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TRIBOLOGICAL PROCESS CHARACTERISTICS ON THE BASIS OF A
NEURON ACTIVATION MODEL OBTAINED THROUGH THE
MULTI-OPTIONAL FUNCTIONS ENTROPY DOCTRINE

It is made an attempt to propose some appropriate models of the friction and wear
processes that could happen in the considered structural elements of the engineering
units. The uncertainty measure in the given consideration is the entropy of the spe-
cial hybrid-optional effectiveness functions. Such kind of entropy originates from the
Jaynes’ principle, being adapted to the subjective entropy maximum principle, with
the implementation possibilities to the applicable fields of aviation industry as that
follows the readings of the references. The paper theoretically considers the possibil-
ity of the multi-optional hybrid functions entropy conditional optimization doctrine
applicability with the purpose of discovering substantiated reason for the special hy-
brid-optional effectiveness functions existence, as well as the reasons for the formula
optimality. The neuron model activation function, or a squashing function, of a sig-
moid type function like logistic function, formula is obtained with taking into account
the degree of uncertainty for a certain type hybrid-optional effectiveness functions.
With the help of the variational principle it is shown the optimality of the formula.
The evolution of the proposed at this paper approach from the subjective analysis to
the hybrid multi-optional functions optimization doctrine implies the use of the hy-
brid multi-optional functions, as an objectively existing characteristic of a phenome-
non, instead of the subjectively preferred, by a human, functions, since no one choos-
es the objectively existential reality. The approach has a significance of a plausible
explanation for the phenomena stipulated by multi-optionality.

Keywords: tribology, friction, wear, optimization, entropy doctrine, multi-optionality,
hybrid optional function, neuron activation, squashing function.

Introduction. In the sphere of tribology it is very important to operate with the ap-
propriate models of the friction and wear processes that happen in the considered structural
elements of the engineering units [1]. In the aircraft airworthiness support and aeronautical
engineering maintenance technologies [2] it is an actual problem too. At this, a significant
influence of the processes’ parameters, their functions uncertainty is a crucial thing.

Tribological characteristics of the modeled behavior of the structural elements, due
to the presence of friction and because of that developing wear, somewhat resemble a
neuron activation curve in regards to the curve’s shape [3] when the process of the grad-
ually deteriorating unit is investigated.

The most up-to-date research in the area of neural networks deals with the extreme-
ly complex processes occurring in the networks neuron connections [3]. The neural net-
work structures of the modeled systems and processes can be of different nature. It is
always important to apply a suitable approach for such modeling.

State of the problem. The uncertainty measure in the given consideration is the en-
tropy of the special hybrid-optional effectiveness functions. Such kind of entropy origi-
nates from the Jaynes’ principle [4-6], being adapted to the subjective entropy maximum
principle [7], with the implementation possibilities to the applicable fields of aviation
industry as that follows the readings of the references [8-11].
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The mentioned research scientific gap is the neural networking model that takes in-
to account the significant role of the uncertainty when considering the neuron activation
function.

Problem statement. According to the state of the problem, it is required to find the
equation of the squashing function [3, p. 47, (1.12)] following a certain variational prin-
ciple of multi-optional conditional optimality of special hybrid-optional effectiveness
functions uncertainty [8], similar to [9-11].

Purpose of the paper. The presented paper is aimed at discovering the substantiat-
ed reasons for the activation function formula optimality existence and to demonstrate,
on such an example, the multi-optional hybrid functions entropy conditional optimiza-
tion principle, as a doctrine, applicability.

Problem setting. The problem statement for the current state would be as to find a
value extremized with the known view expression used as a neuron model activation
function. Consider sigmoid function [3]. It is generally accepted that activation functions
or squashing functions have the view of a logistic function [3, p. 47, (1.12)]:

1
(p(v) 1+ exp(— av) ’ M
where v is induced local field or activation potential of the neuron, a is slope parame-
ter of the sigmoid function.

Hybrid Multi-Optional Functions Optimization Doctrine. Methods I. In order to
reveal the optimality of equation (1) [3], it is applied the prototype model of subjective
analysis [7], being preceded with the Jaynes’ principle [4-6].

Methods II. Now, the evolution of the proposed at this paper approach from the
subjective analysis [7] to the hybrid multi-optional functions optimization doctrine im-
plies the use of the hybrid multi-optional functions, as an objectively existing character-
istic of a phenomenon, instead of the subjectively preferred, by a human, functions,
since no one chooses the objectively existential reality [8-11].

Neuron Model Sigmoid Activation Function. Methods I1l. Accordingly to the in-
troduced hybrid multi-optional functions entropy conditional optimization doctrine, the
objective functional is being constructed in the following way, [8-11]:
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where 4, is the hybrid multi-optional function (objective fundamental value of the pro-

cess) deemed to be relevant to the induced local field or activation potential v, ; B, y
are structural parameters (Lagrange multipliers, weight coefficients or intrinsic param-
eters of the process).

The necessary conditions of functional (2) extremum existence yield

h o= exp(Bvi) (3)
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For any two activation potentials [3, p. 43, (1.3)] v, and v,, at n=2

__exn(Bn) _ exppry)
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If each of the induced local fields v,, v,, ..., v, is compared with the threshold

activation potential v,
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Comparing equations (6) and (1) one can notice that
p=-a, V=V, =V (7N
The hybrid-optional functions entropy
Hy=-3IyInh, ®)
i=1

serves as a measure of uncertainty of the hybrid-optional functions #; . Unfortunately,

such measure of uncertainty as expression (8) does not show the direction of the un-
certainty and its relative value.

Discussion on the proposed doctrine. Methods IV. In order to bypass such a dif-
ficulty it is proposed to apply the hybrid combined relative pseudo-entropy function
developed in reference [11]:
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Here in expression (9) H . is the maximal possible entropy (uncertainty) of the

max

hybrid-optional functions 4, H, is the factual entropy (8),

M L
Mzz@—;@, (10)

j=1
where h; and A, are positive and negative properties hybrid-optional functions re-

spectively, M and L are numbers of the positive and negative properties options:
M+L=n. (11)
Conclusions. It is discovered an explanation for formula (1) in terms of the multi-
optional conditional optimality doctrine for the special hybrid-optional effectiveness
functions uncertainty (2-8). Parameters of the hybrid combined relative pseudo entropy
function (9-11) need further investigation.
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Cratrs Hagiiinoia go penakmii 04.10.2018.
A. B. TOHYAPEHKO

XAPAKTEPUCTHUKA TPUBOJIOTTYHOI'O MNPOLECY HA OCHOBI
MOJEJI AKTUBALII HEUPOHY OTPUMAHOI YHEPE3 EHTPOIIIMHY
JOKTPUHY BAT'ATOOIIINMHUX ®YHKIIIN

VY HaBezeHi#t poOOTI 3AIHCHEHO CIpOOy 3alpOIOHYBATH TIEBHI MOENI, MO MiAXOIATh, TPOIIe-
CiB TepTs Ta 3HOIIYBaHHSA, KOTPI MOTJIH OU BiOyBaTHCS B KOHCTPYKTUBHUX €IIEMEHTaX TEXHi-
9HUX BUPOOIB, AKi OepyThbes M0 po3riany. Mipa HEBU3HAYCHOCTI Y TaHOMY PO3TIISAI IIe € eHT-
PpOIIis cremianbHuX Ti0pUIHO-ONIIHHNX (QyHKIIIH eQekTuBHOCTI. EHTpOITiS TaKOro BHIY ITOXO-
IUThH Bif mpuHIMITy J[>KeifHca, OyIydn aJanToBaHOO O MPUHIUIY MaKCUMYMY CyO’ €KTHBHOL
EHTpOIIil, i3 IMIUIEMEHTAI[I THIMH MOXIIMBOCTSIMH 10 aBilalifHIX Tany3el 3aCTOCYyBaHHS, K IIe
TIOXOJIUTH 31 CIUCKY HaBeICHHUX IOCHIaHb. CTAaTTS PO3MIISLNAE TEOPETHIHO MOXKIIMBICT 3aCTO-
CyBaHHS JOKTPUHMA YMOBHOI ONTHUMI3aIlii eHTPOIIii 0araToOMIiHHIX TiOpUAHUX (QYHKITH 3 Me-
TOIO BIIKPUTTSI OOTPYHTOBAHOI MPUYWHU iCHYBAaHHS CHEMiabHUX TiOpHIHO-OMIIHHNX (yHK-
it e)eKTUBHOCTI, a TAKOXK MPUYUH ONTUMAIBEHOCTI (POPMYITH, IO HaBOAUTHCA. Taka (opmy-
Ja, IO BXHUTAa Y SIKOCTI Mojenmi (yHKIii akThBalii HEWpoHy, a00 Tak 3BaHa «squashing
functiony», THIIa CUTMOINANbHOI (YHKIIi, MOAIOHOI MO JOTiCTHYHOI (DYHKIII, OTPUMYETHCS 3
ypaxyBaHHSIM CTYIICHS HEBU3HAYEHOCTI IIEBHOT'O TUITY TiOPHUIHO-OMIIIMHUX (PYHKITIH e(eKTHB-
HOCTIi. 32 JIOITOMOT 010 JaHOTO BapialiiHOTO MPUHITUITY OYII0 MOKa3aHO ONTUMANBHICTh TAKOTO
BUAy (Qopmynn. EBomromis 3alporoHOBAaHOTO y I CTATTI MiAXOLY, KW € PO3BUTKOM Bij
Ccy0’€KTUBHOT'O aHAJI3y JO ONTHUMI3alifHOI MOKTPUHU TiIOpMAHMX OaraTOONIIHHUX (YHKIIIH,
mepenbadae BUKOPUCTAHHS BKa3aHWX TiOpUIHUX OaraToomiiHWX QYHKIIA, Y SKOCTI
00’€KTHBHO iICHYIOUOI XapaKTePUCTHKH ITIEBHOTO SBHIIA, 3aMiCTh OMHCAHUX Cy0’€KTUBHO IIepe-
BKHUX, JFONUHOIO, (DYHKIIiH, OCKITBKH HIXTO HE 0OHMpae 00’ €KTHBHO iCHYIOYOI PeabHOCTI.
Jlaumii miaxix Mae 3HAUYIIICTD MPABIOMOMIOHOTO MTOSICHEHHS U TAKUX SBUII, OOYMOBJICHUX
0araToOIIIIHICTIO.
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