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ANTOPUTM OLIHK/ HEPIBHOBAXXHOT CTIMKOCTI
KOI'HITUBHNX CUCTEM

Development and practical approbation of non-equilibrium stability evaluation algorithm of cognitive
systems is carried out. Algorithm is based on operations of formation the initial database of
properties and knowledge base about possible states of the system, identification of the system
state and, if necessary, transformation the initial system database.

Keywords: cognitive system, stability of effective functioning, structural element, entropy
indicators, database, knowledge base, transformation, identification.

MposeneHa pa3paboTka v npakTuyieckas anpobauysi anropuTmMa OLEHKA HEPaBHOBECHOW YCTOMYMBOCTM.
B ocHoBy anroputma MonoxeHb! onepaumm OpMMPOBaHNS MCXOOHOM 0asbl JaHHbLIX O CBOWCTBaX U
©0a3bl 3HaHWIN O BO3MOXHbIX COCTOSIHUSIX CUCTEMBI, VID,eHTVI(bVIKaU,VIVI COCTOAHUA CUCTEMDBI U, B Clly4ae
HeobXxoanMOoCTH, — TpaHCOpPMaLMs UCXOOHON CUCTEMbI Ba3bl AaHHbIX.

KnroyeBble cnoBa: KOTHUTUBHbLIE CUCTEMbI, YCTOMYMBOCTb 3GEKTUBHOIO
OYHKLMOHMPOBAHWS, CTPYKTYPHbIE 9NEMEHTbI, SHTPOMUINHbLIV NokasaTtenu, 6asa AaHHbIX,
©asa 3HaHui, TpaHcopmaums, naeHTUdnKauns.

lMpoBeneHa po3pobka i NpakTnyHa anpobaLisi anropuTMy OLLIHKM HEPIBHOBAXKHOI CTiMKOCTi. B ocHoBy
anropuTMy MnoknageHo onepadii hopMyBaHHs BMXigHOI 6a3u gaHux npo BNacTmBoCTi | 6a3n 3HaHb
MpO MOXIMBI CTaHW CUCTEMW, iBeHTUdiKaLii cTaHy cuctemu i, B pasi HeoBXigHOCTI, TpaHcdopMaLis
BUXiAHOI cuctemMn 6asn gaHuXx.

Knro4yoBi crnoBa: KOrHiTUBHI cUCTEMMU, CTINKICTb e(PEKTUBHOIO (PYHKLIOHYBaHHS,
CTPYKTYPHi efleMeHTU, EHTPONINHNIA Noka3HuKKn, 6a3a gaHux, 6asa 3HaHb,

TpaHcdopmaLiq, ineHTudikauis.
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Introduction

Because of increasingly widespread cognitive technologies implementation into
sphere of processing information flows, characterized by a change intensity in a wide
range, both in quantitative and qualitative (semantic) terms, task of developing feasible
methods of evaluation such an important indicator as stability of effective functioning
becomes urgent. The basis for the development of methods is, as a rule, a model of non-
equilibrium stability of cognitive systems (CS). In works [1-5], a model based on
probabilistic representation of effective functioning of system’s interconnected structural
elements (SE) was proposed and investigated. This model served as a basis for the
development of nonequilibrium stability evaluation algorithm. Implementation of developed
method in the form of algorithm with its subsequent practical testing is an important point.

Purpose of this work is the development and practical approbation of non-
equilibrium stability estimation algorithm of cognitive systems.

Development of Nonequilibrium Stability Evaluation
Algorithm of CS

The algorithm assumes following operations:

Data base creation

Based on previously proposed model, the main properties of SE should be considered
probabilistic efficiency measures, functioning of each individual SE and their pairwise
interaction.

Evaluation of SE indicators properties can be made on basis of calculation-analytical
and expert methods. Calculation-analytical method based on usage of test information
signals to assess correct decisions made on results of testing. The results obtained by
testing should be subjected to analytical processing associated with the definition of
probabilistic measures of information content.

The Bayesian ratio can be used to determine the measure of SE efficiency

~(,u' ): p(ﬂjk)D(' jk‘ﬂjk) |
K I\J/.lp(/ljk )p(l ik ‘ﬂjk )d/ljk

where E(,u ik ) — a posteriori probability density of the j-th SE on the k-th cycle of

the system operation;
p(,u jk) — a priori probability density of the j-th SE on the k-th cycle of the system

operation;
p(l i ‘,ujk )— likelihood function;

1)

I K~ intensity of information flow at the input of the j-th SE at the k-th cycle of the system;

Mjk — Mmeasure of informativeness of the j-th SE at the k-th cycle of the system

operation.
Functions in this ratio are selected according to the following assumptions:

* dependence of the likelihood function p(l ‘,u) on the measure of informativeness
M is linear;
* a priori probability p( ) is approximated by a uniform law.
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A

To clarify the approximation p(x) experimental determination is carried out
u="T(4r), Ar=r—T, where r— property metrics of some test message, I —
evaluation of the performance characteristics of the test message structure element (fig. 1).
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Fig. 1 — Functions of evaluation the measure of informativeness of an SE

The following operations are used to determine Ar (fig. 2):
formation of test information message;

Evaluation of properties indicators by structural element;
comparison of obtained estimate with the true value r;
definition Ar.

Formation of test Evaluation of
information properties indicators
message by structural element

| Ar — Ar

Fig. 2 — Definition scheme Ar
This sequence of operations is applied to each structural element. If for some SE it
turns out that the dependence u on Ar is nonlinear, then by differentiating this
dependence a new approximation of the distribution law is established P( ) and then the

value of a posteriori probability is determined by the Bayes formula. In a similar way,
efficiency of pairwise interaction of SE is evaluated.
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Expert method is based on principle of consistent ranking of probabilistic properties
of structural elements.

The generated database includes (fig. 3) two arrays:

* probability estimates of each SE effectiveness P, i=1,n;

* probability estimates of SE pairwise interaction effectiveness Pjj, ij=1,n.

N 1 2 3 n
P; P P: P3 e Pﬂ
N 1 ) 3 n
1 Pa P Pu1
2 P2 P P2
3 Piz Px Pu3
n Plu P:n P?u

Fig. 3 — Database arrays

Determination of system’s entropy indicators
According to the model of CS non-equilibrium stability, entropy parameters can be
determined using the following equations

H=H,+H, :[_Zpi log Pi}-[_zzpij log PU} — system's entropy  (2)
i ]

Hz—AJ{(H— Al )’ — ‘”22}, ©)
2417 44)

where 41 — increment of information flow intensity;
4J — increment of information flow processing intensity.

Al
Roots of equationH, =0, H, = Vil are points of stability.

Knowledge base formation

Knowledge base (KB) is formed by two equations (2 and 3) for different
combinations of signs of increments 0 < Al <0 and 0 < A4J <0, and is a set of phase
portraits that characterize possible state of the system.

This set includes subsets of phase portraits characterizing stable and unstable

functioning in the point area H, and H, .

Identification of system status
Identification is carried out by determining the position of the point with coordinates

Hand H on the diagram. Based on identification results, a decision is made on the
system's state. If system's state does not correspond to the required, then the trans-
formation of matrix array is performed until the desired result is obtained.

Evaluation algorithm

According to above operations, algorithm (fig. 4) can have the following form
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Fig. 4 — Block diagram of evaluation algorithm of cognitive systems
nonequilibrium stability

Practical Testing of the Algorithm

To test the algorithm was used CS, which is a team of employees of a scientific

laboratory, consisting of ten people. According to the results of expert evaluation, was
formed matrix array:

N 1 2 3 4 5 6 7 8
P; 01 01 01 0,2 08 0,7 08 08 0,6

0,1
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N 1 2 3 4 5 6 7 8 9 10
1 0,1 0,1 0,1 0,2 0,1 0,2 0,1 0,1 0,1
2 0,1 0,1 0,1 0,2 0,1 0,1 0,1 0,1 0,1
3 0,1 0,1 0,1 0,2 0,1 0,1 0,1 0,1 0,1
4 0,1 0,1 0,1 0,2 0,1 0,1 0,1 0,1 0,1
5 0,1 0,1 0,1 0,1 0,7 0,8 0,7 0,7 0,1
6 0,1 0,1 0,1 0,1 0,7 0,7 0,7 0,6 0,1
7 0,1 0,1 0,1 0,1 0,8 0,7 0,6 0,7 0.1
8 0,1 0,1 0,1 0,1 0,8 0,6 0,6 0,5 0,1
9 0,1 0,1 0,1 0,1 0,7 0,5 0,5 0,5 0,1
10 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1

Entropy indicators of the matrix array have values H = 16,5 u H = -254,9 (point 1,
fig. 5). The identification results showed that the point 1 is sufficiently far from stable
functioning zone and is located on the curve A4 of the phase portrait of stable functioning in

the point H, area.
J’ f

Stability zone

Fig. 5 — System functioning phase portrait

As transformations associated with the reduction in the number of structural elements N, a
consistent approach to the stable zone operation occurs:

N 10 8 6 4
Point 1 Point 2 Point 3 Point 4

H 16,47 13,37 8,19 3,53

H -254.,9 -165,5 -58,9 -8,9

It should be noted that at the obtained values, H and H it is likely that the system
will not be able to meet conditions 41 >0 and 4J >0. At 41 <0 and 4J <0 position

of the point 1’ characterizing the system's state will be located on the curve B of unstable
operation. In this case, the transformation of original data array will not lead to desired result.
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Conclusion

An algorithm that allows to assess the CS state and if necessary, transformation

aimed at achieving effective and sustainable operation.

Practical testing of the proposed algorithm on a real cognitive system has shown

correctness of previously proposed theoretical model of CS nonequilibrium stability.

Based on the results of practical testing, it is possible to make a preliminary

conclusion that in some cases CS effective functioning is achieved with a small number of
participants with a sufficiently high level of efficiency of their functioning.
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A

RESUME

S. S. Antsyferov, K. N. Fazilova, K. E. Rusanov
Evaluation Algorithm of Cognitive Systems Non-Equilibrium Stability

Background: because of increasingly widespread cognitive technologies implementation
into sphere of processing information flows, characterized by a change intensity in a wide
range, both in quantitative and qualitative (semantic) terms, task of developing feasible
methods of evaluation such an important indicator as stability of effective functioning
becomes urgent.

Materials and methods: evaluation of SE indicators properties can be made on basis
of calculation-analytical and expert methods.

Results: practical testing of the proposed algorithm on a real cognitive system has shown
correctness of previously proposed theoretical model of cognitive system nonequilibrium
stability. Based on the results of practical testing, it is possible to make a preliminary
conclusion that in some cases cognitive systems effective functioning is achieved with a small
number of participants with a sufficiently high level of efficiency of their functioning.

Conclusion: an algorithm that allows to assess the cognitive system state and
determine the probabilistic indicators of the structural element, providing effective
sustainable operation.

PE3IOME

C. C. AHubipepos, K. H. ®asunosa, K. E. PycaHos
Anzopumm oUeHKU HepagHOB8eCHOU ycmou4yu8ocmu KOZHUMUBHbIX cUuCmeM

WUcTopus Bonpoca, UCXOoAHbIe AaHHbIE: B CBSI3U CO Bce OoJiee MMPOKUM BHEIPECHUEM
KOTHUTHBHBIX TEXHOJIOTHIA B cepy 00paboTku MHPOPMAIIMOHHBIX MTOTOKOB, XapaKTEPU3YIO-
IIUXCSl K3MEHEHNEM MHTCHCHBHOCTH B IITMPOKOM JIMAIa30He, KaK B KOJMYESCTBEHHOM, TaK U B
Ka4eCTBEHHOM (CMBICIIOBOM) OTHOIIICHUH, aKTYaIbHON CTAaHOBUTCS 3aada pa3pabOTKH MpaK-
THUYECKU PEATU3YEMbIX METOJIOB OLICHKU TAKOTO BAYKHOTO TOKA3aTelsl KOTHUTUBHOM CHCTEMBI,
KaK UX YCTOMYMBOCTB dP(PEKTHBHOTO PYHKIIOHUPOBAHUSI.

Matepuanbl U MeToabl: OLICHKA TOKa3arejeld CBOMCTB CTPYKTYPHOTO 3JIEMEHTa MOXET
MIPOU3BOIUTHCh HA OCHOBAHUH PACUETHO-aHAJMTUIECKOTO M AKCIIEPTHOTO METOJIOB.

PesynbTaTbl: TpakTHYecKas ampoOaIysi MPeUIoKEHHOTO alrOpUTMa Ha peaabHOMN
KOTHUTHUBHOW CHCTEME IMOKa3alla MPaBUIBHOCTh NPEIIOKEHHON paHee TEOPETHUECKOM
MOJICIM HEPAaBHOBECHON YCTOWYMBOCTU KOTHUTHBHBIX cucTeM. [lo pesynmbTaram mpakTH-
YeCKOM ampoOanuy MOXKHO CHIeNIaTh MPEIBAPUTEILHOE 3aKIIOUCHHE O TOM, YTO B PsJc
ciydaeB 3(dekTnBHOE (QYHKIIMOHUPOBAHHE KOTHUTHBHBIX CHCTEM JOCTHTAeTCs NpHU
HEOOJIBIIIOM YHCJIE YYAaCTHHUKOB C JOCTaTOYHO BBICOKUM YpOBHEM 3(D()EKTUBHOCTH HUX
(GyHKIIMOHUPOBAHUSI.

3aknioueHue: pa3paboTaH aJITOPUTM, MTO3BOJISIONIMN TPOU3BOIUTH OIICHKY COCTOSHHUS
KOTHUTHBHOW CHUCTEMBI M B Cllydae HEOOXOJMMOCTU TpaHc(hOpMalliy, HallpaBlieHHbIE Ha
noctxkeHne 3hpHeKTUBHO-YCTOWYHBOTO (PYHKITMOHHUPOBAHUSI.

Cratbsa noctynuna B pegakumio 06.08.2018.
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