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Abstract. This paper investigates the adaptive synchronization of non-
linear complex dynamical networks with time-delays and sampled-data
by proposing a new adaptive strategy to coupling strengths and feedback
gains. According to Lyapunov theorem, it is testified that the agents
of sub-groups can converge those synchronous states respectively under
some special conditions. In addition, some simulations are proposed to
illustrate the theoretical results.
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1 Introduction

Synchronization is a ubiquitous phenomenon in nature, such as the consistency
of fireflies twinkling, Synchronized chirping of crickets and Synchronization of
beating rhythm of cardiac myocytes. In recent years, the synchronization prob-
lems of nonlinear complex dynamical networks have attracted great attention
and emerged a good deal of excellent works [1-4].

Synchronous methods of complex networks have emerged as the times require,
and one of the most significant methods is to design advisable adaptive strate-
gies for the relevant parameters, such as the coupling strengths and the feedback
gains [3-8]. In [5], adaptive synchronization of complex dynamical networks was
studied. Liu et al. [7] studied the adaptive synchronization of complex dynami-
cal networks governed by local Lipschitz nonlinearlity on switching topology. For
nonlinear complex dynamics networks, information interaction between agents
can be considered as sampled information [9-12]. In [9], the author gave the
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necessary and sufficient conditions for solving consensus problems of double-
integrator dynamics via sampled control and group synchronization of nonlinear
complex dynamics networks with sampled data was investigated in [11]. However,
time-delay is widespread in communication information among agents in real
life [1-3,5,10]. Sampled-data based consensus of continuous-time multi-agent
systems with time-varying topology was studied in [10]. The authors divided
the whole group into some sub-groups to research those synchronization, that
is group synchronization [11-14]. In [13], the authors considered the group syn-
chronization of complex network with nonlinear dynamics via pinning control.

Inspired by these literatures, we will consider the adaptive synchronization of
nonlinear complex dynamical network with time-delays and sampled-data in this
paper. The contribution of this paper are twofold. We first design effective adap-
tive strategies for the coupling strengths and the feedback gains, and present a
stability analysis of adaptive synchronization of networks with time-delays and
sampled-data. The second contribution is that the influence of adaptive strate-
gies, time-delay and coupling on synchronization of nonlinear complex dynamical
networks are considered.

An outline of this paper is organized as follows. Section 2 declares the model of
nonlinear complex dynamics network and gives some preliminaries. In Sect. 3, we
study the adaptive synchronization of nonlinear complex dynamics network with
time-delays and sampled-data. The simulation results are presented in Sect. 4.
Finally, Sect.5 concludes this paper.

2 Model and Preliminaries

Consider a complex dynamical network of N + M nodes with time-delays and
sampled-data described by:

F@i(te), mi(te — 7(te) + D cij(te)aij(@;(te — 7(tk)) — 2i(te — 7(tr)))
JEN1i
+ Z 35 (te)bijas (b — 7(tk)) + pa, Vi € £y, YVt E [y, tgy1]
=4 S (1)
F@i(te), zi(te — 7(tR) + D cij(tu)aij (@ (te — 7(tk)) — 2i(tr — 7(tr)))
JEN9;
+ Z ] tk)bux] k — T(tk)) + wi, Vi € 62: vt € [tkvtk+l]
JEN 1i
where x;(t) = (i1(t),zi2(t), - ,2in(t))T € R™ denotes position vectors of the

node i at time ¢, f(-) € R™ describes the intrinsic dynamics of network and
it is continuously differentiable, ¢;;(tx), di;(tx) represent the coupling strengths,
and 7(t)) denotes time-varying delays in transmission process. In this network,
=12+ N, l3=N+1,N+2--- N+ M, and X; = {a;li € {1}, X3 =
{z;]i € lo}. A7 is the neighbor of node i, A; € A7; U N3, where A1, (| AN =
D, M = {Ij € X1|aij > 0,1,7 € El}, Noi = {l‘j S X2|aij > 0,1,] € fg} If
node ¢ can get information from node j in the same group, then a;; > 0; otherwise
a;; = 0; If node 4 can get information from node j between different groups, then
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bi;j # 0; otherwise b;; = 0. Thus the coupled matrix A € RIWHM)*(N+M) cap bhe

written as NAN N M
X X
A_ All B12
- BM><N AMXM )
21 22

ail — Sl e a1N
where let S; £ a1 + aio + ...+ a;n, then A7 = ,
an1 ...CLNN*SN NxN
and
A(N+1)(N+1) — ON+1 - - A(N+1)(N+M)
Ao = : :
AN+M)(N+1) - GN+MY(N+M) — SN+M | ypser

represent the coupling configuration of the subgroups, respectively.
In system (1), the controller is

) - ci(te)hi(zi(t — 7(tk)) — Z1(tg — 7(tk))), 1€ 0
=Y — et hai(ty — 7(t) — oty — 7(ty))), i€ fo

(2)

=l

where Z1(t), T2(t) € R™ are the synchronous states, h; is an on-off control. If
the S{lstem is sampled date, then h; = 1; otherwise h; = 0.

The adaptive strategies on coupling strengths and feedback gains designed
as:
gk [(2i(ty — 7(tk)) — @5 (te — 7(t6)) T (@it — 7(tk)) — @5tk — 7(t1)))
+(@i(t) — 3 ()7 (@:(t) — &;(1)] iP5 € b

D =N (et — (t0) — (= () 1 (0 — 7(0)) — 5t — 7(00)))
+ (@i(t) — 35 (8) T (@i (t) — 35 (£)] 4,5 € L2
bigkij(x(te — 7(tr)) — T2t — ()" (25 (b — T(t1)) — T2 (tr, — 7(1)))
dij(tk): i€ L1,j € Lo ’ (3)
bigkij(aj(t — 7(t)) — Z1(tk — 7(86)) T (25 (b — 7(tk)) — 1 (tr — T(t)))
i €4la,j €4y

hlkl[(zl(tk — T(tk

)
. + (@i (tk) — Z1(tr))
¢i(ty) =

)

)

— @1 (tk — T(te)) T (@i (tr — 7(t)) — T (tk — T(t8)))
T(aits) —#1(tw))] i€

— B2tk — m(8))” (@i (b — 7(tk)) — T2 (tx — 7(t4)))
T(@itn) — F2(tr))] i € o

hiki[(zi(ty — 7(tk

+ (@i (tr) — T2 (tr

where ¢;; > 0, ¢; > 0, the constants k;; > 0 and k; > 0 are the weights of the
¢i;(t) and ¢;(t), respectively.

In the following, we will analyze the sampling period, which is an important
factor in the sampling information. Given a positive real number a and a sample
periodic T', we suppose that (see [12] in more detail)

tiv1 —t;=aly, Vi=0,1,2,---,

where tg < t; < --- are the discrete times; the node j can obtain information
from its neighbors and positive integer T; is a sampled time about the ith time
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(Vi=0,1,2,---) satisfying T; < T. Under this condition, a linear consensus pro-
tocol based on a linear estimation-based sampling period is designed as follows:

@ity + ) = @i (tg) — %x’i(tk) =(1- %)ii(tk)

B L))

Substituting system (4) into system (1), and let h =0,1,--- , T — 1, we can
have

Ti(tppr — @) = &ty + Tra — ) = (1 —

-2

T) X [f(zi(tk)azi(tk — )+ D eij(tp)ag; (it — () — x4t — T(tg)))

JEN 14

+ D dij(tr)bijag(te — T(tk)) + Hi] Vi€ Ly, VtE€E [tg,tr41ls
JEN o4
@ (t) =

h
(1— ;) X [f(zi(tk)a wi(ty — 7))+ D eij(tr)ag;(z;(ty — T(t)) — i (ty — T(tg)))
JEN 24

+ > dij(tR)bigei(te — T(tR)) + w] Vi € L2, Vt € [ty tp41l,
JET 1,

()
In order to solve the synchronization problem, we give the following assump-
tions and lemmas.
Assumption 1 [11]. There exist nonnegative constants p1 and ps such that
I f(a,b) = fc,d)|| < p1lla —¢|| + p2|lb—d||, Va,b,c,d e R".

Assumption 2. The coupling strengths and feedback gains are bounded, which
means that

leij @)l < cijs ldit)ll < dijy  Nlea(te)ll < e
Definition 1. Network is said to group synchronization if
T [[(a(6) o, ()] =0, Vi€, Jm |- E)] =0, Vi€
Lemma 1 [3]. Suppose that x,y € R™ are vectors, and in matriz M, the follow-

ing inequality holds:
20Ty < aT Mz +yT M1y,

Lemma 2 [5|. For any real differentiable vector function x(t) € R™ and any
n x n constant matric W = W7 > 0, we have the following inequality:

[/t;(t)w(S)der{/;(t)x(s)ds} < r/;(t) a7 (s)Wx(s)ds,t >0,

where 0 < 7(t) < 7.
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Lemma 3 [9]. If matriz A = (a;;) € RN*Y is the symmetric irreducible matriz,
N

where a;; = — > ai;, then all eigenvalues of matric A — E are negative
J=Lj#i
numbers, where matriz E = diag(e,0,- - ,0) with e > 0.

3 Main Results

In this section, we consider adaptive synchronization of nonlinear complex
dynamics network with time-delays and sampled-data. We have the following
theorems.

Theorem 1. Under Assumptions1-2 and Lemmas1-3, if coupled matrix
Aq1, Ao are the symmetric irreducible matrices, suppose that topology graph of
system (1) is connected and the time-delays are bound, then system (1) can be
steered to the synchronous state Z1(t) and Ta(t) by the adaptive strategies (3).

Proof. Define

h
(1- ;) X {f(li(tk)v zi(te — 7(tg))) — F(Z1(tg), T1(tp — 7(tx)))
+ D0 cij(tr)a;(®j(te — T(tk) — & (b — T(t6))) + D dij(t)bii @ (b — 7(tk)) + s
JEN 14 JEN o4
Vi€ Ly, VtE [tg,tri1]s
h
(1- ;) X {f(zi(tk)v @ (ty — 7(tg))) — f(Z2(tk), T2(ty — 7(tg)))

+ >0 eij(t)as; (@ (b — T(t) — T3 (b — T(t))) + D dij(te)bij@; (b — 7(ty)) + #1:]
JENo; JEN 14

Vi € L2, VtE [tg,tr41]

(6)
Construct a Lyapunov function as follow:

V(tk) = Va(te) + Va(te) + Va(te),
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where

() — 265 — )2
Vit =3 Y nm)+ Y 2 (w(tk)%?.zy p)

1€N 14 1€EN 15 JEN 14 “
(dis( tk -1)2 (citi) — 2e; — p)?
+ 2 > D T
i€EN1; JEN 24 kij €N 15 ¢
1 B B cij(ty) — 2¢ij — p)?
B = Y Hane) + Y Y Gl -2
i€EN 94 €N 2 JEN 20 *
(dij(t) — zdlj —1)2 (citi) — 2e; — p)?
3> by gt
1€N2; JEN 14 kis €N 24 ¢
Va(te) =7 > (201 +p2+ Z Cijij
€N 14 €N 14
tr . .
+ Z dijbij + hzcl) / (S —tr + T)(EZT(S)E'Z‘(S)C[S
€N o tp—7(tk)
+ 7 Z (2p3 + p4 + Z CijQij
€N 9 €N o
tr . .
+ Z dijbij + hici) / (S —tp + T):E?(s):%i(s)ds
iEN1; t—7(ty)

Differentiating Vi (tx), we can know

Vi(te) = (1— %) D& () [f@ilt), milts — 7(t))) — F(@1(tk), Ta (tk — 7(t)))]

i€N 1,4

+(1- %) > 5fiT(tk)[ D cislti)ai (&(te — m(te)) — &i(te — 7(t)))
1€N1; JEN 14
+ D di(tR)bigE (b — T(tk)) — ci(te )b (i (te — 7(tx))
JEN 24

*% Do D (eislte) = 2ei5 — plai [(@a(tr) — %5(t)) " (a(tr) — %5 (tx))

1€EN 1, JEN 14
+ (fi(tk = 7(tk) = & (tk — 7(tr)))T (& (tx — 7(tr)) — &5 (ts — 7(tx)))]
+ 5 Z Z i (tk) — 2dij — 1)wa] (te — 7(te)) %5 (tk — 7(tr))

ZE/‘/17..76/1/21

+ Y (eilts) — %ci — p)hq [ (b — 7(t))E: (b — 7(tx)) + &7 (B) 2 (tr)]-
€N 14

(7)
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Under Assumption 1 and using Lemma 1, we can have

. h h
Vi) S (L= 2o+ 2p2) 3 AR + (1= 2)see 30 2 (6 — m(t)E(tx — (1))

i€EN 14 i€

h 1
+ (1 - ;)5 Z Z ng(tk)aw (I] (ty — 7(t))

1€N1,T€EN 14

- i‘i(tk - T(tk))) (&5 (ty — 7(tg)) — T (tp — 7(tx)))

h 1
+(1- ; — Z Z PU(tk)a”:tl (te)&; (t) + (1 — E 5 Z Z dij(tk)biji?(tk)ji(tk)
lev‘l J€N 14 i€AN 15 JE€EN 24
h 1
+1-=)= > X 77(tk)bijijT(fk = T(tg)) @ (ty — 7(ty))
T 2 -
€N 1§ JEN 24
ho1 o ho1
(1= =)= ST e (thiE] (B)E () + (1= =)= S e (t)hi@] (b — T(t) & (b — 7(tg))
T2 7%, T2 é7.,

1 . . . .
+ > oD T (eijltn) = 2¢i5 — plags [(#(tr) — fj(tk))T(ii(fk) —z;(tx))
PEN1; GEN 14
+ (@i(te — 7(tg)) — T (tx — ()N T (@it — T(tg)) — Z5(t — 7(tr)))]
1
+ > STST (dij(tr) — 2dy; — b3 5 Tty — T(te))Z4 (te — T(tr))

P€EN 14 JEN 24
+ D (eilty) — *61 — )y [E] (b — 7(t))Ei (b — 7(t8)) + &7 (b)E (t)]

€N

As aresult of h=0,1,--- ,T; — 1 < T, and Assumption 2, we can get

Vi(tr) < (p1 + %m) > &l w)E! () + pz > & (b — T()E (B — (1))

1€EN 14 1€EN 14
1 - _ 1 _ _
+t3 Do D cijagd] (te)E(te) + 5 Do D digbyE] (te)E(t)
€N 15 JEN 14 1€EN 1 JEN 24
Z cihi@] (t1)Z: (k)
ZE N 14
p . . .
-5 Do D ai @itk — m(tk)) = &5(tk — T(t:))T @itk — T(8)) — &5 (tx — T (k)
€N 13 €N 14
-7 ST i (Ei(tr) — 5 ()T Eilte) — &5 (t))
1€N1; JEN 14
1
-5 D bigE] (k= T(tk))E; (b — T(tk))
€N 15 JEN 24
—p D hid] (e — T(tR)Filt — T(te)) —p Y haidy (tk)Fi(tr).
1€EN 14 i€N1;

Using the Leibniz-Newton formula:

tk

x(ty) —x(ty — 7(tg)) = / z(s)ds,

tkf‘l'(tk)

we can get that

T(te) = a7 (t, — 7(tr)) + ([ :b(s)ds)T.

k=7 (tr)
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Using Lemma 1, we can have

&7 (tr)F(t) = [@T(tk o (te) + (/t:;(tk) é(s)ds> T] [i(tk () + </t::(tk) a‘c(s)ds)]
< 287 (4, — () E(t — T(tr)) + 2(/:’“ i(s)ds)T(/ttk i(s)d5>

r—T(tg) r—T(tg)
T -~ tk T B
< 2% (t — 7(te))T(tk — 7(tk)) + 27'/ z; (s)z;(s)ds.

t—7(ty)

(8)
Thus,
Vi(ty) < Z [(2p1 + gpz) + Z cijaij + Z dijbij + Cihi]iT(tk — 7(tr))Z(tx — 7(tr))
PEN1; JEN1; JEN s

tk . .
+ Z [(QPI +P2)+ Z Cijaij + Z dijbij-‘rcihi]T/ i?(s)ii(s)ds

€N, JEN1; JEN9; tp—7(tg)

+pUIZ @ — 7@ 182k = 7@ -5 12N (e — 7))

1 (b = (00)]
(us — 1y | 1200 = 7@
@ (b = ()]

I (1)
1+ P(E @ 1Bl Dl )l (An — Hy) | 15200

&~ (tr) I
- % ST btk — TN T (@5t — T(t)))-
QEN1; JEN 25

Similarly, differentiating Va(tx), we can have

Va(te) < > (208 + gm + > cijaii+ > dijbij + cihi) (@t — 7(t:) T (@(te — T(tr)))

i€Ng; JENa; JEN1;
tk . .
+ Z (2p3 + psa + Z Cijaij + Z dijbij + Cihi)T/ i?(s)ii(s)ds
i€ g4 JEN 24 JEN 14 te =7 ()
+P(lZN+1(te — T 1EN2(te — @D 1N (B — 7 (86D

&1 (e — 7))
(Ass — Hy) 1% N2 (tr - ()

||?EN+IVI (tk - T(tk))H

lén a0
T P(lEn Ol IEn2@0l n s () (Asz — Ha) | 188201

1 842z () |

— 5 S b - )T @~ (),

€Ny GEN1;
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Differentiating V3(tx), we get

Va(ty) = 72 Z (201 + p2 + Z Cijaij + Z digbij + hici) & ()& ()

i€N 1 PEN 15 PEN 25
tr . .
_ Z (2,01 + p2 + Z cijai; + Z dijbi; + hici)/ i;(s)ii(s)ds
i€EN 15 i€EN15 P€EN 25 =7 (tg)
+72 Y @pstpat Y cijaig+ Y digbij + hici) & (te)E(t)
i€N 9 Q€N 25 iEN1;
Tk . .
- Z (2p3 + pa + Z cijai; + Z dijbij + hici)/ 2] (s)ii(s)ds,
i€EN 2, i€N 94 €N 14 te—7(tk)

Count up Vl(tk), Vg(tk), f/},(tk)7 we know that
V(ty) < Z (201 + gpz + Z cijaij + Z dijbij + cih;
i€ JEN1; JEN9;
— 5 PN @ — (60N @t — T(80)))

+ 72 Z (201 + p2 + Z cijai; + Z dijbij + hic; +10)\1)-7L63(tk)5€1:(tk)

i€ Q€N 15 P€EN 95
3
+ Z (203 + gPat Z cijaij + Z dijbij + cihi
i€EN o, JENo; JEN14

— 5 PR2) @tk — (8T @ — ()

472 ST (@es+pat+ D cija+ Y dighij + hics + pAo)ir (t)di (),

€N P€ENo; i€ 15
where A1, Ao are the minimum eigenvalue of Ay; — Hy, Ass — Ho, respectively,
with
H, = diag{hi} Vi € 41, Hy = diag{hi} Vi € {s.

From the conditions of Theorem 1, we known that the matrix H,, Hy are
diagonal matrices with at least one element equaling to 1. Since Ai1, Ay are
symmetric, all eigenvalues of A1; — Hy, Ass — Hy are negative from Lemma 3.
So A1 <0, Az < 0 and p > 0 is sufficiently large, therefore, V(t) < 0, all the
nodes of system (1) with time-delays and sampled-data can converge to their
own synchronous states asymptotically. The proof is completed.

Theorem 1 shows that when coupled matrix Aq1, Aoo are the symmetric irre-
ducible matrices, system (1) can synchronize. If coupled matrix A1, Ao are the
asymmetric irreducible matrices, the synchronization of the system (1) is given
by the following result.
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Theorem 2. Under Assumptions 1-2 and Lemmas 1-3, if coupled matriz
A11, Ags are the asymmetric irreducible matrices, suppose that system (1) is
connected and the time-delays are bound, then system (1) is steered to the syn-
chronous state T1(t) and T2(t) by the adaptive strategies (3).

Proof.

- EP S0 al@ite — (k) = 35tk — TEINT (@i (e — T(tR)) — T (tk — T(tR)))]
2 €N 15 5€N 15
—2p X ey @it - ) @it~ (0)

€N JEN 14

+op > > a4y @it — ()T (@5 (b — ()

Q€N 1, JEN1;

—2p 33 ai@k - o) @ - ()

€N 15 JE€EN 14

N

1
+5p 3 3 au(@t = T(e)T @alty — T(t)
PEN1; TEN 14
e ar (1B T
= p(131 (b — T 132tk — 7ERD, s 13w (1 — (e DALy | 182(t = 7))

12N (e — TR

Similarly,

- %p DD i@tk — T(tk)) — &5tk — ()T @tk — T(tk)) — &5 (tk — T(tr)))]
1€N 2 JEN 24
=p(IEN+1(te =TI 12842t — TN S 1Z8+ 0 (Ee — 7))
. 1Z N +1(te — 7(t))l
(A22 + Azz) 12 N2 (te — ()l
2 “ee

)

12840 (b — TRl

—%P DD aul@i(te) — 25 (te) T (@i(tk) — 35(tr))]
1€EN 15 JEN 14
e (1B
= P(lEa @)l a0l R Py | 172000
lx(ea)l

- %P Do D ail@itr) — &) @iltr) — 75(tr))]
€N 2, JEN 24
(1841 ()
MLA%) 2 N2 (i)l

|y 1 () D 3

= P(lEn+1(t0)l, |En+2(t)

2541 (E6)l
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Define the same Lyapunov function as Theorem 1, we can obtain

. 3 1
V(t) < > (201 + 5P2 + > cijaig+ D> dijbij 4 cihy — 5)(5(% — ()N T (@ (tg — 7(t1)))

i€ JEN1; JEN9;
+p(1#1(tx — 7RI B2t — 7(@ER)IL - 18N (B — 7 (ER)) D
- 121 (tp — 7(te))l
A1 + Aqq

: —Hy) l&2(tg ,iT(t’“))H
lzn (b — 7RI

+ 72 ST @12t Y cijai;+ Y. dijbij+th¢)5f(tk)ii(tk)

€N 14 i€N1; i€No;
- a0
+ Pz o)l 1220l - 2N ) ID(———— — H1) o
12 5 (tr) I
T Y estopt 3 eat 3 digbi ek — 2@t — )T Gl — (0
1€N 24 JEN 24 JEN14
+pIZN41(te — TR BN 42t — TN 12N (B — 7 (D)D)

- 12841 (ke — 7(t))I]
Ago + Azy Hy) | 1EN+2(t — 7RI
2 ..

12N (b — 7(tR))
+ 72 ST @pstpat+ (D cigag)+ (Y dijbig) + hici)E] (tr)E(tr)

i€ N, i€ N g; i€ 14
. T 2N 41 ()l
B B B 22 + Ay z t
Pl @l 20l ey (D222 — gy | V20
& 521 tr)
3 1 T ~
< ST @it et DL cijaig+ > digbig +cihg — = +pA1)ET (b — T(be))E(t — T(tg))
. ~ 2 . . 2
€N 14 JE€EN14 JEN 24
2 -7 -
+72 30 (21t p2+ D cijai;+ Y. dijbij + hicg +pA1)d; (tg)3i(ty)
€M1, i€ 1, iEN o,

3 1
+ > (es+ SPeat ST cijai;+ Y. digbij +cihi — 5 +p22)3 7 (tg — T(t6))F(te — 7 (tr))

i€ N oy JEN 9 €A1
2 AT, s
+72 30 (284 pa+ D cijaiz+ D digbij +hici +pA2)E; (tr)Fi(tr),
1€ 24 1€A 24 1€ 14

.. . A +AT Ao+ AL
where A, Mg are the minimum eigenvalue of Antdn g,y % — Ho,

respectively, with Hy = diag{h;} Vi € {1, Hs = diag{h;} Vi € L.

. . . An+AL Axp4AT
Even though matrix Aj1, Ass are asymmetric, matrix “; L 22; 22 are
. . Ay +AT Agy+ AL .
symmetric, thus, all eigenvalues of % — Hy, % — H, are negative

from Lemma 3. So Ay < 0, A2 < 0 and p > 0 is sufficiently large, therefore,
V(tx) < 0. Similar to Theorem 1, all the nodes of system (1) with time-delays
and sampled-data can converge to their own synchronous states asymptotically.

The proof is completed.

4 Simulations

Consider a complex dynamical network with N+ M nodes, where N = 3, M = 3.
Let the initial value of the 6 nodes is X (0) = [29 12 20 17 25 —7 22 9], the initial
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values of the coupling strengths and the feedback gains are ¢;;(0) = d;;(0) =
C; (O) = 0.01.
Take A1, Ass be symmetric as

-2 2 0 -3 2 1
A11 = 2 =31 * 0]., A22 = 2 —4 2 * 005,
0 1 -1 1 2 -3

and Ay1, Ago be asymmetric as,

-30 3 -2 2 0
A11 = 2 =31 * 01, A22 = 3 —6 3 * 005,
0 1 -1 1 2 -3
respectively.
010 120
Take Bio = |20 0 | *x0.1 and Bo; = |000]| *%0.1.
000.5 000

Figures 1 and 2 present that the effects of adaptive strategies for the syn-
chronization of nonlinear complex dynamical networks. Figure 1 shows the sim-
ulation results on the synchronization of system (1) without adaptive strategies,
where coupling matrices of sub-groups are symmetric. Figure 2 shows the simu-
lation results on the adaptive synchronization of system (1) with 7 = 0.2, where
coupling matrices of sub-groups are symmetric. Figures2 and 3 show the sim-
ulation results on the group synchronization of system (1) with 7 = 0.2 and
7 = 0.6, where coupling matrices of sub-groups are symmetric as Figs.2 and
3, respectively. From Figs. 2 and 3, we can see that all nodes of system achieve
synchronization and the coupling strengths and the feedback gains also tend to
be consistent. Figures3 and 4 show the simulation results on the group syn-
chronization of system (1) with 7 = 0.6, where coupling matrices of sub-groups
are symmetric or symmetric presented as Figs.3 and 4, respectively. Similarly,
all nodes of system achieve synchronization and the coupling strengths and the
feedback gains also tend to be consistent.

Position convergence Position convergence

20/ e

time
(a) positions

Fig. 1. Without adaptive strategies and time delay 7 = 0.2 when intra-group coupling
matrix is symmetric.
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Position convergence Position convergence
30 20
20 10
=~ 10 = o
o -10
1% 5 10 2% 5 10
time time
(a) positions (b) error
Adaptive coupling strengths Adaptive coupling strengths Adaptive feedback gain
30 10 0.5
8 0.4
20 6l 03
Ea Sl T
10 ﬁ 4 0.2
2 0.1
% 5 10 % 5 10 % 5 10
time time time
(c) c-ij (d) d-ij (e) c-i
Fig. 2. Intra-group coupling matrix is symmetric and time delay 7 = 0.2.
Position convergence Position convergence
30 20
20 10
=<~ 10 §7 o
o -10
1% 5 10 2% 5 10
time time
(a) positions (b) error
Adaptive coupling strengths Adaptive coupling strengths Adaptive feedback gain
20 0.8,
r
30 15| 0.6
o~ 20 - 10 o~ 0.4
10 5 0.2
[} - 0 [0}
0 5 10 0 5 10 0 5 10
time time time
(c) c-j (d) d-ij (e) c-i

Fig. 3. Intra-group coupling matrix is symmetric and time delay 7 = 0.6.
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Position convergence Position convergence

5 10 5 10
time time
(a) positions (b) error
Adaptive coupling strengths Adaptive coupling strengths Adaptive feedback gain
25 1.5

5
time time

() cri (d) d-ij

Fig. 4. Intra-group coupling matrix is asymmetric and time delay 7 = 0.6.

Conclusion

In this paper, we have studied the adaptive synchronization of nonlinear complex
dynamical networks with time-delays and sampled-data. Whether the coupled
matrix Ayq, Ago are symmetric or not, we have obtained the sufficient conditions
satisfying the local Lipschitz condition.
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