CHAPTER 3
MAIN RESULTS

In this chapter we consider the neutral system (1.1) and the Hopfiled
neural network (1.2).
Throughout this paper, the following assumption is made on the systems (1.1)

and (1.2).
Assumption 3.0.1 There exist nonnegative constants ag, a; and ay such that

1f (&, (t), o[t = 7], 2]t = o))l < aollz()]] + axll2t = 7]|| + asllx[t — a]l], V2.

3.1 Neutral system

In this section, we will study the asymptotic stability of the equilibrium

x = 0 of neutral system
©'(t) + Cx'[t — 7] = Ax(t) + Balt — o] + f(t,z(t), z[t — 7], z[t = o])  (1.1)

where x(t) € R" is the state vector, 7 and o are positive constant time-delays,
Ae RV B e R" and C € R™*™ are constant system matrices and

f(t,z(t), z[t — 7],z[t — o]) is a nonlinear perturbation .

Theorem 3.1.1 Let ag, oy, and as be given in Assumption 3.0.1. The equilibrium
x =0 of (1.1) is asymptotic stability if there exist positive definite matrices P, G,
and Gy and positive constants 0, v such that for any positive constants «, 3 with

a+ 3 =1, the following matrices

1

Fi = ATP+PA+Gi+Go+ —K'GI'K + MTGy M + 36021 + 671 P? + 3yl 1,
(6]

Fy, = 3602 +3va2l +~'CTP?C,and

1
Fy = 36a3l + 3vyaal + BHTGl_lH (3.2)

are negative definite, where I = n x n identity matriz, K = C'PA, M = BT P,
H = B'PC and f = f(t,z(t),z[t — 7], z[t — o]).
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Proof. We employ the Lyapunov functional

V(z(t)) :yT(t)Py(t)—i-/t_ mT(u)Glz(u)du+/t_ o7 (u)Gox(u)du

g

where y(t) = z(t) + Cx[t — 7], by Eq. (2.9).

Then we have

Amin(P) 1| y(t) [I°< V(@ (?))- (3.3)

Since P is a positive definite matrix, we conclude that Ay, (P) > 0.
Thus V (z(t)) is positive definite.

The time derivative of V" along the solutions of (1.1) is given by
Vi) = yT(OPyt) +y" () Py (1) + 27 (£)Gra(t)

—2Tt = 7)Gat — 7] + 27 (1) Gz ()

—2"[t — a]Gax[t — 0]

= (@"(O)AT +2"[t = o] B" + fT)P(x(t) + Calt — 7))
+(@"(t) + 2" [t = 7]CT)P(Ax(t) + Balt — o] + f)
+a27 ()Gra(t) — 2" [t = 7]Gaft — 7]
+27 ()Gox(t) — 2" [t — 0]Goa[t — o]
= 2" (t) AT Px(t) + 2" () AT PCx[t — 7]

+a’' [t — o) BT Px(t) + 2" [t — o] BT PCx[t — 7]
+fTPx(t) + fTPCx[t — 7] + 27 (t) P Ax(t)
+27(t)PBx[t — o] + T (t)Pf + 27 [t — 7]CT PAx(t)
o [t — 7]CT PBa[t — o] + 27 [t — 7]CT Pf

_|_

+

2T (t)Gix(t) — 2"t = 7]Grat — 7]
(

+27 (t)Goz(t) — 27 [t — 0]Gax[t — 0]
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2T ()[ATP + PA + Gy + Gylz(t)
+2T () AT PCa[t — 7] + 2" [t — 7]CT PAx(t)
2 [t — o] BT Px(t) + o* (t) PBx[t — o]
+2T[t — o]|BT PCx[t — 7] + 2" [t — 7]CT PBx[t — o]
—(a+ B)z"[t — 7|Grz[t — 7] = 21|t — 0])Goz[t — o]
+fTPx(t) + 2T () Pf + fLPCx[t — 7]
+2T [t = 7|CT Pf
oT()[ATP + PA+ G+ Gylz(t)
+ot K xlt — 7] + 2Tt — 7] Ka(t)

o' [t — o] Ma(t) + =" ()M x[t — o]
[

+

+2lt — o|Haft — 7]+ 27 [t — 7|H 2|t — 0]
—az [t — 7]Gralt — 7] — B[t — 7]Gaalt — 7]
—2T[t — 0|Gozx[t — o] + fTPx(t) + 2" (t) Pf
+fTPCz[t — 7] + 2"t — 7]CT Pf

2T ()[ATP + PA+ Gy + Gyla(t)

+2T (K 2t — 7] + o[t — 7] K2 (t)
—lmT(t)KTGl_le(t) — azrft — 7)G [t — 7]

(07

+le(t)KTG;1Kx(t)
«

+2T [t — o|Mx(t) + 2" () M [t — o]

=z ()M G5 Mx(t) = 25t =0|Gexft— o]

+a" (MG Ma(t)

+27[t — o|Hz[t — 7] + 2 [t = 7| H z[t — o]

—%xT[t Ol HT G Halt — o] — B2t — 7Ghalt — 7]
—l—%xT[t —o|H'G Hat — o]

+fTPa(t) + 2" () Pf

+fTPCx[t — 7] + 2"t — T|CT Pf
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1
Viz(t) = 2Tt)ATP+PA+ G+ Gy + aKTG;1K + MTGS M]x(t)

—(VaGialt — 7] — G Ku(t)T

\/_
x(v/aGalt — 7] ‘TG”“"( )
(G2t = o] = GF Ma())"
«(GEzlt = o] — G Mx(t))

1

22t — 7| — L 2 Halt = o)T
_(\/BG1x[t ] \/BGI Haxlt )
\/BG%x[t — 7] — —=G{* Hz[t — 0]),by Eq. (2.10)
+%xT[t Ol HT G Halt — o] + fLPa(t)
+2'(t)Pf + fFPCz[t — 7] + 2|t — T]CT Pf (3.4)

Using Lemma 2.4.1, the term f7 f on the right-hand side of (3.4) satisfies the

following inequality:

=P < (oo llo®) I +au || 2lt — 7] || +ae || 2ft = o] [)*

VAN

IN

Bag [l x(t) I +30q || [t — 7] |I* +303 || z[t — o]

3adz” (t)x(t) + 32t [t — 7]t — 7]

+3a32” [t — o]z[t — o). (3.5)
Again, by using Lemma 2.4.1 and (3.5), the other terms on the right-hand side of

(3.4) satisfy

fTPa(t) + 2" ()P < 3f7f+ 02T (1) PPa(t)
< 3daga” (t)x(t) + 30adaT[t — rlelt — 7]

+36asx’ [t — o)zt = o] + 67T (1) PPa(t).
and

ffPCz[t — 1)+ 2t — 7]CTPf

IA

YT+ 2t — 7)CT PPCOx[t — 7]

IN

3vaga () (t) + 3yaia [t — T]xft — 7]
+3yazz’ [t — ozt — o]
4y~ Tt — 7)]CT PPCx[t — 7).
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Where 9, v are any positive scalars.

Then, we obtain

1
Viz@®t) < sTW)[ATP+PA+GL+Gy+ aKTGl—lK + MTGMx(t)

~(VaGialt ] - %GFK:W

1

\/EGF Ka(t))

x (vaGZ alt=7]

(G3zft — o] — G Ma(t))"
x(GEalt — o] — G Mx(t))

2 L o# x[t — o7
_(\/BGlx[t_T] 7 ﬁGl Hzlt 1)
«(\/BGEalt — ] - %Gflh@[t o))

+35a2z” ()2 (t) + 30adxT [t — T)a[t — 7]

+35a32 [t — ozt — o] + 5 2T (t) PPx(t)

+3yadat (H)(t) + 3yada [t — 7]x[t — 7]

+3yaia’ [t — o)zt — o] + v 2t — 7]CT PPCx[t — 7]

—l—%xT[t — o|H'G{ 'Hal[t — o]

1
= 2 ()[ATP+PA+G + Gy + aKTGl‘lK
+MTG'M + 3603T + 6 P? + 3yadl]x(t)
+al [t —7][3003 T + 3yail +~ 'CT PPCz[t — 7

1
+2T[t — o][36a5T + 3yail + BHTGl_lH]x[t — 0]

_(JaGd - 7] %G Ka(t)?
< (VaGE 2]t =] —%Gﬁ Kx(t))
—(Gizxt — o] — Gy? Mx(t))T
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<
0
=
S~—
S~—
IN

1
eT(t)[ATP + PA+ G+ Gy + EKTGl‘lK
+MTG'M + 3601 + 6~ P? + 3yaiI)x(t)
2 [t = 7][30%1 + 3va2l + v 'CT PPC|x[t — 7]
+2"'[t — o][36a3] + 3yasl + %HTGllH]x[t — 0]
= 2T () Fw(t) + 27 [t — 7| Foxft — 7] + 27 [t — o] Fya[t — o]
A (F |2 ()] + Amax(F2) | 2(8)]* (3.6)
Hhmax (F3) [ 2 (0], by Eq. (2.9).

IN

Since Fy, Fy and F3 are negative definite, we conclude that Ap.x(F1) <0,
Amax(F3) < 0 and Apay(F3) < 0. Thus V'((t)) is negative definite. By (3.3) and
(3.6), it now follows from Theorem 2.1.3 that the equilibrium x = 0 of system
(1.1) is asymptotic stability. This completes the proof. O
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3.2 Hopfiled neural network

In this section, we will study the asymptotic stability of the equilibrium

x = 0 of the Hopfiled neural network

o (t)+Ce'ft— 7] = Ax(t)+ BT (x|t — o])z[t — o]

+f(t,z(t), z[t — 7], x[t — o]) (1.2)

where z(t) € R" is the state vector, 7 and o are positive constant time-delays,

A =diag{a,...,an}, a; >0,1=1,2,....,n, B € R and C' € R"*" are constant

system matrices, T'(x) = diag{o1(z1), ..., 0n(Tn)}, oi(x;) = s":(fi)

and
f(t,z(t), z[t — 7], z[t — o]) is a nonlinear perturbation, where s; is monotonically

increasing for ¢ = 1,2, ..., n.

Theorem 3.2.1 Let o, aq, and as be given in Assumption 3.0.1. The equilibrium
x =0 of (1.1) is asymptotic stability if there exist positive definite matrices P, G,
and Gy and positive constants 0, v such that for any positive constants «, 3 with

a+ (B =1, the following matrices
1
Fy = ATP+PA+ G+ Gy+ —K'G'K + WTGY'W + 35ag] + 61 P? + 3ya] 1,
a
Fy = 36021 +3ya2l + v *CTPPC, and
1
Fo = 3803l + 3va3l + BZTG;lZ (3.7)

are negative definite, where I = n x n identity matriz, K = CTPA,

W = PBT(z[t — o)), Z = T(z[t — a])BTPC and f = f(t,z(t),z[t — 7], z[t — 0]).

Proof. We employ the Lyapunov functional

V(z(t)) :yT(t)Py(t)—l—/t_ xT(u)Glx(u)dqu/t_ o! (u)Gox(u)du

where y(t) = z(t) + Cz[t — 7], by Eq. (2.9).

Then we have

Amin(P) [ y(t) [P< V((t)). (3-8)
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Since P is a positive definite matrix, we conclude that Ay, (P) > 0.
Thus V(z(t)) is positive definite.
The time derivative of V' along the solutions of (1.2) is given by

Vi) = y"(@Py(t) +y" (&) Py (t) + 2" (t)Gra(t)
—2T[t — 7Gxt — 7] + 27 (1) Gox(t)
—2' [t — 0]Gax[t — 0]
= ("WAT + 2"t — 0T (2]t — o]) BT + f1)P
X (z(t) + Cx[t = 7))
+(2"(t) + 2"t — 1)ICTP
x(Ax(t) + BT (z[t — o))z[t — o] + f)
+2' ()G (t) — 27 [t — 7)Graft — 7]
)

27 (t)Gox(t) — 2T [t — 0]Gax[t — 0]

I
8

(
(
T()ATPa(t) + 2" (t)PAx(t)
+aT () AT PCx[t — 7] + 27 [t — 7]CT PAx(t)
+a' [t — o] T (z[t — o]) B" Pux(t)
+2"(t)PBT (2]t — o])z[t — 0]
42"t — o] T(2[t — o)) BT PCx[t — 7]
+2"[t — 7]CT PBT ([t — o])x[t — 0]
+fTPx(t) + fFPOx[t — 7]
+zL (O Pf + [t — 7ICTPf
+2T (t)Grz(t) — 27 [t — 7]GLz[t — 7]

+27 (t)Gaz(t) — 27 [t — 0]Gax[t — 0]
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2" (t)[ATP 4+ PA+ G, + Ga)z(t)
+at () AT PCx[t — 7] + 27 [t — 7]CT PAx(t)
2l [t = o)T(z[t — o)) B Px(t)

+2T (t)PBT(z[t = o])z[t — o]
+2' [t — o| B PCT (2t — o])x[t — 7]

[
g [t — 7]CT PBT (xt — o))z[t — o]

—(a+ Bz [t — 7)Giz[t — 7] — L[t — 0]Gax[t — o]

+fTPx(t) + 2T (t)Pf + fEPCx[t — 7] + 2" [t —
zT(t)[ATP + PA+ Gy + Galz(t)

+2l K 2t — 7]+ 2T [t — 7] K2 (t)

+alt = o]Wa(t) + 2" (W alt - o]

+2l[t — o) Zx[t — 1) + 27|t — 7)Z7 2]t — 0]

—azT[t — 7|Gra[t — 7] — Ba [t — 7Gazlt — 7]
—2l[t — 0]Goz[t — o] + fLPx(t) + 27 (t)Pf
+fTPCax[t — 7] + 2" [t — 7)CT Pf

o ()[ATP + PA + Gy + Gy)z(t)

+2" (K 2zt — 7] + 2T [t — 7] Kx(t)

LT KTGA Ra(t) — aalt = 7]Ghalt — 7]

«

+$xT(t)KTG1_1K:c(t)

+27 [t — o) Wa(t) + a2 () W[t — o]
— 2T (WG Wa(t) — o[t — ]Gzt — o]
42T (OWT G W a(t)

+al [t — o) Zz[t — 1) + 21|t — 7] Z7 2]t — 0]

T|CTPf

o't — 0| ZT G Za[t — o) — B2 [t — 7Gxt — 7]

1
+BazT[t — 0| ZT G Za[t — o]

+fTPx(t) + 2T () Pf + fFPCx[t — 7] + 27|t —

T|CTPf
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1
V@@)::F@MW+PAH%+%+aK%fK+W%$me

~(VaGialt 7] = =G Ka(t))"
M¢&ﬁxw;ﬂii%GFKﬂﬂ)
—(G3zft = o] = Gy Wa(t))"
w(GEalt = o] — G Wi(t))

—~

Balt = 1] - =G F Zelt = o))"
VBGialt - 7] V@Glz[t )

1 1 =
X(\/PBGixlt — 1] — —=G* Zz|[t — o)), by Eq. (2.10
(V/BGT alt — 7] Niiak t—oal) (2.10)
1
—l—BxT[t —0|ZYGM Za[t — o] + fLPx(t)
+2T () Pf + fFPCz[t — 7]+ ™[t — 7]CT PYf. (3.9)
Using Lemma 2.4.1, the term f7 f on the right-hand side of (3.9) satisfies the

following inequality:

FRr=lf < (eolla®) Il +au | oft — 7] || +a || 2ft — o] [)*

VAN

IN

Bag [l x(t) I +30q || [t — 7] |I* +303 || z[t — o]

3ala” () (t) + 322 [t — Tt — 7]

+3a22T[t — olz[t — o]. (3.10)
Again, by using Lemma 2.4.1 and (3.10), the other terms on the right-hand side
of (3.9) satisfy
ffPx(t)+ 2" )Pf < 5fTf+6 2T (t)PPx(t)
< 36agx’ (H)z(t) + 36aix” [t — Tzt — 7]

+36asx’ [t — o)zt = o] + 67T (1) PPa(t).
and

ffPCz[t — 1)+ 2t — 7]CTPf vfTf +~ 72t — 7)]CT PPCx[t — 7]

IA

IN

3vaga () (t) + 3yaia [t — T]xft — 7]
+3yazz’ [t — ozt — o]

—I—fy_le[t — T]CTPPCx[t — 7.
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Where 9, v are any positive.

Then, we obtain

1
Viz(t) < 2T@)[ATP +PA+Gy+Gy+ aKTc;;lK + WG Wla(t)

~(/aGHalt 7]~ =G Ka(t)"

X (VaGiaft—1] - %GFKx(t))
~(GRalt— o] — GF Wa(t))T

< (GEzlt — o] — G Wa(t))
C(JACEalt — 1] - %Glle[t _t
< (\/BCEalt — 7] — %Gfo[t o))

+30agx” (t)x(t) + 36z [t — ][t — 7]
+30asx [t — ozt — o] + 6 1al (t) PPx(t)
+3yada” (t)x(t) + 3yata [t — T)xft — 7]
+3yazz” [t — o)zt — o] + v 2Tt — 7]CT PPCx[t — 7]
-l—%xT[t —0|ZY G Za[t — o]

= 2T()[ATP+PA+ G+ Gyt éKTGl‘lK
+WEG'W + 36081 + 671 P* + 3yaiI)x(t)

42 [t — 7][3802T + 3va2T + v 'CT PPC)x[t — 7]

42Tt — o|[3002T + 3yall + %ZTGllZ]x[t 2 o]
1 1 =1
—(vVaG?z[t — 7] — —=G2 Kz(t))"
(VaGiz[t — 7] Ta (1))
< (JaGiaft — 1] %GF}@@))

(Gt = o] = GF Wa(t))
x(GEalt — o] — G Wa(t))

%m -7 —L Xy zlt — o))"
~(v/BGEalt - 7] \/3G1 Zz[t — o))
K (VBGEalt — 7] — —=G 7 Zalt — o))

VB
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<
0
=
S~—
S~—
IN

1
eT(t)[ATP + PA+ G+ Gy + EKTGl‘lK
+WEGT'W + 36051 + 6~ P* + 3yaiI)x(t)

2 [t = 7][30%1 + 3ya2l + v 'CT PPC)x[t — 7]
1
g
= 2T (t)Fyx(t) + 27 [t — 7] Fsaft — 7] + 27|t — o] Fex[t — 0]
A (FO) 2 ()] + Amax(F5) [|2(8)]*

FAmac(Fo) 2812, by Bq. (2.9). (3.11)

42" [t — 0][36a3] + 3yail + = ZT Gy Z)x[t — o]

IN

Since Fy, F5 and Fg are negative definite, we conclude that Ap.x(Fy) < 0,
Amax(F5) < 0 and Ao (Fs) < 0. Thus V' (2(t)) is negative

definite. By (3.8) and (3.11), it now follows from Theorem 2.1.3 that the
equilibrium z = 0 of system (1.2) is asymptotic stability. This completes the
proof. O
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3.3 Numerical Examples
Example 3.3.1 Consider the neutral system :

o' (t) + Co'[t — 7] = Ax(t) + B[t — o] + f(t,z(t),z[t — 7], z[t — 0])  (3.12)

0 1 0 05 ~0.1 0
A= . B= . C = ,
~11 —02 =02 0 =02

Fe ) 2t 1), 2t —oly = x1(t)sinwy (t) + x1[t — 7]sinzy(t) e 03 and

To[t — o]coszy(t)
o = 0.3, and the initial condition of the system is as follows:

z(t) =10.5¢!, —=0.5¢ 77, for any —0.3 < ¢ < 0.

Let
1t z@),z[t — 7], z[t —oD|I* = (21(t)sinai(t) + 21t — 7]sinxi(t))?
ta3[t — o|cos®xy(t)
< 223 (t)sin’my(t) + 2x3[t — T]sin’x1(2)
+a5[t — o]cos®ry(t)
< 2@ + 2ll=ft = 7N + ll=ft — ]I,
we obtain
It a(®),«lt = 7], alt — oDl < V2Ol + V2lalt — 7] + alt - o]l
Let
0.0462 —0.0356 0.7666 —1.0195
= y 1 pu—
—0.0356  0.1187 —1.0195  1.3969
0.0564 0.0750
GQZ ,(340:\/5,051:\/5,052:1,
0.0750 0.1028
and
- —3.8915 — 0.6892 + 65 + 0.00345 + 6 0.3698 4 0.01251 — 0.00583
1 =

0.3698 + 0.0125+ — 0.0058% —4.5846 — 1.96301 + 66 4 0.01545 + 6



23

. —4.5618 + 60 + 6 + 0.0039=
2 pr—
0.5232 — 0.0296%
—3.3596 — 1.25601 + 65 + 6
F3 - g
0.0273 + 0.4621%

By using Matlab’s, we may show that F,

Sec. 2.4.3, we obtain 0.0511+40.11303+0.2078a < § < 0.1450+0.043054-0.2110«
and 0.27054 0.24365 4+ 0.3370c < v < 0.4023 4 0.51305 4 0.4478« for any positive

constants a, 8 with o + 8 = 1.
It follows from Theorem 3.1.1 that

(3.12) is asymptotic stability.

We illustrate 3.3.1 when o« = 0.5, § = 0.5, 0.2115 < § < 0.272, and
0.5608 < v < 0.8827 by using the fourth-order Runge-Kutta method with step

size 0.001 in Figs. 3.1 and 3.2. In these figures, one can see that the neutral

system is asymptotically stable.

0.5232 — 0.0296%
—4.5761 + 60 + 67 + 0.0258%

0.0273 + 0.4621%
~4.1756 ~ 0.5070% + 66 + 64 '

Fy, and F3 are negative definite, and by

the equilibrium x = 0 of neutral system

0.4

0.2

-0.21

0 1 2

t

3 4 5

Figure 3.1: the time response of the state x; of the system (3.12)
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0.2]

0.1]

-0.1]
-0.2]
-0.3]

-0.47

-0.57

Figure 3.2: the time response of the state xo of the system (3.12)

Example 3.3.2 The Hopfiled neural network :

o (t)+Ca't — 7] = Ax(t)+ BT (x|t — o])z[t — o]

+f(t,x(t), z[t — 7], z[t — o) (3.13)
Let
-26 0 1.1 1
si((t)) = 0.5(|zs(t) + 1] — |ai(t) — 1)), A = , B = ,
0 —1.1 —0.2 0.1
B —0.1 0
| 0 —02
T(et=s]) = 0.5(|z1[t — o] + 1| — |xy[t — o] — 1)) 0
0 0.5(|xaft — o] + 1| = |22[t — 0] — 1])

(b 2(0),2lt —r], 2t — o)) = xq(t)sinxy () + x1[t — 7]sina(t) 7 —0.3 and
To[t — o]cosza(t)

o = 0.3, and the initial condition of the system is as follows:

z(t) = [0.5,0.5]7, for any —0.3 < ¢ <0.
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By following inequality
I f(t, 2(t), 2]t — 7], 2t —o))|? = (21(t)sinzi(t) + z1[t — 7]sina(t))?

+a3[t — o]cos®xo(t)

< 223 (t)sintay(t) + 203[t — T]sin’x(t)
+a3[t — olcos®xy(t)
< 2lz@)* + 20t — 7)I* + [t — oI,

we obtain

If(t (1), alt =] alt = o]l < V2la)ll +V2aft - 7]l +lz[t = o]l

Let
0.9906 0.8820 0.0725 —0.0389
- y 1= )
0.8820  5.7641 —0.0389  0.0567
0.0512 —0.0657
G2: ,(10:\/57061:\/5,062:1,
—0.0657  0.0834
and
A —6.7894 — 2.5841 + 60 + 1.55583 + 6 7.0653 + 0.95891 + 5.95761
4 — 7
7.9653 + 0.95891 + 5.95761 —0.5742 — 0.0892 + 60 + 34.00275 + 6
h —0.7246 4 60 + 6y + 0.0457% 0.7681 + 0.1578%
5 U
0.7681 4-0.1578 —52.6802 + 60 + 6 + 0.1258
- —2.8839 — 3.25604 + 60 + 6 0.0766 + 0.00215
6 pu—
0.0766 4 0.0021 5 —5.5050 — 0.3760% + 60 + 6

By using Matlab’s, we may show that F}, F5, and Fy are negative definite, and by
Sec. 2.4.3, we obtain 0.1011+40.4430cc+-0.54013 < ¢ < 0.4136+0.2598+0.26073
and 0.021540.1693a+ 0.3798(3 < v < 0.1128 4+ 0.3831ar + 0.44300 for any positive
constants «,  with aa + = 1.

It follows from Theorem 3.2.1 that the equilibrium x = 0 of the Hopfiled
neural network (3.13) is asymptotic stability.

We illustrate 3.3.2 when @ = 0.4, 8 = 0.6, 0.6042 < 6 < 0.6739, and
0.3171 < v < 0.5318 by using the fourth-order Runge-Kutta method with step
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size 0.001 in Figs. 3.3 and 3.4. In these figures, one can see that the Hopfiled

neural network is asymptotically stable.

0.67
0.4

0.2

0.24—F/—F—T—T—""T T T T T T T T T T T T

Figure 3.3: the time response of the state z; of the system (3.13)
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Figure 3.4: the time response of the state x5 of the system (3.13)



