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THE STRATEGY OF BUILDING FUNCTIONALLY STABLE
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The article introduces the notion of "functionally stable information-telecommunication system", gives
grounds for the need to implement this property into all modern information and telecommunications systems.
The strategy and theoretical basis of scientific-methodical apparatus for providing information and
telecommunications systems with functional stability properties have been described.
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Introduction

The industry associated with information technology is
now becoming ever more relevant. It should be
emphasized that the study of the existing science-based
approaches to the increase of the effectiveness of complex
technical systems, including telecommunication ones,
brought us to the conclusion on the formation of a new
priority approach associated with provision of a system
with a functional stability [1-9]. Implementation of a
functional stability is achieved by the use of different types
of redundancy (instrumental, time, information, functional,
capacity, etc.) in a complex technical system, through
resource leveling to compensate the consequences of
emergency situations. It is fundamental that at the design
stage additional redundancy must not be implemented, and
compensation of the consequences of emergency
situations will be carried through leveling of the existing
resources. The problem is to identify such redundancy and
to form the signals of recovering control at the required
moment aimed at its leveling. This is the main difference
between the problem of ensuring a functional stability and
the problem of design of structurally redundant systems.

Target Setting. The known properties of complex
technical systems, such as stability, reliability,
survivability, fault-tolerance characterize functioning of
systems under the influence of failures and damage. But
they do not allow full description of the functioning
processes in the conditions of significant damage, the
impact of failures flows, possible terrorist influences, as
well as errors of operators and other internal and external
destabilizing influences. Therefore, it is advisable to
provide the information and telecommunications systems
with such property of complex technical systems as a
functional stability [1].

Analysis of latst research and publications. Many
scientific works have described a functional stability [2],
and one of them [3] - the property of functional stability
and its general idea for complex technical systems. Our
study introduces the notion of a functional stability of a
dynamical system as "properties of the system that
represent its ability to perform at least a set minimum of its
functions in case of a failure in the information, computing

and power components of the system, as well as the
influences of external factors stipulated by the operating
conditions". We propose main stages of the procedure to
provide the system with this property, namely: detection
and recognition of an emergency situation, with the
subsequent compensation of the consequences due to
implementation of recovering control. The problem of a
functional stability of on-board information and control
complex of an aircraft has been considered in more details.

At present, in spite of the available meaningful
scientific results of the theory of functional stability,
mathematical models of complex systems researched by
them fail to adequately describe the functioning of all the
existing systems. Therefore, it is relevant to summarize the
theory of functional stability of complex technical systems
and develop it for specific systems, namely, - for
information and telecommunication systems. Analysis of
the known scientific provisions of the existing theory of
functional stability determines the fact of absence of direct
publications concerning the solution of the problem of
design of functionally stable information and
telecommunications systems.

The paper [4] was the first to define and prove the
general difference between a stability of functioning and a
functional stability: a stability of functioning characterizes
the behavior of the coordinates of an unexcited and excited
operation of the system, while a functional stability
describes the deviation of the main functions of the
coordinates at an unexcited and excited operation.
Distributed  information  system is mathematically
described by a random graph, which peaks are connected
by a triangle principle. In other words, in case of any
emergency situations, the information from each node
must reach (albeit not by the shortest path) each node in
the system. Our research has offered a necessary and
sufficient condition for the functional stability of
distributed information systems of special purpose, that
means all the switching nodes must be operational and the
alternative routes of transmission of information between
nodes must be available. We have also proposed a
framework of categories and concepts connected with a
functional stability, which is a set of mathematical models,
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signs, indicators, criteria, stock and areas of a functional
stability. The methods to define graph connectedness to be
able to calculate indicators of a functional stability of
distributed information systems have been generalized and
further developed. The sets of methods for the synthesis of
a structure of functionally stable distributed information
systems have been developed, which include the method
of solution of a specific problem and the method of
solution of a general problem of synthesis. The technique
for identification of emergency situations in functionally
stable distributed information systems has been improved,
which is based on the principles of the so-called stray
diagnostic kernel and does not require additional hardware
redundancy to solve the problems of identification.
Kravchenko Yu.V. [2] gave a formalized definition to
a functional stability of a pseudo-satellite radionavigation
system. Unlike for a distributed information system, the
so-called "star" is assumed to be a model for connections
between the elements of a pseudo-satellite radionavigation
system, and loaded orgraphs - its mathematical model. The
problem of synthesis of the system structure was solved on
the basis of the theory of matroids, gradient algorithms and
the method of sequential increase of the rank of a k-
uniform matroid developed by the author. The concept of
formation of the structure of pseudo-satellite
radionavigation system was offered, which is different
from existing approaches to the design of multiway radio-
navigation systems due to availability of functional
stability through the use of structural redundancy and
formation of recovering control in order to compensate the
consequences of emergency situations (in case of failures,
faults, destructions, combat and other damages of pseudo-
satellites) to enable the system to perform the functions of
navigation. The implementation of the concept allows to
synthesize the system structure taking into account a
possible loss of its components, as well as to reduce the
number of pseudo-satellites 2-4 times with equal values of
the indicator of a functional stability. A framework of
categories and concepts of functional stability of the
structure of the a pseudo-satellite radionavigation system
(a sign, an indicator, a criterion, a boundary, and an area of
a functional stability) has been further developed and can
be applied to any multiway radio-navigation systems,
allowing it to formalize in the mathematical way the
objective function and limitations in the problem of the
structure optimization, as well as quantitatively and
qualitatively evaluate the property of a functional stability
of the structures of pseudo-satellite systems. A model for
the synthesis of a structure of a pseudo-satellite
radionavigation system was developed, which is different
from the existing approaches to the synthesis of structures
of multiway radionavigation systems due to availability of
a functional stability; application of the proposed method
of sequential increase of the rank of a k-uniform matroid.
The method of determining the value of the indicator of a
functional stability of the structure of a pseudo-satellite
radionavigation system was developed for the first time,
which fully takes into account both the accuracy of the

solution of a navigation task by consumers, and a
structural redundancy of a pseudo-satellite system, as well
as the ability to control a structural redundancy of the
system to compensate the consequences of failures, faults,
destruction, combat and other damage to pseudo-satellites.
Application of these methods allows to have a quantitative
evaluation of a functional stability of any structures of
multiway radio-navigation systems in the analysis of the
existing and the synthesis of advanced systems [5].

A considerable contribution in the development of the
theory of a functional stability was made by Professor
Nedelko S.M. [6]. Namely, his works gave a further
development to the classic concept of ensuring a functional
stability of complex technical systems, which is
characterized by a new strategy to ensure a functional
stability of automated air traffic control systems in the
context of itemization of the stage of “compensation”
through  substages: identifying existing resources
(redundancy areas), formation of the procedure of
optimum  (suboptimum) usage of redundancy and
estimation of the system condition after leveling of the
resources. Professor Obidin D.M. in his works [7] further
developed the existing concept of a functional stability of
complex technical systems, which differs from existing
approaches by the proposed strategy and the principles of
ensuring the functional stability properties for intelligence
systems of automatic aircraft flight control in the context
of the development of the phase of "recognition” of a
classical theory through implementation of the verification
of the decentralized unclear database to determine the
authenticity of the data elements, and the stage of
"compensation” where during the formation of recovering
control a subjective character of the data is taken into
account through the indicators of reliability of the database
elements to compensate the consequences of emergency
situations during the aircraft flight.

So, to develop and implement information
technologies in the society we must consider the general
problem of raising the efficiency of information and
telecommunication systems, for which the problem of
ensuring a functional stability for the system is a specific
one.

The aim of the article is to present the strategy and
theoretical background of the methodological framework
to ensure functional stability for information and
telecommunication systems.

Presentation of the main research material

Functional stability of an information and
telecommunication system is its property to be in an
operational condition, that is, to carry out at least the
required minimum of its functions within a given time
interval or its lifelength under the condition of failure of its
components in case of external and internal factors due to
redistribution of different types of redundancy.

Analysis of requirements to the design of a
functionally stable system discovered a conflicting
situation, which represents the worsening conflict between
the following requirements:
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between the requirement to increase the efficiency, that
entails additional expenses, and the requirement to reduce
the costs while designing and upgrading;

between the requirement to reduce the time on
upgrades, which reduces the efficiency of the system, and
the requirement to increase the efficiency.

This controversial situation makes the basis for the
actual new scientific problem connected with ensuring the
properties of a functional stability of information and
telecommunications systems. It is possible to solve this
scientific problem through the use of the theory of
ensuring a functional stability of information and
telecommunications systems proposed by the authors of
this article. This theory includes a set of logically related
conceptual, theoretical and technological bases. The
conceptual basis describes a system of views or, in other
words, a basic leading idea — the concept of ensuring
functional stability properties. The strategy of ensuring the
properties of a functional stability is substantiated and
developed. A scientific hypothesis that this property will
be ensured at the expense of intellectualization of the
stages of a "classic" strategy is suggested.

This idea is comprehensively studied in the theoretical
basis using new scientific approaches, methods,
techniques, algorithms and mathematical models. As a
result scientific-methodical apparatus for the analysis and
synthesis of a functionally stable information and
telecommunications system has been developed. A
systematic approach, the theory of artificial intelligence,
universal algebra, fuzzy logic and a theory of emergent
field make the theoretical basis of the study.

The concepts and theoretical bases of the so-called FS-
systems and E-field have been introduced and developed.
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CTPATEIMMA NOCTPOEHUA ®YHKLMOHANBHO YCTOWYMNBbLIX UHOOPMALIMOHHO-
TENEKOMYHUKALMOHHbLIX CUCTEM

Cepzeiit Anamonvesuu MulKyco (kano. soen. nayk, doy.)

Havyuonansuwtii ynusepcumem 060oponst Yxkpaunot umenu Heana Yepnaxosckozo, Kuees, Yxkpauna

B cmamve yoeneno enumanue nayunou npodoieme obecneuenus colicmed yHKYUOHANbHOU YCMOUYUEOCU
UHDOPMAYUOHHO-MENEKOMMYHUKAYUOHHBIM cucmemam. Pewenue OanHoll HAyyHOU NnpobnemMbl 603MOJICHO NYmem
UCNONL30BAHUAL  NPEONIOJCEHHOU  ABMOPOM Cmamvby  Mmeopuu  obecneyenus QYHKYUOHANbHOU YCMOUYUBOCTHU
UHPOPMAYUOHHO-MENEKOMMYHUKAYUOHHBIM — cucmemam. Jlannas meopusi 6KIIOUAIOM  COBOKYRHOCHb  JOUYECKU
CBA3AHHBIX MeNCOY COOOU KOHYENMYAIbHbIX, MEOPEeMUYeCcKUX U MEeXHON02UYeCKUX 0CHO8. B KonyenmyanbHuix 0cHo8ax
€COCPedomoueHa OCHOBHASL PYKOBOOSIUAs udes - KOHYenyusi obecneyenus C60UCMaa YyHKYUOHANbHOU YCMOUYUBOCMU.
Hznazaemca cmpamezust obecnewenus c60UCMEA PYHKYUOHANLHOU YCMOUYUBOCMU. Boidgueaemes nayunas eunomesa
0 moM, WMo OaHHOe Cc8oUcmBo Oydem obecnedeHO 34 CcyYem UHMENNeKMYAIUZAYUU IMAN08 <KIACCUHECKOU»
cmpameeuu. B meopemuueckux ocrosax OanHas udes CeCMOPOHHE UCCAeOYemcs HA OCHO6e HOGbIX HAYUHbIX
n00x0008, Memooos, MemoouK, AI0PUMMO8 U MameMamudeckux mooerei. B pezynomame paspaboman Hayuno-
MemoOuyecKull annapam araiu3y u CUHmMe3a QYHKYUOHAILHO YCMOUYUBOU UHPDOPMAYUOHHO-TNENEKOMMYHUKAYUOHHOU
cucmemvl. Teopemuueckoil OCHOB0I0 ABNIAEMCS CUCMEMHbIIL NO0X00, Meopus UCKYCCMBEHHO20 UHMENIeKmd,
VHUBEPCANbHAs aneepa, HeuemKdas J02UKA U Meopus dMepONCeHMHbIX noneu. Beedenvl nowamus u paspabomarvl
meopemuyeckue 0CHo8bl mak Hazwvieaemvix FS - cucmem u E - nons.

Knrwouegvle cnosa. ¢ynxkyuonanvhas ycmoudugoCms, UHGOPMAYUOHHO-MENEKOMMYHUKAYUOHHAA CcUcmeMd,
HAOENHCHOCMb, CINPAMe2usl.

CTPATErIA NObyAOBU ®YHKUIOHAINBLHO CTIMKIMKUX IHOOPMALIMHO-
TENEKOMYHIKALIMHUX CUCTEM

Cepzii Anamoniiiosuu Muxyce (kano. éiiicoK. HayK, 0ou.)

Hauionanvnuit ynieepcumem oooponu Yxpainu imeni Ieana Qepnuaxoecvkozo, Kuie, Yxpaina

Y cmammi npuoinena ysaea naykogiti npobnemi 3abe3neuenHs G1acmMu8ocmi QyHKYIOHANbHOI cmitikocmi
inghopmayivino-menekomMyHikayiinum cucmemam. Bupiwenns oanoi mnaykosoi npobremu  MONCIUBO  ULIAXOM
BUKOPUCMAHHSA 3aNPONOHOBAHOI A8MOpoM cmammi meopii 3a0e3neyenuss QyHKYIOHanbHoi cmitikocmi inghopmayiino-
meneKOMYHIKayiuHum cucmemam. Jana meopis 6KI0YA€E CYKYRHICIb JIO2IYHO 368 SA3AHUX MIdC COOOI0 KOHYENnmyaibHUX,
MeopemusHuX i MmexHON02IYHUX OCHO8. Y KOHYenmyanbHux OCHOBAX 30CepeddceHd OCHOBHA KepieHa ides - KOHYenyis
3abe3neyenHs 61acmuocmi (QYHKYioHanvHoi cmiikocmi. Bukiadaemocs cmpameeis 3a0e3neyenHs 61acmuocmi
@yuryionanvroi cmiiikocmi. Bucysacmucs naykosa einomesa npo me, wo oama eracmugicms Oyoe 3abesneuena 3d
PAXYHOK Inmenekmyanizayii emanie <«xiacuynoi» cmpameeii. Y meopemuynux ocnosax oama ides 6cediuHo
00CAIOACYEMBCS HA OCHOBI HOBUX HAYKOBUX NiOX00i8, Memooi8, MemoOuK, al2opummis i Mamemamuyrux mooenei. Y
pe3yibmami po3podaeHUll HAYKOB0-MeMOOUYHUL anapam aHanizy 1 cunmesy (yYHKYIOHaIbHO CMIUKol iHgopmayitino-
menekoMyHikayiunoi cucmemu. TeopemuuHow O0CHOB0I0 € cucmeMHull niOXi0, mMeopis WMYYHO20 I[HmMeneKmy,
VHigepcanvha aneebpa, Hewimka 102iKa 1l meopisi emepodiCeHMHUX nois. Yeeoeni nonamms 1 po3pooneHi meopemuini
ocnosu mak 36anux FS - cucmem i E - nons.

Knrwowuosi cnosa. ¢ynkyionanvna cmitikicms, iHghopmMayiiHo-menekoOMyHikayiina cucmema, HaditHicms,
cmpamezisi.
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