CHAPTER 5

Conclusion

This thesis has been investigated the synchronization problems for coupled NNs
with time-varying delays and hybrid couplings. Firstly, this work has been to study and
introduce a general array model of coupled delayed NNs with hybrid couplings for han-
dling synchronization problem. Global synchronization for coupled NNs has been studied
and analysed. The coupled NNs, with simultaneous presence of both the discrete and
unbounded distributed delays, is studied in the case of constant and interval time-varying
delay couplings. Furthermore, the problem of synchronization for coupled delayed NNs
with hybrid couplings designed by feedback and sampled-data feedback controls. Based
on the design of outer-coupling, inner-coupling, and some free matrices representing the
relationships between the system matrices, some sufficient conditions are systematically es-
tablished to meet the synchronization by constructing the improved Lyapunov-Krasovskii
functionals and Kronecker product properties. The criteria are derived in terms of LMIs
solved efficiently by standard convex optimization algorithms.

Secondly, the exponential synchronization for coupled NNs has been studied and
analysed. For exponential synchronization, the coupled NNs with presence leakage delay
has been studied in the case of constant, interval time-varying delay and distributed de-
lay couplings. The designed controller ensures the exponential synchronization of hybrid
couple delayed NNs are proposed via feedback and intermittent feedback controls. Based
on the design of outer-coupling, inner-coupling, and some free matrices representing the
relationships between the system matrices, some sufficient conditions are systematically es-
tablished to meet the synchronization by constructing the improved Lyapunov-Krasovskii
functionals and Kronecker product properties. The criteria are derived in terms of LMIs
solved efficiently by standard convex optimization algorithms.

Finally, numerical examples with their simulations and the obtained results are given
to show the effectiveness of the proposed method.

The following results are all main theorems of this thesis:
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5.1 Global Synchronization of Hybrid Coupled Delayed Neural Net-
works with Feedback and Sampled-Data Feedback Controls

1) Assume that assumptions 3.1-3.3 hold. The system (3.1) is globally asymp-
totically synchronized under the controller (3.2), if there exist positive definite matrices,
P,Q1,Q2,Q3,Q4, R, S1,52,53,Y , three diagonal matrices A = diag(¢1,...,t,) > 0,02 =
diag(k1,...,kn) > 0, A = diag(m,...,n,) > 0 and any real matrices 11,75, with appro-
priate dimensions, such that the following linear matrix inequalities (LMIs) hold for all

l=i<j=N:
T
Elij:Wij_[OOOOOOIO—IO}
xsg[o 00000T 0 —I o}<0,
T
EQij:Wij—[OOOOOO—IIOO}

x33[000000—1100}<0,

—0.1(51 —I-SQ) 3YT PE TE
* 3P 0 0
Y3 = < 0,
* * —P 0
* * * —P
=15 ToFE
5, = 2 12 <0,
* —-P
[ Wip Wia Wiz Wiga QJo ALy Wiz S1 S Wi |
* Wao ToB TA 0 0 Waz 0 0 D
* * W33 0 0 0 0 0 0 0
* * * —A 0 0 0 0 0 0
* * * x Wss 0 0 0 0 0
Wij = 1 ,
* * * * * kKR—A 0 0 0 0
* * * * * * Wrzz 0 0 0
* * * * * * * Wss 0 0
* * * * * * * * W9 0
s * * * * * * * * —%R ]
where k = 0+°O k(s)ds and

Wii = —PC-C"P—Ng,Pl'y—Ng,TTP-TC-C"T]
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3
~Ng{TiTy = Ngi TTT + 3 Qi — 098 — 0.98;

AR, — QJ) — ALy .

Wip = -Ty—C'Ty — Ngz‘ljFriFTQT,
Wis = (P+1T)B,

Wiy = (P+T)A+AR,

Wiz = —NgjPTy— NgiTily,
Wi = (P+T1)D,

Wap = 1051+ 735 +n°S3 — T,

War = —NgiToly,

Wiz = —(1-p)Qy,

Wss = Q4—8,

Wiz = —(1—p)Q1— 2853,

Wsg = —Q2— 51— 83,

Woo = —Q3— 52— S;3.

Moreover the memoryless feedback control is K = —P~1Y.

2) Assume that assumptions 3.1-3.3 hold. The system (3.1) is globally asymp-
totically synchronized under the controller (3.27), if there exist positive definite matrices,
P,Q1,Q2,Q3,Q4, R, S1,52,53, 71, Z2,Y, three diagonal matrices A = diag(t1,...,tn) >
0,Q = diag(k1,...,kn) > 0,A = diag(n1,...,n,) > 0 and any real matrices T}, T, with
appropriate dimensions, such that the following linear matrix inequalities (LMIs) hold for

alll=i<j=N:
18

<I>uj=M¢j—[000000104000}
x53[00000010—1000}<0,
<I>2ij:Mij—[ooooooq'foooor

x$5[0 00000 -1 1000 0]<0,

—0.1(51 —I—SQ) PE TWE
P; = * —-P 0 < 0,
* * —-P
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-1y THE
b, = E ? < 0,
* -P
[ 1 T
—=Z9 3Y
Oy = R <0,
* —3P
My, Myo Myz --- M2
x Moo Mps -+ Mais
M = * * Mz - M3z |,
* * * M12’12

where k = 0+°° k(s) ds and
My = —PC—-CTP—NgjPl'y—Ng,ITP-TiC-C'T!

)

3
~NghTily = Ngiy TTT] +3 Qi — 0981 — 0.95;

i=1
“AF - QJ; — AL — %ZQ + 7,

Mip = -Th—-CTT§ Ngz'ljF{T2T7

Mys = (P+T))B,

My = (P+T)A+AF;,

Mys = QJa,

Mg = ALy,

My = —NgPTy— Ng}Tils,

Mg = 51,

Mg = 5o,

Miiwo = (P+T)D,

NT0] a %227

My = 71181+ 7582+n°Ss —Th + hZo,

My3 = T3B,

My = THA,

M7 = —NgngQPQ,

Msi0 = 12D,

Mz = —(1—p)Qq,

Mys = —A,
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Mss = Q4—1Q,
Mss = kR-—A,

M7 = —(1—p)Q1 — 2853,
Mgg = —Q2— 51— 53,
Myg = —Q3— 95— 53,
1
Mg = _ER’
1
M1 = _EZQ;
1
Mii12 = EZQ’
.
Mis12 = —Z1— EZ%

0 = Myjo=Mos=Mseg=Myg=Mog= Ms11=Ms10=M34
= M3s5=Mss= M7= Mszg= Mzg= Msz10=Msz11= Ms2
= Mys=Mye=My7=Msg= Myg= My10=Ms11= My
= Mss=Ms7=Msg=Ms59= Ms10= Ms511 = Ms12 = Mgz
= Msg = Mgg = Mg 10 = Mg 11 = Mg 12 = Mz g = M9 = M7 10
= M711 = M7= Mgg = Mg10= Mg11 = Mg12 = Mg 10 = Mg 11

= My 12 = Miog11 = Mio12.

Moreover the memoryless feedback control is K = —P~1Y.

5.2 Exponential Synchronization of Hybrid Coupled Delayed Neural
Networks with Feedback and Intermittent Feedback Controls

1) Given a > 0 and suppose that assumption 4.1-4.2 hold, the system (4.1)

is exponentially synchronized under the controller (4.2) if there exist symmetric positive
definite matrices, P, Y, Q1,Q2, Qs, Q4, @5, Ry, Si, (I = 1,2, 3), three diagonal matrices A =
diag(e1,...,tn) > 0,Q = diag(k1,..., k) > 0,A = diag(ni,...,n,) > 0 and real matrices
T with appropriate dimensions, such that the following linear matrix inequalities (LMISs)
hold for all 1 =7 < j = N:
T
Elij:Mz‘j—{OOOOOOOIO—IOO}
xe‘za”Rg[o 0000O0O0OTIO0-I0 0]<0,
T
ZQij:Mij_[OOOOOOO—IIOOO}

xe‘Q"T?Rg[o 000O0O0OO0OS-ITTUO0DO 0]<0,
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where

Y4

My 4

—0.1le 22T Ry —0.1e72°2Ry 2YT PE
* —2P 0 <0,
* * —P
T TF
<0,
* —P
My Mo Mz -+ M2
¥ Moo Mygz - Msio
M = * x  Mssz --- Mgz |,
* % S M12712
4
—Ng},PTy — NgiTTP +2aP + > Q, — 0.9 Ry
r=1

—0.9¢72°T2 Ry — 72998, + kSy — QF| — ©.J; — ALy,
—e 2008, + TP,

—Ngj;TTy,

BTP,

QFy,

0J, + ATP,

ALy,

—Ng;T3 P,

e 2071 Ry,

672011'2R2?

—NgiT3P+D'P,

—e2(Q1 + S1),

—T&

2Ry + 2Ry + 1’ R3 + 0281 — T,
BTT,

ATTT,

—~NgiT3 T,

—~Ng}T3T" + D'T7,
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Myy = —(1—pm)e Qs
Mss = —-Q-Qs,

Mss = -0,

M7 = kS3—A,

Mgg = —(1—p)e Qs —e ™Ry — e **™Ry,
Mgy = —e ?°Rg,
Mg1g = —e 2R,
Myg = —e 2 (Q2+ Ry) — e ™Ry,
Migio = —e 2°2(Ry+ R3 + Q3),
My = —weﬂaksm
M1z = —weﬁaks&

0 = Migpn=Moy=Mos=DMyg=Mo7=DMyg= Msg
= Ms10=Ms11=Ms12= M35 = M37= M3g= M319
= M311=Mys=Myg=My7=Myg = Msg= My
= My11 = My12 = Mse = Ms7 = Msg = Msg = Ms19
= Ms511=Ms512=Mg7= Mg = Mg = Mg 10 = Mg 11
= Mg12 = M7g = Mrg= Mr10= M711 = Mr712 = Mg11

= Mg 12 = Mgy 10 = My 11 = My 12 = Mio11 = Mip12 = Mi1,12.
Moreover, the memoryless feedback control is K = —P~1Y.

2) Given 0 < a < ¢, and suppose that assumption 4.1-4.2 hold, the system (4.1)
is exponentially synchronized under the controller (4.32) if there exist symmetric positive
definite matrices, P,Y, Q1,Q2, Q3, Q4, Qs, Ry, Si, (I = 1,2,3), three diagonal matrices A =
diag(t1,...,tn) > 0,Q = diag(ky, ..., k) > 0, A = diag(n1,...,n,) > 0 and real matrices
T with appropriate dimensions, such that the following linear matrix inequalities (LMISs)

hold for all 1 =i < j = N:

T
(I)lij:Zij_[OOOOOOOIO—IOO}
Xe_MmRz[OOOOOOOIO—IOO]<0,
T
(1)21‘3':21]'*[0000000—[[000}

><e‘2‘”2R3[0 000O0O0OO0OS-ITTUO0O 0]<0,
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—0.le"20m R, —0.le 222 R, 2YT PE
¢3 = * —2P 0 <0,
* * —-P
-T TE
o, = <0,
x —P
_ T
<I>5ij=Zz-j—[000000010—100}

xe’zaﬁRg[o 00000O0TIO0 —I0 0]<0,

~

T
(I)Gz‘j:Zz‘j_{OOOOOOO—IIOOO}

xe‘QaT?Rg[o 000000 I T 00 0]<0,

and
—ad+ (e — a)(w=9) <0,
where
2y 2 Zi3 Z112
*  Zap Zag Z2.12
Z'L] = * * Z373 23712 ,
§ * * 212,12
21,1 Z12 213 Z112
*  Zao Zz3 Z212
21] = * * 2373 23712 7
* * % el 212712
4
Z11 = _Ngiljprl - NgiljrlTP + 2aP + Z Q, — 0.9¢ 22T Ry
r=Iil

—0.9¢ 202 Ry — 72998, + kSy — QF, —OJ; — ALy,

ZLQ = —6_2a051 + CTP,
Zi3 = —Ng,TTy,

Zia = BTP,

Zis = QFy,

Zig = O+ ATP
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AL,

—~Ng; T3 P,

o201 Ry,

e 22 Ry,
~Ng}T3P+ D'P,
—e 2 (Q1 + S1),
~TC,

2Ry + 2Ry +1?R3 + 0281 — T,
BTT,

ATTT,

—Ng;T3T",
~NgiT5T" + DTTT,

—(1 = p1)e "™ Qs,

Q- Q57
_67
kS3 — A,

—(1 — p1)e 2™ Qy — e * Ry — e 2™ Ry,

_672a7'2R37
—6_2aT2R3,
_e~2a7'1 (Q2 4 Rl) N 672047'2}%37

—e7292(Ry + R3 + Q3),

_a _k,u?)e—%aks%
e —km)e_mks?”

101 = Zoy = Zojs = Log = Log = Zog = Zog
Zono = Lol = Lojo = 435 = 437 = Z39 = Z310
2311 = Zas = Zae = Loy = Zag = 249 = 2410
Za11 = Zaj2 = Zse = Ls7 = Zsg = Z59 = Z5,10
Zsi1 = Zsj2 = L7 = Zeg = Lp9 = L4610 = L6,11
Ze2 = Zrg = Z19 = Zr10 = L1311 = Z712 = Z8,11

Zg12 = Z9j10 = Zo11 = Z912 = Z10,11 = £10,12 = 211,12,
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4
7y = —Ng,PT1—NgTTP+2aP+) Q. —e "Ry — e ™R,
r=1

_€—2a051 + k‘SQ - QFl - @Jl - ALl - QEP,

Zss = 72Ry+ 7Ry +n*Rs+ 028 — T —T7.

Moreover, the memoryless feedback control is K = —P~1Y.
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