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Abstract. The research delves into the intricacies of emergence within managing
complex systems. It provides a comprehensive examination of how new properties that are
not inherent in their components manifest at the system level. This phenomenon, known as
emergence, holds significant implications for project management, particularly in assessing
risks and interrelations among various factors. The study explores the foundational tech-
niques that L. Bertalanffy and A. Hall proposed for analyzing system integrity, emphasizing
their application in social and technical systems. These methodologies underscore the impor-
tance of understanding the dynamic interplay between system components and the system as
a whole. Particular emphasis is placed on identifying systemic objectives and patterns, such
as equifinality — the principle that different initial conditions can lead to the same final state
— and progressive factorization, which involves breaking down complex systems into more
straightforward, manageable parts. By focusing on these aspects, the research highlights the
importance of a holistic approach to system management, where the interaction between parts
leads to emergent properties that cannot be predicted by analyzing the parts in isolation. The
findings of this research furnish novel theoretical and practical approaches for the effective
management of complex systems and projects. By considering facets like interaction, coordi-
nation, and management efficacy, the study offers valuable insights for improving project out-
comes. These approaches are particularly relevant for project managers and system analysts
who must navigate the complexities of modern, multifaceted systems, ensuring that emergent
properties are identified, understood, and effectively managed to achieve desired outcomes.

Keywords: emergence, management of complex systems, system integrity, informa-
tion models, equifinality, progressive factorization, project management
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AHHOTanus. 3eprTey Kypaelni xyhenepni OacKapynblH KbIP-CBIPBIH TEpEHACTEI.
3epTTey KXYHeniK JeHrelie oJapablH KOMIIOHEHTTEPIHE TOH eMeC jKaHa KaCUEeTTEpAiH Katal
KOpiHeTiHIH KapacTeipansl. [lafima Oomy nem artamaThlH OYJ1 KyOBUIBIC jkK00aHBI Oackapy
MIPOIIECTEPiHE dCcep eTe/l, acipece K00aHBIH SPTYPIIi aKTopiIapbl apackIHIAFEl TOYEKEIAeP
MEH KaTblHacTapisl Oaranay kesinge. 3eprrey J.bepramandu meH A. Xomn xyienepain
TYTaCTBIFBIH Taj/ay YILIiH YCBIHFaH HETi3ri sgicTepAl KapacTbipaabl. Omapabl oJIeyMeTTiK
JKOHE TEXHHMKAJBIK JKyHeneplae KoJjjaHyFa epeKile Haszap aynapeuiansl. byn kypannpap
KYHEHIH KOMIIOHEHTTEP1 MEH JKaJIlbl XKYHe apachblHIarbl AMHAMHUKAJIBIK ©3apa SpeKeTTecyai
TYCIHYZIH MaHBI3ABUIBIFBIH KOpceTe . DKBUBAJICHTTUIIK )KOHE IPOrPECCUBTI (haKTOPU3ALHS
CHSIKTBI KYHEIIIK MaKcaTTap MEH 3aHAbUIBIKTAP/Ibl aHbIKTAayFa epeKlIe Ha3ap aylapbliajibl.
Ocpbl acrekrizepre Hazap ayjgapa OTBIPBII, 3epTTey JKyHeHi OacKapyablH OipTyTac ToCiTiHIH
MaHBI3IBIIBIFBIH aTall KOPCETe i, OHIa OOJIKTEp apachIHIarbl ©3apa dpPeKeTTecy OoiKTepIi
JKEKe Tajiay apKbUIbl 00Ky MYMKIH €Mec JKaHa KaCHeTTepre aKelei. 3epTTey HATHKeNIepi
KypAedi xkyiienep MeH sxo0anapp! THIMII 0acKapyablH )kaHa TEOPHUSUIBIK )KOHE TPAKTHKAJIBIK
TOCUIAEpiH YCBIHAIBL. ©3apa opekeTTecy, YHiecTipy XoHe OacKapy THIMIUIIIT CHSKTHI
aCTIEKTiNIep/Ii KapacThlpa OTBIPHII, 3epTTey kKo0aaapibl iCKe achlpy CanachlH KaKCapTy YIIiH
KoJIJaHyFa OOJaThIH Kypajjaap MEH o/icTep/i YChIHAnbl. byn Tocinmep, ocipece, KakerTTi
HOTIDKEJepPre KOJI JKeTKI3y YIIiH Taiiia OoJaThlH KacUEeTTep/Ii aHBIKTay/bl, TYCIHYIl JKOHE
THIMI1 0aCKapy/ bl KAMTaMachI3 €T€ OTHIPHIIT, 3aMaHayH KOIT KbIPIIbI KYHEIep/IiH KYPASTUTITiH
OacHIbIIBIKKA alyFa Typa KeNeTiH ko0a MeHe/DKepliepi MeH KYHeNiK Tainaylibuiapra
KATBICTBI.

Tyiin ce3mep: maiima Ooxy, Kypaeni kydenepai Oackapy, >KYHEHIH TYTacCTBIFHI,
aKIaparThlK MOJENbJIEP, AKBUBAJICHTTUTIK, IPOTPECCUBTI (QakTopHu3amus, Kobdamapisl
Oackapy
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AHHOTaHHﬂ. HCCJ’IGI{OB&HI/IQ yl"J'Iyﬁ]'[S[eTCfI B TOHKOCTHU YIPABJICHUSA CIIO)KHBIMH
cucteMamu. B HCCJICAOBAHUN PACCMATPUBACTCA, KAK HA CUCTCMHOM YPOBHC IPOSABIIAIOTCA
HOBBIC CBOﬁCTBa, HC IpuUCyHIUC HUX KOMIIOHCHTAaM. 910 SIBJICHUC, HM3BCCTHOC KakK
SMCPIKCHTHOCTb, UMCECT BJIMAHUC HaA IMPOLCCCHI YIIPABJICHUSA IMPOCKTAMMU, 0COOEHHO npu
OIICHKC PUCKOB U B3aMMOCBSI3EH MCIKAY pa3JINYHBIMU Q)aKTopaMH IMPOCKTA. B HCCICAOBAaHUHN
paccMaTrpuBarOTCd OCHOBOIIOJIAraromuye MCETOAbI, MPCATIOKCHHBIC JIL. BepTaJ’IaH(bI/I n A.
XOJ'IJ'IOM, JUIA aHaJIn3a OHEJIOCTHOCTU CUCTEM. Ocobo¢c BHUMaHHUE YACIACTCS UX TPUMCHCHUIO
B CONMAJIBHBIX W TCXHHYCCKHX CHCTCMax. Ot HUHCTPYMCHTBI MOAYCPKUBAKOT BAXKXHOCTH
INOHUMAaHUsA JUHAMHWYCCKOI'O B3aHMOHCﬁCTBHH MCKAY KOMIIOHCHTAMH CUCTCMbI U CHCTEMOH
B IICJIOM. Ocobo¢ BHUMaHUE YACTACTCS BBIABICHUIO CUCTCMHBIX uenel}i n SaKOHOMepHOCTCﬁ,
TaKHNX KakK 3KBI/I(1)I/IH8.J'IBHOCTL U IporpeccruBHast (baKTOpI/BaI_II/IH. COCpeHOTO‘{I/IB BHHUMAaHHC Ha
9THUX ACIICKTaXx, UCCIICAOBAHUC ITOAUCPKUBACT BAX)KHOCTD LEJIOCTHOT'O MOAXO0JAA K YIIPABJICHUIO
CHCTGMOﬁ, Ipu KOTOPOM BSaHMOHGﬁCTBHe MCIKAY YaCTsAMU NPHUBOAUT K MOABJICHUIO HOBBIX
CBOf;ICTB, KOTOpPBIC HCBO3MOKHO HNPCACKA3aTb NYTCM aHaIU3a yacTed 110 OTACIIBHOCTH.
P63y1'II>TaTLI HCCJICAOBAaHUS TPEAIararoT HOBBIC TCOPCTUYCCKUC W IMPAKTUYCCKHUEC TTOAXOIbL
K Sq)(l)eKTHBHOMy YHOPaBJICHUIO CJIOKHBIMU CUCTECMAaMH U IMPOCKTAMU. PaCCManI/IBaSI TaKHe
ACIICKTHBI, KaK BBaHMOHCﬁCTBHG, KOOpAWHALWA 1 3(1)(1)CKTI/IBHOCTB yhpaBJICHUA, UCCIICAOBAHUC
npepraraCtT MHCTPYMCHTBI M MCTOABI, KOTOPBIC MOXHO HCIIOJIb30BATh JId YITYUHICHUS
KaueCTBa pcajaru3ali IPOCKTOB. Ot IOAXObI 0COOCHHO AKTyaJIbHbI JII MCHCIKCPOB
IMPOCKTOB U CUCTCMHBLIX dHAJIUTUKOB, KOTOPBIM ITPUXOAUTCS OPUCHTUPOBATLCA B CJIOJKHOCTIX
COBPCMCHHBIX MHOTOI'PAHHBIX CUCTEM, obecreunBas BBIABJIICHUEC, IOHUMAaHUEC 1 B(I)q)GKTHBHOe
YHpaBJICHUC BO3BHUKAIOIIUMHA CBOMCTBaMU I JOCTUIKCHUS KCIIACMBIX PE3YyJIbTATOB.
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Jass murnpoBanmsa: J[. JlykesHoB, A. Konecuuxos, T. Omnex. IIPOBJIEMA
OMEP/DKEHTHOCTHU B VIIPABJIEHUM  CJIIO)KHBIMHU CUCTEMAMU  //
MesxayHapoaHbIN )KypHaJI HHPOPMAIMOHHBIX U KOMMYHHKALMOHHBIX TexHOMOrui. 2024. T.
05. Ne 18. Ctp. 30—40 (Ha pycc.). https://doi.org/10.54309/1JICT.2024.18.2.003.

Introduction

Complex systems are characterized by many interacting components, which may be
physical, biological, or social. For example, a microservice architecture is a complex system
where each service performs a specific function, but together, they form a single (holistic)
functioning environment.

System integrity (connectedness, unity of the whole) is inextricably linked with
emergence (unexpected emergence, appearance of a new one).

Two key concepts in the study of complex systems are emergence and self-organization.
Emergence refers to the emergence of new properties or behaviors of a system that cannot be
explained in terms of its constituent parts alone. This means that the properties of the whole
are not a simple sum of the properties of its constituent elements, although they depend on
them. On the other hand, elements combined into a system can lose properties inherent to
them outside the system or acquire new ones. An example of emergence in programming is
the behavior of a distributed system, where the simple interaction of individual nodes gives
rise to new operation patterns. This concept follows an essential characteristic of project
management: the emergence of a project linked to a system for developing value in the form
of'a new product, result, or service.

Materials and methods

Many studies have been devoted to the issue of classifying systems by “degree of
complexity”, including many approaches to defining “complexity”. The most straightfor-
ward approaches are based, as noted in (Volkova et al., 2006: 848), simply on a quantitative
assessment of the elements included in the system without considering the specifics of the
connections and relationships between them. For example, G.N. Povarov (Povarov, 1970),
assessing the complexity of a system depending on the number of elements included in the
system, identifies four classes of systems:

1. Small systems (10...103 elements);
2. Complex (104...107 elements);
3. Ultra-complex (107...1030 elements);

4. Supersystems (1030...10200 elements).

Speaking about the taxonomy of complex systems, V.Ya. Tsvetkov, in his article
(Tsvetkov), notes: “The next stage in the development of the theory of complex systems
should be considered the work of Hiroki Sayama” (Hiroki Sayama, 2015: 498), according
to which the theory of complex systems includes several scientific directions, including sys-
tems theory. This theory is more general in relation to systems theory and systems analysis.
According to this point of view (Hiroki Sayama, 2015: 498), the theory of complex systems
includes the critical issue of emergentism (Tsvetkov, 2017: 137-138) and self-organization
(Ashby, 1966: 332). Complex systems theory is related to game theory, collective behavior,
distributed systems theory, evolution and adaptation, nonlinear dynamics, structural model-
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ing, and general systems theory.

Hiroki Sayama calls complex systems networked systems (Hiroki Sayama, 2015: 498)
“having a large number of components interacting with each other, which are characterized
by nonlinear functions”.

A model of a complex system must be understandable, valid, and reliable (Nikolis,
1989: 488). Let us consider these properties (Tsvetkov, 2017: 137—-138):

Perception is a cognitive factor, sometimes replaced by the term simplicity. However,
simplicity is a conditional concept that depends on the choice of criterion for assessing it.

Hiroki Sayama (Hiroki Sayama, 2015: 498) defines the validity of a complex system
model as the quality of information correspondence, which shows how accurately the forecast
of the behavior of a complex system, as a model, agrees with its real behavior.

According to Hiroki Sayama (Hiroki Sayama, 2015: 498), the “reliability” of a model
of any system is determined by its sensitivity to external influences. If minor influences
(conditional characteristics) do not change progress towards the goal, then such a model of a
complex system can be considered reliable.

As highlighted in (Mesarovic), there are two approaches to defining the categories
“Complexity” and “large-scale systems” — abstract and hierarchical. The mathematical
theory of abstract systems can be applied in engineering in various contexts and for different
purposes. The challenge of complexity primarily surfaces with large-scale systems. From
this perspective, the competency models used in project management can be considered
“quite complex” in comparison with systems for creating new products and systems for
operating engineering infrastructure on a scale, for instance, a state. However, considering the
nonlinearity inherent, primarily in the “human factor”, which is an integral component of the
competency model of specialists in almost all fields of activity, and the structural connections
in complex socio-technical systems, the problem of “complexity” demands special attention.
To address this issue, it is crucial to construct models and structural representations of the
system under consideration. One of the key steps in engineering design is the selection of the
structure of the designed system or, in other words, the analysis of structural representations
of the behavior and activity of the system. A detailed mathematical model is not suitable for
this purpose, even if it exists. Traditionally, engineers have relied heavily on block diagrams
to comprehend the complete composition of a system and further its structural representa-
tions. The main appealing aspect of flowcharts is, of course, their simplicity, but their main
drawback is their lack of precision. General systems theory can be a valuable tool for con-
structing basic structural representations of a system that maintain the simplicity of block
diagrams and simultaneously meet all the requirements of mathematical accuracy. General
systems theory models bridge the gap between block diagram representations of systems
and mathematical models. The construction of system-wide models is essential, particularly
when analyzing complex technical systems. The existence of some system-wide methods that
enable solving a specific problem at the level of general systems theory underscores the use-
fulness of introducing this stage into the process of analysis and design of complex systems,
which are any project management systems.

The pattern of integrity (emergence) manifests itself in a system in the emergence (in
english: Emerge) of new properties that are absent in the elements. L. Bertalanffy considered
emergence the main systemic problem (Bertalanfty, 1972: 20-37).

The manifestation of this pattern is easy to explain using examples of the behavior
of populations, social systems, and even technical objects; for example, the properties of a
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machine tool differ from the properties of the parts from which it is assembled. The enterprise
can produce complex technical complexes from components and parts manufactured by
individual production units or employees, united by the rules of interaction, determined by
production technology and industrial relations, etc.

In project management, the pattern of integrity is best illustrated by the logic of risk
management. To fully grasp the situation and trends in its development, it’s not sufficient to
analyze only the “final” factors that influence the possibility of deviations from the original
plan. The “classical” approach to risk management, relying on SWOT analysis (Lukianov et
al., 2020: 7-92), is inadequate. However, by analyzing the influence of factors on each other,
transforming many factors {SWOT} into a SWOTxSWOT adjacency matrix, we can create a
much more informative system model. This comprehensive approach is equally beneficial in
analyzing schedules, stakeholders, communications, and competency models.

To better understand the pattern of integrity, it is necessary first of all to take into
account its two sides:

1) The understanding of a system’s (whole) properties Q is not a mere summation of
the properties of its constituent elements (parts) q.. This comprehension is crucial as it lays
the foundation for understanding the system’s behavior.

2) The behavior of a system (whole) is contingent upon the properties of its
constituent elements (parts): O = f(g). This understanding of system behavior is essential for
comprehending the system’s response to changes in its constituent elements.

In addition to the listed properties, you should keep in mind one more property:

3) Elements combined into a system generally lose some of their properties
characteristic of them outside the system. That is, the system seems to lose a number of
properties of the elements; on the other hand, elements, once in the system, can acquire new
properties.

For example, a project team is capable of managing a large project, and each team
member bears the imprint of such collective (systemic) abilities that are not characteristic of
each team member. For artificial (for example, technical or production) systems, the integrity
property is associated with the purpose for which the system is created. Moreover, suppose the
goal is not explicitly specified, and the modeled object has integral properties. In that case, you
can determine the goal (target function, system — forming criterion) by studying the reasons
for the emergence of the pattern of integrity. In complex systems, such as organizational or
other systems with an active element — a person, it is not easy to immediately understand the
reason for the emergence of integrity, and it is necessary to carry out an analysis to identify
what led to the emergence of integral, systemic properties (Lukianov et al., 2017; Lukianov
etal., 2018: 3-22).

Any evolving system typically exists between the states of absolute integrity
(completeness) and absolute additivity. This dynamic nature of a system is key to understanding
its adaptability and evolution.

In this case, absolute integrity corresponds to a state of complete order (in information
theory — 100 % certainty) of the system, and additivity characterizes 100 % entropy or
chaos, that is, the degeneration of the system into a conglomerate of elements devoid of any
connections among themselves and, consequently, integrity.

The temporary state of the system can be characterized by the degree of manifestation
of one of these properties or trends toward its increase or decrease. To assess these trends,
A. Hall introduced two combined patterns, which he called progressive factorization — the
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desire of the system to a state with more and more independent elements and progressive
systematization — the willingness of the system to reduce the independence of elements, etc.
To assess integrity, A. Hall introduced some indirect assessments that make it possible to
determine which patterns are manifested in the system to a greater extent. However, these
estimates were introduced for specific communication systems (Table 1).

Table 1 — Patterns of interaction between part and whole

Patterns of interaction between part and whole Degree integrity a Element utilization rate b
Integrity (emergence) 1 0
Progressive systematization a>b
Progressive factorization a<b
Additivity (summative) 0 | 1

These estimates are obtained based on the relationship that determines the relationship
between the systems C_, its own C,, and the mutual C, complexity of the system:

C.=C,+C, (1)

Let’s start with the concept of “intrinsic complexity”, which is essentially the total
complexity of the elements of a system, excluding their connections with each other. In the
context of pragmatic information, it’s the complexity of the aspects that directly influence the
achievement of the system’s goal.

The system complexity of a C,. is the system’s content as a whole (for example,
before it is used).

Finally, we have ‘mutual complexity ‘. This term characterizes the degree of
interconnection of elements in the system. Think of it as the system’s complexity as a device,
circuit, or structure. It’s a measure of how the elements of the system interact with each other,
contributing to the overall complexity of the system.

If we divide (1) on C, we obtain the fundamental law of systems:

atb=1 )
Where is the relative connectivity of system elements,

a=-(C/C) 3)
their relative freedom

b=C/C, 4)

The first expression (1) characterizes the degree of integrity, coherence, and
interdependence of system elements in organizational systems and can be interpreted as the
degree of centralization of management.

The second expression (2) is independence, the autonomy of the parts as a whole, and
the degree of decentralization of the system. For organizational systems, it is convenient to
call this the utilization rate of elements in the system.

The minus sign in (3) is introduced so that a is positive since C, in stable systems,
characterized by C,>C, formally has a negative sign. C, associated (what remains inside
the system) content characterizes the system’s work for itself, not for fulfilling the goal set
before it.

From (4), it follows that the sum of the freedom and restrictions of the system’s parts
is a constant value.

Regarding social systems, this means that an increase in justice a is achieved only by
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limiting freedom b, and vice versa. Therefore, a real complex, developing system is always
between two extreme states — absolute integrity and absolute decay, chaos. Society faces a
choice of the degree of regulation of integrity.

Modern methods of theoretical analysis of heterogeneous (decentralized) economic
systems pay increasing attention to the problems of coordination (regulation and coordination)
of the actions of economic agents rather than to the “free development™ of the economy. The
market is considered a source of information exchange and the provision of its participants
with the necessary knowledge.

When an object is conceptualized as a system, the laws of integrity dictate that the combina-
tion of elements into a system and the transition from a system to its constituent elements will
lead to qualitative changes. These changes occur at every level of system dissection. Initially,
the object or process is represented as a structure for study, which may not immediately lend
itself to a mathematical model. The process then involves the identification of precise deter-
ministic relationships between the elements of the system, a task that often requires further
investigation.

The intricate logic of the IPMA Delta model is best understood through the interplay of the
ICB, OCB, and PEB models (Bushuyev et al., 2022: 1-12). However, the detailed description
of the interaction between the final elements of these subsystems, each of which is a subsys-
tem in relation to the system described by IPMA Delta, is yet to be fully explored. This mod-
el, in its complexity, can be scaled from the enterprise level to the industry, state, etc. level,
offering a rich field for exploration and application (Lukianov et al., 2021: 70-84).

Practically, the property of structure integrity in the IPMA Delta model allows for
the description of problem situations that are riddled with significant uncertainties. This
model breaks down large uncertainties into smaller, more manageable ones, aiding in the
identification of the causes of qualitative changes in forming a whole from parts. This
practical application of the model underscores its relevance and usefulness in real-world
problem-solving scenarios.

By dissecting the system, it is possible to analyze the reasons for the emergence
of integrity based on the establishment of cause-and-effect relationships of various natures
between parts, apart, and the whole, identifying the cause-and-effect conditionality of the
whole environment, first carried out by the authors in their works aimed at understanding
the deep mechanisms of the competency models of IPMA ICB version 3.0 (Lukianov et al.,
2019: 506-512).

Hypothesis 1

The entropy of the entire control subsystem upon transition to a new target state is
determined by the sum (integral estimate) of the entropy of all its elements.

This can be demonstrated by an increase in the total number of (missing) connections
between elements when calculating an adjacency matrix of order n, in which the corresponding
matrix does not contain empty (zero) elements.

The pattern of equifinality is one of the patterns of systems’ functioning and
development, characterizing the system’s maximum capabilities. This term was proposed
by L. Bertalanffy, who, for an open system, defined equifinality as “the ability, in contrast to
the state of equilibrium in closed systems, entirely determined by the initial conditions, ... to
achieve a state that does not depend on its initial conditions and is determined exclusively by
the parameters of the system” (Bertalanffy, 1972: 20-37).

Hypothesis 2
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The total information flow directed to the control object during the period of its
transition to a new target state is equal to the difference between the entropy of the entire
control subsystem during the transition to a new target state and the energy of the control
object spent by the control object on the transition to the new state.

Consider all system elements as a “control object” except elements that are part of
the “control subsystem”. This approach allows us, for instance, to determine a complete
information flow aimed at the entire complex of competencies of a project manager in the logic
of the IPMA ICB model from such an element as “leadership”, like “power”, correspond to
the elements of competence of the vertices of the graph in relation to incoming and outgoing
connections (Sherstiuk et al., 2019: 496-500).

Hypothesis 3

The information work of the control subsystem to transform resources is crucial and
consists of two parts — the work of the control subsystem spent on compensating for its initial
entropy and the work aimed at the controlled object, that is, at maintaining the system in a
stable state. This, in essence, reflects the logic of collecting information about the current
state of the project’s work and reconciliation with the project’s baseline plans, presented in
the logic of the monitoring and control processes, and relates to change management in the
project.

This hypothesis requires an important, in the author’s opinion, not-control elements
must, by definition, “generate” more “influence” than they “accept” on themselves, incl. on
the part or parts of a “similar nature.” In this regard, it is indicative of considering not only
the logic of interaction between the elements of the control subsystem but also its possible
representation as a “complex”, “cluster” or “core”, which has “strong connections” between
each other (or “essential”, in terms familiar to mathematicians).

Hypothesis 4

The valuable work of the control subsystem during a specific period must correspond
to the full information flow affecting the controlled system (by axiom 2) for the analyzed
period.

Essentially, the “principle of adequacy” refers to the suitability of management
decisions made based on the information received about the project’s status and the changes
in its implementation environment.

An important note — the calculation of such parameters as “information work™ and
“useful work™ allows us to introduce the concept of “efficiency coefficient” of the control
subsystem, introducing the following seventh axiom:

Hypothesis 5 (proposed by the authors)

The efficiency of the control subsystem for a certain period cannot be more than 100
% for the analyzed period (“The project manager is not a magician”).

Based on information modeling data carried out by the authors for different models,
the efficiency of the control subsystem is not a constant value in the general case (it can
change significantly during transient processes and be a periodically changing value for
systems that are periodic Markov chains (Kolesnikova et al., 2021: 1-6).

Moreover, based on the logic of such a parameter as efficiency, it is possible to compare
different management models, for example, to conclude about a change in the efficiency
of the control subsystem in the form of one or another block of competencies during the
transition from the IPMA ICB 3.0 model to version 4.0, and also to propose how the control
subsystem is a different set of elements, justifying this by a distinct, higher efficiency value
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of the control subsystem.

Discussion and results

However, the authors present a novel concept, a ‘system landscape’ model, albeit in
a simplified form, which they propose to visualize the influence of its elements on the overall
‘entropy’ of the system. This unique approach, considering Markov models as information
systems and applying measures taken to analyze information processes, significantly expands
the possibilities of analyzing such systems. In this case, it is important to define the concept
of ‘model’:

1) Model — an object or description of an object, a system for replacing one system
(original) with another system for studying the original or reproducing its properties.

2) Model — the result of mapping one structure through another. By reflecting
a physical system (object) onto a mathematical system, researchers obtain a physical and
mathematical model of the system or a mathematical model of the physical system.

As is known, the classical modeling problem consists of three tasks:

1. development of a model;

2. research of the model;

3. implementation of the model.

The proposed approach to developing models solves all these three problems:

1. The construction of the model is not just theoretical, but also practical and
constructive. An algorithm is proposed for constructing the model, making it a feasible and
effective approach.

2. To study the model, methods for its research and analysis are proposed.

3. Specific targeted use of models is provided (as constructive and specific tasks).

Among the methods and tools used in the authors’ work, the application of decision-
making theory has proven to be the most effective in practice. This is primarily because,
based on the basic definition of a “solution”, a choice can be made from several alternative
options. The models being developed are designed to be used, during the decision-making
process, as tools for identifying problems, searching for alternative opportunities, and their
formalization in a form suitable for analyzing further decisions, as well as those associated
with the processes of eliminating problems and realizing opportunities.

Conclusion

Based on the fact that making a management decision is the main decision in the
technological management cycle, and the decision-making process is a sequence of selection
procedures, the result of which is a system of management decisions ready for implementation,
the proposal of a particular “information system” that can act as such a “system” management
decision support” in an area where this kind of toolkit has not previously been proposed, then,
according to the authors, there is, at a minimum, potential for practical application.

At the same time, decision-making under conditions of certainty, in which the values
of the most significant parameters are clearly defined, will differ from decision-making under
conditions of uncertainty or when conditions are subject to constant change.

Using a rational model when choosing management decisions is based on selecting a
solution that will maximize the organization’s utility (profit). Using a sensible model requires,
on the one hand, a balanced approach to determining the evaluation criterion, a thorough
search for alternatives, and their complete analysis. On the other hand, there may not be
enough time or the necessary qualifications to ensure a balanced approach to determining
the evaluation criterion, a thorough search for alternatives, and their analysis. In this case,
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transitioning from the “ideal rational model” to a limited one is possible. In this case, the
main goal of the “boundedly rational” approach will no longer be to maximize utility but to
achieve “acceptable satisfaction”. In this case, the problem is defined in a simplified manner,
the analysis of alternatives is carried out superficially, and the first decision meets a particular
set of criteria (attention is not focused on the optimality of the solution).

Having an information system capable of systematizing information for decision-
making will certainly be useful. Considering the capabilities of modern information
technologies and the growing potential for the use of Al, one should expect the emergence of
such functionality, which is quite suitable for assisting in decision-making in situations where
it is necessary to make a choice from several alternatives.

Issues of complexity and emergence remain unresolved entirely. The hypotheses of
information management proposed by the authors can be applied to analyzing a wide range
of design systems.
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