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Abstract: Here we have presented signal propagation delays in complex recurrent neural network. The type of connection possible is
generally referred to as the architecture of the neural network. Whenever the neural network makes a mistake, some weigh and some

thresholds have to be changed to companion for this error.
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1. Introduction

The amount of time it takes for the head of the single to
travel from the sender to the receiver it. i.e. signal
propagation delays are being represent everywhere in
biological system. When timing falling behind is of the
property of relative size or extends as the typical time scale
of a particular process.

Many of the current leaders in the field began to publish
their work during the 1970’s. The early work of Tevuo
Kohonen [7] dealt with associative memory nets. Grossberg
[8] work which was very mathematical and very biological
is widely known. Reilly and cooper [10] used a “Hybrid
networks” with multiple layers. Each layer using a different
problem solving strategy.

Also in 1982, there was a joint USA. Japan announced a
new fifth generation effort on conference on neural
networks. In 1985, parker’s [12] work come to the attention
on the parallel distributed processing group led by
psychologists David Rumel Hart of California at San Diego
and James Mc Clell and of Carnerger, refine and publish it.

The binary stream was initiated by the classical Mc Culloch
and Pitts [1] model of thresholds logic systems that describe
how the activities or the short term memory (STM) traces.
Caianioello [2] used a binary STM equation that is
influenced by activities at multiple times in the past.

Rosenblatt [3] used on STM equation that evolves in
continuous time, whose activities can spontaneously de cay.
Widrow [4] drew inspiration from the brain to introduce the
gradient descent Adeline adaptive pattern recognition
pattern. Anderson [5] initially described his institutions
about neural pattern recognition using a spatial cross
correlation function. Kohonen [6] made a transition from
linear algebra concepts such as the moore-pen rose pseudo
inverse to more biological motivated studies that are
summarized in his book Kohonen, [9], [11].

Here we take this system

zZ(t)= —z(t) + g(z(t — 1)) (1)

Here we see that this system described by the set of equation
(1) may have more than one equilibria but there are
conditions for which such a system will have a single
equilibrium point. Indeed, system (1) can be written as

z'(t) = —Ez(t) + A.g(z(t - T,)) (2)
Where E is the nxn identity matrix, z = (z1, Zo...., Zn)"

glz(t —t,)] = l.(h(zl(t - Tl))'-
g2(z5(t = 1.)), v, G2z (t — ‘rn).)]T

and
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Definition (1): Denote B the set of all solutions of system
(1), the norm

| z lI= Supeer
| z(t) |, then (B, ||. || construct a Banach space.

Lemma (1): The solution of system (1) is globally bounded.

Proof: Since the activation functions Zi{f~Ti)gre
bounded. Then in system (1) there exists M; (i = 1,2,...., n)
such that zi(t) < M; (i = 1,2,...., n). Let M = max{My, M,,...,
M} then| z;(t) I< M. Hence z (t) is globally bounded.

Lemma (2): Suppose that w; # 0 and there exists a set of n;
€ (0,1],i=(12,...... , N). Such that 0 < oMy < M < =+ <
onMn < 1 holds. Then there is a unique equilibrium point for
that system (1).
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Proof: An equilibrium point z* is a constant solution of
system (1) i.e. it is satisfies that the time delays do not affect
the number of equlibria. Indeed if a set k =
= {z:ze Band z satisfies -Ez + Az (2) =0} Then k is a closed

compact subset of B. For any z ¢ k., define a map

H(z) = (Hy(2),Hs(2), ... ...lln(z))r =—Ez + Ag(z)

Hl(Z) ==Zgq4+ 2[;[(2[4.1) F (l' =12,..n— l))

Hy(z2)= —2p + w191 (21) + @292(22) + -+ + Wp—1gn-1(2Zn-1)

We will so that H is a contradiction mapping on k, system
(1) has a unique equilibrium point for any Z € k.
Since —Ez+ Ag(z) =0

Then.

z; = g1(2;)
z; = g5(23)
z3 = g3(z,)

Zn-1 = gn-1(zn)
Zn = “’lgl(zl) t: “’292(22) o R 5 wn—lgn-l(zn-l)

®)
Forany z,,2z5 € k withz, # zg.

We get
H(zo)~ H(zg) =-E[za— zg]+ Al9(z2)-9(25)](4)

Or
I!,(za)—l-ll(zb»)=—[zm— Z,n]+ [Q(Zaz)" 9(71?2)]
['Iz(za)—l'lz (Zﬂ)=_[2a2"' Zﬂz]+ [g(ZaB)— g(zﬂ?)]

Hy1(ze)=Hn-1(28) = =[Zatn-1) = Zgtn-v)]

+ [g(zan) — g(an)]
Hn(za) = Hn(zﬁ) = _[zan . Zﬂn] + wl[g(zal) =
g(zﬂl)] o+ Wnoy[9(Za(n-1)) — g(zﬁ(n-l))](5)

Note that g (z) is a monotonically increasing function |g(z)|<
land its derivative w.r.t. “z” Satisfies

dizg(Z) =g'(z) .

theng'(0) =1landg(z) <1 (z=0)
Let gi(z) denote the k™ iteration of g(z)

i.e.
9@ =g(9(g..-9(2))
Especially,

9:1(2) = g(2)
92(2) = g(9(2))
9:(2) = g(9(9(2))
Because.
Gicsr = Gk (@1 = gi41(2)]

=gk (2)[1- gis (DN[1- gi (2)] ... [1-g*(D] = 1
So we have,
Ges1(2) —gp(2) =1 (6)

For example,
9:(2) = g(g9(2)) < g(2) = g,(2)

It can be shown that for every integer k>1, g (z) is odd,
strictly increasing and bounded from (4.3), we get

_[Zan - Zﬂn] + wl[g(zal) - 9(2/31)] + wz[g(laz) - 9(2132)] VR

wn—l[g(za(n—l)) - g(zlﬂ(n—lJ)] = [Zan - Zﬁn] T wl[gn(zan)"gn(zﬁn)] +

w'z[gn—-l(zan)- In-1 (Zﬁn)] +

Wnaq [g(zrm)"g(zﬂn)]

From the mean value theorem, we have

g(za) 5 g(zﬂ) = gl(#)(za = ZB) 3

where lies between z; and z3 . from

(4.7) there exists y;,(i = 1,2,...,n) such that

_[Zan = zﬂn] + w, [gn(zcm) =9n (Zﬂn)] +
' Wy [gn-l(za'n) =9n-1 (z[s’n)]

F et @ny [9(Zan) - 9(2gn)]

= = [Zgn — Zﬁn] + Wy gn (1) [Zan — Zﬁn]+

W3 G- 9(H2) [Zan = Zgn] + vt
Wyoq géun—l [Zan ~ Zﬁn]

= —[zgn — Zﬂnl + 0Ny [Zgn — zﬁ'nl +

WoN3 [Zen — Zﬂn] + ot Wpo M1 [Zan — Zﬂn]

(7)

= "[zan - ZBn] + (W twang + -+ Wy Npeq)
[Zan — 2pn] (8)

Where nign+1-i() <1 (=1.2.....n-1)
So from 0 < w Ny twst)s + -+ Wpo Ny < 1
3 a®, (0 < @ < 1) Such that

" Hn (Za) s [ln (za) " =

Il _[za = Z/i] + w, [g(zal)" 9(231)] 5 o]
+ wn-l[g(za(n—l)) = g(zﬂ(n—l))] I

= | ~[ Zan — Zpal +

((“’lnl+w2n2 R PN | P 1) [Zan - Z[fn]
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= 0,, II [ Zan ™~ Z/;n] Il

< 0n I [Zan — 2ga] I 9

This implies that H, (z) is a contraction mapping on Kk,
similarly we have

g(zan) = g(zan) = g'('i)lzan - fon]
=9'®fw1[9(a)- 9(zp1)Hw2[9(za2)- 9(22)]+ -~

+ wn-x[g(za(n-n)‘ Q(Zﬁ(n—u)]}

= g'(O[wlgr'l—l(#'x)[za{n-l) = Zb‘(n—l)l
+ wzg;l—z(#é)lza(n—l) = zﬁ(n—l)] R

+ wn—lgi(#;x-l)[za(n—l) - z[s’(n—l)”
= g'(O{wimi+wan; +

+ “’n-l'l;:—l}[lza(n-n e Zﬂtn-l)]] (10)
Where n; =g;,_,(#) <1 (i=12,.... n—1)
So far

Hn (2}~ Hy(2g) =" [Za(n-1) = Zp(n-1)]+
9(Zan)—9(2gn)

There exists a &n-1 (0 < n-1 < 1) gych that

I Hy (zp) — Hy (25) I =

I= [Za(n-1) = Zgtn-1)]+9'(§) { (@ +w,m; +

+ Wp-1Mn-1)Zatn-1) = Zgm-n] }

(1)

= on—l I Za(n-1) ~ Zg(n-1) Il

This implies that H:(2) is also a contraction mapping on k.
Similarly one can show that H, (i = 1,2,... ........ , -2) are
contraction mapping on k. Therefore H is a contraction
mapping on k from the contraction mapping principle there
is a unique eqillibrium point for system (4.1). Note that g
(0)=0, so the unique equilibrium point is exactly at (0, 0,

Lemma: Suppose that “!i and there exists a set of
n: > 1 (i=12,..,n— 1) satisfying
M1 =Mz = =" = Nn-1_Sych that

2

M
holds. Then system (1) has a unlque equmbrlum point.

w,+ 2w2+n 0)3"‘

Proof: Let (u, v) represents the inner product of the vectors
wvek
sgn{u) = (sgn(wy),sgn(uz), .. ...,

Iw,,ll<l

sgn(uy,))" . for real u,

Sgn (u) defined by,
1 if u>0
Sgn(u) — 0 if u=20
-1 if u<0

Thenfor z4,zgekandz, # zg(i=12,...,1n).
We have,

(g(zm’) - g(zm)) sgn (zai — 2zpi)

=1 g(zai) — g(zpi) |

= g'(¢i) | zg4 — Zg; |

where 0 < g'(5) < 1

Where 0 <g'(¢;)< 1. Sincen, < ;< -
One can let

g'(g) = 1=

< Mt

(i=12,....,n—2)

Noting that g'(¢-1)@n-1 < nl lw, 4l .
Then

o) w < %w, + :—’wz + oot :"“ Wn-z +
1

2 n-2

|y, q 1

n—1

Therefore there exists 0 < & < 1 such that
(H(za)— H(zg)sgn (z, - z,,))
= =28y (2ai — 21) + T (9C2ai) — 9(21) ) +
@ [9(za) - g(ZI;,-)] sgn(za — zg)
=~ T | (22 — 260) 1+ 207 | (9Czad) — 9(251))
5 wi [9Ga) — 9(2p0)]
—Zm | (Zai — 2pi) | + Zie1 9'(5) |
(Zai = 2g1) | + Z1=1 @i9'(5) 1 (Zat — i) |
(12)

<ell 2y — 2g; I

This implies that H(za) # H(Zg) \whenever %= & 28
So H is one to one and (0, 0, 0, ....0)" is a unique
equilibrium point.

2. Conclusion

Here we have investigated a Complex Recurrent Neural
Network with time delays. By using fixed point theorem we
have shown that the Complex Neural Network has a unique
equilibrium point.
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