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1 � �
)(�&)�� *'+*�+())* ,-*+,.*+!,,"*+/-!#*+

.*+$0%&-*+"'(1*/ [1−5]. 1998 #*Watts ) Strogatz 20$.%& WS 3
� *�&4 [1]; 1999 #* Barabási ) Albert 20$.%& BA +12*�&4 [3]. *'
10 3#+*'+*�564/57869&(70:&;,)1*<*-8=0+>.0+
9:$0++/$0/30$&0;2,&<1+?@*='+*�&-.;,A#>23
B4?@CAD(0;0$&4/<

EB/30 *5CD)&86EF0:&EFG)H*<45EF67&81<I5
'+*�&J2**�EB9#+72:3;,"8&3G(9*A#4/57'+*�
;,&864H;K<*' 10 3#<*L3;,"8I)E&=2-.MN&*�EB@
K* >/EB+5:EB+JEB+K7EB/ [4−8]. ?5&6�L7*'+*�EB4
5EF5?&;<8@* AMB=++FNO9*�+3C9"O,/<

>P9?&/*:P(@*�EB&;,DE?3/!@86+Q;F&GH*:<R
I/S**�EBA4Q;F<@+=&;J*'+*�R>BG<@EBCT*K.?:
*�EB)L>)4Q;F@�)<0S)�'&>.M9:1U**'+*�VFA:4
Q&;FILWT8EBCT*K4Q;FEB<8UAA4&XY*(@4Q;FEB&

* �NDB��OP (60821091, 60772158) Q 973 ZC (2007CB310805) EFR[V
DWEFX2009-09-03.
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;,DE)3YSG8UA4Q;FEBH/'+*�HIJ]�';<&86(70:
&IJ<

K9*(@8Z"L1U&4Q;F^[MM[@K*A48_D(&\] [9−14]. !
@K6^4&EFGN&&'+AT*�*(�-.MN$'+AT*�&4Q;FEB
(UXY [15–20]). V`Sa*)L_&M&bWc*(�O7$'+AT*�>X)4Q;
F@�)YNEB<Z[5*(�<86^4&=>_H�\dO$:P4Q;FEB&P
Q<:P4Q;FEB>X4e@`O*�A4)+=;]R>�)EB&@K*R_DE
=*�EB&�'9:;<V4!a&)�?: [21−27].

aX&!aD^ cbc 2 K7_:`P$aXdf&8_g?&!eSQ>RP$
'+AT*�&EB@KYc 3 K70Hf0$'+AT*�4Q;FEB&SgDEY
c 4 K7<86^4&=>�\dO$:P.?DEYc 5 K7_:TD>/h$'+A
T*�&D(9-<

2 �U��V��W�X
8ZSa*g G ÆWcK6!aa&Y5bV 74QhHa*E 7ia*T* E ⊆ V ×V .

f[ N 6)E&H*b7 1 8 N , QhHa V = {1, 2, · · · , N}. R_hHZF&i<a&
E ⊆ V ×V LU* E (i, j) ∈ E , Q(�jD)8bIhH i 8 j &i<VW*g G k[:5
G = {V, E}. cX**(�[)cXg*ij&3d*RI/=@Y?& i ∈ V l4 (i, i) /∈ G.

 ED)8bIhH i 8 j &ZB&i*QjI i 8 j D)8bÆe*< 〈i, j〉 ∈ E L
U<7m@PNRP* 〈i, j〉 ∈ E ?k5D) k 6)E&hH i0, i1, · · · , ik ∈ V , i0 = i, ik = j,
<�[\=@\6 0 ≤ s ≤ k − 1 4 (is, is+1) ∈ E .

 E)f.nS7&g*cX]^86g74]g<Gl* E (i, j) ∈ E ⇔ (j, i) ∈ E ,
Qg G kj7+]&<

) G ** ED)86hH i, <8g*T<Y?&hHlD)5Æe*Qg G kj7
_V&MÆh8i`5m<E;*R6hH i k[:5Æh@g G *&Rim&o<

Yf86g G = {V, E}, LW^]86D;&j^ A = (aij)n×n +LUpg&D^b

(i, j) ∈ E ⇔ aji > 0, a (i, j) /∈ E ⇔ aji = 0. T* aij &>LW<+LUi (j, i) &b0<Æ@
)cX3d*VW=@i4& i ∈ V 4 aii = 0. 4$g G &D;j^ A&[:*[c+(�L
W[:G860:&j^*K Laplacianj^ L: L(A) = D−A, T* D = diag{d1, d2, · · · , dn}
a di =

N∑
j=1, j �=i

aij .

En&*f[86j^ A = (aij)N
i,j=1,  E aij ≥ 0 a aii = 0, LW[:86D;@j^

A &g G(A).
)aX**(�cX cK6^4&'+AT*�

ẋi(t) = f(xi(t), t) + cγα

( N∑
j=1

aijΓ (xj(t) − xi(t))
)
, ∀i ∈ V, (1)

ẋi(t) = f(xi(t), t) + c
N∑

j=1

aijγα(Γ (xj(t) − xi(t))), ∀i ∈ V, (2)
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T** xi ∈ Rn, V = {1, 2, · · · , N} 7kHa&* Γ = diag{r1, r2, · · · , rn} 7@KN&j^a
[\ ri > 0, c 7N&d2* aij 7)EkHF&N&1=<sl* γα /:P'+AT*�
&CTt5 x &86l=*[:7

γα(y) = (sig(y1)α, sig(y2)α, · · · , sig(yn)α)T,

T** y = (y1, y2, · · · , yn)T a sig(yi)α = sgn(yi)|yi|α, 0 < α < 1.
aX_:-.MN:P'+AT*�&EB@Kb=@f[&e1 D ⊆ Rn, ufCT

xi(0) ∈ D,  E lim
t→∞ ‖xi(t) − xj(t)‖ = 0, Q(�j*�*&kH) D @>X�)GHEBY

=@f[&e1 D ⊆ Rn, ufCT xi(0) ∈ D,  ED) t∗ [\=Y?& t ≥ t∗ )Y?&
i, j ∈ V l4 ‖xi(t) − xj(t)‖ = 0, Qjp*�) D @>X�)4Q;FEB<

=@ (1) ) (2) *\6*�kH&AT f(·), (�4
`� 1 D)F= λ > 0, =@Ym x, y ∈ Rn, [\)/g

(x − y)TΓ (f(x, t) − f(y, t)) ≤ λ(x − y)TΓ (x − y) . (3)

h x = (xT
1 , xT

2 , · · · , xT
N )T a F (x) = (f(x1)T, f(x2)T, · · · , f(xN )T)T, VW (1) >Xkp5

ẋ = F (x) − cγ̃α(L ⊗ Γx).

R<
γ̃α(y) = (γα(y1)T, γα(y2)T, · · · , γα(yN )T)T,

yi ∈ Rn a y = (yT
1 , yT

2 , · · · , yT
N)T.

Wc&K67.)7q*� (1) ) (2) ;28(n-<<
�a 1[13] cX cr7U:

ẋ(t) = λx(t) − cx(t)α, (4)

T** x(t) ∈ R, 0 < α < 1, x(0) = x0, λ > 0, c > 0.  E 0 ≤ x0 < ( c
λ)

1
1−α , VW* (4) *&

x(t) >X)4Q;F@T8 0.

�a 2 h xi ∈ R, 1 ≤ i ≤ n, α ∈ (0, 1).  E xi ≥ 0 a
n∑

i=1

xi �= 0, VW

( n∑
i=1

xi

)α

≤
n∑

i=1

xα
i .

3 b��cW !"d#e

3.1 $f (1) %&'(gh)i
ja 3.1 =@Æ (1) iRP&*�Ai0*h A = (aij)N

i,j=1. o[oj 1 5k*Æ@
G(A) /+]_V&*f[

Dr =
{

xi(0) :
2λV

1−α
2

0

(2rminλ2)
α+1

2

≤ r, i ∈ V
}
,
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T** V0 =
∑

1≤i<j≤N

aij(xi(0) − xj(0))TΓ (xi(0) − xj(0)), rmin 7 Γ *&K3==k* λ2 7

L(A) &K3El.l>< E c ≥ r, VWp*�) Dr @>�)4Q;FEB<
* h V (t) = 1

2x(t)T(L ⊗ Γ )x(t), T*
x(t) = (x1(t)T, x2(t)T, · · · , xN (t)T)T.

V (t) s1U (1) &v=7

V̇ (t) = xT(L ⊗ Γ )ẋ = xT(L ⊗ Γ )(F (x) − cγ̃α(L ⊗ Γx))
= xT(L ⊗ Γ )F (x) − c(L ⊗ Γx)Tγ̃α(L ⊗ Γx)

≤ xT(L ⊗ Γ )F (x) − c(‖L ⊗ Γx‖2)
α+1

2

=
1
2

N∑
i,j=1

aij(xi − xj)TΓ (f(xi) − f(xj)) − c(‖L ⊗ Γx‖2)
α+1

2

≤ λ

2

N∑
i,j=1

aij(xi − xj)TΓ (xi − xj) − c(‖L ⊗ Γx‖2)
α+1

2

= λxT(L ⊗ Γ )x − c(‖L ⊗ Γx‖2)
α+1

2 = 2λV (t) − c(‖L ⊗ Γx‖2)
α+1

2 ,

W:&c86)/g+3@7. 2.
h λi 7 L &.l>a[\ 0 = λ1 ≤ λ2 ≤ · · · ≤ λN , E; vi 7D;@ λi &.l]5*

h {vi} 7 RN *&8YwPI0!<9?8 Γ /86==j^*VW ri 7 Γ &.l>a
ei 7=;@ ri &.l]5<R<* ei /86 n × 1 ]5[\c i 6757 1 aT<&75
7 0. VW* vi ⊗ ej (1 ≤ i ≤ N, 1 ≤ j ≤ n) 7 L ⊗ Γ &.l]5aD;&.l>7 λirj . H
8B* {vi ⊗ ej} 7 RNn *&8YwPI0!<

h x =
n∑

i,j=1

µij(vi ⊗ ej), LP

(L ⊗ Γ )x =
n∑

i,j=1

µijλirj(vi ⊗ ej).

H8B4

xT(L ⊗ Γ )x =
n∑

i,j=1

µ2
ijλirj , ‖(L ⊗ Γ )x‖2 =

n∑
i,j=1

µ2
ijλ

2
i r

2
j .

VW

‖(L ⊗ Γ )x‖2 ≥ rminλ2

n∑
i,j=1

µ2
ijλirj = rminλ2x

T(L ⊗ Γ )x = 2rminλ2V (t).

@/
V̇ (t) ≤ 2λV (t) − c(‖L ⊗ Γx‖2)

α+1
2 ≤ 2λV (t) − c(2rminλ2V (t))

α+1
2

= 2λV (t) − c(2rminλ2)
α+1

2 · V (t)
α+1

2 .
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op7. 1, Q

c ≥ 2V (0)
1−α

2 λ

(2rminλ2)
α+1

2

,

Q V (t) >)4Q;F@T8 0, @/*� (1) ) Dr >�)4Q;FEB<
+ 1 [. 3.1 *&D?:mmC58*�tn7;t&ou*qv:=tnD^j^

A(t) = (aij(t))n×n pf c&bW<

`� 2 aij(t) ZBLra>7lM>?@lYD)M > m > 0 qPQ aij(t) �= 0 ;*
aij(t) ∈ [m, M ]; D) l > 0, Q aij(t) > 0 ;* |ȧij(t)| ≤ l.

ja 3.2 =@ c*�Ai0U:*

ẋi(t) = f(xi(t), t) + cγα

( N∑
j=1

aij(t) · Γ (xj(t) − xi(t))
)
, ∀i ∈ V.

h A(t) = (aij(t))N
i,j=1. o[oj 1 )oj 2 5k* G(A(t)) /+]_V&*VW=@Ymf

[&4 e1 D ⊆ Rn, QN&d2 c x7?;*p*�)e1 D @>X�)4Q;FEB<
Æ@[. 3.2 &O72[. 3.1 &O7Uy)*:rswrDE*A//k:4sr&

en*,s)st'<
3.2 $f (2) %&'(gh)i

ja 3.3 =@Æ (2) iRP&*�Ai0U:< E G(A) /+]_V&aoj 1 5
k*VW=@Ymf[&4 e1 D ⊆ Rn, QN&d2 c x7?;*p*�)e1 D @>
X�)4Q;FEB<
* cXg G(A) &=jG*9?8 N∑

i=1

ẋi(t) =
N∑

i=1

f(xi(t)), h s(t) = 1
N

N∑
i=1

xi(t), VW

ṡ(t) =
1
N

N∑
i=1

f(xi(t), t).

h ei(t) = xi(t) − s(t), g(t) = 1
N

N∑
i=1

f(xi(t), t). cX c& Lyapunov l=

V (t) =
1
2

N∑
i=1

ei(t)TΓei(t).

V (t) s5 (2) &v=/

V̇ (t) =
N∑

i=1

ei(t)TΓ ėi(t) =
N∑

i=1

ei(t)TΓ (ẋi(t) − ṡ(t))

=
N∑

i=1

ei(t)TΓ (f(xi(t), t) − g(t)) + c

N∑
i=1

ei(t)TΓ
N∑

j=1

aijγα(Γ (xj(t) − xi(t)))

=
N∑

i=1

ei(t)TΓ (f(xi(t), t) − g(t)) + c
N∑

i,j=1

aijei(t)TΓγα(Γ (ej(t) − ei(t))).



1424 � � S \ G ! \ 29 T

D&

N∑
i,j=1

aijei(t)TΓγα(Γ (ej(t) − ei(t)))

= −1
2

N∑
i,j=1

aij(ej − ei)TΓγα(Γ (ej − ei)) = −1
2

N∑
i,j=1

aijφα+1(Γ (ej − ei)).

R<* φα+1(y) = (|y1|α+1, |y2|α+1, · · · , |yn|α+1)T, y = (y1, y2, · · · , yn)T ∈ Rn.
h

W1(e) =
1
2

N∑
i,j=1

aijφα+1(Γ (ej − ei)), W2(e) =
1
2

N∑
i=1

eT
i Γei, W (e) =

W1(e)

(W2(e))
α+1

2

,

T* e = (eT
1 , eT

2 , · · · , eT
N)T,ei 7 n × 1 &]5<

f[Ym θ ∈ D ⊆ R ) θ �= 0, x04 W (θe) = W (e). h

λ∗ = min
‖e‖=1,eT1Nn=0.

W (e),

R<* 1Nn /86i4757 1 & Nn × 1 ]5<
Æ@ W2(e) ≥ 0 a W1(e) ≥ 0, Q W2(e) = 0 QaqQ e = 0. ,s* λ∗ ≥ 0.
 E λ∗ = 0, VWD)L6 e∗ [\ W1(e∗) = 0. 0S*Æ@ G(A) &_VG*W1(e∗) = 0

QaqQ e∗ = θ′1Nn, R< θ′ 786w5F=<D& (e∗)T1Nn = 0, VW8[5k e∗ = 0, R
22 ‖e∗‖ = 1 uz<n:* λ∗ > 0.

Gl*

N∑
i=1

ei(t)TΓ (f(xi(t), t) − g(t))

=
1
N

N∑
i=1

ei(t)TΓ
N∑

j=1

(f(xi, t) − f(xj , t)) =
1
N

N∑
i,j=1

(xi(t) − s(t))TΓ (f(xi, t) − f(xj , t))

=
1

2N

N∑
i,j=1

(xi − xj)TΓ (f(xi, t) − f(xj , t)) ≤ 1
2N

λ
N∑

i,j=1

(xi − xj)TΓ (xi − xj)

=
1

2N
λ

N∑
i,j=1

(ei − ej)TΓ (ei − ej).

h

W3(e) =
1

2N
λ

N∑
i,j=1

(ei − ej)TΓ (ei − ej), W ′(e) =
W3(e)
W2(e)

,

x0* W ′(θe) = W ′(e) =Ym θ ∈ R ) θ �= 0 5k<
[:

µ∗ = max
‖e‖=1,

W ′(e).
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Æ@Q ‖e‖ = 1 ; W ′(e) > 0, VW µ∗ > 0.
n&W:C.*@/4

V̇ (t) ≤ µ∗V (t) − cλ∗V (t)
α+1

2 .

op7. 1, QN&d2

c ≥ µ∗

λ∗ V (0)
1−α

2 ,

T** V (0) = 1
2

N∑
i=1

ei(0)TΓei(0), V (t) >)4Q;F@T8l<=@Ymf[&4 e1 D,

yv

c∗ = sup
xi(0)∈D,i∈V.

{µ∗

λ∗ V (0)
1−α

2

}
.

x0*Q c ≥ c∗ ;**� (2) >X�)4Q;FEB<
+ 2 [. 3.3 *&D?RLC58*�tn7;t&ou*Av=N&b0pf c

oj<

`� 3 aij(t) ZBa>7lM>?@lYD) M > m > 0 qPQ aij(t) �= 0 ;*
aij(t) ∈ [m, M ].

ja 3.4 =@ c*�Ai0U:*

ẋi(t) = f(xi(t), t) + c

N∑
j=1

aij(t) · γα(Γ (xj(t) − xi(t))), ∀i ∈ V,

h A(t) = (aij(t))N
i,j=1. o[oj 1 )oj 3 5k* G(A(t)) /+]_V&*VW=@Ymf

[&4 e1 D ⊆ Rn, QN&d2 c x7?;*p*�)e1 D @>X�)4Q;FEB<
Æ@[. 3.4 &O72[. 3.3 &O7Uy)*:rswrDE*A//k:4sr&

en*,s)st'<
3.3 o,$fh-./pq0)i

)oj 1 5k&82c*=@*�Ai0U: (2),  ED)86kHTAT)kT<
kHrz*(�jZ7wAkH [6]. R6kH2wAT<&kHqTAi0U:EB83x
&AT:+<)Rsouc* G(A) )t/86+]g<

)y8ZG*oj N = m + 1, kH N ky-wAkH<s;*�&Ai0U:24 
c&ug

ẋi(t) = f(xi(t), t) + c

m∑
j=1

aijγα(Γ (xj − xi)) + c · aiNγα(Γ (xN − xi)), (5)

ẋN (t) = f(xN (t), t). (6)

R<*N&j^ A u4 c&ug

A =

[
A1 b

0 0

]
. (7)
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ja 3.5 =@Æ (5) ) (6) RP&*�Ai0U:* Eoj 1 [\*IkH 1 8
m = N − 1 N&(1vg/+]_V&*>awzD)L6 i ∈ {1, 2, · · · , m} qP aiN �= 0,
VW=@Ymf[&4 e1 D ⊆ Rn, QN&d2 c x7?;*p*�>�)4Q;FE
B<

* =@ N × N &N&j^ (7), op[.&bW* A1 ∈ Rm×m /=j&* b ∈ Rm×1

a b �= 0.
h ei(t) = xi(t) − xN (t) =@ 1 ≤ i ≤ m = N − 1. ^] c& Lyapunov l=

V (t) =
1
2

m∑
i=1

ei(t)TΓei(t).

V (t) s51U (5) &v=7

V̇ (t) =
m∑

i=1

ei(t)TΓ ėi(t) =
m∑

i=1

ei(t)TΓ (ẋi(t) − ẋN (t))

=
m∑

i=1

ei(t)TΓ (f(xi, t) − f(xN , t)) + c ·
m∑

i=1

ei(t)TΓ
m∑

j=1

aijγα(Γ (xj − xi))

+ c ·
m∑

i=1

ei(t)TΓaiNγα(Γ (xN − xi)).

9?8
m∑

i=1

ei(t)TΓ
m∑

j=1

aijγα(Γ (xj − xi)) +
m∑

i=1

ei(t)TΓaiNγα(Γ (xN − xi))

=
m∑

i,j=1

aijei(t)TΓγα(Γ (ej − ei)) −
m∑

i=1

aiNei(t)TΓγα(Γei)

= −1
2

m∑
i,j=1

aij(ej − ei)TΓγα(Γ (ej − ei)) −
m∑

i=1

aiNeT
i Γγα(Γei)

= −1
2

m∑
i,j=1

aijφα+1(Γ (ej − ei)) −
m∑

i=1

aiNφα+1(Γei).

@/h

W4(e) =
1
2

m∑
i,j=1

aijφα+1(Γ (ej − ei)) +
m∑

i=1

aiNφα+1(Γei),

W5(e) =
1
2

m∑
i=1

eT
i Γei, W ′′(e) =

W4(e)

W5(e)
α+1

2

.

) W4(e) ) W5(e) &[:** e = (eT
1 , eT

1 , · · · , eT
1 )T a ei ∈ Rn.

D&N&j^ (7)W-[.&bW*LS G(A1)/+]_V&a b �= 0. H8B*W4(e) = 0
QaqQ e = 0; =@Y?& θ ∈ R ) θ �= 0, W ′′(θe) = W ′′(e); W5(e) = 0 QaqQ e = 0.
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[: κ∗ = min
eT1mn,‖e‖=1.

W ′′(e), Q κ∗ > 0. R/,7b E κ∗ = 0, d[D) e∗ qP

W4(e∗) = 0, R2vx e∗ = 0, IS2 ‖e∗‖ = 1 uz<
n&W:C.4

V̇ (t) ≤
m∑

i=1

ei(t)TΓ (f(xi, t) − f(xN , t)) − cκ∗ · V (t)
α+1

2 ≤ λ

m∑
i=1

eT
i Γei − cκ∗ · V (t)

α+1
2

= 2λV (t) − cκ∗ · V (t)
α+1

2 .

,s*op7. 1 -[. 3.3 Kt&O7*=@Ym4 e1 D ⊆ Rn, dD) c∗, Q c ≥ c∗

;**� (5) ) (6) )e1 D @>�)4Q;FEB<

4 1yz2W3{
cX c86_{&U81U [18]

⎧⎪⎨⎪⎩
ẋ = (25β + 10)(y − x),
ẏ = (28 − 35β)x − xz + (29β − 1)y,

ż = xy − β + 8
3

z,

(8)

R< β ∈ [0, 1]. 7Um2U*cA_H*yv β = 0.5.
cX'+AT*� (1) ) (2), T*\6kH&Ai0U:7:PU81U<h N = 5,

α = 0.8,

Γ =

⎛⎝ 1 0 0
0 2 0
0 0 1

⎞⎠ , L =

⎛⎜⎜⎜⎜⎝
2 − 1 − 1 0 0
−1 2 − 1 0 0
−1 − 1 4 − 1 − 1
0 0 − 1 1 0
0 0 − 1 0 1

⎞⎟⎟⎟⎟⎠ .

0t*yv c = 5, R 5 6=v&uf>uI [−5, 5] *ICyv<
=@'+AT*� (1), <& 5 6=v& x 75&{vwx g 1 iU<sl* y, z 7

5&gLW6|y0<

' 1 �� (1) � 5 ����	��
|	��{
z{
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' 2 �� (2) � 5 ����	��
|	��{
z{

' 3 �� (5) | (6) � 6 ����	��
|	��{
z{

6|&*=@*� (2), <& 5 6=v& x 75&{vwx g 2 iU<sl* y, z 7

5&gRLW6|y0<

=@*� (5) ) (6), yv\6kH786U81U<h N = 6 akH 6 7wAkH*
c = 5, α = 0.8,

Γ =

⎛⎜⎝1 0 0
0 2 0
0 0 1

⎞⎟⎠ , A =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 1 1 0 0 0
1 0 1 0 0 1
1 1 0 1 1 0
0 0 1 0 0 0
0 0 1 0 0 1
0 0 0 0 0 0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠
.

R 6 6=v&uf>I [−5, 5] *ICyv<\6kH& x 75wx g 3 iU*T*wA
kH&wx7}|<6|&* y, z 75&gRLWy0<

5 4 |
aX-.MN$K6^4&EFGN&&'+AT*�&4Q;FEB&@K<)L

_&M&ojbWc*(�O7$:P'+AT*�>X)4Q;F@�)YNEB<20
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&4Q;FEBPQ>X4e@`O'+AT*�A>)+=;]�)EB&@K<:P
DE=@'+*�EB&�'9:;<V4!a&0:G<

sl*)'+*�*~D)5T<ug&EB* JEB)K7EB/<En&*W}
&DE=R_EB&;,RqQ@kHAT&GH~7<6�:*LWcX)'+*�&N
&Z[*7.8__{&EFG+}}R_)Es6EB&.G<Q0*Rs.G&}}>
)qqQ@~EB~7>X)4Q;F@w5<*�&T<.G/~RLWV*)N&Z
[*7.MQ&EFG+fW}}/86>P-.;,&;K<

} ~ 5 6
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FINITE TIME SYNCHRONIZATION OF COMPLEX

DYNAMICAL NETWORKS

CHEN Yao LÜ Jinhu

(Key Laboratory of Systems and Control, Academy of Mathematics

and Systems Science, Chinese Academy of Sciences, Beijing 100190)

Abstract Complex networks are everywhere. Synchronization is a very important non-
linear phenomenon which universally exists in nature. Over the last decade, many researchers
have further investigated the synchronization of complex dynamical networks, including iden-
tical synchronzation, clustering synchronization, partial synchronization, and so on. The char-
acterization of synchronous speed of complex dynamical networks in most known results is
asymptotic. That is, complex networks can realize synchronization only when the time t tends
to infinity. However, there are few results reported on how long complex networks can reach
synchronization. Based on two kinds of typical complex dynamical networks with nonlinear
coupling, this paper will further explore the finite-time synchronization of complex dynamical
networks. In detail, under some suitable conditions, it is proved that the above complex dy-
namical networks can realize accurate synchronization within finite- time. Moreover, a typical
numerical simulation is then given to validate the effectiveness of the proposed criteria for finite-
time synchronization. It should be especially pointed out that the finite-time synchronization
sucessfully overcomes the difficulty of infinite synchronous time. The above results have some
important practical meaning for the real-world engineering application.

Key words Complex networks, synchronization, finite time, undirected graph, nonlinear
coupling.


