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Abstract. The article proposes to consider examples of studying complex systems
using entropy analysis. The interpretation of the adjacency matrix created when
analyzing a system, such as a channel matrix, is considered. It is proposed that
an example of applying such logic when calculating information entropy for
studying such a system be regarded as a model of individual requirements for the
competencies of project managers proposed by the International Project
Management Association (ICB IPMA). The approaches previously developed by the
authors to the analysis of systems of factors through visualization in the form of a
“system landscape” that arises when analyzing a Markov model, as well as through
simulation modeling of transient processes in a discrete Markov system, are proposed
to be supplemented with the logic of quantitative assessment of the properties of such
systems as “information” systems, using the concept of “entropy” as a measure of the
efficiency (organization) of internal information in the analyzed systems. An
interpretation of the obtained data is proposed when applying the entropy approach,
using the example of the ICB IPMA system under consideration. The presented
results are proposed to be considered along with other options (models) of analysis
from the point of view of one of the possible options for implementing the concept
of “systems engineering based on modeling” when analyzing knowledge systems
in various fields of professional activity. It seems likely to wuse the proposed
approach, including comparing different knowledge systems existing in the same
line of work, particularly in professional project management, where a whole
family of competing knowledge systems, competency models, and certification
systems has existed for a long time.
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AHHoTauusl. Makanaga SHTPONMAUIBIK TalJayAbl KOJIAHy apKbUIbI KypAeli
)KYI/IGJIep)Z[l 3epTTey MBICAJIAPbIH KapacThIPy YChIHbUIAAbL. APHA MaTPULACh! CHSKTbI
KYHeHi Tamjgay Ke3iHAe KypbUIFaH iprejec MaTpUIAHBIH WHTEPIPETALHSICHI
KapacTeIpbuabl. JKobanapasl GackapyabiH Xanblkapanblk KaybivaacTsirsl  (ICB
IPMA) YChIHFaH K002 MEHEUKEPIICPIHIH KyY3bIPETTEPIHE JKEKe TajlalTap/blH yJrici
peTiHAe MyHJai KyiieHi Taniay YUIH aKmapaTThIK SHTPOIMSHBI eCenTey KesiHuie
MYH/Ial JIOTHKaHbI KOJJIaHY IbIH MBICAIBIH KApacThIPy YCHIHBUIAIB. MapKoB MOJCTIH
Tangay Ke3iHae Taija OOJaThIH <OKYHEINiK J]aHI[ma(bT» TYpiHAeri BHU3YaIIH3aIHs
apKbUIbl (hakTOpIap KYHeCiH Tanjayra, CoHIai-ak auckperti Mapkos ikyliecinzeri
OTIeNll MPOLECTEPAl MOJICIbACY _APKBLIBI OypbIH aBTOpyIap d3ipiereH Taciiep
YCBIHBUIFAH.  TAIJAHATBIH  OKyHenepiaeri  imiki aKMapaTThiH TUIMALTITIHIH
(YHBIMIACTBIPBUTYBIHBIH) OJIIIEMI PETIHAE «IHTPONHA» TYCIHINIH Naii1anana OTHIpLII,
«aKNaparTelky OKyHenep CHAKTBI JKYHENEpAiH KacHeTTepiH caHAblK —Oaranay
JIOrMKACEIMCH TOJIBIKTEIPY. AJIBIHFaH nepeKTepzuH MHTCPIPETALHSCHI KaPACTBIPBUIBII
oteipFad ICB IPMA xyiieciHiH MbICAJIBIH TalialaHa OTBIPBIT, SHTPOMHU TOCiITiH
KOJIJaHy Ke3iHjae YCBIHBUTABL. ¥ CHIHBLIFaH HOTHXKEJIEPAl KCION KbI3METTIH epTypm
cajlaJlapbIHIaFbl OlTiM JKyHeciH Tajnay Ke3iHIe «MOAEbJAeyre HEeri3eNreH xKyneik
HMH)XEHEPUs» TYKbIPbIMAAMACBIH JKY3€r'€ achbIpylblH BIKTUMall HYCKaJlapbIHBIH Oipi
TYPFBICBIHAH TajayjblH Oacka HyCKalapbIMeH (YJrilepiMeH) KaTap KapacTbpy
YCBIHBUIAAbL. Y CHIHBUIFAH TOCULII MaljanaHy MYMKIH CHSIKTBI, COHBIH 1IIiH/Ae. KOHE
0ip >KyMBbIC JKOIIBIHIA Gap opTypii OlIM 3KyHenepiH caibiCTBIPY, aran alTKaHxa,
Oacekenec OiMiM KYHeNnepiHiH, KY3bIPETTUIK YATUICPiHIH >KOHE cepTUHUKATTay
KYWenepiHiH TyTac oTOachl y3aK YakbIT OoWbl Oap KociOm »xoOamapabl Oackapy
caJlacbIH/IA.

TyiiiH ce3mep: MOAETbICYre HETI3NEITCH J>KYHenep WHXKEHEPHsChl, MapkoB
MOJIENIbACP], TpapUKTEep TEOPHSCHI, aKNapaTThIK >KYWHe, MOJENbJCY, DSHTPOIHS,
KY3BIpeTTep, )K00aHbI 0ackapy

Moiiexces ymin: /. JlyxpsaHoB, A. Konecuukos. ICB 4.0 IPMA MbBICAJIbI
BOMBIHIIIA YXOBAHBI BACKAPY CAJIACBIHJAFBI BUIIM JKYMEJIEPIH
TAJIIAYIA DHTPOIIUA TOCUIAI TMANUIAJIAHY//AKnapaTTslk — koHe
KOMMYHUKAIVSUTBIK, TEXHOJIOTHSUTAPABIH XalbIKapaiblK KypHambl. 2024, V.5. Ne 17.
Ber 110-121 (arpummsia Timinae). https://doi.org/10.54309/1JICT.2024.17.1.009.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License == 5

111



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 1

. JIykeanoe'*, A. Konecnukoe’
IGIGACloud, Kues, Ykpauna;
2PM Solution, Anmarsl, KazaxcraH.
E-mail: akoles78(@gmail.com

HNCIIOJIb3OBAHUE SHTPOIMUMHOIO MMOJXO0/IA B AHAJIU3E
CUCTEM 3HAHMI B COEPE YIIPABJIEHUSI IPOEKTAMM HA
IPUMEPE ICB 4.0 IPMA

JykbsiHoB Jmutpuii BaagumupoBuy — 1OKTOp TexHHMYecKuX Hayk, poueHT, GIGACloud, CIO,
Kues, Ykpauna

E-mail: dlukiano@gmail.com, https://orcid.org/0000-0001-8305-2217,

KosecnukoB Auiekceii EBreHbeBH4 — JOKTOp TEXHHYECKUX HaykK, JnoueHT, PM Solution,
MIPOEKTHBIA MeHemKep, AnMatel, Kazaxcran

E-mail: akoles78@gmail.com, https://orcid.org/0000-0003-2366-1920.

© J. Jlykesiros, A. Konecuukos, 2024

AHHoTammsa. B cratee mnpemaraercs paccMOTPETh IPHUMEPHl HCCIETOBaHUA
CIOXHBIX  CHCTEM  HCIOJB3YysS  DHTPONMMHBIA  aHanmu3.  PaccmartpuBaetcs
HWHTEpOpETalrs MaTPULIbl CMEKHOCTH, CO3AaBAaCMOM IpHU aHANIM3€ TAKOW CHCTEMBI,
KaKk KaHajibHOM MaTpulbl. [Ipenmaraercs paccMOTpeTb NpPUMEP NPUMEHEHHS
MMOAOOHOW JIOTMKH TpH pacdeTe WHPOPMAIMOHHOW SHTPOIHU Ui aHAIM3a TaKOH
CHUCTEMBI KaK MOJENb WHIWBHIYAIbHBIX TPEOOBAHWN K KOMIIETCHIIUSM ITPOCKTHBIX
MEHEIKEPOB, NpeanaraeMbix MeXyHapoIHON accolMaluen YIpaBJIeHHs IPOEKTaAMHU
(ICB IPMA). Pa3paboranHble paHee aBTOPaMH IOAXOABl K aHAINW3y CHUCTEM
(hakTOpOB uepe3 BU3yaTU3aIUI0 B BUJE «CHCTEMHOTO JaHAIa(Ta», BOZHUKAIOIIYIO
[IpU aHAIM3€ MAPKOBCKOW MOJENH, & TAKXKE 4Yepe3 MMUTAUUOHHOE MOJCIMPOBAHUE
[EPEXOAHBIX IIPOLECCOB B JIUCKPETHOM MApKOBCKOM CHCTEME IpeaaraeTcs
JIOTIOJIHUTH JIOTUKOM KOJMYECTBEHHOW OIIEHKM CBOWMCTB TAaKOIO pOJla CUCTEM Kak
«MH()OPMALIMOHHBIX» CHUCTEM, HCIOJb3Yysl TOHSATHE <«OHTPOMMS» KaK MeEpbl
a¢hekTUBHOCTH (OPraHM30BAHHOCTH) BHYTPEHHEH WH(OpPMAIMUA B aHAIM3UPYEMbIX
cucremax. llpennaraercs HHTeprHpeTalysl MOJYUYCHHBIX JAHHBIX MPU HNPUMEHEHUH
SHTPONMHUHOIO TMOJX0Jla Ha mpuMmepe paccmarpuBaemoil cuctembl ICB IPMA.
IIpencraBneHHble pe3yJbTaThl IPEAJAracTcsl paccMaTpUBaTh HApsALYy € APYTUMHU
BapHaHTaMu (MOJIEISIMH) aHAIM3a C TOYKU 3PEHHUS OJHOTO U3 BO3MOYKHBIX BapHAHTOB
peain3anyy KOHLEMLNH «CHUCTEMHOI0 WHKMHUPHUHIA HAa OCHOBE MOJEITUPOBAHUS»
Ipy  aHAJM3e CHCTEM 3HaHMW B pa3iuyHbix cdepax mnpodeccnoHaabHON
nestenbHocTd.  IlpencraBnsieTcss BO3MOXKHBIM — HCIIOJIB30BAHUE — MPEIIAraeMoro
NOAXOAAa B T.U. M JJISl CPABHEHUS PA3IMYHBIX CHUCTEM 3HAHUN, CYIIECTBYIOILIUX B
OIHOM W TOM »JK€ HallpaBIIEHUH JeATeNbHOCTH, B YacTHOCTH, B cdepe
MPOoPEeCCHOHANTBLHOTO YIPABJICHUS MPOCKTAMH, TJIE CYIIECTBYET IIeJI0e CEMEHCTBO
KOHKYPUPYIOLUX CHCTEM 3HAHWU, MOJEICH KOMIICTCHIIUH U CUCTEM cepTU(UKAUN
Ha MPOTSKEHUU JJIUTEIBHOTO BPEMEHH.

KuiroueBble cj10Ba: CHUCTEMHBIA HMHXXMHUPUHT Ha OCHOBE MOJICIUPOBAHUSA,
MapKOBCKHE MOJIENH, TeopHusl rpadoB, MHPOPMAIMOHHAS CHCTEMa, MOJIEIHPOBAHNE,
SHTPOIUS, KOMIIETEHIIMH, YIIPABICHUE POEKTaMU

Jdas nuruposanus: JI. Jlykesnos, A. Konecuukos. MCIIOJIb3AOBAHME
SHTPOIIUIHOI'O HOI[XOI[A B AHAJIU3E CHUCTEM 3HAHWII B C®EPE
VIIPABJIEHUSA ITPOEKTAMU HA T[IPUMEPE ICB 4.0 [IPMA//MexayHapoaHbli
XKypHa1 HHPOPMALMOHHBIX U KOMMYHUKAMOHHBIX TexHonorui. 2024. T. 05. Ne 17.
Crp. 110-121 (Ha anr.). https://doi.org/10.54309/1J1CT.2024.17.1.009
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Introduction

The authors' works widely use the tools of graph theory and Markov methods in
analyzing various complex technical and socio-economic systems. Based on it, a
universal calculation template was developed using Microsoft Excel software
(microsoft.com/en-us/microsoft-365/excel, 2024) and guidelines for its wuse
(Methodology for carrying out analysis using the Markov model for ergodic systems,
2024). This approach was applied in several research (Kolesnikova et al., 2019: 455—
460; Gogunskii et al., 2017: 60-65; Lukianov et al., 2019: 506-512; Piterska et al.,
2018: 30-39), which made it possible to identify the corresponding mathematical
apparatus and its application areas as an "information system." During this time, the
authors developed a relatively large number of models, which made it possible to put
forward specific hypotheses regarding predicting the behavior of the systems they
modeled. To test some of these hypotheses, particularly regarding the properties of
structural connections of modern knowledge systems in professional project
management, the authors took alternative methods to obtain the properties they
studied. This approach is increasingly used in the world; on its basis, such a direction
as "simulation-based systems engineering" has been formed (What is MBSE, 2024),
which offers not just methods for analyzing a particular model describing a specific
system but also proposes the creation of many models for the analysis of the same
system. This inevitably led the authors to the need to evaluate information connections
and the information itself in the system models they considered. The proposed work
presents an experience for analyzing the model of individual competencies of project
managers — Individual Competence Baseline (ICB), proposed by the International
Project Management Association (IPMA) (ICB IPMA Individual Competence
Baseline 4th Version. ICB4, 2015).

Problem

The development of approaches to project management occurs at different speeds
in different fields of activity. This inevitably leads to their differences, attempts to
transfer approaches tested in some conditions to other situations, and, finally, to
competition. This applies to both “formal” knowledge systems and recognition of the
qualifications of specialists in this field, including those of the relevant professional
certification systems. This can also lead to uncertainty or a situation of conflict in
choosing one or another approach to managing a specific project - directly among
project team members who make particular decisions regarding the choice of approach
to managing projects in which they are involved as actors. This, ultimately, also
inevitably leads to the intersection and mixing of different approaches. In project
management, there is a corresponding well-established term for this type of situation -
“Blended project management frameworks” (Bushuev, 2020: 187-207). Accordingly,
all kinds of analytical materials appear to compare different approaches, carrying out
the so-called “mapping,” which is mutual “mapping” or “comparison” of such
approaches proposed by various standards (Caupin et al., 2004; Yao, 2016: 1677;
Crawford, 2013: 1-9; Ghosh, 2012: 1-77). However, what is quite strange is that
despite the abundance of this kind of analytics, it does not present such a type of
analysis (and, accordingly, a comparison of its results for different models) as
“entropy analysis”. Moreover, there is no such data for comparing different
approaches (standards) or versions of the same standard.

Material and methods

To solve the structuring problem, it is proposed to analyze the relevant sections of
the following elements of the mathematical apparatus, as well as the applied tools used
by the authors, including:

1. Competency model of specialists in the field of project management ICB 4.0
IPMA (ICB IPMA Individual Competence Baseline 4th Version. ICB4, 2015).
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2. Graph theory (Tutt, 1988)

3. Markov methods (Dynkin, 1960: 1-21)

4. Entropy analysis

5. Microsoft Excel software (microsoft.com/en-us/microsoft-365/excel, 2024)

When constructing their models, the authors use the principle "everything is
connected to everything" (Barry Commoner's first law (Kramarenko)). Guided by this
law, the constructed models always have the form of a square adjacency matrix,
translated into a matrix of transition probabilities according to Laplace's principle to
determine probabilities under conditions of uncertainty (or according to B.
Commoner's third law, "Nature knows best"). On the other hand, based on the logic of
B. Commoner's second law ("Everything must go somewhere"), they also introduce a
"measure" of interaction between the elements of the simulated systems in the form of
a "system landscape," taking into account the number of connections between the
components of the system based on the calculation of the matrix adjacency of order n
such that the corresponding matrix no longer contains "empty" (equal to zero)
elements. In this regard, such several connections (increasing like an avalanche with an
increase in the degree of the adjacency matrix) can be considered close to E.
Schrodinger's interpretation of the concept of entropy, who thought it as a measure of
disorganization of a system of any nature (Commoner, 1974: 280), which, accordingly,
can be considered as a measure of the organization of the system of any nature, which,
according to the authors, is their interpretation of the "system model" as a Markov
chain.

It is important to note that "entropy is qualitatively different from other
thermodynamic quantities, such as pressure, volume or internal energy, because it is
not a property of the system, but of how we consider this system" (Kaziev, 2024). This
is well illustrated by the well-known model of "Maxwell's Demon" (Entropy? It's
simple, 2024). About the "observation point," the following analogy can be drawn -
someone who is not in the "industry," for example, in the field of professional project
management, may have a rather vague idea (mainly due to lack of information) about
what specific competencies are required project participants for successful project
management. Anyone who has a different "observation point" may well "divide"
possible knowledge, skills, and abilities into, at a minimum, '"relevant" and
"inappropriate" acting, for example, as a project manager. At the same time, the task of
"distributing" responsibilities, solved by the project manager, in this case, can be
considered as an analog of the work of that same Maxwellian "demon." The
implementation of this kind of system at the physical level has proven to be very
interesting from the point of view of the potential use of such a mechanism (Cunning,
calculating and unreal: who is Maxwell’s demon, 2024); on the other hand, efforts to
reduce entropy in project management systems may be of no less interest and practical
significance. The qualifications of such a project manager, in turn, may need to depend
on a kind of block of "supra-system" competencies, including an understanding of the
very logic of the work of project teams and elements of assessing the competencies of
project team members. At the same time, one should not at all expect the emergence of
some "simple" system, which at the same time can be "good enough" for use in any
case, which, unfortunately, can be seen in attempts to "prescribe" some methodology,
set of methods or principles as the "only correct" one".

To assess the effectiveness of an information system, it is proposed to use entropy
methods, which are widely used in the study of complex systems (Fifth stage: 22). As
noted in (What Is the Markov Decision Process), the use of entropy methods in
constructing a theory of self-organization processes is especially effective.

When using entropy methods, a distinction is made between thermodynamic
entropy S and informational entropy H (Wilson, 1978: 246). Let us briefly consider the
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methods of thermodynamic entropy in the study of evolutionary processes and
the dynamics of hierarchical systems (Pereverzev, 2024).
As is known, the change in thermodynamic entropy dS is defined as

_40
as ==, ()

where

AQ is the change in heat during the process;

T — absolute temperature.

In the general case, the entropy increment dS can be represented as the sum of two
terms

dS=dSe+dSi, (2)

where

dSe  change in entropy due to exchange with the environment;

dSi is the increase in entropy caused by irreversible changes within the system.

By the laws of thermodynamics, dSe can take on both positive and negative values.
The increment dSi, by the second law of thermodynamics, can only be positive. For an
isolated system, dSe= 0, entropy can only increase in such a system.

Let's consider the use of the proposed tools by analyzing the system of
individual competencies of project managers ICB 4.0 IPMA.

As a starting point, we'll consider the adjacency matrix between elements.
This matrix is built on the basis of an analysis of the text of the standard [ICB 4.0
IPMA], which provides data on the presence of such connections (Fig. 1).

Based on the logic of K. Shannon, it is necessary to operate with the probabilities of
transitions from one state to any of those achievable from this state, where
the fundamental achievability (possibility) of such a transition is designated as "1", and
the absence of direct influence ("transfer of information") of one element to
another represented as "0". The amount of information presented by any source or
transmitted over a specific time through any channel is measured by the logarithm
of the total number (n) of different possible equally probable information options
that could be presented by a given source or transmitted over a given time
(including discrete-time as a specific time interval).

As is known, information binary entropy, in the absence of information losses, is
calculated using Hartley's formula (3).

7: = ].Og2 N
' 3)

where

N is the power of the alphabet,

1 is the amount of information in each message symbol.

For independent random events x with n possible states distributed with
probabilities

pi(i=1,2,..., n), Hartley’s formula transforms into Shannon’s formula (4)

H(z) = - f:% log; p; 4)
i=1
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Figure 1- “First order adjacency matrix ICB 4.0 IPMA”

IThis quantity is also called the average entropy of a message.

C. Shannon also suggested that the gain in information is equal to the loss of
uncertainty and set requirements for its measurement:

1. The measure must be continuous; that is, a change in the value of the probability
value by a small amount should cause a small resulting change in the function (from
this point of view, regarding project management, all project management activities
can be reduced to the activities of managing project risks, reducing the likelihood of
undesirable events and their consequences, and on the contrary, increasing the
probability of events favorable for the development of the project);

2. In the case when all options (elements of competencies in the example with ICB
IPMA) are equally probable, an increase in the number of options (elements of
competencies) should always increase the value of the function describing the rise in
information;

3. It should be possible to make a choice (in the example under consideration,
elements of competencies) in two steps, in which the value of the final result function
should be the sum of the tasks of intermediate results (which, from our point of view,
indicates the potential for further decomposition of the ICB IPMA model to the level
"finite elements" inherent only to the corresponding block of the model).

As can be seen further in the examples, particularly in the tables (numbers), all
these rules are fulfilled when analyzing the IPMA ICB model.
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To use Shannon's formula, it is necessary to convert the adjacency matrix into a matrix of
transition probabilities. To do this, in the case of an actual situation of uncertainty, you
can use logic similar to the logic of the Laplace criterion when calculating the Laplace
criterion in game theory - consider the probabilities equal, but in our case, we will make
some change - we will consider the probabilities equal not for all columns of the
"payment matrix," and for each row we define the values of transition probabilities in the
form of equal values, based on the number of non-zero values in the adjacency matrix,
but in such a way that the sum of the elements in each of the rows of such a matrix of
transition probabilities is equal to 1. It is possible to determine such values expertly or
based on historical data. In that case, this can also be done, and such logic in the "line-by-
line" application will correspond to the logic of determining the Bayes criterion. The
proposed version presents the logic of such a modified Laplace criterion (Fig. 2).
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Figure 2 - “Transition probability matrix for the first-order adjacency matrix of ICB 4.0 elements
based on the modified Laplace criterion”

This representation encapsulates all the necessary data for calculating the
information entropy for the presented system, as per K. Shannon's theory. Imagine
each element represented by the corresponding row of the transition probability matrix
as an element 'influencing' all other elements of the system. Rows are 'sources' and
columns are 'sinks' of information. All lines are elements, i.e.' elementary subsystems'
of the system under consideration. The entropy of the entire system is the sum of the
entropies for each of the available states of the system. To do this, you need to
understand the distribution of the random variable 'X' that describes the 'system' for
each of the finite number of values of the potential' system states'. This practical
approach to information entropy can be directly applied to project management,
making it a valuable tool in your professional toolkit.

At the same time, it is worth introducing a particular assumption that the "project"
itself as an object of management can be defined in terms, concepts, and states of the
system that manages it. This is not entirely obvious logic, but it is the same argument
when discussing the possibility of defining "mass" in terms of the "force" required to
move it. In our case, this "mass" is the project, and the "force" is the set of
competencies necessary to "move" the project to the desired state. It is assumed that
the random variable "X" as a kind of "total force" at a particular moment can only be in
one of the possible states. Suppose this "power" is in the "head" of a specific project
manager. In that case, we will accept that at any given moment, the bearer of this
"power" can be in one or only one of the states associated with using the corresponding
element of competence. This approach is consistent with determining entropy using
one's information (4).
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Using a similar logical approach, it's also possible to calculate entropy changes for
any nth step based on the calculation of the corresponding transition probabilities. The
entropy of the initial state of the system will be equal to 0, due to the values of
transition probabilities at the start of the simulation. For all except the 'start' one, these
values are equal to '1', indicating no uncertainty, and therefore the entropy is equal to
zero. This straightforward process of calculating entropy changes can be easily
understood and applied in your project management practices. The simulation data, as
shown in Fig. 3, further illustrates this.
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Figure 3 - “Information modeling data for a discrete model of the dynamics of transitions between
states for the transition probability matrix ICB 4.0 IPMA”
Accordingly, knowing the set of final states and the probability of the system being in them, it is
possible to calculate the entropy values for each of the steps (Fig. 4).

Figure 4 - “Data on the calculation of entropy based on information modeling data for a discrete
model of the dynamics of transitions between states for the transition probability matrix ICB 4.0 IPMA”

As can be seen from the model (shown on Fig. 4), starting from step (4), the value
of information entropy becomes constant. We can obtain similar results by calculating
the entropy values for adjacency matrices of orders two and higher. The elements of
these matrices represent the total number of connections between elements, including
both direct and intermediate connections through "post stations."

On the other hand, one can approach the calculation of the entropy of a system also
based on its entropy, but no longer calculate it as the probability of the state of the
“entire system,” but consider its calculation based on the entropy values of each
specific transition to a particular state available at the corresponding moment in the
system. To do this, one can calculate the conditional entropy and consider the first-
order adjacency matrix as a channel matrix.

As is known, conditional entropy of the first order (similarly for the Markov model
of the first order) is the entropy for the alphabet, where the probabilities of the
appearance of one letter after another are known (that is, the probabilities of two-letter
combinations). In our case, the “alphabet” is the ICB 4.0 IPMA model, and the
“letters” of such an “alphabet” are the elements of this model. Accordingly, you can
use the formula if you have an adjacency matrix.

Hy(S) ==Y _pi > _pi(i)logs pi(4), )
To calculate the conditional entropy, we need to use the previous symbol and the
probability of the current symbol given the previous one. We can form a matrix of
conditional entropy values based on the transition probabilities between states. The
row of the matrix corresponds to the current state, and the column corresponds to the
next state. We can calculate the probabilities of getting into a specific state using
information modeling data. With this information, we can calculate the conditional
entropy for any step n.
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It is known that information losses during data transmission in a channel with noise
are thoroughly described through the partial and general conditional entropies. So-
called channel matrices are used for this purpose. To explain the losses on the source
side (that is, the sent signal is known), the conditional probability p(bj | ai) of
receiving the symbol bj by the receiver, provided that the symbol ai was sent, is
considered. In this case, the channel matrix has the following form (Fig.5)

Figure 5 - “Channel matrix”

by by b; \ b
@ p(bi|a1) p(b2 | @) | .. ‘ p(bj | a1) | .. | p(bm | a1)
|az | p(bi|a2) | p(b2|a2) | .. p(bj|a2) .. p(bm|a2)
a; | p(bi|a;) pbz|ai) | .. pbjla) .. plbn]ai)
am | p(by | @) P2 | am) | . P(; |@m) || p(bm | am)

The sum of all elements of any row gives 1 (in the case of considering systems with absorbing states, it
is evident that the diagonal values will have to differ from 0). The losses per transmitted signal ai are
described through the partial conditional entropy (6).

m (6)
H(B|a;) ==Y p(b; | a;)log, p(b; | a;).
=1
To calculate the transmission losses of all signals, the general conditional entropy is
used (7).
H(B|A) = ZP(ai)H(B | a;). (7)
where

H (B | A) means the entropy on the source side,

H (A | B) is the entropy on the receiver side, and by summing the elements of the
line, we can get p(ai), and the diagonal elements mean the probability that precisely
the one was sent the symbol that is received, that is, the probability of correct
transmission. In our case, A and B are the same elements (states) of the ICB 4.0
IPMA system.

The matrix of transition states for the first-degree adjacency matrix of our system
fully corresponds to the logic of constructing a channel matrix, with the only
difference being that the diagonal elements, in this case, are taken equal to zero.
Based on it, it is possible to carry out a line-by-line calculation of the information
entropy values (Fig. 6).

Figure 6 - “Calculation of Shannon entropy based on the channel matrix as a matrix of transition
probabilities ICB 4.0 IPMA”
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Significantly, the entropy value for element 10 (“Leadership”) with the calculation
method presented in Fig. 6 corresponds to the entropy value of the system at the first
step, when at the zero steps (initial state), it was chosen to start from element 10. Of
course, for situations with other elements of competencies, it would be an ideal
management decision to know precisely at what point and at what step to “turn on”
this or that element with its tools and methods. In this regard, the PMBOK PMI
process model looks more advantageous, offering a precise sequence of actions from
forming the Project Charter to summing up the completed project. However, this is
precisely why such a prescriptive model will work well under a highly predictive task.

For example, consider ICB model versions 2, 3 and 4, for which we calculate the
“amount of information” based on (James Glick, 2024). Accordingly, the following
values can be taken for the models under consideration (Table 1).

Conclusion

In our case, if we use the definition of entropy, based on E. Schrodinger's
interpretation of the concept of entropy as a measure of system disorganization, for
information systems, we can accept the following definition: "Entropy is how much
information is not known about the system" (Entropy? It's simple, 2024), then a
reasonable question will arise about how to measure it (entropy). Here, we can build
the following chain of reasoning based on what is considered "known" and
"unknown." In the author's approach, the system reaches a complete understanding at
a certain level of its development, known as the "Markov process step" n. At this
stage, other aspects of the system influence every element in the system (represented
by the corresponding degree’s adjacency matrix). In other words, no single component
of the system does not affect different aspects of the entire system.

Accordingly, it is possible to calculate the number of missing connections in the
system (in particular, the authors do this based on constructing a reachability matrix).
The models developed by the authors are aimed primarily at use during the decision-
making process as a process of identifying problems, searching for alternative
opportunities and their formalization in a form suitable for analysis for, in fact, making
subsequent decisions related to eliminating problems and realizing opportunities
(Brazhnikov et al., 2012: 107).

Table 1- “Amount of information that can be transferred from elements of ICB IPMA competency

models”
Version of ICB Number of competency elements Amount of information, bits
ICB 2.060 5,907
ICB 3.046 5,524
ICB 4.028 (29) 4,807 (4,858)

According to the technological management cycle, making a management decision
is a critical aspect, and it involves a sequence of selection procedures that culminate in
a system of management decisions. In this regard, a proposal has been made for
an "information system" that can act as a "system" of management decision support in
an area where such a toolkit has not been proposed. According to the authors,
this proposal has at least the potential for practical application.
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