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Abstract: Is proposed three new techniques for training o f jnpUt vector I f  is defined as' 
multilayer neural networks. 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 algorithmization for all o f this techniques 
are very helpful in its program realization. where

„ ( 2 ) ,u  = F2( s ™ )
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I. INTRODUCTION
The most used neural networks architecture is two- 

layer feedforward nonlinear neural network. That is 
because of its universal approximation property [1,2,3]. 
Based on this conception were build forecasting networks 
for chaotic time series [4], neural classifiers, dynamical 
object descriptors and so on. So all proposed below 
techniques of finding of adaptive training steps will be 
discussed for this neural networks type.

Lets examine two layer heterogeneous neural network 
with wi0 neural elements in input layer, m, - in hidden 
layer and m2 - in output layer. Every neuron of input 
layer have a synaptic connections 

uA1 (i0 = I 1Wi0, I1= I 1Wil ) with all neural elements of 

hidden layer, and every neuron of hidden layer have a 

synaptic connections w™ Iil = I 1Wi1, I2 = l,/n2) with all

neuron of output layer. Each neuron in hidden layer have 
activation function F1, in output layer -  F2. The input of

network are vectors xk = ( x , [k = 1,1,). 

Outputs of hidden layer are values у ôu = xk , which

forms vectors Ym t = (у™'* y20)'* ... у™,л - і ) Г.

Output value of іj-s neural element of hidden layer for 

input vector xk is defined as:

The task of network training with fixed activation 
function [5] consist of finding the weights

<  ( ‘o =  !> m O. «1 =  I. Wl )  . vC  ('l =  к  W i, h  =  I. Wl2 )

and thresholds Tk>) î1=Lwil) , (i2 = I1Wi2) ,

which minimize some net error Es. We take a mean- 
square error as criterion function:

XL, t=1 ;2=1

Matrix

( < w(n w21 ... V ^ 1WIj_j I

w (i) = < w(02̂2 ... м Р г

vvImi

and vectors TU) = ( 7 ^ , rTii)12 >•“ T(i) )T I* Dli ) * *
called approximate solution or solution (by least square 
method) of system

(  Щ N 3
2̂ у w0) (0).* _ T m

jL j  h h - ' >0 ‘1
__ jr(2)

h

U=1 U=1 J /

where

, Г  =F,(S>"-‘ ) if Es reach it minimal value.
Based on gradient descent method the changes of 

weights and thresholds are executed in compliance with 
the formulas:

c(D.*
1W =I (I) (O),* _ T a )

<0=1
Ii = I1Wi1, k= \,L

In such way is formed a vector:

г ш = ( , Г  уГC  - i f

Output value of I2-S neural element of hidden layer for

< , ( ' - ! ) =  « ї ї  (< ) -« " ’ | ) Т Г .
Jo h

а д
Э T f  ’

Jl

.« ,а д

7 f ( , +l) = 7 f ( r ) - a

( '+ O = < ( ' ) - « '
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7 f ( ,  + l) = 7 f ( ,
л h

2. MATRIX ALGORITHMIZATION OF 
TRAINING PROCESS

Because of very complicate formulas for weights and 
threshold changes (that is because of not simple 
derivative of mean-square net error) is proposed matrix 
algorithmithation. It is very helpful in program realization 
of net training [6].
Theorem. Modifications of synaptic connection in 
multilayer heterogeneous neural network are produced 
accordance to the formulas:

w f\  (t + 1) = wUJ -Ku4w
Jn-I Jn '  '  Jn-\ Jn \ S T Лшші JnJn- 1

A=I

(t + l) = 7 f  (f) - « U) ■j  £ c u)-Mujm̂ 11-Ku4w
L  к=I

where C(,,) calculate recurrently:

Cu> = C U+1) -IKu4j -MFn , Cw  = Ek -MFn 

£* Ц ( уГ Ч )  (y<2W- t ‘ ) ... ( уГ - О ) ,  

Fn' ( S f xt) 0 ... 0

are m,Xffl1 matrixes, M fj - are тпх(т п_,+1) 
matrixes consisting of zero elements with only one 
element in position j n with value equal to one.
Synaptic connection changes begin from the last layer 
down to first.
Proof. Let us calculate the gradient of network error for 
element к of taught sequence:

K
K u

,  3 C (iVW

= K C t - C K ( C t )
i»=l

= S b r - O - C i
is-I

Щ-\

K u I - X
'AM =1

,,(V) dyj In-i
(W-I),*

3wu ) .Jn-I Jn

= Х Г Ч И  ( C f
'*=1

mN-X / . 3 5 <W4W

'AM =1

„,(АО Г  /r-(N-l),A^  
'AM'AT W-I \ 'W-I /

1 iAV-I _

Уп-і Ул
mN

= X K u - O - M C * )
is=l

mN-1 /

xX ( C xt)--X
'AM =1

"‘>1 /

* Х Ч г - М С * ) - « " - П -*я =1
= e k -MFn -Ww  ■ MF„_, •...-Wu4j • MF„ x

. у ( л - і и  _ _  £-(n) ' у ( п - 1 ) ,к
JnJn-1 jnin-1 ;

where

-»(л) __ ^Мя+l) _ jy (« + l ) -MFn , Cw  =Ek -MFn .

Because of
Э F

I -C-ІХ С
^  A=I i л  э£;*;’

= —2 j — — . we cand z  d  z  L f r f  d z
write formulas for synaptic weights changes

j„ = lrn n like:

dE,

d w T T  ’Jn-I Jn
Jn-1 1̂ n -I  ’

VF4  ( t  +  1) =  w UJ ( t ) - a u ) - - - У  C u j - M uj -K u 4 w
n-xJn \ / Jn-I Jn V / T JnJn-XZt=I

In similar way we can receive formulas for network 
thresholds changes.

Based on the above theorem we can use the next 
formulas for the two-layer feedforward neural network:

wS  ( ' +  () =  “£  ( < ) - a ° 4 - G 2 .

C  (f + l)  = C ( f ) - a (2)-T -G((m,+l)j2 ’

W(I)
(t + l)  = < J ( 0 - « m - f G C

r f ( t  +  l)  = r f (I)
(WI0+1)7! >

where

L
/^*(2)  TT1 /^ (,2 ),к j s ( 2 ) , k  /̂ *(1)  NT* s~y(l),k r>-(l),A
ĵ Kh ~ 2u ‘ ^jlJ2 ’ КоЛ ~ ' ^ j0Jx ’

A=I

and

C(2W =Ek2 -MF2 , K f f t = M fl  -Kow ,* 2 7 ЛІ2 У2У1

Cow = Caw • W<2) • Mf[ = C(2W • MWnj,
(I),AAT1JУ0У1

:M J1J -KУ1У0
(0),A

3. TWO-LAYER NEURAL NETWORKS’ 
TRAINIG METHODS

For training of two-layer neural network we can take 
parameters a <1J, a (2J like constant, or like adaptive. In 
case of adaptive training step let us see three different 
cases:
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1. Laverwise training. We change synaptic connection in 
only one layer. And then again, after giving of all training 
sample on to the changed neural networks, we modify 
weights and threshold in residuary layer.
2. Two-parameter training. Such method consist of 
finding different parameters H 111H 21, which combination 
minimize mean-square error.
3. Generalized method of fastest descent. By using of this 
method we finding such adaptive step a  = H 11 = H 21 , 
which minimize mean-square error in the antigradient 
direction.

We proofed next theorems for finding a adaptive steps 
for every of this methodic. In its formulating we use the 
next notations [6]:

(S121C  = I f e r f  f  (W  )2+ae* ■mf" \

xfa<2,(/+O-Tf(O)+
Щ rn2 m2 Э2£(*)

^222 - - ( O +O -T f ( #

O  =2 (C f-  H f me) +де* MR1•m V1' +

+ DE -\MF2 -W( 2 ) ) ½ ) - K (I).*

C t  =K(C)' MF1 J +Dtf -MF1 j

Theorem  I. For layerwise training the adaptive step is 
defined accordance to

HO =

тщ + 1  m 2 0

1 1 ½ ) 2
Ji-1 h ~ \

,-It-IJ1S дТ^дн-Ц'

x « ( < + 0 - « M K
m2 m2

+Ш к ^
-(7 f(t  + l ) - r f ( / ) ) x

x(7l2) (t + l)-7f (O)) =
-I /П]+1 m2 .

ел  0 - ^ - 7 1 - - 2 2 ½ )  +
^  л =U2=I

/ // /\2„ 1 f W1 +1 OT2 L т і /  /\2

+ K L + T і  l e  i  ( с * )  - H O
* Zi-A=IJ2-̂ =I *=U V

+DE-MF1 / (̂2)
^7JiJ2

Lets find a such value of H 21, which minimizes 
network error. For that purposes we must solve the next 
equation:

0 + 0  i
THj+1 IH2
2 2 ( 0

+ H 21-V -
tf

dH 21 L2 Л=1Л.,
1 wij +1 m2 . .

I  I C - C 1CC)Cl-CW2.'2=1
= 0 ,

m /ті] +1 m2
where

Л .'l =1 Л ,'2=1

mo +1 m.)

*1 4 І ; 1 / Г/ с2 " ̂ \
f C C = I (Cu)'■(лги) + DEk -MF2 jy-(2),k’ A , ;hh/ AC=II I > /

Я ,
(I) _ _ Jo-I Jl-J

Wp + 1  nij ■ ■

I  I C - C C C
Jo >А) - і  Ji A  -J We receive the next value of H 21:

Proof. After modification of second layer synaptic 
connections the network error is changed accordance to 
the formula:

M '+0 = f  I T f  ( '+ 0 = } ¾ * 1 (0+
L  Jt=I L

I+ —■ 
L

Ml M ; Q j f C * )

2  2  2  0 (2)
A=U2=I1 4 = 1 ¾

+2 H  Э E m  Л

(2)

1 L+—-X2 L t i

/2-І x
Ш] m2 Wi1 m2 ^2 17(*)ini- •
^A-U-I '2=1 dwZ M hx«  O+O-̂f(O)+

mi m2 m2 Э 2j^(fc)

K U +0-*f (O)+

(7f (t + l)-7f (O)
( w f  (t +  l ) - w f  (f))x

mi m2 m2►III
A = I  / 2 : S S M 2>3r/2)W 2- *  UJ2 1 2

-½ 0 + 0½ (0)>

So

H 21=L -

mi + 1  m 2 -22½)
A=I A=I

Wil + 1  m 2 . .

і  I C - C 1C o
A A=U2 .'2=1

mi +1 m2

H 21= H 21- -  = ----------
22½)

T mi +1 m2

1 I I C - C C c
A.'i-l /2  ,'2-I

AAl „ ( 2) 

AA

After changes of second layer synaptic connections 
the network error is changed accordance to the formula:

£.(' + !) = 7 - 2 ^  + 0 = 7 2  E*k) 0)+
L  k=\ L  k =  I
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Г Щ mi (II
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J0=I Ji=I A=I dvvJ0Jid 7 /,х(С(ї+о-С(0)+
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т о + 1  т ,IIKD
>0=1 >1=1
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>0 >2q —1 >1,4=1
I X cS F t c S

Theorem 2. For two-parameter training the adaptive 
step is defined accordance to

„<п _  Д 7= Д  77 n.(2> _ D 1A DtB 
” ’ " "  Л С - Я 2A C - B 2

where

c(»C (. + ! ) - <  (0)+

Ol0 +1 Ol1 . .

■ +=1 іс-ксс.
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/,=IJl=Id7/, d7J1

Qi0 +1 Oi1 Oi1 + !  Oi2

IX в=і s ї м -(S11-oC -¾.
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+DF MF0
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■ (m f 2K <2)) - aK )

Proof. After synaptic connection modification the 
network error is changed in the next way:

Д  P K  = }  І К Р К  = 7 І К Р )  +
L  *=1 Lj  k =I

Г m, m2 f  L ЛгЧ*) 7V-V- V  cC  Г (2W. . /21 / . \

MWw + DEt ■ K(Da
I

+ —
L IX

Ji=U2=I +  dw'.2** 1 J l J l

Lets find a such value of a m , which minimizes 
network error. For that purposes we must solve the next 
equation:
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We receive the next value of a a ) .
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I I ( C )
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point of minima for our function of network error.
llMfIx

+

Щ In7 ~\2Ык)
+£ X • (4 2) P+0 - К 2> (
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We must solve the next system of linear equation:

a (i)
^ Wlo+l »l|

I  I K K K T  <c

+ a ( 2 )

a in

0 Jo-Ii- I Jl .Il - I

J /H0 + I  /Hl //Il + I  I/O

X X X X h
Уо - I  Уі - I  A - I  2̂ -I

Wt0 +I m,
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Jo=I Jl =I
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or in our notation:
CCm - A + a a)  B  =  L  D l 

a m - B + a {2)- C  =  L - D 2

By using Kramer method we receive

Dl C — D2 B

L Di B

a m =
L D2 C

A B
\ B C

= L -
A C -B 1

a(2) =

Lets find parameters a a) and a (2), which minimize 
criterion function. For that purposes, we must find critical 
points by solving the system of equations, where partial 
derivatives are equal to zero. Such critical point will by a

A L D 1

B L D 2

A B
B C

D2A -D 1B
A C -B 2

And finally,
со I (i) D 1C - D 0Bam =--a =—------ TL A C -B 2
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Theorem 3. For generalized method of fastest descent 
the adaptive step is defined accordance to
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where So adaptive training step we can calculate accordance 
to the formula:
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Proof. Extending error function in to the Taylor series 
as was described above, but remembering that
a (1) = a (2) = a  , we receive:
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Let find such value of a , which minimize error 
function. For that purpose we must solve the equation:

За

+a-

I  /Ml +1 Ml2

W  Z  Z (G S )
L  A = I  A = I

,  щ + І m,

4 - z z
ь  A = I A  =
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And finally

ZJ1 + ZD,
A + 2S + C ’

4. CONCLUSION
In practical experiments we can see that two-

parameter training has a advantage before another
proposed methods in a time of convergence.
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