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THE CONCEPT OF ANALYSIS THE FUNCTIONAL SUSTAINABILITY
OF THE ORGANIZATIONAL SYSTEM

Abstract. The support system concept is described as a solution for ensuring the functional stability of the
organizational system and approaching the mathematical model of functional stability. Several ways of
reconfiguring connections between system elements are described to ensure the functional stability of the
system in cases where the system's functioning is at risk due to the violation or absence of some system
elements. The formulation of the problem of sustainable functioning of the organizational system is given.
Some areas of human activity and subject areas in which the concept proposed in this work can be applied
are considered. Schemes of the organizational system are proposed, illustrating various options for the
performance of functions by the elements of the organizational system. A model of nominal resource needs
in a full-time situation is proposed. A model of replacing functions performed by some element in a regular
situation is also provided. Situations were also considered when some elements of the organizational system
could not perform their functions for various reasons, requiring reconfiguration. Some heuristics are
introduced to define decision-making situations that arise during the functioning of the organizational system.
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Introduction

The world around us is not only changing at an
incredible speed, but the speed of these changes is
increasing. This forces those responsible for the
functioning of organizational systems to make decisions
quickly and maintain the quality of such decisions. Since
there are more and more factors when making decisions,
it becomes impractical to rely on intuition in most cases.
Each solution requires pre-processed and consolidated
data, which is justified and adequately corresponds to the
decision-making situation. Today, sustainability research
is a popular area of scientific research. The topic of
stability of organizational systems is the subject of
economic studies [1; 2] and mathematical schools of
various directions [3; 4].

Problem statement

Let some set of indices of functions, the execution of
which must be ensured by the elements of the organizational

system, be given. We will assume that there will be 1 such
functions. Let us denote the set of all functions performed

by the system as A = {al,...an} , )= {1,...,n} . Note that

the number of functions of a complex system can be

hundreds and thousands of units. The functions performed

by different elements of the system are not duplicated, that

is, n = Zni — each function in the system is unique:
i€l

A" NA" =@,i,,i, € ], where is an empty set [5].

It is clear that functions from the set A can be
performed by elements of the organizational system with
different levels of quality. The peculiarity of the concept
proposed in this work is that the quality of performance
of functions by various elements of the system is
determined on an ordinal scale. The relationship between
functions and the sequence of their execution is given by
a binary relation B, which is a subset of the Cartesian
product A x A. The binary relation is built taking into
account the sequence of functioning of some
organizational system and reflects the logic of solving the
problems facing the system and its elements [6, 7].
Moreover, the performance of each function of the
system is provided by some element of the system
eliel= {1,....k} and can be performed by some other

element e'i#j, i,jel, — in the general case with

different degrees of quality — that is, redundancy is
embedded in the system [8; 9].
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Data and methodology

Recently, more and more attention has been paid
not only to the development and growth of the quality of
the functioning of the organizational system but also to
such an important indicator as functional stability. We
can usefully define functional stability as the ability of an
organizational system to absorb stress, recover critical
functionality, and thrive in altered circumstances.
Resilience is essential today because the business
environment is becoming more aggressive, dynamic, and
unpredictable. The theory of functional stability has been
successfully developed over the past three decades to
ensure response to such decision-making situations and
to determine the sustainable functioning of complex
systems [10; 11].

The concept of ensuring the functional stability of
an organizational system can be applied to a wide variety
of systems [12]. This can be a military unit, a business
organization, or some complex mechanism, such as an
entire country's IT infrastructure or energy infrastructure.
Also, it is assumed that it is not functionally
homogeneous. Because in a functionally homogeneous
system, the process level is much simpler, and this will
be just one of the variants of a non-homogeneous system.

The model of nominal resource needs
in the regular situation

The nominal resource needs, in particular, the cost
and time of performing the function, are such values
that are acquired when the function of ensuring the
operation of the organizational system is performed in
regular mode - when it is performed by an element of
the system that performs the function according to the a
priori approved regular schedule. It is better to perform
it no system element is capable of this function.
Additional parameters may be specified for specific
applied tasks of ensuring the reliable functioning of the
organizational system, but we will not consider them in
this work [13]. Also, the creation of organizational
systems is connected with the development of
competence methods [14 — 17].

In the process of functioning in natural conditions,
the situation described in the statement of the problem
may differ significantly from the idealized one. In case
of temporary or long-term failure of a system element,
the system does not perform all the functions that this
element should perform. To fulfill them, deciding on the
redistribution of functions or their replacement is
necessary. Moreover, as mentioned above, information
about the quality of the performance of functions by
various elements of the organizational system is
provided by an expert in ordinal scales - for example, in
the form of a ranking of the perfection of the
performance of each specific function by various
elements of the system.

Let's build a matrix of all possible functions
performed by each element of the organizational system:

i 0 .1
Al =(al,a)), @)
where a?=(a§,j=1,---,ni),iel— the vector of basic

functions of the i— th system element,

a}z(a? C. s;ﬁje{1,...,ni},s={1,...,vi}),ieIf the

matrix of adjacent functions of the 1— th system element,
¢.s#je{l,.,n},s={l,..,v,},iel- the rank of
the quality of performance of a § — th related function

by an i1— th element of the system in a ranking given by
experts, which is built on the set of all elements that can,
in principle, perform this function.

Each function of ensuring high-quality and safe
functioning of the organizational system from (1) a set of

functions A = {al,...an} is characterized by two
parameters: C? — the nominal price of execution or the

. 0 . .
need for a resource, iel, t; — nominal execution

time of the function, i€l . Each element of the
organizational system in regular mode performs the
functions defined for it by the staff list from the set (1)
and has limited opportunities to perform the entire subset
of its functions:

R J 3 —
aig;jci—c,JeJ—{l,...,ni}. @)

Note that restrictions may be imposed for some

tasks for Vj, je J
t! =T,

ZA i (3)
when resource limits are set for each system element or
group of elements according to the task execution time.

When approaching these limits, the quality of
ensuring the functioning of any element of the
organizational system reasonably decreases.

Constraint (2) is the cost of performing tasks by an
element of the organizational system, and constraint (3)
is a time constraint - an analog of the monthly norms of
the duration of working hours in the functioning of
organizations. When performing regulatory tasks
determined by the nominal tactical and technical
characteristics of the organizational security system, the
resource needs of the system and its elements (2)-(3) are
constant, and the quality of task performance by all
subsystems and the system as a whole is one hundred
percent. In practice, ensuring such a situation requires the
use of significant resources. The nominal tactical and
technical characteristics of the system for ensuring the
functioning of the organizational system are
characterized by the need for various resources, the most
important of which in many organizations are:

n .
Ser=c
i=1

- system activity budget;
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n
Zt?I =T’ — total time required to system
i1

functions.

Schemes of performance of functions
by the organizational system

To adequately assess the quality of the functioning
of the organizational system and ensure the quality
functioning of this system, a mathematical model should
be built, and an intellectual system should be created to
support the functioning of the organizational system. The
main entities in the intelligent system are: roles and
executors. Executors are some persons performing roles.
At a certain level of abstraction, the system can be
considered an executor, and its top-level functions as
roles in a more global system. For example, let's describe
a simple organizational system. In some companies, three
people work and perform five functions. One person can
perform several functions, as well as one function can be
performed by several people. In Figure 1, functional
responsibilities are indicated by gray arrows. White
arrows represent side skills not used on the job and not
part of their functional responsibilities but could be used
in case of necessity.

a9®)
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Figure 1 — Diagram of an organizational system
in which 3 elements perform 5 functions

Let's say one of the performers dropped out for a
while for any reason. In the case of the activity of a large
organization, there are always employees who, at every
current moment: are on sick leave, are on vacation, sent on
a business trip, absent for unknown reasons, holidays were
officially issued, dismissed from work for various reasons,
violate labor discipline, absent due to force majeure,
undergo adaptation and, therefore do not perform their
functions with sufficient quality, involved in conflict
situations, demotivated employees, etc.

In this case, the functional stability of the system will
be in danger since not all system functions are performed
as needed. The primary way to ensure functional stability
is system reconfiguration. We will define this action,
which is one of the essential components of ensuring the
functional stability of the organizational system [18].

Reconfiguration is the implementation of an
automatic or automated restructuring of the structure of the
performance of functions of the organizational system and
the exchange of information between system elements or
a change in the functioning algorithm to achieve the most

excellent efficiency in the performance of the purpose of
functioning on the available working resources of the
system. That is, when some elements of the organizational
system fail, the functions they perform begin to be
performed by other elements. At the same time, such
redistribution is not carried out spontaneously but by
evaluating various options for exchange, weighing
possible consequences, considering restrictions on the
ability of elements to carry out additional loads, etc.

To ensure functional stability, we will need a backup
plan. We could use different strategies to mitigate the risk.
One way is to use the side skills of the personnel to cover
the absent person's duties. In Figure 2, red arrows represent
side skills that were not used before and are now
temporarily involved.
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Figure 2 — Diagram of the use of reserve competences

of two elements of the organizational system in case
of absence of the third element of the system

Another way to fulfill the job is to ask employees
who already perform the work to do overtime for a while.
In Figure 3, the double arrow represents that the person
will do twice as much work on the function. Sometimes,
we could do nothing and leave the function without an
executor. As shown in the figure, the left function. Such a
decision is the prerogative of the decision-maker, who
bears full responsibility.

R
7

Figure 3 — Illustration of making a decision to refuse
to perform one of the functions by the organizational
system in the event that one of the elements
of the organizational system is missing

The main criterion in this case is the quality of
performance of regulatory functions of the organizational
system. It is clear that, in this case, a criterion of the quality
of performance of a set of functions by the system should
be introduced. Depending on the values of this criterion,
the decision-maker has the opportunity to make a well-
considered decision regarding the choice of an option for
the functioning of the organizational system.

Each approach to the formation of options for the
functioning of the organizational system with a deviation
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from the normative provision of the performance of the
system's functionality has pros and cons. For each
strategy, the value of the performance quality criterion
should be calculated. Thus, the manager will have the
opportunity to choose among the options proposed and
evaluated by the intelligent system, which allows the
functioning of the organizational system in a
compromised way.

In some decision-making situations, prolonged
overtime of organizational system elements can lead to
burnout. In other situations, the right employees may be
underworked, and the additional workload will not
negatively affect their motivation. In some cases, the
functions of the missing elements of the organizational
system may not be performed for a specific time, not
impair the quality of functioning, and not affect the
overall stability of the system.

In each of these decision-making situations, aspects
of subjectivity play a vital role. Therefore, all factors that
depend on the quality of the functioning of the elements
of the organizational system and the organizational
system as a whole must be adequately modeled and taken
into account accordingly. To ensure such modeling, it is
suggested to use decision-making models in ordinal
scales. Also, in some cases, we needed a backup plan.
The role may be critical, but employees need help backing
up a colleague in an emergency. The case is shown in
Figure 4. This situation is critical. As a rule, it indicates
insufficient elaboration by experts of the organizationnal
system, failure to consider all interrelationships between
the elements of this system, inadequate formalization of
the organizational system, etc.

a9®)

Figure 4 — Illustration of the forced non-fulfillment of one of
the functions of the system in the event of the absence of one of

the elements and the absence of options for duplicating this
function by other elements of the organizational system

To prevent such situations, the system can help
audit and show where the organization is most
vulnerable. Thus, the organization could focus on
reducing the risks or at least be aware of them [5, 13].
This purpose of the intelligent system can be one of the
important directions of our further research.

Strategy for ensuring
functional sustainability

Here are the main stages of the strategy to ensure
the functional stability of the system, which must be
carried out to maintain the high-quality functioning of the
organizational system:

I. Analysis of the graph of organizational system
functions related to system elements' failure.

II. Identification of existing system resources -
areas of redundancy.

III. Generation and calculation of options for
replacing system elements that have temporarily or
permanently failed. That is, the regrouping of a set of
functions performed by a problematic element of a
complex system is evaluated.

IV. Formation and application of the procedure for
optimal or suboptimal use of redundancy.

V. Introduction of heuristics that allow building a
model for determining the integral quality indicator of
system functioning.

VI. Calculate the assessment of the integral state of
the functional stability indicator and make the final
decision regarding the option of choosing the structure of
the system's functioning.

VII. Evaluation of the state of the system after
redistribution of resources.

Results and analysis

The actual problem of the timely response of the
organizational system to external influences, which are
dynamically changing, is considered. It is proposed to
apply the idea of functional stability to organizational
systems at a time when most of the work in this field is
devoted to the study of technical systems.

In addition, a feature of the proposed approach is
the breadth of possible applications - a wide range of
subject areas in which various organizational systems
function. At the same time, to determine the quality of
the functioning of organizational systems, a wide range
of approaches, methods, and algorithms have been
developed, both for modeling and for determining
quantitative  indicators of the functioning of
organizational systems.

The result of the mentioned approaches to the
modeling of the organizational system and the
formalization of the relationships between the elements
of the system is the structuring of the problem of ensuring
the functional stability of the organizational system. At
the same time, the basis of decision-making regarding the
generation of options for the reconfiguration of the
functions of the organizational system and the selection
of a compromise option is the assessment of the
subjective components of the functioning of the
organizational system.

Discussion and Conclusion

Schemes for ensuring the functional stability of the
organizational system are considered. Several variants of
the reconfiguration of the relationships between the
elements of the organizational system are proposed to
ensure the stable functioning of the organizational system
in a situation when some of its elements cannot perform
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their functions for various reasons. However, at the
system level, the performance of these functions is
essential. It is noted that subjective factors are essential
factors that affect the introduction of quality criteria for
the functioning of the organizational system and the
definition of the type of such criteria. Research should
focus on them, and adequate conduct of computational
experiments should be ensured, etc. Variants of
approaches to a compromise way out of possible
decision-making situations are analyzed.

The main directions of modeling the functioning of
the organizational system and possible bottlenecks in

such modeling are outlined. Ideas for the further
development of the intellectual system are also defined.
It is obvious that applying expert decision-making
technologies and modeling decision-making situations in
ordinal scales will be a priority in the study of the
functional stability of organizational systems.

A feature of this kind of model is the breadth of its
application. Some areas of application of models of
sustainable functioning of organizational systems are
given in this work: business organizations, systems for
ensuring the functioning of critical infrastructure,
military units, information systems, etc.
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KOHIIEIIIA AHAJI3Y ®YHKINIOHAJBHOI CTIMKOCTI OPTAHI3AIIIIMHOI CHCTEMH

Anomauia. Onucano Konyenyiio cucmemu niOMpPUMKYU NPULHAIMA piuieHHs Oia 3a0e3neueHHs YyHKYIoHanbHoi cmiikocmi
Op2aniz3ayiiHoi cucmemu ma MamemMamuiny mMooens Gyukyionanohoi cmitikocmi. Onucano KiibKka cnocobié nepeHaiauimysanHs
38'513Ki6 Midic enemenmamu cucmemu 0s 3abe3neyenns GyHKYioHarbHoi cmitikocmi cucmemu y 6UNAoKax, Koau yHKYioHy8anHs
cucmemu nepebysac nid 3azpo30i0 uepe3 NOpYUIeHHs abo GiOCYMHICMb OKpeMux enemeHmié cucmemu. JlaHo nOCMAHOBKY
npobaemu cmanozo GyHKYIoHy8anHs opeanizayiinoi cucmemu. Pozensinymo oxpemi cpepu nodcvkoi disavnocmi ma npedmemui
obnacmi, 8 AKUX Modice 6ymu 3acmocoeana 3anponoHosana 6 yiti pobomi konyenyis. 3anponoHoeano cxemu op2anizayiiHoi
cucmemu, wo iAOCMpyIoms pizni eapianmu 6UKOHAHHA QYHKYIU enleMeHmamu opeanizayitinoi cucmemu. 3anponoHo8ano mooenb
HOMiHanbHOI nompebu 6 pecypcax npu nosuii 3atnsmocmi. Takodic npedcmagieno Mooenb 3aMinu GYHKYIl, Ki BUKOHYE OesiKull
enemenm y wmamuin cumyayii. Pozenaoanucs cumyayii, Koau 0esiKi eleMeHmu Opeanizayiiunol cucmemu 3 pi3HUX NPUYUH He MO2TU
sukonysamu c6oi pymnkyii, eumazarouu pexonghicypayii. Jleski e@pucmuki 6600ambCsi Ol GUIHAUEHHS CUMYAYI NPULHAMMSL
piutens, AKi BUHUKAIOMb NIO Yac YYHKYIOHYBAHHS OP2aAHI3aYIHOT cucmeMmu.

Knrouogi cnoea: opeanizayiiina cucmema; gyynkyionanvna cmiiikicms; enemenmu cucmemu; pekongizypauis; kaopoea
cumyayia; HOMIHAILHI NOMPedU 6 pecypcax; espucmuKu
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