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BeepneHue

MHorvne 3agaym o6paboTkn n300pakeHnn CBOOATCA K PELUEHUIO CUCTEM JNTMHEWNHBLIX U HENMUHENHbIX
anrebpanyeckux ypaBHEHW, nocrefHue, B CBOK oO4vepedb, Takke CBOAATCA K CUCTEMaM TMHENHbIX
ypaBHeHui. [MoaTomy adhdbekTuBHOE HaxoxaeHue pelleHun CJIAY aBnsieTca BaXHOW nogsafadven kak ans
3agay obpaboTku Mn300pakeHun Tak U Ong MaTtemaTuki B uenom. B gaHHom cTtaTbe npeacTaBneH Nullb
OLVH 13 BO3MOXHbIX METOA0B HenpoceTeBoro pelueHus CJIAY. HenpoceTeBble MeTOObl, OPUEHTUPOBAHHbIE
Ha BbICOKO-NaparnmnenbHble apXMTEeKTypbl MOMyT 3aHSATb Befyllee MeCTO MpU PeLleHVMU CrOXHbIX 3agad B
obnactn 06paboTkM n30bpakeHu.

MaTtemaTuyeckas NnocTaHOBKa 3agauv

C maTtemaTuyeckon Touku 3penusi pewenHne CJIAY Buga Ax**=b, c 3agaHHOM TOYHOCTBIO € €CTb
BEKTOp X* Takoi, 4To || x*-x**||<e. Ecnn matpuua A ksagpatHas u det A#0 To cucTemMa UMeeT eanHCTBEHHOe
pelueHune npu nobom b. Ecnn cuctema nmeet 6€CKOHEYHOE YMCIO peLleHnin TO He0BX0ANMO ykasaTb XOTS
Obl 04HO 13 HUX. Ecnn pelueHnii HeT TO 3TO Takke HeobxoaMMo ykasaTb. C reoMeTpuyecKor TOUKU 3peHUs
pewweHue CJIAY npeacraensetr cobon MHOXECTBO (TOYKa, MMMNEepnriocKOCTb UMNKN NMYCTOE MHOXECTBO) TOYeK
nepeceYeHnst ’MNePIIOCKOCTEN ONpPeAeneHHbIX KaXabiM YpaBHEHUEM CUCTEMBDI.

HenpoceteBas noctaHOBKa 3aga4iun

1. BXoOHOW BEKTOP HEMPOHHOW CETU: BXOOHbIM BEKTOPOM HEMPOHHOW CeTU OyOAeT SABMSATbLCA BEKTOP
COCTaBIIEHHbIN U3 KOMMNOHEHT cTONOLOB MaTpuubl A 1 BekTopa b .

2. BbixooHOWM BEKTOP HEVMPOHHOM cetu: NpUoNMKEHNE X NCKOMOrO BEKTOPA X .

3. 2Kenaembliii BbIXOOHOW BEKTOP: X - ICKOMbI BEKTOP (C 3ajaHHOM TOYHOCTLIO).

4. Owmbka peLleHns: B kayecTBe OLLIMOKN peLleHnst BbibepeM HeBsA3Ky cuctembl  e=Ax-b

(1)

5 PyHKUMSA aKTUBaALUN:

HU
2 = * roe
y=f(g)=;arctg B-g g g,zl Vo, B

6 OnucaHue CTPYKTYpbl PA30MKHYTOW HEMPOHHOW CETMU.
CTpyKTypHasi cxema HEPOHHOW ceTu npeacTaBneHa Ha Puc.1

H o
y'= : th = fl(z y;l,U*Whlth)

1
N hy =1

H H H
h yi?z = fz(z yhz, *thzhl) = fz(z fl(z J’;lzo *Whllho)*thzhl)
hy=1 hy=1 ho =1
roe A4...Ay-ctonbubl matpuusl A, b-ctonbey csoboaHbIx uneHoB, Ho=(N+1)*M, hy=1..Hy
H4- uncno HenpoHoB B nepsom cnoe, hy=1..H;, H, =N- 4yncno HenpoHOB BO BTOPOM Cri0€ paBHOE
paamepHocTu N BekTopa X, ho=1.. Hy, M-pasmepHocTb BekTopa b.
DYHKUUN aKTUBALMU MOTYT ObiTb pasnMyHbIMKU ANS pasHbIX CAOEB 1 MOryT OTNNYaTbCA NapamMeTpoM

B.
7_PyHKuMoHan ontmMusaumn. PyHKUMOHAN ONTUMM3ALMM MOXHO BblOpaTh pasnuyHbiMu crocobamun. B

YacTHOM criydyae (npu OTCYTCTBUMM creumduyeckux TpeboBaHuin) BblbepeM KBagpaTUUHbIN - (DYHKLIMOHAN
ontTummnsaumm: F=e 'e. Mmeem:

M

M H
F=Y el=3 (3 A, va, b))

i=1 i=1  hy=1
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o dw'’ dw?

anroputv agantauun F=e'e
W(t+1)=W(t) -K*dF/dW

$

e=A*x-b )

Puc.1 HeipoceTeBon anropuTtm pelleHus CJITAY (aByxcrnonHas HEMpOHHas CeTb)

8. MeToa novcka skcTpemMyma oyHKLIMOHANa ONMTUMM3ALIUAG

Monck akcTpemyma (MUHUMYMa) OyHKLMOHANa ONTUMM3aLUmn MOXET BECTUCh HECKONbkuMU criocobamn. B
npocTeliLLeM Cryyae NoUCK BeAETCS MpaaneHTHbIM METOAO0M HaUCKOpenLLIEero crycka :

(3) )

oF oF
Y7 W(n+l),, =W, - 2@

rae K1 ) Kz— KOHCTaHTbI LWara MeToaa rnomncka akCtpemyma (byHKLI,I/IOHaJ'Ia onTtnMmnaauun.

W(n +1)L]h0 = W(”l)z]h0 -K'

OT0T MeToq, obrafjaeT CyleCTBEHHbIM HEeJOCTaTKOM: OH 3aBMCUT OT Bbibopa HadarbHbIX YCIOBUIA, Tak
Kak Mpy BbIYUCIIEHUN HAXOOWUTCH JOKaIbHbLIN MUHUMYM, ONVbKaWWMA K HayanbHbIM ycroBusiM. [losTomy
HeobXxoOuMO MCMonb3oBaTb MeToh, NPeAcTaBnsoWmMin  cobo  KOMOMHAUMIO TPadMeHTHOro MeToga W
cToxacTuyeckon npouenypbl. B aToM MeTode npy HaxoXOeHUW IKCTpeMyma rpagueHTHbIM Ccrnocobom
3arMoMUHAETCs  3HaJyeHne yHKUMOHaNa B 3TOM FlOKanNbHOM 3KCTpeMyme. [locrie HaxoXaeHWs HEeKoToporo
KONMYECTBA JIOKasbHbIX 3KCTPEMYMOB, TOYKA C HaVMEHbBLLMM 3Ha4YeHneM (OyHKLMOHaNa NpMHMMAETCs 3a MCKOMOe
peLueHue.

9 BbIGop HaYyasbHbIX YCIIOBUN AS151 HACTPOVKA.

lMpu BbIBOpE HavanbHbIX YCIOBUI AN ABYXCIONHON ceTn HeobXxoamMMo BbIGpaThb

W "o O)ynw %ot (0). Bynem 3apaBaTth 9TM 3HaYEHUS CryYalrHbIM 0Bpa3oM.

AnNropuTt™M HaCTPOMKN HEMPOHHOW cCeTn
YacTHble Npon3BodHble (hyHKUMOHANa onTuMm3aumn B BbipaxeHusix (3), (4) vmetoT Bug

Ona p=1.H,g=1.H; (5) ana  p=1..H; g=1..Hy (6)
oF of” oF RS w2 af
=2 P ( w,
asz (;e 14‘1 )a 2 yq aVV;q p hzz} ; A7h2 hp a

AnropuT™M aganTtauumM BeCOBbIX KO3(PULMEHTOB HEWPOHHOM CeTU nosfy4yaeTca MnoACTaHOBKOM
BbIpaxeHui (5) n (6) B (3) u (4).
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HacTtpowka napameTtpa B

Moka Bygem cunTaTh napaMeTp B oeTepMuMHMPOBaHHBLIM, OOHAKO B OOLLEM criydyae ero HacTpOWiKy

crnegyeT NPOBOAUTh.

TunoBble BXOAHbIE BEKTOpPbI

Ha nepBom aTane uccnegoBaHuin B Ka4eCTBe TUMOBbIX BXOAHbIX BEKTOPOB
npuHuMmanucek CJT1AY ang KOTopbiX peLleHne MOXET ObITb NONy4eHO APYrnMU
mMeTodamm (B YacTHocTu CJTAY OByx nepeMeHHbIX) Ans HarnmsgHoCTU 1 AeMOHCTpaLmm

OVHaAMUKKM npouecca HaxoXaeHna pelleHnd.

3KCI16pVI MeHTalnbHble pe3ynbTaTbl

Ha puc.2 n puc.3 nokasaHbl TUMWYHBIE 3aBMCMMOCTU (DYHKLIMOHANa onTMMM3aummn oT (QUCKPETHOro)
BpemeHun. BugHo 4to Bapbupys uncno Hi HEMPOHOB B CKPLITOM CIIOE MOXHO AOOMTBbCA CyLeCTBEHHOro

YCKOPEHUA npouecca HaxoXaeHuna peLlleHnd.

(nOCHe,EI,HFIFl Lll/l(bpa no uwikane BpeMeHuU €eCTb 4nCno Laros n0Tpe60|3aBLueec;| ana peweHudA

cuctemsl (7) ¢ TOYHOCTBIO 1e-6 npyn mogenuposaHun B cucteme MATLAB )
3x, +2x,=-0.5 )
—x, +6x,=3.5
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Puc.3 BnnsHue 4mcna HEWpOHOB B MEPBOM CriO0e Ha CKOpPOCTb
H4=3,6,9).
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peweHna CJIAY.
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Introduction

Many tasks of image processing are reduced to solution of systems of the linear and nonlinear
algebraic equations, last, in turn, are also reduced to systems of the linear equations. Therefore, effective
finding of the solutions of SLAE is the important subtask both for tasks of image processing and for
mathematics as a whole. In given article only one methods of neural networks solution SLAE is submitted.
Neural networks methods focused on high - parallel architecture can be of great importance at the solution of
complex tasks in the field of the image processing.

Mathematical task

Mathematically the solution of SLAE Ax**=b, with the given accuracy ¢ is a vector x* such, that || x*-
x** || <e. If matrix A is square and det A#0 then the system has the unique solution at anyone b. If the system
has infinite number of solutions it is necessary to specify one of them. If there is no solution present it is also
necessary to specify this. Geometrically the solutions of SLAE represent a set (one point, hyper-plane or
empty set) of points of hyper-planes intersections, which are determined by each equation.

Neural network task
1. Input vector of neural network: it will be a vector, made from columns of matrix A and vector b

2. Output vector of neural network: approaching x of desirable vector X.

3. Desirable output vector: x - solution of SLAE (with given precision €).

4. Solution error: it will be a discrepancy of SLAE e=Ax-b (1)
5 Activation function:

) where H
= *
y=f(g)=;arctg B-g g = Z Yoo * Wi,
ho=1
6 Structure of open neural network: ’
The block diagram of neural network is represent on Img..1

Al
Hﬂ
- : yh21 = f](z yL,*W hllh,)
y A hO:l 0 0
N X H H H
b Xy, = ya, = SO(Y yiRW 2, = (Y SNY v, w2 w2

where A;...Ax-is a columns of matrix A, b-vector column, Hy=(N+1)*M, ho=1..Hy

H+- number of neurons in first (shadow) layer, hy=1..H4; H, =N- number of neurons in second layer
equal to dimension N of vector x, h,=1.. Hy; M-dimension of vector b.

Activation functions can be various in different layers, and can differ in parameter B.

7 Optimization functional: optimization functional can choose by various ways. In our case (at absence of

specific requirements) we shall choose square-law cpyHkLmoHan of optimization: F=e Te. We have:

M

Fo= 2 ei2 = 2M4 (iz Aihz *xhz - bi)2

i=1 i=1  hy=1
(2)

8. Method of search of extremum of optimization functional:

The search of extremum (minimum) of optimization functional can be conducted in several ways. In our
elementary case the search is conducted by a gradient method of the quickest descent:

3) 4)
W(nal) =W(n) _K' oF WD) =Wy — K oF
110 1110 aW'hllhO . hahy hyhy aWhih]



5-a9 MexpgyHapogHasi koHdepeHums «Lindppoeasa obpaboTka curHanos un ee npumeHeHne» DSPA-2003

where K' , K?— constant of search method.

First laver | | Second laver
A
1 y 2
X
— = : g y* 9
> > oW > > F >
—>
dw'’ dw?
b

Adaptation algorithm F=e'e
W (t+1)=W (t) -K*dF/dW

f

e=A*x-b <

Img.1 Neural network for solving SLAE (two-layers network)

This method has essential lack: it depends on a choice of the initial conditions, as it calculates a local minimum,
nearest to the initial conditions. Therefore, it is necessary to use a method representing a combination of a gradient
method and stochastic procedure. In this method remembers value of optimization functional in local extremum.
After the least value at some local extremums is accepted for the required solution.

9 Choice of initial conditions.

For two-layers network it is necessary to choose W ! 1ho O)ynw %ot (0). We will chose this arbitrary.

Algorithm of neural network adjustment
Partial derivatives of optimization functional in (3), (4) look like

for p=1..H, g=1..H, (5) for p=1..H;qg=1. Ho (6)
oF oF
aWz = 2(2 A’p) f2 yq an ihy hz[) af
prq pq p hz_l i=1 h2

Further it is necessary to substitute (5) and (6) in (3) and (4).

Adjustment of parameter B
While we shall consider parameter B as determined, however generally, its adjustment should be
carried out.

Typical input vectors

At the first stage of researches as typical input vectors were accepted SLAE for which decision can
be received by others methods (in particular SLAE of two variable) for presentation and demonstration
dynamics of solution process.

Simulation results

On img.2 and img.3 the typical dependences of optimization functional from (discrete) time are
shown. By variation of number H; of neurons in the first layer it is possible to achieve essential acceleration
of solving process.
(Last number on a time scale is number of steps required for the decision of system (7) with accuracy 1e-6 at
modeling in MATLAB)
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3x, +2x, =-0.5 (7)
-x,+6x,=3.5

Img.2 A typical shape of optimization functional.

Img.3 Dynamics of solving process with various number of neurons in first layer.
(from top to bottom H=3,6,9).




