aKCnpecc-memoouxy) O OYEHUBAHUSL CIOACHOCMU HOBbIX PA3pabOMOK HA OCHO8E UHDOpMAyUU O
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npoexmax-ananozax. /s 00cmudicenus nOCMasieHHOU Yeiu aemopom UCNONb3YIOMC Memoobl CU-
© CMeMHO20 AHANU3A, IKCNEPMHO20 AHANU3A, HeNAPAMEMPUYECKOU CIMAMUCIMUKY, d MAaKdice Memoouye-
 cxue pexomenoayuu Munmpyoa Poccuu no nopmuposanuio mpyoa npu gvinonnenuu HUOKP, Hosusna
npeonazaemou IKCNPecc-memoouKy 3aKaoYaemcs 8 Mom, 4mo OHA NO360AeNn OYEHUBAMb CLONHCHOCHL
¢ nposedenus paziuiHbIX NPOEKMOos 8 00NACU MAUUHOCIIPOCHUSL, A UMEHHO HAYYHO-UCCIE008AMETbCKUX,
¢ NPOEKMHO-KOHCMPYKMOPCKUX U NPOU3BOOCHBEHHO-MEXHON02UYEeCKUX. B pamkax nacmosweii cmamou
onucax PopmManu308anHbIll NOOX00 K AHAU3Y CLOMCHOCTU HOBbIX PA3PAOOMOK HA OCHOGE NPOEKIMO6-
C ananoeos (RPomMoOmMUN0S), NPeONodIcena CUCMEMA NOKA3ameneli Onis nPeOnpOeKIMHOL OYeHKU CLOICHOCINUL
HOBbIX UCCTIEO08AHULL U PA3PAOOMOK, A MAKIce OONYCMUMbIE YUCTOBbIe SHAUCHUS IMUX NoKA3amerell
07151 UCCeA08anULL U PAPAOOMOK, Peanu3yIoWuxcst 8 001ACmU CReYUATHO20 MAUUHOCTPOCHUS.

. Ilpeonacaemasn sxcnpecc-memoouxa no3gonsem Ha NPAKmuKe OYeHUmyb CLOACHOCIb MAUWUHOCTHPOU-
TENbHO20 NPOEKMA € Yeblo NPUHANUSL PE3YIbINATNUGHBIX OP2AHUIAYUOHHO-MEXHUYECKUX pelueHull, d
T makoice OanbHelue20 mexHUKO-9KOHOMUHECKO20 0O0CHOBANUS NPOBEOEH U UCCTEO0BAHUIL U PA3PAOOTOK.

. Knwueswie cnosa: oyenxa croxcnocmu, npoexmuo-koncmpykmopckue pavomut, HUOKP, memoo
aHan02e08, NOOX00 K AHanu3y, KOdOOuyuenm ciomcHocmu

Introduction, purpose

Understanding the complexity of research and
development (R&D) during the planning phase is
a key indicator of the quality of an organization’s
of processes for developing and manufacturing
high-tech products [1-4]. The quality of
production planning is characterized by accuracy
in estimating the volume of resources (time,
budget, specialists) required for implementing of
prospective projects [5; 6].

Adequate evaluation of the complexity of
new projects during the planning phase not
only facilitates better preparation for potential
challenges but also provides an opportunity to
identify and mitigate potential organizational and
technical risks. This allows for the development
of strategies and the implementation of preventive
and corrective measures to prevent or minimize
project risks. Furthermore, companies and
organizations that are able to accurately assess
and effectively manage project risks have a
competitive advantage [7]. These organizations
are better positioned to offer more competitive
products and services within established time-
frames, thus strengthening their position in the
high-technology market.

Currently, there is no universally accepted
methodology for assessing the complexity of
R&D projects, which requires each organization to
develop their own approaches [8]. This can make it
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difficult to compare similar R&D outcomes between
organizations. However, this flexibility also allows
the methodology to be adapted to the specific
needs and characteristics of individual projects or
organizations. It should be noted that the complexity
of a developed product is not directly related to
the complexity of its development for project
organizations [7; 8]. This is due to differences in
experience and expertise between project teams
in developing certain types of products, meaning
that a project's complexity can vary for different
organizations despite the same product.

The complexity of developed products and/
or projects is dependent on a variety of factors,
including technical specifications, the level of
innovation, and the degree of integration between
research and development efforts and existing
technical systems. Furthermore, collecting
data from previously developed products and
completed projects may be hindered by the
heterogeneity and incompleteness of available
information, creating additional challenges in the
complexity evaluation process.

The analysis of the level of complexity
in new developments is also influenced by
subjective assessments, as different experts may
have varying opinions on what constitutes the
complexity of a developed product or project.

Therefore, the need to enhance the accuracy
and validity of the assessment of labor intensity in
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R&D emphasizes the significance of developing
formal approaches to complexity evaluation that
take into consideration a wide variety of factors
and perspectives from different stakeholders [9].

The aim of this paper is to develop scientific
and methodological instruments for assessing
the complexity of new R&D projects using
information about similar projects.

Research methods

Let us assume, from the perspective of a
particular organization, that the complexity
of a product is equivalent to the complexity
of the process of developing it. Based on this
assumption, we will henceforth refer to «project
complexity» as the term used.

One of the most common methods for
assessing the complexity of new projects is
through the analysis of analogous projects, where
the complexity of the new project is determined by
comparing it to already existing, similar projects
[10]. This approach assumes that products with
similar characteristics and functional purposes
will have similar complexities in the development
and production processes.

Figure 1 provides an example of a structured
description of the process for assessing the

Technical specifications jor R&D Management policies

complexity of a new project, based on similar
projects, in the form of an IDEF0 context diagram
(level A1) from the perspective of the decision-
maker regarding the feasibility of conducting R&D.

As seen from the analysis of Figure 1, the
process of assessing project complexity based
on analogous projects includes the following
subprocesses:

— Identification of analogues: First, it is
essential to identify relevant existing projects that
possess similar technical or functional features to
the product or technology under development;

— Data collection: Once the analog projects
have been identified, the next step is to collect
data on the resources (human, time, material,
technology) that were used in their implementation.
This includes information on the development and
production processes of these products;

— Comparison of characteristics: A compa-
rative analysis should be conducted between the
identified similar projects in order to determine
similarities and differences in the project
structures, the technical characteristics of the
products developed, as well as the scope of work
required. This analysis should be carried out
using the organization's established methodology
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Fig. 1. The process of assessing project complexity based on analogous projects

Puc. 1. HpOHCCC OLCHUBAHUS CJIOKHOCTHU IIPOCKTA HAa OCHOBE IIPOCKTOB-aHAJIOTOB

Source: made by the author.
VICTOYHMK: COCTaBICHO aBTOPOM.
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for expert evaluation. This methodology could
include comparing the resources (both human and
financial) and time (in terms of labor intensity)
required to achieve the desired results in the
development of a product or technology;

— Processing analysis results: After experts
have completed the process of comparing the new
project to similar projects, it will be necessary
to analyze the results and calculate a project
complexity factor (translation factor).

There are various methods available for
estimating the costs associated with developing new
products [11]. However, most of these approaches
do not fully account for the scientific and theoretical
basis of the proposed innovations, their level of
novelty, nor the changes in organizational and
technological conditions that may occur during the
research and development process.

According to section 5.6.1 of the Methodolo-
gical Recommendations for Labor Standardization
in the Implementation of R&D [12], the
labor intensity of a new development W is
determined by the following formula:

WI’ICW = WaKtr’ (1)
where W, — is the labor intensity of the analogous
project [person-months]; K — is the translation
coefficient that accounts for the degree of novelty
and changes in the organizational and technical
conditions of the research and development.

Thus, the issue of determining this coefficient
is relevant.

Let's introduce a set of analogous projects
A=1{A4,,45,4,, ..., Ay}, n=1,N , where N —is
the number of selected analogous projects.

Let's also introduce a set of comparison
indicators K = {K{, K,, K, ..., K/}, m=1,M,
where M — is the number of these indicators.
Each comparison indicator includes classification
features,i.e. K,, = {K,,K,,, ..., K, ;}, [ =1L,
where L — is the number of classification features
for each indicator K.

Based on practical experience in organizing
and conducting R&D to create high-tech products
and technologies in the field of specialized
engineering, it would be beneficial to adopt a
system of indicators and classification criteria for
assessing the complexity of these projects.

Indicator Ky: Presence of analogues (pro-
duct, technology). Evaluating the novelty and

uniqueness of a new project involves considering
the following aspects:

— Complete analogue (K;;): The new project
(development) has a complete analogue in the
form of an existing product or technology. This
existing product or technology fully matches the
new project with regard to functionality, structure,
and operating principle;

— Similar analogue (K;,): The new project
(development) has an analogue, which is similar in
some respects, but is not a complete analogue. There
are products and technologies that perform similar
functions and use similar operating principles, but
have differences in their structure or core ideas;

— Absence of analogues (K 3): The new project
(development) has no direct or similar analogue.
The developed product is unique and has no
analogue among existing products or technologies.

Indicator K: Availability of information on the
subject area. Evaluating the existing information
base for the development of a new project includes
the following classification features:

— Complete and reliable information (K5):
There is complete and reliable information about
the subject area, which allows for accurately
determining the requirements for the developed
product or technology and identifying the specifics
of its creation;

— Excessive or unreliable information (K,,):
There is sufficient information about the subject
area, but some of it is unreliable or contradictory.
Additional work is required to verify the infor-
mation during the development of the product or
technology;

— Insufficient but practically reliable infor-
mation (K,3): There is insufficient information
about the subject area, but the available infor-
mation is reliable. Research is needed to obtain
additional information for the development of the
product or technology;

— Insufficient and unreliable information
(K54): There is insufficient information about
the subject area, and the available information
is unreliable. In-depth analysis and research
of the subject area are required to obtain more
accurate data for the development of the product
or technology.

Indicator K3: Predominant information
source. Evaluating the existing information base
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for the development of a new project includes the
following classification features:

— In Russian-language sources (K5;): The
necessary information about the subject area is
available in Russian-language sources, including
scientific articles, monographs, textbooks, scien-
tific and technical reports, etc.;

— In English-language sources (K3,): The
necessary information about the subject area is
available in English language sources. English
is the international language of communication
in science and technology, so English-language
sources typically contain information on current
research, technical samples (products), and new
technologies;

— In sources in European languages (K53): The
necessary information about the subject area is
available in European languages, such as German,
French, Spanish, etc.;

— In sources in Chinese and other languages
(K34): The necessary information about the
subject area is available in Chinese, as well as
other languages prevalent in certain regions
or countries. Considering China's significant
influence on the global economy and innovation,
analyzing information in Chinese allows for
identifying current trends in the development of
technology and innovation.

Indicator K,: Problem-solving principle.
Selecting an approach for developing a new project
includes the following classification features:

— Using a known principle (Ky): The problem
is solved by applying already known and tested
principles for developing a product or technology,
which have been successfully used in the past for
solving similar problems;

— Choosing one of several existing principles
(K45): It is necessary to choose and justify one of
the existing principles for developing a product or
technology that best suits the task at hand;

— Selecting and modifying one of several
principles for the specific task (Kj3): It is neces-
sary to significantly refine one of the existing
principles for developing a product or technology
to solve the given problem;

— Principle involves resolving a technical
contradiction (K4): Solving the problem requires
resolving a technical contradiction that arises
during the development of a new product or
technology, as well as improving an existing one;
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— Creating a new problem-solving principle
(K45): The known principles for developing a
product or technology are not applicable for
solving the specific problem.

Indicator Ks: Information processing. Eva-
luating the labor intensity of processing the existing
information base for the development of a new
project includes the following classification features:

— Systematization of information related to
the object of development and its functional capa-
bilities if one of the existing principles is chosen
(Ksp): Systematization of information related
to the object of development and identifying its
functional capabilities is required if one of the
existing principles is chosen;

— Systematization of information related to
the object of development and its functional
capabilities if one of several principles is chosen
and modified for the specific task (Ks,): It is
necessary not only to systematize information
based on the chosen principle but also to
subsequently modify or adapt it to the specific
project tasks;

— Reprocessing information for the specific
task (Ks3): The existing information needs to be
reprocessed to adapt and apply it to the specific
development task, including data analysis and
synthesis, modification of research methods or
algorithms, etc.;

— Creating an information base from indirect
sources (Ks4): It is necessary to consider informa-
tion obtained from indirect sources, such as
consumer reviews, similar projects, etc.

Indicator K¢: Task complexity. Evaluating
the technical, technological, and organizational
complexity of developing a new project includes
the following classification features:

— Involvement of specialists in one field of
knowledge (Kg): Solving the task requires the
involvement of specialists from one field of
knowledge. The project is focused on using a
specific technology or scientific-methodological
apparatus;

— Involvement of specialists in multiple fields
of knowledge (K,): Solving the task requires the
involvement of specialists from several different
fields of knowledge. The project implementation
requires the integration of various technologies,
an interdisciplinary approach, or solving complex
organizational and technical tasks;
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— Involvement of unique specialists (Kg3):
Solving the task involves the engagement of specia-
lists with unique skills or experience in working
with specific technologies or innovative methods.

Indicator K5: Complexity of justifying the chosen
research direction. The selection and justification of
the development direction of a new project includes
the following classification features:

— Low complexity (K5;): Justifying the cho-
sen research direction is relatively simple and
does not require significant time and resource
expenditures. The main idea of the research
direction is supported by widely recognized facts,
data, or theories;

— Medium complexity (K5,): Justifying the
chosen research direction requires conducting
an analysis of the subject area. It is necessary to
consider several alternative research directions, take
into account diverse perspectives, and factors that
may influence the choice of the research direction;

— High complexity (K3): Justifying the chosen
research direction is a complex task that requires
in-depth research and consideration of numerous
heterogeneous factors. The justification is carried
out under conditions of uncertainty in the initial data,
ambiguity of previous research results, or conflicting
views within the professional community.

Indicator Kg: Importance of problem-
solving (Implementation scale). Evaluating the
importance of developing a new project includes
the following classification features:

— Local (Kg;): The project is focused on a
local level and impacts a relatively small group
of consumers. The application of the developed
product or technology is limited to specific
organizations or enterprises;

— Industry-level (Kg,): The project is of
significant importance to a particular industry
and covers several organizations (enterprises) or
sectors of the economy. The application of the
developed product or technology can influence
standards, practices, and development directions
within a specific industry;

— Cross-industry (Kgs3): The project has a
broad impact at the cross-industry level and
covers multiple industries. The application of
the developed product or technology can change
existing processes, standards, and interactions
between different industries and contribute to
creating new market opportunities.

It is important to note that the proposed
indicators and classification criteria are sufficient
for a rapid assessment of the complexity of new
projects based on similar projects. However,
depending on the specific characteristics of
different industries and organizations in the
Russian market, as well as the specific features
of the products and technologies developed,
the proposed set of indicators may need to be
supplemented. Additionally, the experience of
conducting R&D activities indicates that a system
of project complexity indicators should be flexible
and adaptable, allowing for consideration of a
wide variety of factors that may influence the
complexity and success of new developments.

The proposed ranges of numerical values for
the comparison indicators K,, are presented in
Table 1. The table also provides an example of
evaluating the complexity of projects 4, from
the set of analogous projects 4 and the new
project AW for the creation of a product or
technology. The proposed numerical values of the
comparison indicators K, can be adjusted based
on the specific production activities of a particular
organization (or enterprise), which significantly
affect the complexity of conducting R&D.

As seen in Table 1, each project 4, from the
set of analogous projects A4, as well as the new
project for the creation of a product or technology
ARV are evaluated based on each comparison
indicator K, using the proposed scale of values
for the corresponding classification features K.

The translation coefficient K, (4,), which
establishes the correspondence of each analogous
project 4, to the new project A"V, is calculated
as follows:

M M
Ku(An)=F_[le(A“‘°‘W) [T (4). @

The evaluation of the complexity of the newly
developed product or technology A"W and the
analogous projects 4, is typically based on the
method of expert assessments.

Let there be a set of experts £ = {E}, E,, E .
s EQ}, q =1,0, where Q — is the number of
experts. Each expert £ p analyzes and evaluates
the project A"V and the analogous projects 4,
according to the system of indicators and their
numerical values presented in Table 1. Then, the
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Tab. 1. System of indicators for evaluating the complexity of R&D and example evaluation
of analogous projects 4, and the new project A" based on these indicators

Ta6n. 1. CucreMa rokasareiiei Ui oueHuBanus cioxaoctd HUOKP
M IIPUMEP OIICHKU MTPOCKTOB-aHAJIOTOB A, M HOBOTO MpoeKkTa AW 1o 3TMM moka3aTesim
n

No . ' Proposed values | Example of project evaluation
ind. Indicators for comparison (not more than P p uew
or interval) 1 N

K, Presence of analogues (product, technology):

Ky, | Complete analogue 1,00 - 1,00 -

Ky, | Similar analogue 1,50 1,50 - 1,50

Ky; | No analogue 2,00 - - -

K, | Availability of domain information:

K, | Complete and reliable information 0,8-1,2 - - -

K5, | Excess information (or unreliable information) 1,2-1,5 1,20 1,20 —

K55 | Insufficient but practically reliable information 1,5-2,0 — — 1,80

K, | Insufficient and unreliable information 2,0-2,2 - - -

K5 | Prevalent information:

K3, | In Russian-language sources 1,00 - 1,00 -

K3, | In English-language sources 1,10 1,10 - 1,10

K35 | In European-language sources 1,20 - - -

K34 | In Chinese or other regional languages 1,50 - - -

K, Principle for solving the problem:

K4 | Aknown principle is used 1,00 - - -

K4, | One of several existing principles is chosen 2,00 2,00 2,00 2,00

K43 | One of several principles is chosen and adapted for the specific task 3,00 - - -

K44 | The principle involves resolving a technical contradiction 5,00 - - -

K,5 | Anew principle for solving the problem is needed 10,00 - - -

K Information processing:

Ky Sr)llgtirsrl?ltlinz;tiié)r?aﬁf imgormati;)n relatied to the development object 0.80 B B _

y if one of several existing principles is chosen
Systematization of information related to the development object and
Ks, | its functionality if one of several principles is chosen and adapted for 1,50 - - -
the specific task

K53 | Reworking of information relevant to the task at hand 2,00 1,80 1,30 —

K54 | Creation of an information base from indirect sources 3,00 - - 2,00

K¢ Complexity of problem solving:

Kg; | Requires specialists in one field of knowledge 1,00 - - -

Kg, | Requires specialists in several fields of knowledge 2,00 1,40 1,80 1,80

K4z | Requires unique specialists 3,00 - — -

K5 | Complexity of justifying the chosen research direction:

K, | Low 0,8-1,2 - - -

K;, | Medium 1,2-1,5 1,50 1,40 -

K,3 | High 1,5-2,0 - - 1,90

Kg Importance of solving the problem (scale of implementation):

Kg; | Local 1,00 - - -

Kg, | Sectoral 1,20 1,20 - 1,20

K¢z | Cross—sectoral 1,50 - 1,50 -

- Product of coefficients - 17,9626 11,7936 | 48,7555

K. (4,) | Conversion coefficient - 2,7143 4,1341 -

Source: made by the author.
VICTOYHHK: COCTABICHO aBTOPOM.
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translation coefficients K, (4, ) are calculated
using formula (2).

After each expert £ p has compared the pro-
jects, the question arises of determining the
resulting translation coefficient Ky (4, ), which
represents the collective expert opinion.

In practice, there are many approaches to
finding the collective expert assessment [13].
However, to simplify the processing of results
and considering the specific task at hand, it is
permissible to use the arithmetic mean of the
expert assessments as the group evaluation, i. e.:

_ Y _
Ky(4,)= Y K&(4,)/0, where ¢=1,0. 3)
q=1

After this, the translation coefficient (3) is
used in equation (1) to determine the calculated
labor intensities W, (4,,) of the new project A"V
relative to the analogous project 4,, and then the
average forecasted labor intensity of the new

project is determined:
[ N f— [
WIFerw = Z Ky (An )Wnew (An )/N, 4)
n=1

where n=1,N, and Wiew (4,) — the average
calculated labor intensity of the new project A"V

relative to the analogous project 4, which is
defined as:

Q S
Whew (An) = Z WI;IGW (An )/Q’ g=L0. (5
g=1

It should be noted that equation (5) provides
a formalized way to determine the average
forecasted labor intensity, while equation (4) serves
as the basis for integrating expert assessments
into the overall evaluation model. The process of
evaluating the complexity of a project based on
analogous projects must be statistically relevant
from the perspective of experimental design theory.

Translation coefficients K{ (An ) are typically
represented by a small sample size, equal to the
number of experts Q involved in the evaluation
of the projects.

Numerical experiments show that for proces-
sing expert assessments in the express-analysis
methodology, the condition Q > 5 must be met. This
allows for the use of non-parametric statistical
methods, such as the Bootstrap method introduced
by Bradley Efron in 1979, to expand the initial
sample and obtain adequate analysis results [14].
A formalized description of the bootstrap analysis
process is presented in Figure 2.

Algorithm for analyzing @ Methods
expert assessments of mathematical
stafistics
7 '
Random selection
algorithm
Y Bootstrap analysis
Initial set y_method Density
of expert ¢ _ of the empirical
assessments onstruction | distribution
— of a set of Formation of an | Empirical set
bootstrap samples empirical set of | of average values
M averagevalues | of bootstrap samples Monte Carlo
P1 vy method
e s vy
Construction R
of the empirical . " esults
st=a_u . t 5
/ distribution (':l:‘ 11: on ;f of static
_ dendty statistics an analysis
3 > : analysis of results
et P3 e
of bootstrap P4
samples I
Software Data
and hardware aralytics
complex r

Fig. 2. Formalized description of bootstrap analysis

Puc. 2. dopmanm3oBaHHOE ONHCAHUE OyACTpam-aHaIn3a

Source: made by the author.
VICTOYHHK: COCTaBICHO aBTOPOM.
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As illustrated in Figure 2, the core of the
method consists in constructing an empirical
distribution from a small initial sample through
random sampling with replacement (resampling)
to generate a set of bootstrapped samples that
are the same size as the original sample. The
number of bootstrapped samples is only limited
by computational resources, and can range up to
10,000 or more. Subsequently, the mean values
of these bootstrapped samples are calculated.
Employing the Monte Carlo method [14], a
density function for the empirical distribution
of mean values from the bootstrapped samples
can be generated, from which desired statistics
can be derived.

It is important to note that the dimension
of the bootstrap sample means depends on the
dimension of the original sample. The number of
combinations that form unique bootstrap sample
means will be equal to the number of combinations
of O taken Q with replacement, namely:

QBs(Q)=C_75 (S?l_)'lg'

Let's evaluate the confidence interval for the
conversion coefficients K (4, ), which are the
weighted average estimates from the bootstrap
samples:

Ky (4,)- B,0SE, (An)<M(Ktr(An))<
<K n)”BsQSl?tr (4,), (7)

where M(K,(4,)) — the expected value of the
project's transfer coefficient 4,; Sg K, standard
error of the mean with Bessel's correction [15],
and g Q~ Student's t-value, dependent on the
speciﬁed confidence level B and the number of
measurements (in this case, the number of experts
0= 0Opy).

Then, the result of the cost estimation for the
new project AW will be determined with the
following margin of error:

c¥

20-1= (6)

W;gvzv = Wihew £ AW R (8)
AW Ry = Z Waew (4n)15.0 Sk, (A”)/N' ©)

Let's cons1der an example of applying the
proposed express analysis methodology.
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Results and discussion

It is essential to emphasize that the selected
projects for comparison should be not only similar
in nature, but also in terms of timeframes and the
volume of scientific and technical documentation
produced. Therefore, it is recommended to
evaluate the work based on similar stages of the
project, rather than the project as a whole. This
approach allows for a more accurate comparison
and estimation of labor intensity.

An example how to calculate the conversion
factor for analogues projects and the labor intensity
of a new project A"V using the proposed express
analysis methodology is provided in Table 2.

Based on the analysis of Table 2, the complexity
and therefore the labor intensity of the R&D for the
development of the new product 4"V have been
determined using two selected analogues projects
Ay and A4,. According to the expert evaluations,
project 4, is considered a more relevant analogue
to project A"V, particularly at stage three, based
on the proposed set of indicators K.

We will conduct a bootstrap analysis and, for
example, examine the density distributions of
the mean values of the bootstrap samples for the
transition coefficients Ky, (4;) and Ky (4,) for
the first stage of the R&D to create the product
AW (Figure 3).

From the analysis of Figure 3, it is evident that
the distribution densities of the average values of
bootstrap samples for the conversion coefficients
ktr(Al) and I&'tr(Az) conform to a normal
distribution. In this example, this is due to a
relatively high consistency among expert opinions.

It should be noted that a set of observed
data can generally be described using one of the
standard probability distributions commonly used
in mathematical statistics. This is based on the
relationship between the skewness and a kurtosis
coefficient, which is described in detail in, for
example, reference [16].

An example of estimating the error in
determining labor intensity, performed according
to formulas (6)—(9), is presented in Table 3.

As demonstrated by the analysis presented in
Table 3, when considering the issue in a probabilistic
framework, the confidence interval is 8.5 %.
The analysis suggests that the error in estimating
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Tab. 2. Calculation of labor intensity for R&D projects in product development AW

Tabn. 2. Pacuet Tpynoemkoctu BoinonHeHuss HUOKP no coznanuto nznenus 4™V

A, A,
Labor Conver- | Estimated Labor Conver- | Estimated Avfg,lizils;or Estimated
Ne Expert intensity of | sion . labo.r intensity of | sion . 1abo.r for analogs . labo.r
stage the analog co'efﬁ- mtensity | the analog cqefﬁ- intensity Wi ( Ay, A ) 1ntegr81ty
W4, cient | Wakw (41) | W, (4y) cient | Wik, (4;) (ni:n-m on) Whew
(man-mon) | K (4;)| (man-mon) | (man-mon) | K (4) | (man-mon)
E, 2,7143 140,14 4,1341 169,99 155,07
E, 2,6789 138,31 3,9807 163,69 151,00
1 E;5 51,63 2,7916 144,13 41,12 4,0517 166,61 155,37 154,57
E, 2,7224 140,56 4,1938 172,45 156,50
Ej 2,6983 139,31 4,1476 170,55 154,93
E, 5,4167 216,56 4,0107 221,15 218,85
E, 5,3435 213,63 3,9602 218,37 216,00
2 E5 39,98 5,4893 219,46 55,14 3,9721 219,02 219,24 216,42
E, 5,4281 217,02 3,9592 218,31 217,66
Ej 5,0574 202,19 3,9617 218,95 210,57
E, 4,0912 217,41 1,5291 235,73 226,57
E, 4,2167 224,08 1,5438 237,99 231,03
3 E; 53,14 4,3231 229,73 154,16 1,5253 235,14 232,43 230,41
E, 4,2915 228,05 1,5349 236,62 232,34
Ej 4,1746 221,84 1,5407 237,51 229,68
Source: made by the author.
VICTOYHHK: COCTABICHO aBTOPOM.
F(R) SR)
QBS QBS
0,15 0,15
0,01 0,01
0,05 3 0,05
0,00 0,00
2,65 2,70 2,75 2,80 3,95 4,00 4,05 4,10 4,15 4,20
Ky (4) Ky (4)

Fig. 3. Distribution densities of the average values of bootstrap samples
for conversion coefficients K, (4) and K, (4,) for the first stage of R&D

Puc. 3. TInotHOCTH pacnipeiesieHus CPeTHUX 3HAYCHUI OyTCTpar-BbI00pPOK
nepexoaHbIX kodduieHToB Ky, (Al) u Ky, (Az) quis nepsoro stana HUOKP

Source: made by the author.
VICTOYHHK: COCTABICHO aBTOPOM.

labor intensity is within acceptable limits and the
proposed rapid methodology can be utilized in the
practical application of technical and economic
justifications for financial and economic indicators
in new research and development projects.
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Conclusion

Evaluating complexity based on analogues
can be a useful technique in the early phases of a
project, but it is important to recognize that each
project has its own unique characteristics, and
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Tab. 3. Estimation of error in determining labor intensity +AWL.

new

Ta6n. 3. OueHKa MOTPEIHOCTH ONpe/eNeHus TpynoeMkoctn TAWR

Ne Expected | Standard Average Expected | Standard Average Average | Labor intensity
stage | value of error of estimated value of error of estimated | forecasted | determination
the analog | the mean labor the analog | the mean | labor intensity labor error AW,
conversion | § £, (4) | intensity for | conversion | S &, (A2 ) for the analog | intensity at=0,95
coefficient the analog | coefficient Wiew (43) Wb, 0=126
Ktr (Al) Whew (Al) Ktr (Al)
1 2,7249 0,0191 140,687 4,0917 0,0379 168,251 154,42 | £9,07 (£5,9 %)
2 5,3755 0,0760 214,912 3,9614 0,0098 218,431 216,67 | 18,47 (8,5 %)
3 4,2416 0,0415 225,399 1,5325 0,0035 236,250 230,82 | +10,16 (+4,7 %)

Source: made by the author.
VICTOYHHK: COCTABICHO aBTOPOM.

data from similar projects should not be treated as
an exact benchmark for assessing the complexity
of a new project.

However, determining the translation factor,
which determines the complexity of products or
technologies under development, plays a critical
role in predicting the labor intensity of work.
This factor serves as an essential indicator
that helps determine not only the necessary
level of effort and resources, but also the
projected timeline for the project. This approach
allows organizations to more rationally plan

their activities and avoid potential risks and
unforeseen costs.

A thorough evaluation of project intricacy
necessitates a comprehensive analysis that
takes into account not only data from analogous
projects but also the distinctive characteristics
of the current project, such as its goals, techni-
cal specifications, and level of innovation.
Furthermore, the assessment of new projects
must consider potential alterations throughout the
development phase in order to guarantee accurate
planning and successful project completion.
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