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TASKS" ANALYSIS OF THE INTELLIGENT SYSTEM CONDUCT
OF PROJECT COMPETITIONS

Abstract. Practical experience with project competitions shows that this is a complex multidimensional
task. Competitions are usually characterised by a whole range of features that significantly affect their
rules and technology, criteria and forms of evaluation. Objective evaluation of projects requires the
involvement of a wide range of experts, which is not always possible. The use of artificial intelligence by
humans is a key factor in achieving optimal results in many industries, from business to science and
technology. The article is devoted to the problems of building an intelligent decision-making system for
project competitions for a wide class of practical problem areas. The article provides an overview of
scientific works in this area. The analysis of scientific publications has shown that there are several modes
of application of artificial intelligence technologies in human activity, which determine the degree of its
use. Based on the practical experience of developing and implementing intelligent systems gained by the
authors of this paper, the main problems arising in the process of processing intelligent data are
summarised, a number of tasks are identified, and solution schemes are proposed. The stages of
competitions that require support by means of an intelligent decision support system are considered in
detail. The authors provide a list of tasks that should be formalised in further research, algorithmised, and
software should be created to support them. The authors classify these tasks to be solved when creating a
system of intellectual support for project competitions. The authors propose to use a scheme of sequential
analysis of the options for a set of projects at the stage of preliminary analysis for formal selection of
projects. The set of tasks formed by the authors is a prerequisite for further formalisation and development
of a mathematical model of the decision-making support task in organising and conducting project
competitions The proposed system will ensure a significant increase in the efficiency and objectivity of
project competitions.

Keywords: intelligent decision support system; projects competition; stages of competition
As a rule, a competition is characterized by a

number of features that significantly affect its
importance, the accuracy of compliance with the

Introduction

The tasks of supporting project competitions are
diverse and arise in a wide range of subject areas. Such
tasks a priori contain a subjective component, are
potentially dangerous for corruption, and often require
strict adherence to deadlines.

competition rules, the consequences of decisions, the
legitimacy of results, etc. Here are just a few of the
attributes of contests that are common in many practical
situations: high stakes, which are used to distribute
among the winners of the competition; ambiguity in the
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interpretation of certain definitions, terms, approaches to
procedures, etc; vagueness of certain concepts, which can
significantly affect the results; subjectivity at all stages of
decision-making; high labor costs for organizing the
tender, complying with all requirements, maintaining
confidentiality, ensuring the reliability of scores,
aggregating scores, publishing them, reviewing appeals
and satisfying reasonable claims of participants; the
possibility of third-party influence on the course of the
competition at all stages, which may distort the reliability
of the results or raise suspicions about the legitimacy of
the competition; the high role of individuals in the results
of the competition, which can offset the efforts of entire
teams involved in organizing, conducting and
participating in the competition; potential dissatisfaction
of the tender participants due to reasonable or far-fetched
reasons of an objective and subjective nature; possible
psychological pressure on the organizers, competition
teams, participants and other stakeholders involved in the
competition; potentially unequal opportunities for some
contestants due to the multitude of connections in society
and the possible influence of these connections on the
preparation, organization, conduct and summarizing of
the contest; ambiguous criteria laid down in the tender
regulations, which may allow for manipulation of the
selection and other types of unfair practices.

Given the above reasons and in order to minimize
the risks of these and other reasons affecting the
organization, course and results of the tender, it is
extremely important to create an intelligent decision
support system in the processes of ensuring the conduct
of tenders. Designing, creating, implementing and
regularly using such a system will significantly reduce
the risks associated with providing support for all stages
of tenders in  various fields of human
activity. TMCTaHIIITHOTO HAaBYaHHS.

Literature review

The peculiarity of the tasks of organizing and
supporting competitions to determine the best projects is
that the range of their application is extremely wide. The
specificity of such tasks lies in the uniqueness of each
particular problem. Despite the fact that the tasks of
holding competitions in different industries have many
common features, the tools for ensuring them cannot be
automatically transferred to other industries. Therefore,
virtually every tender is unique, and for each tender,
appropriate regulatory support is created at a high
management level, approved and requires strict
compliance.

We live in an era that is increasingly defined by
rapid, large-scale change. Technological advances and
the Fourth Industrial Revolution are changing the way we
work and the very tasks that professionals perform. Until
recently, unskilled or routine tasks were mainly subject
to automation. The complication of industrial production,

rapid technological progress, a rapid increase in the flow
of information, changes in the dynamics of processes in
all spheres of human activity, acquisition of information
of strategic importance have led to an increase in the need
for information and knowledge. These requests led to the
emergence of a new type of information systems —
intelligent information systems.

Today there are many definitions of intelligent
information systems [1; 2]. Intelligent information
systems are a type of automated information systems
often referred to as "knowledge-based systems". They are
complex complexes of software, linguistic and logical-
mathematical tools designed to support human activity
and search for information in the mode of extended
dialogue in natural language [3].

An intelligent information system is a system that
provides solutions to informal user tasks in a certain
subject area and organises his interaction with a computer
in familiar concepts, terms, and images [4].

Intelligent information systems are systems that
allow building programmes of purposeful activity in
solving their tasks based on the specific situation that is
currently developing in the environment. At the same
time, intelligent systems should remain operational in the
event of unforeseen changes in the properties of the
managed object, management objectives or the
environment (be adaptive) [5].

Intelligent information systems are complex
software products that use artificial intelligence methods
and technologies to collect, analyse, process, interpret
and use information from various sources to make
decisions or automate various tasks [7].

In recent years, the capabilities of intelligent
technologies have expanded significantly due to the
emergence of new models of knowledge representation,
new theories and ideas about artificial intelligence. The
use of intelligent information systems can be found in
various types of human activity [3-7].

The results of statistical surveys demonstrate the
widespread implementation of intelligent systems with
Al elements in all areas of human activity.

The results of the IBM Global Al Adoption Index
2023 study, conducted by Morning Consult on behalf of
IBM, showed that the adoption of artificial intelligence
has remained stable in large organisations over the past
few years: 42% of IT professionals in large organisations
report that they are actively deploying artificial
intelligence, and another 40% are actively exploring this
technology; 59% of IT professionals in companies that
are deploying or exploring artificial intelligence say their
company has accelerated its investment in or deployment
of artificial intelligence in the past 24 months; for IT
professionals, the two most important changes in Al in
recent years are solutions that are easier to deploy (43%)
and the increasing prevalence of data, Al and automation
skills (42%).
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Intelligent information systems accumulate the most
knowledge-intensive technologies with a high level of
automation not only in the processes of preparing
information for decision-making, but also in the
processes of developing decision options based on the
data received by the information system [7; 8].

The results of a survey [6] show five ways in which
humans and Al interact within intelligent systems.

Statistics show that organisations usually
implement several modes of human-Al interaction.
Organisations that successfully use all five modes are
more likely to gain significant financial benefits than
those that can use only one or two. In addition, companies
benefit most when they increase their expertise in four to
five modes (see Figure 1). Broader competencies allow
organisations to adapt a wider variety of interaction
modes to a greater variety of situations.

The importance and prospects of different modes of
cooperation between artificial intelligence and humans
lie in the complementarity of their strengths [9-12].
Humans have a unique ability to understand intuitively
context and complex situations, while Al can analyse
large amounts of data and perform fast computations.
The combination of these abilities allows for more
accurate and efficient solutions Moodle.

Purpose of the article

The purpose of this work is to analyze the features
of project contests from a wide range of subject areas,
formulate generalized technology and stages of
conducting contests, determine the functions and tasks of
an intellectual system for organizing and conducting
contests.

The main material of the article

The authors believe that in order for an information
system to have signs of intelligence, it can obtain
intelligent features from one or more sources from the
following list:

We asked respondents which interaction

modes their organization uses:
e Al decides and implements

e Al decides, human implements
e Al recommends, human decides

* Al generates insights, human
uses in a decision process

* Human generates, Al evaluates

o Using the intelligence of analysts and experts.
Their knowledge, through formalization and appropriate
processing, is integrated into the algorithmic support of
computer systems [13; 14].

o Expert decision-making and data processing
technologies [15; 16]. Expert evaluation of alternatives,
in particular its subset "Processing and convolution of
partial evaluations" and "Multidimensional scaling of
pairwise comparison results"; simulation modeling based
on semantic networks.

e Use of artificial intelligence methods [17; 18].
Modeling the biological basis of human intellectual
activity (for example, using artificial neural networks).

o Evolutionary foundations of the development of
biological systems [19]. It is used, in particular, in the
form of genetic algorithms.

e Fundamentals of the logic of human thinking
[20; 21]. Modeling using the theory of fuzzy sets and
measures, as well as by organizing fuzzy inference
systems.

e The results of research by knowledge engineers
used in the generation and accumulation of knowledge,
as well as in data processing [21; 22].

o Statistical methods of data analysis [23; 24].
Correlation, regression, variance, discriminant, factor,
cluster and other types of analysis.

e« OLAP, online analytical processing [25; 26].
Real-time analytical processing is an interactive system
that allows you to view various summaries of
multidimensional data: results are obtained within
seconds, without a long wait for the query result.

o Data Mining [27; 28]. Data mining, business
analysis, deep data analysis, analysis of large databases
to find useful facts: previously unknown, non-trivial,
interpretable facts.

e Machine Learning [29; 30]. Algorithms for
building databases and rule trees, building associative
rules, Bayesian networks, etc.

Respondents achieving
significant financial benefits
with the adoption of ...

1 mode 5%

2 modes I 6%

3 modes - 15%
4 modes - 15%
5 modes

Figure 1 — Percentage of leaders who reported success in each mode [6]
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The computer system, the concept of which is
presented in this study, is intelligent because its creation
and operation involves the use of several sources of
intelligence: extensive use of the intelligence of analysts
and experts; application of expert decision-making and
data processing technologies; use of artificial intelligence
methods at various stages of the creation and operation
of an intelligent system; application of evolutionary
algorithms in the development and improvement of
certain subsystems; formalizing the interaction of various
actors in the course of competitions and using the basics
of human thinking; widespread use of statistical methods
of data analysis to reliably determine the quality of
projects submitted for consideration and evaluate them
on cardinal measurement scales; use of machine learning
methods in those program modules where it is
appropriate and effective.

According to the authors, the main problems that
arise when creating intelligent systems include the
following: the theoretical foundations for the creation of
algorithmic tools and software components of computer
systems for intelligent data processing are not
sufficiently developed; the problem of correct and
adequate formalization and presentation of the results of
knowledge engineering in computer systems has not been
solved; the results of data processing often do not lead to
the extraction of dependencies of sufficient specificity
and usefulness for active agents of organizational and
technical complexes and systems; almost every software
component for intelligent data processing is developed to
perform a specific data analysis task; there is no universal
methodology for solving a wide range of problems.

It is necessary to generalize heterogeneous
mathematical and algorithmic methods for extracting
hidden dependencies from data, which are necessary for
forecasting and supporting decision-making in
organizational and technical complexes and systems.

Expert technologies are not developing at a fast
enough pace.

Insufficient interaction between specialists in
psychology, mathematics, economics, and business.

The generalized technology of conducting
competitions involves the following stages: preparation
(including preliminary and preparatory stages),
conducting, summarizing and analysis.

Tasks of the preliminary stage

The peculiarity of automating the complex of tasks
related to the organization of tenders is that almost every
tender is unique. The importance of this area of research
is influenced by such factors as the significant finances
involved in this activity; the participation of large teams
of specialists to ensure the conduct of and participation
in tenders, long terms of tenders, etc.

The main tasks of the preliminary stage of the
competition, which require detailing, formalization,

further description and development of the relevant
software: automated creation of the tender structure
according to the approved tender regulations, definition
of the roles of all stakeholders, creation of an oriented
schedule for all stages of the tender; building a matrix of
relationships between the contestants: places of work, co-
authorship, direct and indirect influences; dormalizing
the history of the contestants' participation in previous
competitions, facts of losses, awards, etc; building a
rating of contestants and contest managers based on the
following characteristics: management of participants in
previous competitions, participation in competitions as
an expert, places taken in previous competitions, ratio of
positive expert opinions to projects that lost previous
competitions; consistent analysis and screening of
projects among the set of projects participating in the
competition.

Tasks of the preparatory stage

List of the main tasks of the preparatory stage of the
competition:

o the selection of a group of experts is an
independent task, and can be either a one-time process or
a regular procedure with the identification and
consideration of the dynamics of experts' performance,
etc;

o distribution of projects of the contest
participants among experts based on different approaches:
randomly, by the degree of coincidence of keywords in
publications;

o distribution of projects of the contest
participants among experts based on different approaches:
randomly, by the degree of coincidence of keywords in
publications;

o ensuring the identification of conflicts of
interest and minimizing their impact on the organization
and conduct of the tender;

e determining the weighting coefficients of
consultants involved in the organization of the expert
evaluation in order to regulate the impact of their
assessments on the results of the expert evaluation;

o bringing the ratings received from experts to a
single scale by further structuring the overall scale, i.e.,
using sub-criteria scales;

e minimize the possibility of manipulating the
assessment and the resulting score when aggregating
individual expert opinions;

o application of preferential voting procedures to
determine the characteristics of the expert group, its
structuring, identification of coalitions of experts, etc;

o procedures for determining the limits of experts'
competence through self-assessment, mutual assessment
of experts, analysis of keywords in studies, a posteriori
determination of the quality of assessment, etc;

e training sessions for experts to determine the
level of their confidence in their assessments;
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e determination of quantitative values of the
coefficients of good faith, integrity, adequacy or
manipulation of expert assessments;

e determination of coefficients of relative
competence of experts — documentary, a priori and a
posteriori;

o using of testing tasks to determine the aggregate
scores of both contestants and experts;

e building and applying a neural network to
identify experts who tend to overestimate, underestimate,
or be neutral;

o constructing functions for a fuzzy set that reflect
the degree of propensity of experts to make adequate
assessments or deviations from the collective resulting
assessment.

Tasks of the main stage

The main stage of the competition plays an
important role in the quality organization, full support,
adequate conduct of the competition and fair
summarization of its results. Here are the tasks of the
stage of the competition: Ensuring the
confidentiality of the competition participants and the
anonymity of the expert evaluation of the projects
submitted to the competition by using, in particular,
double secret evaluation; use of procedures for
smoothing individual expert opinions, crushing
measurement scales, and other standard practices to
minimize conflicts; use of structured expert evaluation
schemes with a mandatory determination of the level of
confidence of the expert in the adequacy of his or her
assessment; a procedure for regular but tactful reminders
to tenderers of deadlines for performing their functions
by all available means of communication;identification
and application of administrative levers to ensure that the
competition team fully performs its functions of
organizing and conducting the competition, and to ensure
temporary functional subordination of the competition
team; providing anonymous feedback to all participants
of the competition, which is an important factor in timely
information, minimizing conflicts, constructive decision-
making, initiating a dialogue if necessary, etc; automatic
checking of the use of any materials related to the
websites of the aggressor country, detection of links to
the authors of the aggressor country, etc; automated
determination of the area of research, the industry to
which the project belongs, based on the use of NLP and
the calculation of text similarity measures; determining
the quality indicators of the review of projects submitted
for the competition based on the comments provided by
experts or their absence — identifying the attitude to the
review procedure, for example, using sentiment analysis;
automated checking of papers for plagiarism and
application of anti-plagiarism procedures; apply
additional evaluation of projects based on participants'

main

reports and obtain evaluations from a wider range of
listeners; automated evaluation of project managers by
formally assessing the structure of the project description
against the description requirements specified in the call
for proposals, for example, by identifying text reference
points; Formalizing the rules for engaging additional
experts in the evaluation of controversial projects for
which standard procedures were not sufficient.

Tasks of the final stage

The need for reasonable formalization and justified
application of certain tasks also arises at the final stage of
competitions, when summarizing the results of this
important, comprehensive and responsible process. Here
are some of the tasks that are relevant at the final stage of
the competition: determining the aggregate score for each
project and justifying the use of convolutions that should
be applied to obtain the final aggregate score for each
project and each bidder; formalization and determination
of the level of adequacy or degree of unreasonableness of
expert evaluation of projects; determining the
coefficients of leniency, unreasonable
irresponsibility of individual experts in evaluating
projects; static and dynamic tasks of identifying formal
indicators of the adequacy of project evaluation;
determining the threshold for evaluating the rejection of
weak projects based on the axiom that subjective
assessments are constructive only when compared to the
set of all submitted projects. Tasks of the tender analysis
stage.

An important and necessary condition for the
constructive completion of any competition is the
formulation, formalization and solution of the tasks of
analyzing the competition. Among the tasks of this stage,
the most important and relevant ones should be noted:

rigor, or

e determination of the levels of consistency of
expert assessments of each project in an independent
secret evaluation by experts;

e determining the level of consistency of each
expert's assessments when evaluating projects — if the
expert's assessments of all current projects are stable, his
or her weight may be reduced, as the heuristic of the
normal distribution of project quality applies;

e cstimation of permissible fines and additional
rewards for evaluated projects for a correct expert
assessment issued without manipulation;

e developing a procedure for stabilizing the
benefits to determine a generalized assessment of each
project based on the levels of competence and integrity
of experts.

The assembled set of tasks forms the basis for
further formalization and the development of an
informational and mathematical model for a decision
support system for organizing and conducting project
competitions.
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Conclusions The authors defined a range of tasks that require

i ) formalization, algorithmization and creation of software
The tasks of supporting the conduct of project

competitions are diverse and arise in a wide range of
subject areas. The task of automating the conduct of
project tenders is complex and multifaceted.

Based on the authors' analysis of project tendering
schemes, a generalized tendering technology, highlighted
stages and their main characteristics are proposed.
Considered the possibilities of using artificial
intelligence tools to increase the efficiency and
objectivity of such competitions.

within the framework of the automated system of
conducting project competitions.

The set of problems formed by the authors is a
prerequisite for further formalization and development of
a mathematical model of decision-making support in the
organization and conduct of project competitions. The
proposed system will increase the efficiency and
objectivity of project tenders.
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AHAJII3 3ATAY IHTEJEKTYAJIbHOI CACTEMH ITPOBEJEHHS KOHKYPCIB IIPOEKTIB

Anomayia. Ilpakxmuunuil 00c6i0 NpoeedenHs KOHKYPCI8 NPOEKMI6 3ac8iouye, wo ye CKIaoHa 6a2amosumipna
3adaua. Koukypcu, sk npasuno, Xapaxmepusylomvcs 6azamvma 0coOIUBOCMAMY, SKI CYIMMEBO GNAUBAIOMb HA
npasuia i mexHonoeiio ix npogedenns, Kpumepii ma gopmu oyintoganns. O6'ckmusne oyini08aHHA NPOEKMIB BUMALAE
3AIYUEHHS WUPOKO20 KON eKCepmis, o He 3a8iHCOU MONCIUBO. Bukopucmarnts wmyuno2o inmeniexmy moouHoio €
KII0Y08UM (haKMOpoM 00CsCHeHHs ONMUMATLHUX Pe3YTbmamis y 6a2amvox eany3sx, 6i0 0iznecy 00 HayKu i MexHIKU.
Cmamms npucesuena npobremam nodyo0osu IHMeNeKmyaibHoi cucmemu RPUUHAMMI piuleHb 015 KOHKYPCI8
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NPOEKMIB 07151 WUPOKO20 KILACY NPAKMUYHUX NPoOIeMHux obracmei. Y cmammi HagedeHo 02180 HAYKOBUX NPAYb

V yitl 2anysi. Ananiz HayKosux nyouiKayii 3aceioyus, Wo € 0eKilbKa PeXiCUMI8 3ACMOCYBAHHS MEXHON02I WMYYHO20
inmenexmy 8 OisIbHOCMI TOOUHU, KT GUHAYAIOMb CIMYNIHD 11020 uxkopucmanns. Ha ocnosi npakmuunoco 0oceidy
PO3pO0OIEHHS MaA BNPOBAOICEHHS THMENEKMYANbHUX CUCEM, OMPUMAHO20 A8mopamu yiei cmammi, y3a2anibHeHo
OCHOBHI npobiemu, wo SUHUKAIOMb y npoyeci 0OpoOKU iHMeNeKmyaibHux OaHUX, 8USHAYEHO HU3KY 3a80aHb md
3anponoHOBaAnHO cxemu iX eupiuienus. [lemanbHo po32NAHYMO emanu Npo8edeHHsi 3MAa2aHb, SKi NOmpebyiomy
NIOMPUMKU 30 OONOMO20I0 IHMENEeKMYANbHOI cucmemu RIOMpumMKY nputinamms piuiens. Hasedeno nepenix 3a80ams,
sKI HeobXIOHO ¢hopmanizysamu 6 nOOANLWUX OOCHIONCEHHSX, ANeOPUMMIZYEaAmMU Md CMEOPUMU NPOSPAMHE
3abe3nevenns O ix niompumxu. 30ilcHeHO Kiacu@ikayito yux 3a80amb, AKI He0OXIOHO eupiwumu y npoyeci
CMBOPEHHsL cUCTeMU [HMENeKMYanrbHoi NIOMPUMKU NPOEKMHUX KOHKYpcig. [ opmanvrozo 6i0bopy npoeckmis
NPONOHYEMBC  BUKOPUCTHOBYEAMU CXEMY NOCAI008HO20 AHANIZY GaAPIAHMIE MHOJICUHU NPOECKMI6 HA emani
nonepeonvoeo ananizy. Chopmosanuil asmopamu KOMIIEKC 3a80aHb € NepedymMosor 011 nodarbuiol opmanizayii
ma po3pooxu mamemamudnoi Mooei 05l 3a0ayi RIOMPUMKU NPULHAMMS PilieHb R0 Yac opeanizayii ma npoeeoeHHs
KOHKYPCI68 NPOEKMI6. 3anponoHo8ana cucmema 3a6e3neyums cymmese niosuiyeHHs eqhekmueHocmi il 00'ckmusHocmi
nposedents KOHKYpPCié npoEcKmia.

Knwowuogi cnosa: inmenekmyansna cucmema niOmpumku RPUiHAMMmMA piuienv; KOHKYPC RPOEKMIE; emanu KOHKypcy
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