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Hierarchical neural
networks consisting of small

" expert-networks are considered
Algorithms of fast parallel
learning are proposed.
1. Basic structures. The ideas
essentially those
fundamental
the
They
of
and

applied are
puﬁ forward
[1-3],
neurocomputing "outbreak-".
are, first of all, the idea
"Cora" (Cortex) by Bongard
Marr’ s codons.
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are

trained to solve some task.
the process of
"fields of competence”
captured, with the
learning to give exact

training

experts
answers
in their own field and make not
very coarse errors in others.
the

voting is processed either with

In functioning experts’

a special device or a program
or a specially trained network.
This
basic structures in the general
form. we’1ll -start: with the
problem of teaching
expert-network.

section describes
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Adaptive matrix of signal
reception. The network assigns
input neurons (in particular,
every neuron can be input). The
input signals can be fed onto
through the

Introduce

the input neurons
adaptive accumulator.
denotations. Let

> i=1,...,n be the input
neuron index,
Jj=1,...,k Dbe the input

signal index;
a; be the value fed at the
input of the i-th input neuron,

a=(a;) be the input
vector,

xi be the wvalue of the
j-th signal,

x=(xj) be the signal
vector;

”=(mii) be the incidence

matrix: m; =1,
onto the i-th input accumulator

and ”ii=” otherwise;
Az(aii) be the adaptive

matrix of signal reception:

k
= d... o = .
al-jzz 7 7% j(8=4%) (EQ1)
K be the estimation
function.

The connection between 4 and &
is: if o, =0, then aif=0' In
the course of learning 4 can

change in any of the known

if x. is fed

algorithms, # as a result of
special contrasting procedure
[4]. | .

Contrasting a reception
matrix. The matrix A is
contrasted to separate the most
significant  parameters and
force the others

Training is divided

turn into

Zero. into

three phases: primary learning

- contrasting - adjusting.

In the course of primary

learning the indice of
sensitivity &ij for each aij
(provided mij#a) are
determined. They show how much
the estimate of the network
operation depends- of this
parameters.

when contrasting in
columns 4, each signal xi is
allotted g numbers of neurons
i=il(j),...,iq(j) with the

greatest &ij' Assume mijzl at

1=11(.I)r < ey lq(’)y and l]ll-l—'-o
otherwise.
In analogy, when

contrasting in rows each neuron
is allotted r signals fed onto
it.

Finally, in general
contrasting, allotted are s most
(with the highest

®) signal-neuron connections.

significant
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The rest turn into zero
The numbers q, r, s are

the parameters of the
procedures.

Note. Wwe ©pay immediate
attention to individual
procedures, assuming the

parameters of the procedures
and the final assembly of the
algorithms to be different for
different tasks. This 1is in
agreement with the structure of

project
which we

the "Neurodesigner"
within the limit of
éarriéd out the work.

Sensitivity indice &ij are
first formed for one run of
each training pattern by the
network. Let I be the number of

the training patterns, xl and

vy

'31 the respective vectors, &ii

"be the sensitivity index for
aii when solving the given
pattern. This is a  product

aiixé by the significance index
g ]

of the i-th input neuron &i :

&J = . .x‘lmj

i i (EQz)
if computation of the
derivatives of #,; is possible,
take

Yy ay
1_ 1 1 _ 1 1
®1=\7a; |, %217 % % Fa, . (B9

1

This wii is the modulus of the

derivative of HJ in mif

formally introduced in (1):

a .=

targ i 1) (EQ4)

In cother cases &ij can be
defined as a sum of the
connection weights getting from

the 7-th neuron (independent of

1), a sum of signals, getting
from the i-th neuron onto the
network neurons, etc.

The indice &éi for one
event of solution of one
pattern available, we should

pass to a set of patterns and

sequence of their solutions

(each pattern can be solved
several times).

Successive traiming of
experts.

expert the requirements to its

when training the next

functioning on the patterns,
which are solved by the
previous experts cdrrectly, are
reduced - the main thing is not
to make on these patterns too
coarse errors

The parallel training of

experts. In this case the
experts are trained with the
"field of competence" in the
taskbook gradually separating.
At this, the experts must not
make too coarse errors in
others' areas, while in its own

- solve the problem quite

precisly.
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2. Example of implementation.
Consider the problem of pattern
recognition. Denote the number
of patterns by 0. Each expert
has 0 output neurons. It votes
for the pattern whith the
number z (1€£1€0Q), if the =z-th
output signal for it'yz exeeds
the ~others Y; .(151<0, i#z). Let
further I bc the number of the

case, z¢l) be the number of the
respective pattern, & be the
number of a small expert, y”l
be the output signal of the
#-th expert when solving the
I-th  case. The level of
reliability A is the required
excess of the output signal

whith the appropriate number Y,
over the other Y

) Evaluation function is
constructed as follows. Denote
by e, the ¢-dimensional vector
with the z-th coordinate - 1
and the other - 0,
Yz={y|y>yi;i=1,...,o;i#z}. Let
the training case be from the
class with the number =z  Then
for this pattern

Ka(y)=dist(y-he,. Y ,), (EQS)

where dist is the distance from

the point to the set.

The function of penalty
for the "too confident
incorrect answer" is

‘as follows: the

constructed in analogy
Ph(y)=dist(y-he,. ¥ ),
Each expert is
its function of
evaluation %
Vzv"'?'” oM Il &

WN1>0 are the the

(l)
0%EX1, Py =Fei’(

(EQ6)
learning,
minimizing

(EQ7)

where ¥,

weights,
_ 7(]) Nl
o= h /-
Learnlng algorlthm and the

The

are full-connected or

network structure. experts
layered
networks with smooth sigmoidal
input-output characteristic,
linear accumulators at the
inputs and linear connections.
The connection coefficients in
learning are maintained in the
{-1, 1], -we the
characteristic - in the form
fca)-ascc+a), ¢ is the constant
(usually c¢=0. 1+0. 5).

Evaluation function (7)'is

range choose

minimized in
quasi-Newton
(BFGs-formula).
are computed by the
principle [4-7].
Redistribution of the
weights between the patterns
and the experts is constructed
weights shift
from the well solved cases to
the badly solved ones and from
the

single-step
method

The derivatives
duality

the experts solving given
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cases badly to those, which
solve it well. Give a simplest
network algorithm of such a
"distribution. For the weights
we construct a differential
equation:

v= (EQS)
=M2q(KMq,NJWMq‘KN1,MqWNJ)

at  the initial nmoment ol

learning all Wy =1

The constants of the
weight flow rate are determined
as follows:

AH . ,, if l=q
- Mq Bﬁq, if I#q
where Hq=minHMq;A,B - are the
positive constants.
To make the experts
competitive (a strong expert

forces a weak one from the task
book in general and not for the

given task only), it is
sufficient to the <coefficients
(9) to add
_ (EQ10)
KNJ,Mq‘C§”N1'

where c is the positive
constant.
Equation (8) are easily

realized by an other network.

After each optimization
step the flow coefficients
change, new weights are

assigned in compliance with (8>

and again - an optimization
step. The constants 4, B, C
specify the procedure of weight
At this the time of

network functioning can be

selection.

considered to be [ixed,

Annealing. In ‘the course
of learning A 1is gradually
€ - decreasing and

(from

increasing,

w necessarily grows high
2

1 to 10 -103) so, that in the
result of learning not a single
expert would do too coarse
errors, if possible.

The experts’ voting is

performed according to the
voting 1is
(the

output

following principle
the most confident expert
one with the maximum
signal exceeding the closest in
the wvalue by the

number), or voting is processed

greatest

by a special neuron network,
which is trained after
completing the basic learning
process.
3. Test tasks

Election of the american
president [8] - by 12 input
signals, describing the
political situation in the USA
on the eve of the election,
2-neuron fully connected

network after 2 steps of signal
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exchange between the neurons
predicts which party is to win.

Recognizing of succession
- shift (a  standard  test
problem). The network input is
fed a succession of 8 zeros or
ones and the result of its
cyclic shift one position left
or right. Two 3-neuron experts
- steps of

exchange in what direction is

solve in two signal
the succession moved. For this
purpose Boltzmann machine uses
252 neurons [9]. And one
4-neuron network mastered this
problem on the whole. At this
it pointed out 4 patterns set
up erroneously as unsolvable
(corrected the typesettings
Errors).

Among the problems solved
were recognition of  wvisual
images and prediction of
chemical elements’ properties.
The approach proposed greatly
enlarges the information
capacity of the network and
accelerates learning, but the
question how it can help in the
progress of understanding the
- work of the real
networks remains to be solved.

The authors are thankful
to V.L. Dunin-Barkovsky for
useful discussion of the work.

4. Gorban A. N.
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