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Significance of the research topic. The scientific significance of the
results obtained in the dissertation consists in that they in total can be
qualified as contributing to the progress in the sphere of computational
and telecommunication facilities of the new scientific development,
which the adaptive formal neuron uses to reserve binary channels and
ensure an optimal reliability of these facilities.

The goal of the research. The goal of the dissertation is the
development of the theory of adaptive neuron reservation, elaboration of
algorithms and programs for modeling methods of adaptation of the
restoring neuron used in digital systems.

Proceeding from the goal of the dissertation, it pursues the following
tasks:

— development of new mathematical models for computing optimal
weights of seaparte inputs of the restoring formal neuron, and
establishment of a link between the weights defined by means of these
methods;

— development of a constructive method for defining the number of
comparisons (observations) which are required in cyclic adaptation
without feedback;

— investigation of the stability of cyclic adaptation with feedback;

— establishment of the rules of continuous adaptation which is
realized by the Widrow-Hoff algorithm;

— establishment of peculiar properties of continuous adaptation
which is realized by the carrot and stick technique and, speaking more
exactly, by the algorithm of unified incentive and individual penalty;

— development of a method of relay adaptation of the restoring
formal neuron and definition of an impulse function for a linear discrete
chain with constant coefficients, which ensures the stability of such
adaptation;

— synthesis of a linear discrete chain with constant coefficients,
which has an impulse characteristic that ensures the stability of the relay
adaptation process of the restoring neuron;
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— an optimal duplication of transducers which during relay
adaptation detect when the input channels reach the restoring neuron of
a critical state.

The main results of the dissertation. The major results obtained in
the dissertation include:

— restoration of binary signals by the adaptive formal neuron;

— methods of selection (assignment) of weights of input channels of
the restoring formal neuron and comparative analysis of these methods;

— cyclic adaptation of the formal neuron in the restoring system;

— continuous adaptation of the formal neuron in the restoring
system;

— relay adaptation of the formal neuron in the restoring system.

Scientific novelty of the research. The scientific novelty of the
results obtained in the dissertation is evident from both theoretical and
applied standpoints. This novelty is due to the development of the
unified approach to solving the problem of correct (exact) restoration of
binary signals in digital systems by using the adaptive formal neuron and
by studying the methods of machine-aided modeling of neuron
adaptation algorithms.

Theoretical value of the research. The problem of optimal
specification of weights for the inputs of the restoring formal neuron is
considered wusing the entropy approach and the generalized
(Mahalanobis) distance. It is analytically established that there exists a
connection between the weights defined by these two methods.

For cyclic adaptation without feedback, a constructive method is
proposed for selecting a number of comparisons of the neuron signal
with the known correct (i.e. true) response in order to determine a
probability of an error of this restoring neuron input;

The stability of cyclic adaptation with feedback is proved; this

adaptation is realized by comparison of the binary signal read from some
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input with the decision made by a formal neuron (i.e. by the signal
restored at the neuron output).

For the sum of weights which deliver a maximum to the generalized
(Mahalanobis) distance it is proved that it is necessary to restrict the
absolute value of this sum so that during cyclic adaptation with feedback
a deviation of error probability of the formal neuron from an optimal
value would not exceed the admissible value.

It is proved that when adaptation is realized by the Widrow-Hoff
strategy of continuous increment of weights and it is assumed that the
sum of weights is restricted by a prescribed number, the restoring
neuron system without feedback establishes such weight values that
deliver a maximum to the generalized (Mahalanobis) distance.

It is proved that for continuous adaptation with feedback by the
Widrow-Hoff algorithm it is necessary to take into consideration certain
inequalities in order to estimate a deviation of the steady-state weights
from those values which are inherent in the process without feedback.

A method is proposed for continuous adaptation of the formal
neuron by the unified incentive and individual penalty algorithm, i.e. by
the specific stick and carrot algorithm.

It is proved that for adaptation of the restoring formal neuron
without feedback by the unified incentive and individual penalty
algorithm, such weights are established that are consistent with the
entropic sensitivity criterion.

For adaptation by the unified incentive and individual penalty
strategy, the process of “random walk” of input weights of the adaptive
restoring neuron is studied.

The solution is obtained for the problem of synthesis of a linear
discrete chain with constant parameters (i.e. the problem of finding such
an impulse characteristic of a linear discrete chain with constant
parameters). Such a chain provides the stability of the relay adaptation
process of a restoring neuron without using feedback.

The solution is obtained for the problem of optimal duplication of a
sensor of critical state of the neuron input. The sensor is used for
restoration of a binary signal.
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The practical value of the research. Algorithms and software are
prepared for modeling various strategies of adaptation of the restoring
formal neuron.

For relay adaptation without feedback, a linear discrete chain with
constant parameters is synthesized and the impulse characteristic of the
chain is studied.

Research methodology. The research methodology is completely
adequate and meets the requirements of the dissertation. In particular
the analysis of redundant information is carried out in terms of the
statistical theory of decision-making, and also by using the entropic
approach and minimization of the generalized (Mahalanobis) distance.

Since it is assumed that error occurrence processes in binary input
channels are stationary and errors are independent, the solution at the
restoring neuron output is the function of a sum of independent random
variables. This sum is the composition of individual independent random
values and its properties are established using the theory of composition
of random variables.

In addition to the above-mentioned methods, extensive use is made
of the theory of pattern recognition and the methods of a posteriori
analysis.

Finally, the basic results concerning the behavior of the adaptive
restoring formal neuron employ the Monte-Carlo method and
distribution theory.

Reliability of the results. The reliability of the basic scientific
conclusions and results is guaranteed by the following facts.

All the results are obtained by the unified approach which is based
on the well-justified methods of solution of problems of reliability
theory.

Theoretical conclusions are in full accordance with data of
computerized experiments.

Comparative analysis of the solutions obtained by various methods
and various authors is also carried out for problems similar to the
problems considered in the dissertation.
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Structure and size of the dissertation. The structure of the
dissertation iscoordinated with the problems investigated therein and
the objectives of the research.

The dissertation consists of

the introduction containing a general description of the research,
the formulation of scientific statements to be defended and a survey of
the works on the topic of the research;

four chapters containing the discussion,

the conclusion summarizing the most important results;

the list of references;

mathematical and software supplements.

The dissertation size is 138 pages. It has 19 figures on 18 pages, 8
tables on 6 pages, the list of references includes 184 titles on 18 pages

and 2 supplements on 9pages.

The main content of the dissertation. The theoretical and practical
significance of the subject of the dissertation is substantiated in the
Introduction, where an account of the current state in the sphere of
methods of adaptation of the restoring formal neuron is presented, a
detailed survey of the literature on the topic of the dissertation is given,
the objectives of the research are formulated, the dissertation structure is
briefly described.

The remaining chapters of the dissertation deal with the subject of
adaptation of the decision-making formal neuron, i.e. with the subject of
control of its weights so as to make them match the probabilities of
errors at the inputs. The adaptation character depends to a considerable
extent on a strategy of adjustment of weights which can be performed
cyclically after a fixed number of comparisons as well as at each clock
instant of time by an appropriate weight increment. Moreover, the
adjustment may take place at random moments of time as soon as the

inputs reach the restoring neuron of some critical state.
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Another important parameter is feedback. If feedback is present in
the restoring neuron, then the error reveals itself because the signal X;
at the i- th input does not match the solution Y made at the output. In
the absence of feedback, control is effected by the mismatch with the
known correct (i.e. true) response. The use of adaptation schemes
without feedback is confined to problems of the initial adjustment of
weights and their periodic (scheduled) or random setting by means of
testing programs.

The investigation of the above-mentioned types of adaptation of the
threshold element leads to the following basic results.

I. Cyclic adaptation without feedback ensures the performance of
the decision-making neuron with weights which are close to optimal
ones if the number of comparisons in each cycle is not smaller than
some value M defined by the relation

2
— Za/Z

4g*

where « is the probability chosen sufficiently close to unity, that the
estimate @ of probability ¢ of the error of the i-th input deviates

from @, by a given small value & at most:
Pr{(qi —g( < g} =

Z,,is a standard normal statistic for the probability o defined by the

condition

%:CDO(ZMZ)’

where @, (t) is the normed Laplace function, i.e.
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II. For cyclic adaptation with feedback, the probability d, of
deviation of the error signal X; at the i-th input of the restoring

neuron from the solution Y at its output satisfies the condition

qi_QSdi SQPLQ
i=1n+1 ’

where ¢ is the error probability of the i- th input, and Q is the error

probability of the restoring formal neuron for optimal weights of the
neuron inputs.

ITI. From the above reasoning it follows that for cyclic adaptation
with feedback in the steady state, a relative deviation of the error
probability of the restoring neuron from an optimal value of Q does not

exceed the value

A regime close to an optimal one can be provided when Q —0 and

the sum of weights

_ 1-2q,
2-6,-(1-q,)
i=1ln+1

&y

assigning a maximum to the generalized (Mahalanobis) distance is
bounded,

IY. For continuous adaptation without feedback by the Widrow-

Hoff algorithm, a random increment value of the i- th weight
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Aa, (k)=a; (k+1)-a (k)

at the (k +1) -th iteration step is defined exclusively by a difference of
the weighted sum of signals at the inputs of the restoring neuron with
restriction M, imposed on the value of this sum. Therefore, at each step
the absolute value of the increment of weights is one and the same for all
inputs. In the stationary state, the mathematical expectations of these

increments are equal to zero:

M[ Aa, (k)] =o}

i=1ln+1

The weights & for which this state is achieved satisfy the relations

A Zm).
ai - 4+pmax aim
i=1n+1
where
_1-2q
=20 (0-q)
i=1n+1

are the weights delivering a maximum to the Mahalanobis distance p
and p,, is the above-mentioned maximal value of the Mahalanobis

distance:

(2]

pmax - = q—j (1_qj)
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The functioning with such weights is recognized as nearly optimal.

Y. For continuous adaptation without feedback by the unified
incentive and individual penalty (UIIP) algorithm, in the absence of the
error the weight increment A3, (k) =3 (k +1)—a1. (k) of the i- th input,
which occurs at the (k +1) -th iteration step, takes some value [ with
probability (l—qi ), and in the presence of the error it takes the value
(—,Bk -ea"(k)) with probability ¢ , where £ >0, and the initial weights
a (1) (i =1n +l) are arbitrary.

YI. A sufficient condition for establishing the state, for which

M| Aa (k)]:o}

i=1Ln+1

and the weights have optimal values

1-q,
G
i=1ln+1

4 =In

is the choice of a parameter [ that matches the (k +1) -th iteration step

by the relation

1
ﬂk_E

YIL. This choice agrees with the Bayes approach, which for the
1-q

statistical estimation of the weight In yields the value
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k—n +1
A==

where n is the number of errors observed for k comparisons of the
signal X, at the i-th input of the restoring neuron with the known
correct response.

YIII. By virtue of the relation

k—n +1
n— m—
n+1

the UIIP algorithm in the first approximation is equivalent to the

estimation of weights In %

at each iteration step. Therefore there
i
exists the above-mentioned value M of the number of Kk iterations, for

which the statistical estimate §, of error probability ¢ of the i-th
input deviates from the value ¢ by the prescribed small number & at

most, with probability o sufficiently close to unity.

Since after this state is reached, the relation > holds for

1
M

~| =

k<M, the replacement of /, =% by a smaller constant weight

. 1 .
increment f= m cannot violate the convergence of the process to the

state with optimal weights.

IX. For continuous adaptation by the unified incentive and
individual penalty algorithm, the process of “random walk” of weights
provides an appropriate statistical distribution of the error probability Q

of the restoring neuron. This probability can be regarded as a random
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value Q" with realizations Q, which is the function of random

arguments g, (i =1n +l) and fixed reliability parameters ( (i =1 n+1) .

The program developed for computer simulation of the restoring

neuron behavior in the course of adaptation is able

to find the histogram f, (Q) of a distribution of a random value
Q" for the given values ¢ (i :m) and «random walk» rules of the
adjusted weights &, (i =m) ;

to determine the probability P, =Pr {Q* < QO} that Q" is
smaller than some maximal admissible value Q;

to study the influence of a value of the increment £ on the

character of the probabilistic distribution of the random variable Q".

X. For relay adaptation of the restoring formal neuron without

feedback, the weights of it inputs are given by the relation
3 =sgn(,—,),

where (, is a maximum admissible probability of an error of the inputs

which corresponds to their critical state. To realize this strategy, any

function F, that monotonously depends on ¢ can be calculated by
making the weights 8 match the probabilities of errors ¢ by the

formulas

3 =sgn[Fo(qo)—Fo(qi)]}
i=1ln '
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For a concrete realization of the monotone dependence F, (qi ), ie.
of the signal controlling the setting process of the weight &, it is

proposed to use a linear discrete chain with constant parameters
(LDCCP). In this case, the initial problem of providing the stability if the
relay adaptation process reduces to the problem of synthesis of the
corresponding LDCCP, i.e. to the problem of finding an impulse
characteristic g of the LDCCP as a function z For g, the integral

b

I =I®(z,g)dz

takes a maximal value under the restrictions

[o,(z.0)x2=A4

Cbz(z,g)dz =p,

D ey T

where £ and £, the known constants.

XI. A solution of the above-formulated problem has the form:

k
A e, ifk>0
g (k) = Ts !
0, ifk<0
where the integer values k=0,1 2, ... meet clock moments of time.

Therefore ¢ (k) is an impulse characteristic of the low-frequency filter.
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The mathematical expectation of the LDCCP output signal at a
sufficiently remote clock moment of time K is defined by the relation:

e W
T, 1)
1 exp[ TJ

If, simultaneously, Ay =1, and the filter time constant T, — oo, then

R (Qi)=Qi

Fo(qi)—>qi .

The dispersion of the LDCCP output signal is found by the formula

O[F(a)]=q, ~(1—qi)-(%)2 ;j

1- exp(—

N

o

and if T, —oo, then D[F0 (qi )}—)0

XII. For the «weighing» of the i- th input of the restoring neuron in
the case of application of the method of relay adaptation of the neuron,
substantiation is given for one of possible schemes which is constructed

on a linear discrete chain with constant parameters.
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In this scheme, an RC- chain is used as a memory. Votes are
«weighed» be means of a relay, the normally closed contacts of which
break when the voltage at relay winding terminals exceeds the
preliminarily specified limiting value. This limiting value is proportional
to the critical value of an admissible probability of error of the neuron
inputs. In the case of relay adaptation, «weights» are binary, i.e. they are
expresses by logical zero and logical unity.

XIII. To provide the reliability of relay adaptation, an exact solution
is obtained for the problem of optimal duplication of the sensor which
indicates when the neuron input has attained the critical value of error
probability.
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Conclusions. In the dissertation, the methods of adaptation of the
formal neuron are investigated when the latter is used as a device of
binary signal restoration.

It is supposed that various versions of one and the same binary
signal are delivered to the formal neuron inputs and the neuron must
restore the correct (i.e. true) value of the original signal with the aid of
these versions.

In order that this function could be realized, adaptation of the
formal neuron is needed. In this dissertation, adaptation is interpreted as
the process of control of neuron input weights. The aim of the control is
to make these weights match the current values of error probabilities of
neuron inputs.

Adaptation makes inputs of higher reliability produce a greater
influence on the solution made by the neuron (i.e. on the true signal
value restored by the neuron) as compared with less reliable inputs.

In the dissertation, problems are studied, which are related to
the application of the adaptive restoring neuron with the purpose of
making digital computation and telecommunication systems highly
reliable. In particular:

— based on the pattern recognition theory, the algorithm of
calculation of an exact value of restoring neuron error probability is
developed and realized on a computer;

— a constructive method is proposed for choosing (such a choice
is necessary in the case of cyclic adaptation without feedback) a number
of comparisons of the signal produced by some input with the known
correct response. This makes it possible to estimate the error probability
at that input and to use this probability in the sequel to establish an
appropriate weight;

— it is proved that cyclic adaptation with feedback fulfilled by
comparing a binary signal at the neuron input with the neuron output
solution is stable and the signal at restoring neuron output can be used to
determine whether the neuron inputs are reliable and to establish
appropriate weight;

— it is proved that in the case of continuous adaptation without
feedback by the Widrow-Hoff algorithm, weights are established, which
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are proportional to the weights assigning a maximum to the generalized
(Mahalanobis) distance;

— it is proved that in the case of continuous adaptation without
feedback carried out by the unified incentive and individual penalty
(UIIP) algorithm, weights are established, which are consistent with the
entropy sensitivity criterion;

— for continuous adaptation with feedback by the UIIP
algorithm, the “random walk” process of weights is studied in machine
experiments. This process is used to obtain the respective statistical error
distribution of the restoring formal neuron;

— a solution is obtained for the problem of synthesis of a linear
discrete chain with constant parameters, which provides the stability of
the relay adaptation process of the restoring neuron without feedback. It
is shown that the formulation of the problem is well-posed;

— for relay adaptation of the restoring formal neuron, optimal
duplication structures of sensors of a critical state of the neuron’s inputs
are found. In the considered conditions, such structures are capable of
providing a minimal probability of error in critical state detection.
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