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BOUNDEDNESS OF SOLUTIONS OF SOME SYSTEM OF NONLINEAR
DIFFERENTIAL EQUATIONS
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ABSTRACT

Thiz paper griscnls some metbematicel methads for siedping of reacific
iy nf anslog processor netaorks. Fe presend soms aoretical seseills i
e dyreaon: progetics of dynomic fredbock newnsl nednaze. e ghizinad
requits are in the forn suslabiz for applicadions.

Hopfield [3], [12] has presented 2 bype of newral network whed s represantad
by the [ollowing systems of crdinary difetential sqpeations
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where v = L,...,m ay ase negative, real constants, by are pasitive, real conslants
azd & are real cosstants. Noaolinear fanction g is bounded, menctonans and
continuous. Papers [4], [6], (7], [5] present some reaults for fusclion g It R
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wheis 071y positave real constant. T4 ia abown that all salutions of the diffe ental
equation (1] are howsded, existe ooique stable oquiliboam point.

Fajueca |-\.:"]. [::ll sxapzned svstem of nanlinear dull=rental equatians mith ai-
miar properties.

Consider naslinea Ayuleirix
x" = Cx 4 F[x), £3)

where C s an n-by-n constant meal matnix, x = (x1,...,%,] %, F & real function
definad im some real sodinsnsiczal domain e x Apace.
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f'a.]:-:r.[ll:l] preaentesd some posihility of the transfarmation of that sysiem: 1
matrix  has s linzarly andepezndezt sigeavecions vy, .., vk t‘-;lrmpl}.nliinu 1a

the real sigenvaluss
T T

with multiplicities my, .., ng. Let X, be the sobapace af B, generated Ly the
pystem (3] for 3 = L. .. k. Let the matnxe T b= defined as [ollowa:

T= I"-"l.l.. ¥aduo oo Yima YaLs Yo oo Ying

e Wk Wiy - :-""l-'lu]:-

whete wpy, ..., ¥y brany basiafor X;, 7 =1,. & and T ia nonsingular matriz
Tranalopmatios x = Ta reduces the syatem x° = Cx  Fx] to the systsm
' =T'A Tz + T "F(Ts}. 4]
Far distinct real sigenvalze o, af malnx ) can be woillen
£ = dzzp o+ (Lo, .., Fa), (5}

wheee i =1, ,m and T'F{Ta) = f = {fi,-.., fa)".
Cemaider second system of the differestial eysations

W = itk 4+ filgn,. . 9y &)

where s = 1, ..., &
This ineyguality =ill he applisd in what follows.

Temma 1 L=t g, A, @, @), 6 ore cordinucuy nenmsyding Jrnctionz, ¢ are
Co ek A o iﬁ-npﬂfh!l-l,lf Juzcbony onoislomel |:.'.|I :'b-\_"']l ot 4 are CodtiRnans ;.tli.'-slh.l.'i

Hurresing fancteoss on indersal 0,00 amd s = 1,... . Then the tneguabilos
defimed forw >0
u ':':.: <o I:.fll + g:l.l:.'] Jr I'll[:':l.'.r1l_l:.'h:|.|h‘.+l rf_l
By

implizs &he imegualilics

wl) < £ L ARt + [ witsibtsiasit, (5

Rfn) = f' %

wilare i =1,... ™
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and £ —-;:-{J.;] =0p>0fore=1,...,m,
Lo~ A o
o). — ;'E,l[ﬂ-f'.ﬂ.'l:ﬂ:' i JII:. LR

Flu} = min{ & [u]] {9

form = 0, B ix ghe dnserae fuaction of F osuch thet e}, i mithin the demuin
of definition of F-1,

It ix one of the generalimation of known lemma of I Bihari presested is 4.

Theoreny 1 Let fenclions r, A sebafy the comditions of Lemma 1, a; are
repsiive comrlenty, fnactcons i f are defined for —o0 2 3y < o0, —oo < W B,
iw i, .., ¢ and setisfying dhe boandy

..rl[‘: Fly- - rrﬂ:l - .|r: I:]|:|II|.. ' llq:ll = |I|-'|:::|1'.:|:_I-f.' - !_i.'.lll [IU:I

Wr, e B0 =1,... 0 Jf there exist positive real constomis o, &, [0 sech thad

| \a)] < o + Af2) 1)
I .
:IiTn -:""":"'."ih.l:s_ld':' < [l:]
'y

Lat o (6, wmie], 6 = L., v orr aoduteons af the spatese (3] miith dnitisd conafbions
Iilte) = 3] wud it], 1 = 1,... 0 are sclutions of the sysiem (&) with indleal
condilionr wily) = oF, Then for all ¢ > & > Qs o ft) - wiil, s = L....0
hemnaded wend

JJEII_ [z () — m(¥)] < ML, =1, .0

Ernaf Fram (4] and (6) fallews that

[ feh — goie)]e™" — [zite} — witehle = =

= e flnmla), .. zmalsl] = flemls). s} 4o
i
H_:'_Il,-lj“ml [‘EI]__ initial conditions and propesties of functioms r,2 = 1, = owe

hawe

lrele) = mlehle ™" £ fsd — gflle™ " + JF e (el (o) — gel2)le™ ) ds
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Thes from Lemma 1, for m = 1, we hawe

blt) = wiele™™ < B {Rills? = ol 4 [ emrhuta)d
Uwimg [11] we oblan
blt) — s (Ele™ € s 3 MRl — ofle] 4 e | & o) .

and from ([12] we bave
foale) — seleh] < me + MRl — gl - p, [ o s =
L

< et + MRl — el 4 M

el —mlel) i = 1, ..., 5 ae boumded with continzves lunctiona and for
a; < i=1,..,,m &> > we hare

o fift])| oM,
The proal of the theosrem 15 complhete.
Paper [10] presented ollowing thecoem.
Thearem 2 L=t ¥z, . ..'r,.] E I whsre 0 ar cloand, boutdad set Lat g,
i=1,...,n are sodudipay of (51 with indfiad conditions (6] = s.' e L ff emind

rewl constants &;, Ik, B, contismons functions g, & om clowed, bownded set I
and eetisfping the boxnds on £

Mokl ke iz, LT 2
=1

n
=3 B 4 K [13]
=L
Them emist condinmony funciiomy we o that ameguakitzes
wlth < k) 5 (e (14]
i=1,....mbhald for i > f >0

Wi cas applicate thearem 1, theorsm 2 ko sludy of the Hopheld neuron net-
wagks, if avime patameters of networka are not exactly.
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