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Abstract: Is proposed two new techniques fo r  multilayer 
neural networks training. Its basic concept is based on the 
gradient descent method. For every  methodic are showed 
formulas for calculation o f the adaptive training steps. 
Matrix algorithmizations for all o f  these techniques are 
very helpful in its program realization.
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I. INTRODUCTION
Let examine multilayer neural network, consisting of 

N  neural blocks (Fig.I). Each of these blocks has a 
structure described in Fig. 2.
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Fig.I -  Multilayer neural network
Output values of each neural block are input values for 

the next block; input values for the first block are
sequence of input patterns xk = (ft = 1,7,).

Output value of th neuron of л-th block for a ft-th 
pattern is defined by recurring expression

y]")k = Fn ( S j f li) ,

where

Z  -  7T > = u«„, ft = i. 7 .

So we form a vector
y (n )M  _  / y(tt),A -,(Я).* 

У m„ - I \T 
) ■

Fig.2 -  Architecture of n neural block
The task of such neural networks’ training consist in 

finding of weights’ coefficients matrix

{ < <  ■•• < n). Im»i-l1

w in) =
w\V w f  . - m H- I -

<  • .  Ww
m H--Im B /

and vectors of thresholds T f0,..., T jf  j ,

n = I, N  , which minimize some network error Es. That 
error characterizes deviation o f network outcome values 
y.*u  from standard t* for each /,v-th neural element

for ft-th pattern. We take a mean-square error as 
criterion function:

^ ‘ f f L Y f r - i f '

2 .  TRAINING ALGORITHM
For a program realization of such neural networks’ 

training process is very helpful its matrix 
algorithmization [1], described by the next way:

Modifications of synaptic connection in multilayer 
heterogeneous neural network are produced accordance 
to the formulas:

4 1  ('+0 = 41(')- a K l -Y (H -I)1A
T jf  (/ + 1) = T jf  (r )- a ln> • — • Z  c,n) ■ aC  

E *=i
Y U - I U

where Cin) is calculated recurrently:
C(n) = C<n+I1 -MF11 , C{N) = e ‘ -MFs

s '  - ( L i (> .. U lvk- t k\ - m: m ))■

V .’ ( s r * ) 0 0

and MFn =
0 К  (5Г 1* 0

0 0 -  F , ' K
are mn x mt matrixes, m I L  - ai'e -і +
matrixes consisting of zero elements with only element 
in position j„ jn і , which value is equal to one.

Synaptic connection changes begin from the last 
layer down to first.

Using such training methodic we can take a training 
step a (,,) like a constant or a adaptive. Last case is more 
effective. For a twolayer neural network we can take it 
in accordance to the one of the next method: layerwise 
training, two-parameter training and generalized method 
of fastest descent [2]. But spreading some of them in to 
the neural networks with more then two layers
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architecture gives very complicated formulas. So we 
proposed the next two methods, which basic principals 
deal with matrix algorithmization and fastest descent 
method.

3. TRAINING ALGORITHM BASED ON 
THE NETWORKS’ ERROR
CONDITIONAL OPTIMIZATION

We proposed new heuristic method of neural 
networks’ training process with use of adaptive training 
step. Such method based on conditional minimization of 
the each layers’ error. By use of this method we consider 
each layer like onelayer neural network, which training 
produced by gradient descent method. And we aimed 
output of each layer to the received “standard”. So, we 
must recalculate “standard” values through all training 
process.

The algorithm of thus method can be described in the 
next way:

Procedure Network training
begin

set training accuracy e 
repeat

modification of N  layer synaptic connection 
for /I=Ar-I down to I do 
begin

for k= I to L do 
begin

finding of “standard” output of n-th layer 
for each pattern 

end
modification of л-th layer synaptic 
connection

end
finding the training error Es 

until Es < є 
end.

This algorithm is based on the next theorem.
Theorem. By using of above algorithm we must 

calculate “standard” output values accordance to the 
formulas

tT  = у  a  ~ a  ■c  ■w  ■ a i  ’ л = ! ,« „ ,
with the next correction :

' e + p, if /‘*w<e + p 
/(">•* := - t f k, if t f k e[a + M- P],

6 - Э ,  ift\"u > b - P
where parameter P must be taken by us as a small 
number.

Adaptive training step can by taken in the next way:

Y ( c ^ - pI)1
a  = -^ -^------ ----------- — ------------ ——-— ----------------’

Y Y ( c ( n *l) ■ p l ) \ ( p j, ) T • \ pi.)) ■ (c<',+,> • pI )
where

UM'k = |fP("+1) • AtFn' j ■ M F^ +Win

UiN)k = ^MFv') 2 + DEi n k -MFn' ,

■ MFn

PL = W
(И+1) A Tl

•Al -
T^r-(N)M J - . . , t J . . ( N U  I  .X H U  A \  I  ,X H U  _  ,*UC. -*! ) yx2 ~ ‘2) ■■■ \Sm, ‘щ ))

and A" - zero vector-column with one element in a 

position j n equal to I .
Modification of weights and threshold is produced 

accordance to

Tiy (ґ + l) -  Tjy ( l ) - a " ' -Gt-Jijy

for i n - 1 = I, j n = I jW1i , with adaptive training step

‘1  I
a 1”  =■ Л-і=1 A=I

m„_ і +1 m„

A-. A-i=i A A =I 
where G f f yer = L

Jn-I Jr,
k = I

j£ { n ) ,k  _ _  # у г (л -1),Л
and

\  ’ layer (  rr \Jn-\Jn (n)Jayer
L  Y  Gi.-,L ,,, ‘4 , / .

, ,  ..

V  r (nU • к (п)'к Cinu =Ek • MFr
Z u y  la y e r  Л Л - і Л  ’  n  ’

+ DEinli-MFn I-Ksi»),к

f f ( n ) , k

^ J n - J n
- M f  -YJnJn-I

(л-I),A'

Proof. Let us examine n-th block of our multilayer 
neural network (Fig. 2). We will consider it as onelayer 
feedforward neural network with input values

= (y*"-')'* y f n k  ... f k - i f  and

output described as follows.
The process of finding “standard” values t\n)'k ,

in = I, mn of outputs in n-th neural layer on the basis of 
gradient descent method has the next form:

Л п ) , к  <n ) .k  j  - I  mrA -vA u  Qy<")-k ’  Jn ’ "
Based on these formulas we denote finding values 

y in)'k (t +1) as a "standard" t \ f k for the next
modification of synaptic connection in n-th layer.

Let’s find the partial derivations
'  S lL  I ,----  I  / і KI\ Ir L- \ ̂

JiE i
Sy

Е Ш Г - І Ї4̂=1 Z________
( n ) ,k

Jn dy{in )  Jc

, , dviN)j!= V  y W J - f  L cAiy--
iN =1 -Y jn

nifj ,
■ a r - y r . i r )

= Z  ( Г - ( К . ( Г ) Т « Є

ду‘У ‘

In=I /лг-і=»
,(iV)

-IiN А ,<«>.*
8pI

mN t mN-\

-I(C-O-MC)- Zw iN) x1N-PN
A= I
, mjv,
(Clu)-Afe-=--KC-0*

ЧУ/. ^=1,  ЛІДГ-І r 7wZ.+!
ха (C)-I "Cl-A-i (Cb)--I «М -IfJ-I ~ I 7b+1—̂

= zI-Mf ' -WiN)-MFK,N-1 -...TT (ZH-I). Д "  _
HO



Ill International Conference on Neural Networks and Artificial Intelligence (IC N NA I'2003),Novem ber 12-14, Minsk, Belarus

_  ^-.(Л + 1) ^ г (Я т І)  д Л
where

C nt = C"~" ■ Wi"+" ■ MF1' , Cw  = є * • MFn' , 
and Д" is zero vector-column of length n with only 
element equal to one in position j n .

So the modification of “standard” values will be held 
accordance to formulas:

t\"u  = y {nU - a  ■ C n+" ■ Win+" ■ Ann, j n = ,
where training step a  can be taken like a constant or a 
adaptive.

But for all used function the domain of outcome 
values is limited in to the interval (a; b ) . So, we must 
observe that output values are finding in the segment 
[a + p ;h + p ] ,  where P is a little threshold. Otherwise

we must take boundary values like tj"u  . Mathematically 
that expressed in the next way:

a + p, if t\Ju < a + p 
if t\nU є[й  + р , 6- (5] .  

V p ,  " f t f u > a - P
Let’s find the second order partial derivations of the 

error function by the output of я-th neural layer t\n)'k ,

S2E t
6} ̂ d y inlk Chfu Z O C i - O - ^  І С С X

V1A =
" ‘ V - I I lfI і

к і / Ч с ь - ' і с -і ;
' V - I 1 '« 1 = 1

Z - Щ ^ - f A v r yIV “I O '
r Wn fl

х ^ І ( С и ) - - - І Ч Г І >’52 +'«I=1
.. I K ( C u )

t L h r l - O -  'L . u  - S
<V-1 °Уі. Iv-I=I

Mf> X

z  c °  •«;:+

+
1М

<* I у
 __ W v . .

; с “ )- L  с .  *
' I v - I = I

t f j  ( S f f u )

Х  Ъ Г
• 2 < ! > . 5 ; ; + ...+ 

/п+, =1

t Z i C u - O - M
/.. і

W  V I

C w)- Z  C v  X
/.V -I= I

4 BF ! ( S tnuu) "j-ii
Xfv-.

L  jrV ( C u )- L  C l
V'v=lV 'V-I=I

xFJ  (S
w,,+i(Af-IU \

V -I  У " • Z < +|)-5 '. 1M1Ji+! Jn X
/ц+l = *

wlV-I

( С
««♦1

C u )- L «
/.V-I=*

(Ar)
1Af- I1Af К , ' 1C - - Z/„+. =*

(Ч* 1) с JИЗ.. -6,
1M1I:+! 1Ji

Wv
+ 1 ( 3Ijv-I

/AU
1A- ч К Ч С ’1 )*

/  W y  , "1M+! л
Z  с ,  •У -, ( C " 0'4) - Z C I 0 C

Vv-I=I '«1 =I У
f  "I,V-I

Z t
V''V-I-*

"1MtI л
(s< v-,u )-. . . - У  Wlnut-5';V 'A-I / 1JI1JI+!Cl=! /

Wy J Wy.j
І Г Ч к .  ( C O  L  C l  ' C i r 1)*

1A -I — *

O l v  1 '«м + і

X L C - I l - Z C 0 C
V  'V  l = I

/"  W V -I W Л
■

E C C - - Z hC 0 -C
V  'V -2 '. , - і = I  )

X
J

+ . . . +

m,v t «tv-, ,
' K c u - <  1 - е  ( C u )- L  C l  -C,., ( C l " 1 )*Iv-, =I

(  W_+i л ' wJI + ! ЛА
( C u )' М

:
Д

_ Oo L  C I 1-б;
к U =' У U -.*1 л

= (V fnut-A1I }Г- C uu  -(Wtnut-Anl i ) ,
where

Utnk = (ff(,,ll) ■ M F jJ -C nuu -Iff1''1" • MFa'^+W1"+'1 ■ MFj 

are calculated recurrently beginning from the 

U'NU = |M F v'j  + DEin u -MFJ .

Extending error function in to the Taylor series we
receive

K SEk
E f u (t + 1) = E f u  (0  + V  • O T k -  У Ґ ) +

Jh *1 °Уі .t w„ wn o 2 r>k
1 Vn C rilS I #(л),і ,.('1U \ /л»)-* \ —

у ' У  У Vj. - уjн r Vi. ~ Уі- ) -~ Л-1 /„=1 уп Ч*/н

= ( ' ) - « ' Z

"• я-

BEk

+CC ау ау
4 '§§av< ',uav;;14 a y u

= E f u ( t )  - а  • ]Г (C (,,+1) • I f t|И1,) • Ani ): +
л-1

+ —  ■ Z Z ( c <"+" - H' i“*l>- A l ) x2 Jh=I 1. »1
x | ( f f <nl,)-A" У - [ Уі і и )jx

тп 2

x ( c ("'ll) ■ 0 '“Ы) ■ A" ) = £ ‘"u  ( г ) - а  • £  (C("+1) -Jp,") +
і, -і

2 /и, wn I r  \
+у  ■ ZZic^0 • K )-((/*;) • и... ■ (у ))- (с"”11 - PJ)

л-1/,=1
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where PJn = Wwl>- A l  .

error. For that purposes we must compare to zero the next 
expression:

S E f i  ( l  +  \ )

8a
- = -£(с(л+,,-р;) +

Л= I

-Kx • £ £ (c(',+l) -Pi) • [{pi )T ■ uwm ■(к ))-(c"*" ̂ :) 
And finally we receive

\2
Y d( C in^ - P i )

a  :
m„ mn I t  \

£ £ (c<- • c ) • ) • L/(n+1M • (/>; )j • (с(л+1) • )

Taking received values t f *  like “standard” we can
find formulas for synaptic connection modification in я-th 
neural layer.

Let us extend mean-square error of я-th layer in the 
next way:

I

Then

L mn H / і ї V
- I I K I H C r i u - O

Дп),А
1KA=I Z11=I \  -̂L1=I > )

= 7 1  C u  ■
^  A=I

S
f  mn \ J \

I - ( C u - C 1*)
ж С * V'-=1z ;
5 - й 5 - й .

= I H u -C '* ) -
dy)\n).k

Sww i

= H C u - C C - C  ( C u ) S S l u  

S w f ,.
,nn f

: I ( C u - C * ) H C u ) - C ; l u - 0

where
S' i„ I  ̂ Jn
L H  о . L ф J n

Using matrix algoritnmization we can rewrite above 
formulas in the next way:

U£js _ у  ( (n),k _  .(л)
< 4 1  O ’ "

= Zin - M F '- M l l i 
In a similar manner

SEwjcS

STw

(  m„ і

S 1
V'.=1

М Л - C u )- y("-1U-yJn-I

у(л-1),А ._ Wл),A 
l̂ayer * ̂ jn-Jn

r b r - -  t(n̂ k ̂ ' I

STw

= I t C u - C * )
Syl,(n).*

a r (n>
" ‘я  f

= I H u - C *  H  ( C u )
SSllu

STw

" ln t

= I H u - C t H  ( C u M - O H  = 
/„=1

I
- C k . А / П 7  y ( « - l ) , A  _  / ^ ( n ) , k  T f { n \ k
- Z n M r n M J ^ rrin ^ J) /  H y e r  ^(/n„_,+l

where C g  =e* - A C ', C u  = M f  ■ Yw iu  .

So, the formulas for weights and threshold changes 
will be the next:

C C  ( '+ 0 = C t O - a T  • I е * • w H • C l  • ̂ ' ,uA=I
I

T f  (t +1) = TC ( / ) - « • -■  £s„* • MFn ■ C r d +1, • ̂  

for j n , = l,wi„_„ j n = l , m „ , O T

~l)Jc

C l O + O = I l l O - a T - C r

(/ + 1) = C 1 ( f ) -- a  • -  ■ G C C t >

where C C r = I C u C l  •
*=1

Let’s find second order partial derivatives of error 
function:

g2̂ (n),4

m P e f

=зг - f  £ « “ - 'Г ) ■ H (sf“) • -¾
awZ.-,/. U=I

= iZn=I

( C u )I
+ ( c u  -  <nU) • 1 H — -  • с і *  -5);

= i ( K ( c u ))2 - ( c ; iu - O - H iu - c c

+ ( C u  - C * ) H  ( C u ) - H iu - O - H iu -5): ))=

= (М Ц І-Yw i u )7 -j^MF/)* +DEin u -MFn 

x (M iH i -Yw i u ) =

И к Г - ' Г І - Cl").* I
5wL1/-

и  I

IHHf ( K - j + DEin u -MFn I-Ku u  .

In the same manner we receive
S2E inu

S T fS T w

= ( C C tl) J - [ (M F ^ + D E w u - M F ^ - K f f  X)L ,

S2E f i
S w f i STw

J n —l Jn  ln

И И :.П ,)Г{ К ) ’ + DEw t -MFn I-Ks ( n ) , k  

H-iA *
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After modification of и-th layer synaptic connections 
the network еітог is changed accordance to the formulas:

4 " ’ 0 + 0  = f l  T  0 + О = у  І 4 Л)І 0 ) +

і+ —• 
L

(  ,
У  УT---* LmU

і .  , - I  / ,  I

L t ,
Z. c s r r { n ) s k

Ltt
L  Я С І 1

l f f e -  К - . к ( 1+ ‘) - “й .< > ) ) +
Л-іЛ
\

- S i f S -  '(7TO+O-rCW)Л =I \t=\ C I jM

L (  тп \ ,п„ т,,-\ т„ P -  fr(n ) ,k

+7-Z  I I Z S , •■■■■*2L t-і I4 у„=і 1,,,,=1 /„..і

х(мАУ (/ + ! ) - < , .  ( ( ) ) ■ « ’„ (t + O - C , . (/)) + 

S2F lnu'
I I I - : • « к  0 + 0 - н ї ї л ( 0 ) х

- i l l

х ^ ’О+О -ГЧО )+
S2Einu

-  —■  1 TlT1InlA,,,1"1- 1 /„ =1 СУ„ cwC,, 1„
(7Г0+О-СЧО)х

xK a  O + O - ytC .  (0 )  +
р- fr{'i),k

-1 1 +^ ”7 « -(7T  ( '+о  -  7I" to) х

X(7T O + O -7TtO )) =
t т„ і +1 от,, -

^ Г Ч О - а - І -  I  K C f " ) '  =
7. - 1=1 У.= 1

f " 1H -I+ I 111H " 1M - I - I  111M+GT
2 F

xX ( ( 4 f )' { ( * < )

I I I  ж
Iv  J n - I  —! у „ - І  / „_і -  I / „ - 1  

2

( n ) J a y e r  ,

г(»),А > 74
I s ĥn) Javer

• 7.-17, JJ
Let’s find such point a, in which error function reach 

it minimal value. For that purpose we mast compare with 
zero the next expression

SEiJ i (/ + 1) _1_ " f ' У  (C1"Uayer \2 4
S e t  I: ' I ,  f C  WJ‘ '7, - i= l 7.=1

I I  « V i + 1 7»„ +-1 m n

У  У  У  У  У I a wlimr-+«•ТГІ L L L  2.1ЧГ" хЬ  I ',.-I=I A=I 7M-I=I 7M=1
xZ K C ; ; )  - C  +DEtnu-MFn \-К\:и - G )̂Jayer І

J
In that way we receive the next value

ІП„ і -r I Illn ^
<-■ I  E(cCC)'

a . =  -
7. - 1=1 7,=1

т„_, - 1
I  I  ̂ T r- M C ,  -0T r

7, ,- .7,,-1 1-/.7.=1

where

C 111C = I f O  '!(mZ) + D E ^-M F a U tZ

And finally

,(») _r/ — Ti ■ — =
I  iwcrr7,-1=1 7,, 'I_________________

і  і c : r r- c « i C ' Gf
(«),/over

7, - 17. . , = 17, 7.=1

4. L A Y E R W IS E  T R A IN IN G  O F  T H E  
M U L T IL A Y E R  N E U R A L  N E T W O R K
W IT H  U S E  O F  T H E  A D A P T IV E
T R A IN IN G  S T E P

Let us represent layerwise training technique, which 
is an extension from such method for twoiayer network 
[2]. The algorithm of thus method can be represented in 
the next way:

Procedure Network training
begin

set training accuracy є 
repeat

for n=N down to I do 
begin

finding the error Es for all training set; 
modification of и-th layer synaptic 
connection

end
until Es <c 

end.
For the faster converger.ee of this algorithm we can 

take a training step like adaptive. It calculation is based 
on the next theorem.

Theorem. For the layerwise training methodic of 
multilayer heterogeneous feedforward neural network 
the adaptive training steps for each layer are calculated 
accordance to the formulas

m„ f  L

L- I  I  IClnUfll У
7,-1 =17, = 1 4 *=1___________________a <n> =

where

and

л - l  ).k

IH11 і Ifln "ln L. / -r
I I I I  I  КГ) -u M  (Cl1M-I=I 7.=1/,-1=11,=1 V  *=1 v

j7">7 z= M W .y <n_iu
7,,-.7,

Utnu = (w wv’ -M F j^-U w m  ■ M F jy  Wi"'" • MF1"

are computed recurrently from the

U vw = IMFa, + DEtxu -MFj .

Proof. Accordance to [1] we have:

a ? 1
H E

I  U uFf
Sw1"’Jn-\]«

- ! ( - iiT j - O A ( S r ) - 1  Ч Т - У ( С ІМ) - -

ПІ«С-/>i
=: C in ) - M ) J l

and by the analogy
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_  —  / ^ л ) Д/ f ( n ) y ( n - \ ) , kfipn) ~ ^  1
Jn

Let’s find second order partial derivation of error 
function:2JT(*)d LE\ (  m N

6C C C . .  « С .

( С 1*)--
iAf-I - •

f  W„ /

•-•c, (C)Clu CIw-I
mN d {  V^N '̂k — t k \  f wv _, tУ  У" **________JLL.J? ( ?W 'k\. V 1 ./г /o(iv-i),*\
Z - I  Л  ( I t )  r A ' J  Z j  " v - . V  Г Н - \  \  »'a m  /  -/w_l yvKxK V-I=I

t m n I

— C K “ ) K ‘ - r .  ( O ' C ' C  +

+ i w - oV=I C ( c z  ^
H l K L - ^ 1 (Criu)--V-i-і

■я,,'(Cu)-ICC (C)-Clu-8L
fflC(Cu)

■ Е Г Ч И Ш - й -
V = I V - I = I OWPO

• - F J  ( c , u ) • Z  c  • Ї  ( C u ) • e iU -5;:+ . . . +
m Af-I

♦£W“4K(C*)- Z  й'Г.-.'К" “)•-■V-i=l
■ = с ' ( С и ) - І С

C(C),(n+l) ,'‘”♦1 л .,(") C u -Z:

V 1C  V
K 1

£  C (C u) - K l  -c ,'(C ,u)>=1V V-i=1
W„ f

- - I C C  ( C u ) - C C  -¾V=i
A m V -I t

fI(C)'£4* (Clu)*
' / V - H

■•••IC*-̂ (CZClu-Z/„=1
D ly

£  W u - O - V ( C u )*v=lЛ
K l - c ,  ( C u ) - - Xf e e

xS c z ^ ( C u ) - C u -C

S <1, -2v,'(Clu)--X
v=lZ rnv_,

V i V -I =

xICẐ (Cu)-Cu-C
Wv f  w v _ і

£W “ 4 K  (C )-  S C l - C ( C u)X

-ICLri(C)-Ciu-8):
ґ TOn , лX -•ICC. (Cu)Cu-Cл Z V = 1 У

\ X/
Wv  / Wv .  I ,

- I (C - I )  f, (C )-Z  C -Ям (C u)--XV=I V-i=1
x -C (c ; ,u) - i c z c ( c u)xV=I

X ( C u -8I ) - ( C u -6I))==  [ m \2  _ • Y 1ln- ' u  ) r • U inxk ■ ( M f nI i ■ Y in~'xk) =
=(c * )r-^nu -(Cl )>

where
j£(n),k — J^(n) y{n-\).k

Jn-Jn JnJn-1

and

Uw  = (й 

are computed recurrently from the

W intkk- M F ^  - U intkxk- ^ V intky- M F ^ W intkk- MF,"

r T-(W),*
= ( ^ v ' ) ' +  D E ifjxk ■ M F  ’ .

By the same manner we receive:
'2  J dS 1E '

Swinki STink
J n - I  Jn  K

S2E ikk

— t C nC \Г r /-(">•* / P+v")-i і~ (Ч и  +DC ] -^  - CClA j ’

STinySTink
_ ( ъ ' ( п ) . к  \ T тт(п).к I  t f ( n ) , k  \
- I a-K.,+!)/.] ■U -Ia-K.,+!);.] •

Let’s extend error function in to the Taylor series:

M ' + 0 = f l £,*(i+1) = 7 L £ ( 0 +

I+ — 
L

SE(  Inll Ґ

1 1  ^ d w inkJri=U=C=I cm7J..,;.
( C C C - C C ) ) -

C  l S >  - ( C C C C M )
=Ifi=I STinkV*=1 l - JI L

+—■I
21 Й

TO„_. TOn TO..] TO, a 2£*
Cw(',>I V f-I=U .=I C = C = I  u C 1J - C i ' .

X(CC)-C, «MC ('+O-CW)-
Wn-I Wn m „ TT1A-^ y-i уЦ yV----  —Д .

X̂ 7̂ n) (г + 1) — Tink (г))

(С , ('+0 -с , (<))х

W,, TOn . TOn

+ I E i ^ - ( C C ) - C ( O ) X  

х(С.('+|)-С.(0)+
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m„, m„

A -i=U .=i\*=i= ES( Y j Z l  Z С ' * I +

+(“"’)’'2 ? ' ї  і  £  i f ! ( ( « ) ' •"““ - (¾ ) )Z L  J.-, =U. =w... =1/,=1 V. t - i '

For finding minima of error function we take a first 
derivation by a <nl and equal it to zero. So, we receive:

Ẑ Z fzc<,)
a 00 =- A -I-U .= ! v*=l

m„-i rn„ /«„_! mn f  L /  T \

Z l I I
; ;  - і  і  / _ i  V t —I '  '7,.,=1 j H=\ /,_|=1 /„=1 V  *= i

■

5. CONCLUSION
Implementation of such training methodics for 

neural network training gives a good result in a time of 
convergence. The matrix algorithmization of the 
training process is very helpful in its program 
realization.
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