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Abstract—We consider a group of problems related to de-
velopment, progress, and change which are solved through
formal models and methods. Among such models are conceptual
models, mathematical and computational models, and methods
for optimization and operations research problem-solving. Such
models and methods shall enable the evaluation of the predicted
values of the operational (pragmatic) properties of systems
depending on the IT used for system progress and changes
in general. The corresponding IT usage, dynamic capability,
organizational capability, human and social capability, innovation
capability, and potential system indicators can be measured as a
result. The analytical estimation of such indicators depending
on the variables and options in the mathematical problems
to be solved becomes possible. This could lead to a solution
to contemporary research problems using predictive analytical
mathematical models and methods.

I. INTRODUCTION

Group of development, progress and change problems have
three considerations.

First, the distinguishing feature of these problems is the
necessity of progress in modelling and organization. This is
crucial to overcome most problems in developing nations. We
consider innovation, digitalization, and information technology
use as a kind of system reaction to the need for change and
a reaction to the necessity of progress, generally caused by
the environment. Unfortunately, there is a gap between the
need for change and its organization (including innovation,
digitalization, information technology use, the rise in human
capabilities, etc.) and the available means to research, plan,
and organize change. Further, we will discuss these issues
as progress problems. One cannot solve progress problems
and organize progress if mechanisms are not yet researched in
detail.

Second, to organize progress, especially with mathematical
models and methods, one shall measure it. Such measurement
is preferably done using analytical, predictive dependencies
of progress quality measures depending on the variables and
parameters of the problems. Unfortunately, a gap exists be-
tween the need to estimate progress properties (for example,
innovation, digitalization, information technology performance
measurement, human capability assessment, dynamic capabil-
ities estimation, etc.) and the available models, methods, and
frameworks (especially analytical and predictive ones) for such

estimation. It is problematic to organize something one cannot
estimate and predict.

Third, effective and efficient methods to solve problems
shall welcome models, methods, knowledge, and framework
sharing, preferably among most nations. That is why it is
better to use models and methods which enable the formal
description and automation of problem-solving (for example,
based on mathematical programming solvers), problem de-
scription sharing (for example, based on conceptual models),
and model construction (for example, based on model-driven
architecture). Unfortunately, there is a discrepancy between
reality and the need for such models, methods, and frameworks
to improve problem-solving. We suggest concepts, models,
and methods that make it possible to overcome the above-
mentioned gaps. Progress problems are considered in unified,
threefold way.

First, the conceptual models of different types of progress
problems are taken into account. These types include problems
of innovation, digitalization estimation and organization, infor-
mation technology performance estimation, human capability
estimation, and dynamic capability estimation. This concept
includes a systematic, unified consideration of the system and
its environment function because of the interplay between the
two. System environment changes are seen as causing system
reactions. Causes and reactions are taken into account in the
functioning domain—both for the system and its environment.
Reactions (changes in function) are possible in some moments
and form a common sequence of possible alternative reactions,
again, for both the system and its environment. Thus, such
sequence of moments is used to integrate a system’s mod-
els and its environmental function. A system may react to
environmental changes because information operates on the
border with its environment. Information operations may cause
further (possibly an alternative) functioning of the system
to provide the necessary changes, which may further cause
changes in functioning effects and in goals achieved. As a
result, a conceptual model of possible functioning chains for
the system in different environmental conditions for given
technologies (including information technology and innovation
technology) is created. Depending on the technologies used,
different chains of functioning are possible with different
characteristics. The concept determines which cause—effect

ISSN 2305-7254



PROCEEDING OF THE 27TH CONFERENCE OF FRUCT ASSOCIATION

relations shall be considered when modeling different changes
of functions and their effects. Such a conceptual model is
considered as a basis to build further (graph-theoretical, func-
tional, program) models and to explain the formation of effects
obtained because of innovation, digitalization, information
technology use, human capability use, and dynamic capability
use. The appropriate properties of various kinds of indicator
estimation (such as potential, capability, effectiveness, and per-
formance) are suggested as part of a unified process of “prag-
matic correspondence measure” estimation. This measures
how (random) effects are predicted according to the model
of progress of possible functioning in a (random) changing
environment corresponding to effect values, demanded by the
environment in different circumstances at different moments of
changing function. This unified estimation suggests unifying
estimation routines and building progress problem models as
mathematical problems (but based on conceptual models).

Second, estimation for various kinds of properties is sug-
gested according to a unified routine. Unified estimation is
possible because of a unified (pragmatic, i.e., based on effects)
correspondence measure, which is based on the characteristics
of predicted functioning effects (measured results of practical
activity) and the predicted environmental demands in vari-
ous conditions. These correspondence measures depend on
particular changes during functioning in a changing environ-
ment; that is, they depend on the kind of change, progress,
and cause—effect characteristics of particular progress mecha-
nism(s). For example, correspondence measures depend on in-
formation operation results involving dynamic, organizational,
and human capabilities. These cause—effect relationships are
encoded by functional dependencies of transitions between
states as a result of changing function. Such states and their
transitions form a functional model of appropriate property
manifestation. As a result, based on the suggested functional
model, it is possible to build a model of progress indicator
dependencies from parameters and variables in mathematical
progress problems (for example, as objective function(s) and
constraints) and to solve them based on known mathematical
methods.

Third, decisions in various kinds of (mathematical) progress
problems are based on the unification of models built. This
is possible because all models used such decisions are based
on the initial conceptual model, which describes all possible
chains of states and transitions as a result of cause—effect
relationships, including those between the environment and
its system. Thus, unified models of different kinds (graph-
theoretical, parametric, functional, program) can be created
based on the initial concept model. These unified models
correspond to various aspects of states and transition chains,
and various meta-models represent such transitions, but they
have a common concept model and can be integrated based
on such model or its representation (in the form of some
ontology, for example). This makes it possible to create a com-
mon framework and instruments of modeling and exchange
conceptual and other models for different kinds of progress
problem-solving.
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II. THE RESEARCH ON THE SYSTEMS CHANGE AND THE
USE OF INFORMATION TECHNOLOGIES

The solutions of many modern practical problems that
arise for practitioners require the study of systems’ functions,
characterized by the necessity to consider changes in these
functions because of environmental changes. These changes
are initiated by informational actions, which, in turn, are
caused by environmental influences. Such actions are required
to implement measurements, change state checks, transfer
information, and prescribe further actions, in some cases
including actions to change the system itself. Then the actual
change is implemented. Under the changed conditions, the
delivery is better adapted to real functioning effects, different
from those that would occur with-out the use of informational
actions and so without reactions to environmental influences.
The abovementioned practical problems are of different types
from different domains. Such problems include those in
the improvement of enterprises and organizations [1], the
modernization of critical technologies’ provision systems or
infrastructures [2] [3], the digitalization of enterprises and
economies [4], society informatization [5] [6], as well as other
problems that are of crucial importance for the socioeconomic
development of the countries [7]. Many such problems for-
malized as those of improving kinds of social, societal, tech-
nological systems [8] [9]. Technical systems are understood
as interconnected complexes of parts that include technical
devices. Social systems include humans and organisations.
Further we consider complex technological systems (CTSs)
example. Such systems may include parts of various types,
in particular groups of people and instructions for performing
actions related to various types of relationships among people,
in addition to technical devices, including devices intended to
operate information. Such CTSs are classified as technological,
organizational, societal or technical systems, depending on the
research objectives [10] [11]. Need to improve systems due to
changed requirements and influences of system environment
lead, first, to the need for the CTS staff to perform transitional
actions to achieve new goals or to resolve inconsistencies and
then to the implementation of these transitional actions and,
as a result, to new and improved CTS functions to achieve,
perhaps, new goals.

The research on the use of information technologies (IT)
traditionally implemented based on the operational properties
of such use [12] [13]. The operational properties of the objects
under study [14] are an extensive class of properties of various
objects, such that these properties characterize the results
of the activity with these objects. Therefore, the operational
properties form the basis of the quality of objects under
research. These properties are manifested at the boundary of
the object in which the activity is implemented and in the
environment. Operational properties are characterized by the
effects (main results) of activity at the boundary, and then
by these effects compliance with the requirements of the
environment. Activity is always implemented using certain
information operations (at least using the senses or speech). In-
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formation operations are elements of activity whose objectives
are to obtain information, not to exchange matter and energy.
Information operations are implemented in accordance with
certain information technology whose objective is to describe
the use of information operations. Unfortunately, the mecha-
nisms of the formation of activity effects and the subsequent
formation of operational properties, taking into account the
use of information operations, including modern (digital) IT,
have not been studied in sufficient detail in order to predict the
effects of activity with mathematical models, depending on the
selected characteristics of the information operations used, as
mathematical problems of evaluation, analysis, and synthesis.
This is primarily because there are no suitable models and
methods for analytically describing the effects of information
operations and the operational properties. This, in turn, is
related to the absence of a universally accepted concept of the
manifestation of the effects of information operations, partic-
ularly for non-information (material) effects that are obtained
by non-information (material) operations, which depend on
the information operations under study. The non-information
effects of such operations vary with the implementation of the
dependencies between environmental changes, further infor-
mation, and subsequently non-information operations.

Since information operations lead to changes in non-
information operations but do not directly lead to non-
information effects, it is necessary to develop the concept
of information and non-information action dependencies and
the concept of effect manifestation as a result of such de-
pendencies. It is the development of the concept of such
dependencies that causes conceptual difficulties. Therefore,
further research is directed to the description of the depen-
dencies between information and non-information actions and
between information and non-information effects, but first of
all an analytical description using mathematical models is
required. The mathematical models developed of the formation
of usage effects of information operations, including non-
information (material) effects that are changed as a result of
the information effects, are designed to analytically evaluate
the operational properties of the use of information opera-
tions. The models are also used to evaluate other operational
properties, especially the complex operational property of the
system potential, which are measured taking into account the
necessary use of information operations. The results presented
in this study are aimed at bridging the gap between the need
to solve research problems of operational properties based on
mathematical models and methods [8] [9] [15] [16] and the
lack of the necessary concepts and methodology for solving
usage problems of information operations in the sense of
formalizing them as mathematical problems of estimation,
analysis, and planning by operational properties indicators
[17]. The system potential with regard of digitalization [18]
[19] is investigated to consider the aforementioned complex of
CTS functioning features and to solve the problems specified.
To solve practical tasks of the research of the system’s poten-
tial, developing the concept for the solution of the research
problem was necessary. Such a concept and methodology
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were developed based on theory of CTS functioning efficiency
works and others.

III. CONCEPTUAL FOUNDATIONS OF TECHNIQUES USED
TO ESTIMATE IT RESULTS

Informational actions check compliance and develop transi-
tional actions, and their results are prescriptions to implement
subsequent actions. Therefore, CTS study should consider
the CTS as it improves because of systematic changes in
requirements and other environmental influences (that is, in
changing conditions). Such an improvement of the CTS in
changing conditions is that one which requires the use of
informational actions, performed in accordance with corre-
sponding IT [20]. Shortcomings that occur because of changes
in the environment can be eliminated in different ways, and the
methods used to address these shortcomings depend on those
to perform informational actions. When improving a CTS,
methods to perform informational operations and eliminate
deficiencies are chosen based on models that describe the
dependencies of the characteristics of operational properties
of such a CTS from possible actions of different types and
from their characteristics. Such ways and characteristics form
a variety of choices. According to the practice, because of
regular impacts from the environment, regular verification and,
perhaps, transitional actions are necessary. This leads further
to the regular implementation of informational actions related
to regular verification, the assessment of the system and the
environment, and, if necessary, the development of methods
of transitional actions aimed at the changes described above.
Then after the informational actions are implemented, the
developed transitional actions are performed. Such transitional
actions, on the one hand, should regularly lead to the improved
results of operation in the conditions of ongoing changes in
the environment but, on the other hand, also lead to additional
costs to provide such results [21]. The need to perform
informational and then transitional operations is caused by
changing environmental influences and is typical not only
for the complex technical and complex technological systems,
considered as an example but also for other systems. This is es-
pecially true when studying digitalization in various industries,
described by such popular terms as digital production, digital
medicine, digital economy, and digital state [4] [22] [12] . As
evidenced by the analysis of digitalization [23] [24] [25], its
research is based on the dynamic capabilities, organizational
capabilities of the system use and the ability of the system and
its operating personnel to change functions so that it better
meets changing conditions, improves, and achieves changing
operation goals [26] [15] [27] [28]. In particular, the results
of the relevant research are described in publications in the
fields of improvement, strategic planning and development
[29] and the digitalization of the economy [13] as well
as industrial [30] and military systems [31]. Such studies
are conducted with the use of dynamic, organizational, and
strategic capabilities [28]. However, to examine the results of
digitalization analytically, these results must be connected with
the projected results of the system’s functions in which these
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dynamic capabilities and skills use in practice the necessary
conceptual and methodological apparatuses that create ana-
Iytical models and solve practical problems as mathematical
problems. This is primarily due to the novelty of the studied
properties of systems that function in the conditions of changes
in environmental influences and change their functions because
of informational and transient (possibly non-informational)
operations. The new property of the CTS potential proposed
by author is an operational property that characterizes the
CTS’s ability to achieve changing (i.e., actual and possible)
goals during operation (in a changing environment). This
depends on the characteristics of the “target” and “transition”
functions of the CTS, including the informational actions
performed to check the state of the CTS and the environment,
develop prescriptions for performing technological operations,
and bring the prescriptions to the executors. The indicator of
this property is evaluated depending on the composition and
characteristics of possible actions of different types that form
a set of choices in the problems solved. The CTS’s potential
property is a complex operational (pragmatic, praxeological)
property of the system—that is, a property that describes the
results of the system’s functions and the results’ compliance
with requirements in different conditions of the environment
[32]. The complexity of the system’s potential is caused by
the following: the complexity of the description of action in
achieving the activities with the system; the complexity of
dependencies at the boundary of the system and environment
in different conditions; the complexity of the description of
the goals of the system; and the complexity of the description
of activities involved in improving the system. The results
obtained in the study of the potential of systems are used
in the study of other operational properties of systems that
operate under changing environmental influences and under
changing functions because of informational and transient
non-informational actions. They are proposed to solve prac-
tical problems of improved functions (including digitalization
problems, problems of improving activities by industry) as
corresponding mathematical problems. The property of the
system’s potential is studied analytically based on the concep-
tualization and subsequent methodologization of the research
problems of the system’s potential using features of the
functions, which are improved under changing conditions of
the environment. These features include the simultaneity of the
disclosing states of the functions and sufficiently describe the
possible cause-and-effect relationships of the states considered
as the results of actions. The simultaneous disclosure of
the system states as workplace states helps evaluate possible
CTS states and then compare them with the requirements
of the environment at specified times. The possible cause-
and-effect relationships among states help specify possible
sequences of state changes as well as possible causes of such
sequences and their results. These possible sequences depend
on the states of the environment and on informational and,
subsequently, non-informational operations. Conceptually and
corresponding to the mathematical modeling of such possible
sequences, depending on the states of the environment, ways
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to perform informational and non-informational operations are
needed to build such models, which allows the description of
functioning results when using the system’s capabilities and
informational operations. The system’s potential is represented
by the characteristics (e.g., expectations, distribution bound-
aries, modes) of a corresponding random variable describing
measures of compliance of the system states with requirements
or characteristics that describe such measures of compliance
(e.g., random vectors, graphs).

IV. SYSTEM FUNCTIONING AND CHANGE SET-THEORETIC
MODELING

To built models of IT use semantic method of conceptu-
alization suggested. It is illustrated in Figure 1. According

Mathematical
(Set, Graph Theoretic)
Objects

Symbc?llc Activity Symbql|c
(Instructional) Meanin (Descriptional)
Objects J Objects

T4 T1

Denotation
(System and
Environment Objects)

Fig. 1. The four triangles of the activity meaning

method proposed, semantic triangle of Gotlob Frege [33] and
Ogden&Richards [34] used in four ways, with four triangles.
First (17) used to model concept of reality. Second (7%) used
to model concept of mathematical model of reality. This model
obtained due to schematizing of the initial conceptual model
of reality. Third (73) used to model concept of mathematical
model of planned activity. This model obtained through plan-
ning schematizing as mathematical objects. Fourth (7)) used
to model concept of activity realization. The four triangles
depicts how signs and models used for human’s activity.
Activity changes through four triangles repetition once system
and its environment change. Thus, information operations
used at each stage of activity change and leads to change
in functioning through sequence of change started by objects
of reality (system and its environment) changes. Information
about activity realization includes vector of objects of reality
characteristics as well as information for person (or actuator
device) about activity fulfillment. Let us sequentially define
objects of interest as complex set theoretic and graphs struc-
tures sequences. In such sequences each consecutive object
defined based on previous ones. Such definitions can be made
based on relations or predicates sequentially defined based
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on basic objects. Basic elements are objects which reflects
elements of system and its environment.

O?®- set of system’ elements (which, probably, includes
subsets structure);

O¢- set of system environment elements (which, probably,
includes subsets structure);

O := O°UO?— set of system and its environment elements;

Me C O° x O°— set of possible relations (relational
structures or graphs) between environment elements (which,
probably,includes subsets structure);

M* C O® x O°— set of possible relations (relational struc-
tures or graphs) between system’s elements (which, probably,
includes subsets structures);

C(0O°)— set of environment elements characteristics (which
probably, includes subset structure);

C(O®)— set of system’ elements characteristics (which
probably, includes subset structure), C' := C(0?®) U C'(0O°));

S¢ e B(C(O°))— set of possible states of the environment
(which, possibly, includes subsets);

S5 € B(C(O®))— set of possible states of the system
(which, possibly, includes subsets);

S := 59U S5°— universal set of system and its environment
states;

M C S timesS— universal set of system and its environ-
ment transitions;

A, C M- set of actions of system or its environment;

I,— description (prescription) of action, i.e. information
how action performed and which results of action could be
obtained due to its realization, [, allows to link elements of
models together in order to predict results of functioning and
to change functioning course;

i, € I,— alternative information which can be used to
plan and perform action A,, i, may describe objects, states,
ways of action: 7,, C i%,45% % iP i%, where i%— information
about objects (workplaces parts) which planned to perform
action A,, i5°— information about starting states planned to
perform action A,,, I;;°— information about possible planned
ending states of action A,,, I?— information about planned in-
structions, prescriptions to perform action A,, I — information
about possible planned alternative ways of action, i.e. which
ending states planned as possible after planned instructions
fulfilled from planned beginning states, why and how possibly;

I, C IO, I I3¢ 1P, I, where I2— information about ob-
jects (workplaces parts) possible for alternative use to perform
action A, I;jb— information about alternative starting states
possible for performing action A,,, I;;°— information about al-
ternative possible ending states of action A,, I — information
about alternative instructions, prescriptions to perform action
A, I¢— information about possible alternative ways of action.
i.e. which ending states can result from which beginning states
and why;

u C U, where U— universal index, variable multidimen-
sional array of natural numbers which corresponds to variable
designated sets elements numbers;

a, C A,— way of action A, particular transition which
results due to action A, := ay;
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M C S% x S— set of possible state transitions between
states of the system (which, possibly, includes subsets), asso-
ciated with sets of actions of system elements;

M®e C S x S°— set of possible state transitions between
states of the environment (which, possibly, includes subsets),
associated with sets of actions of system’s environment;

Mee C 5° x 5°— set of possible state transitions between
states of the environment and states of the system (which,
possibly, includes subsets), associated with sets of change
actions of system environment directed to system’s elements;

M C 5% x S°— set of possible state transitions between
states of the system and states of the environment (which,
possibly, includes subsets), associated with sets of change
actions of system’s elements directed to system’s environment
elements;

M ={a,}, M D> M* U M*™ U MU M,

C(a,)— characteristics of way of actions a,;

C(M) :={C(ay)}— characteristics of state transitions;

C:=C(M)UC(0); A:={A,}— set of possible actions;

I,, := {i,}— information about action A, alternatives i,,
which can be planned for realization;
I := {I,}— information about set of possible actions

alternatives, I O C;

T:= (I, I(A x A))— technology of actions, i.e.information
I about possible actions alternatives and about their possible
alternative sequences (A x A).

Action A, defined as the result of its alternative description
iy, fulfillment (mapping to the reality) 7, : i, — A, (action
performing mapping);

i, € I,,— information about action, selected for functioning;

I;— complex of information about actions, selected for
functioning;

A* C I — set of ways of actions, planned for functioning;

i, (A* x A*)— information about actions sequences, possible
for functioning if ways of actions planned;

i (A* x A*)— information about actions sequences, selected
for functioning once ways of actions planned;

I,(A* x A*)— information about set of possible alternative
actions sequences which can be planned for functioning if
ways of actions A* planned;

I’ (A* x A*)— information about set of possible alterna-
tive actions sequences selected for functioning once ways of
actions A* planned,;

II¢ =i (A° x A¢), I¢— possible alternative plans of envi-
ronment actions, including needed information about planned
results of such plans realization 1°", Pi := {n%};

7o = iy, (A% x A®*),I¢*— given plan of environment
actions, including needed information about planned results
of such plan realization [°™*;

E, — event which is ¢, will be performed and IS obtained
as a result;

L,/ Eu— possible sequences of i, under condition of Eu;

II5 = i (A® x A%),I5— possible alternative plans of
system’ actions, including needed information about planned
results of such plans realization I°", Pi := {n%};
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75 = i) (A%* x A®*), I3*— given plan of system’ actions,
including needed information about planned results of plan
realization I°"*;

A,— event, wh1ch is /E will be performed and [°**
obtained as a result, under condition £ happened;

w5 (78) = i, (A" x A*),i,— plan of system’ actions in a
given unchanged conditions of the environment which resulted
in 1¢"*, i.e. under condition event E happened, 5 € Pi5/ E‘;

{T...T;... T, }— set of n moments, where alternations of the
system’ functioning is possible;

= {iy...%5...in }— set of n information operations alter-
natives, each of i; € I; leads to possible alternation of the
system’ functioning;

A;J(Ai_y...A1),i = 1,|I,|— sequence of conditional
events that at moment 7} event A; happens after previous ones
happened at T,_1..T71;

Than, A,— event which is m /E will be performed and
I es* obtained as a result, under condition £ happened and

LALLAY) happened at 7" = {T1..T;.. Ty, } respectively,
P(Au) = P(A))..P(4;)..P(A,), sum'f |1A =1

S? (15, pis, s )— system’ state at moment T; as a result of
i; € I, alternative realization;

S5 (i5,pis, m)/ A;— realization of system’ state at moment
1}» as a result of i; € I, alternative fulfillment (result of event
Ai); .

S¢ (i, pi%) | B;— realization of environment state at moment
T; as a result of ¢; € I; alternative fulfillment (result of event
EuvA ); R

Buyi(is, pis,m)/A;)— event, which consist in that, due to
i; € I, alternative fulfillment state S?(i;,pis,n¢)/A; will
correspond to state S¢(i;,pi¢)/A; according description R
of correspondence, given by the probabilistic correspondence
predicate p(S?,Sf,4;; R) (twice vague probabilistic predi-
cate);

P(Bm(ii,ﬂ'z,ﬂ'i)/Am» = Poss(p(S],5¢,ii;R)); (1)

Set-theoretic model of system functioning according plan
75 /E; in the given conditions of the environment due to its
functioning according 7, is tuple:

M (,) =< T, U iy, IS, pis, (pic)),
O(pis), C(pis), S(pis), M (pis) >

This model allows to estimate probability (conditional effi-
ciency) w(I¢™* /(E,)U(A,,) of system functioning in the given
condltlons I (under condition of E and Au) given events
Eu“ Aw, B[uz] are conditionally independent:

w(u) = P(B/(AN E)) =

’L:‘Iu‘ R . ~ (2)
[ P(Eu)P(Au) P(Bus);
=1

Where multi-index u running through only one dimension,
which corresponds to the branch of the tree of possible states.
Value w(u) is probabilistic measure and may take values
from [0, 1]. Tt is conditional probability of efficient functioning
under conditions of event such functioning will be realized.

319

Set-theoretic model of system functioning according plans
IT3 /B, in the given conditions of the environment due to its
functioning according 7¢ is tuple M*/:

M) =
<T,U,iy, I, Pi; (piy,),
{O(piy,), C(piy,), S(piy,), M (piy,); piy, € 15} >

This model allows to estimate probability distribution of w:
O(Byi) =
7,_|I | (3)
H P(Eoi)P(Bu) IS = T, ul},

which is probabilities of complex event P(B.,;/((E,)U(Ay))
in the different alternative conditions (under condition of given
events Em, and taking into account probabilities of different
alternatives P(A,) (discrete random variable of probabilistic
measure). This variable corresponds to the u indexes running
through multiple dimensions for alternative A, but same E,.

Set-theoretic model of system functioning according set of
plans II7 used in various alternative EA‘M- conditions of the
environment due to its functioning according to the different
alternatives 7¢ € Pi¢ is the tuple M*¢/:

MEE(ITG) =
<T,U,iy, I, Pi5,(piS),

{O(piy,), C(piy,), S(piy,),
M (piy,);piy, € 115,.piy, € 115} >

This model allows to estimate multidimensional probabilistic
measure €

i=|1,|

QO :={(P(A,),P(E,), H P(Bu), IS =1,[U[}, (%)

where indexes are running through all possible p:S, € II, and
all possible u in Ay - ie., through multiple dimensions of the
complex index U.

Set-theoretic model of system functioning at variable mo-
ments T, inT according set of plans II; used in various
alternative Em conditions of the environment due to its
functioning according to the different alternatives 7y, € P4,
is the tuple M*/*(T,):

METHIIE, T,) =
< UAT, i, IS, Pis(pic),
O(piy,), C(piy,), S(pis)
M (piy,); piy, € IL;,.pis, € 105} >

This model allows to estimate multidimensional probabilistic
measure §2(7,):

NT,) = %)
{(P(Au), P(Ey), P(Buwi), I, = 1, |U|, T, = 1,|U|},
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where indexes are running through all possible T, pi;, € 1I¢
and all possible u in Ayi -ie., through all possible dimensions
of the complex index U which corresponds to probabilistic
measures changes.

V. SYSTEM CAPABILITY RESEARCH MATHEMATICAL
PROBLEMS STATEMENTS

A. Estimation Problem Statement

Given: O,C, S, M, T, U, 11¢,II° (7°).
Estimate:

(T, 115, 11¢;, 0, C, S, M),

. (6)

C(QT,115,11%,0,C, S, M)),
where ()— multidimensional probabilistic measure. This mea-
sure defined on dimensions u € U for O, C, S, M dimensions
(as parameters) and on 7, II° I1® dimensions (as variables).
Its values are twice vague probabilistic predicates values ac-
cording equation 1 at coordinates given by w. Predicates form
probabilistic random measures structures according equations
2345 C(QT;0,C, S, M))— multidimensional probabilis-
tic measure Q(T; O,C, S, M) moments and other character-
istic of Q(T") distribution. For example, if C'(€(T"))— mean
value of Q(T), than:

i=I,,ui=|1,|

$(0,0,5M):= > [[ PEu)P(Au)P(Bui). (D

i=1,u

which is the scalar system’ capability indicator, probabilistic
measure value in [0, 1]. Indicator value depends on O, C, S, M
characteristics as parameters.

B. Analysis Problem Statement

Given: 0 € 0,C € C,S € S,M € M, T, U, 11 1I*(7€).
Calculate:

5(0,C,S,M,T) =
{UT;0,C, S, M) —T;0,,C,,S,, M,), (8)
Fy(Q(T§ Oyv Cyv Syv My))v

where Q(T'; 0,,Cy, Sy, M,)— multidimensional probabilistic
measure defined on dimensions y > u € U for Oy, C, S, M,
dimensions for additional coordinates at y € Y as appropriate
(additional to u) variables dimensions and 7', II%, II¢ dimen-
sions (as variables) as twice vague probabilistic predicates
values according equation 1 at coordinates given by w. Predi-
cates form probabilistic random measures structures according
equations 2,3,4,5.

0(0,C,S,M, T) provides finite differences of probabilistic
measures over additional coordinates of y compared to w.
These coordinates corresponds to possible variables values
0,C, S, M, T).

F,(UT; 0y, C’y, Sy, M,))— approximation function.
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C. System and Technologies Synthesis Problem Statement

Given: O,C,S,M,T.Y D U,II¢,1I*(n¢, 0, C,S,M).
Find < O* € 0,C* € C,S* €S, M* M >..

<O, C*, 8, M* >=

arg max{Q(T; Oy, Cy, Sy, M)}, ©)
yey

where < O*,C*, S*, M* > — vector of optimal values, taken
from O, C,S,M; y € Y — variable dimensions for O, C, S, M;
Q(T;0,,Cy, S,, M,)— multidimensional probabilistic mea-
sure defined on dimensions y > u € U for O,,Cy, S,, M,
dimensions for additional coordinates at y € Y as appropriate
(additional to w) variables dimensions and 7', I1%, II¢ dimen-
sions (as variables) as twice vague probabilistic predicates
values according equation 1 at coordinates given by u. Predi-
cates form probabilistic random measures structures according

equations 2,3.4,5.

D. Functional Models Examples

Suggested models and mathematical problems statements
was formulated based on set theoretic constructs. Set theoretic
objects used shall be constructed (calculated). Such calculation
performed with use of functional dependencies. Examples of
such dependencies was shown in equations 1,2,3,4,5. In these
equations probabilistic measures are computed according alge-
bra of probabilities. It is based on elementary probabilities Bui
computed according predicate expression 1 and expressions
to compute elementary probabilities Ayi, By To compute
these probabilities states characteristics required. In general,
such characteristics expressed as random variables of func-
tioning effects. Functioning effects are given as information
i, elementary effects of the possible ways a,, of actions A,,.
These elementary effects associated with beginning (start) éz
or end (finish) §¢ states for each a,. Let these effects are
7, — resource quantity, g,— product quantity. Among other
characteristics of 5 and 5! states are special resource -
time ¢, to perform action A, according way of action a,,
which results in moments Tfj of beginning state activation
and moment Tue of end state activation. General elementary
functional model takes form of ¢,:

¢, = {cb ¢ ty,p, }; (10)
Among other characteristics of a,, states are elementary prob-
abilities p, of states activation. Information %, about a,,
realization includes vector of a, characteristics ¢, as well
as information ¢ for person or actuator device about a,
fulfillment as well as other information about a, (relations
with other a, and other A,, rules about a, fulfillment).
Let us explain possible structure of these vectors according
used example of effects and assumption two parameters of

probability distribution (namely, the left [, and the right r,
margins of the distribution) are enough for the probability
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distributions explications [35] and the number of possible
ending states of a,, is n:
b.__ b b .
Cou =<Tul> Turts Gul> Gurd >3
e .__ € e
Cu =< TwilTulns
e e e e e .
Turt--Turns Guil--Guin> Gurl - Gurn >;

=< T, T T T, TE  TE, >

ur?» uln> urn

(1)

b
pi =< p21"'p76uupu7 51"'Pjn >
Beginning states of next a, are equal to ending states of
previous a,. Beginning and ending states counted according
function £*{c, }:
e, } =< " {e,}, g {eu}, T {eu}, PP {eu}, >;
e, }
b b
Tle =T + Tulls Tz'rl = Turl + Turls
e ._ b . € b .
Tuin *= Tuin + Tuln; Turn = Turn + Turn;
b
9" {eu}
b b
gill = Guin T Guits gfwl = Gurt Tt Gurl;
e ._ b a6 . b . (12)
Guin = Yuin + Guin; Gurn = Gurn + Gurn;
T {e,} :
b b
ill = Tull + tuits Tzfrl = Turl + turi;
b
Sln = Tuln + tuin; qurn
P {c,} :
. pb .
P = Phpus

= Tgrn + turn;

P’Iin = P’li)np’let’ﬂ'
Let us denote C,,— matrix of all possible a, characteristics;
G, — graph of all possible a, sequences; F,(G)— traverse of
graph G,— with use of f**{c,} function performed to each
sequential a, at G,; Cp,— matrix of a, characteristics for
root of G, — graph; Than

C. = Fu(Cou)...(Fu(...(G)...)).

allows to compute all C,, elements in the right sequence given
by graph G).

Cﬁ— multidimensional matrix of demanded values
rd g, T? of resources spent, products produced, moments to
finish a,, for different a,,;

Based on C, and C¢ predicates p(S?,S¢,i;R) can be
computed for all elements, so matrix p of predicates values
(probabilities matrix) can be computed:

p(C,,C%) :=< p,(C,,CL,R,G) =
E., (r}; G, R)F,, (9%, G, R) Fre(Td; G, R).

13)

(14)

Here, F,., (r¢;G,R)— cumulative probability distribution
function of resource 7, projected to spent for a, constructed
according R (j,;,,= relation), G (according sequences and sets
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of states formed by use of this graph) for argument r¢ of
demanded resource value;

F,. (9% G,R)— cumulative probability distribution func-
tion of product produced g,, projected as a result of a, con-
structed according R (j,;,,= relation), G (according sequences
and sets of states formed by use of this graph) for argument
g2 of demanded product value produced;

Fre(T¢% G, R)— cumulative probability distribution func-
tion of moment 7T'; of time to end a,,, constructed according
< relation, G (according sequences and sets of states formed
by use of this graph) for argument 7'%¢ of demanded moment
to end a,.

As a result, task of p(C,, CZ,) computation can be consid-
ered as tensor-based computation of multidimensional proba-
bilistic measure €2(73,) according equations (10,11,12,13,14)
and then - to solve mathematical problems, for example -
synthesis (equation 9) problem.

VI. CONCLUSION

The results obtained shall enable the evaluation of the
predicted values of the operational (pragmatic) properties
of systems depending on the characteristics of IT used for
system progress and characteristics of change in general. This
could lead to a solution to contemporary research problems
using predictive analytical mathematical models and methods.
Examples of such research problems are those related to
sustainable development planning, digitalization planning, IT
efficiency estimation, analysis, and synthesis of the orga-
nizational, innovation, and dynamic capabilities of systems.
Possible aspects include choosing the best development plans,
the best digitalization scenarios, and the best innovation con-
texts. Suggested indicators can be used, similarly, to estimate
indicators of human and social, organizational, and dynamic
capabilities for systems functioning. This addresses the exist-
ing gap between the need to solve research problems in prag-
matic properties regarding digitalization based on mathemat-
ical models and methods and the lack of necessary concepts
and methodology for solving such problems. Examples of
such a problem include innovation, development, digitalization
analysis and synthesis, societal systems research and develop-
ment, and public program planning. Further research should
enable the estimation of organizational and dynamic capability
indicators used for social systems functioning in changing en-
vironments pertaining to IT use; this depends on environmental
characteristics—for example, climate change, pandemics, or
collaborative characteristics. A software prototype of system
change and progress modeling shall allow for the creation
of a variety of interrelated conceptual, diagrammatic, prob-
abilistic, functional, and programming models of changing
systems functioning in dynamic environments with respect
to information operations. Models created with such software
shall enable change in and the use of information operations in
dynamic environment visualization and in the use of Internet
and semantic technology for model construction. As a result,
such models shall help in estimating the indicators of various
systems capabilities, indicators of progress, digitalization, and
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innovation and, further, in solving problems of analysis and
synthesis of change based on such a measure.
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