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N
Xi(6) = Cxi(t) + Bf(xi(0) 4+ ¢ Y agI'xj(t).
J=1

tZO,l’#tk, k €N,

Xi(t) — xi(t") = - () — xit)),
for (i, j) satistying a; > 0, u # O,

o JkitRAELERSHEERET;
o w8 u>13K~desynchronizing impulses;
u<| ZK7~synchronizing impulses;
u=1 N ERAE A 1 25
o LTI SCHRIY /& X desynchronizing impulseslisynchronizing
impulses 73 7 11 18;

Automatica 46 (2010) 1215-1221(with Jianquan Lu, Daniel W.C. Ho) .
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e T/t i desynchronizing impulsesHs X fik i (a1 {11 54 T2k B K

e (M 7Esynchronizing impulsesH X ik Al Bg #_F A 77 R 25K

25 FULE R R T AR KA IR

KA b 2225 Hi — gt —AFE, I HLFEAR IR~ 1.

& ) ¥ 22 Gt H i) Average Dwell TimefJHER: |, 25 H F I E X
Definition 1 (Average Impulsive Interval). The average impulsive

interval of the impulsive sequence ¢ = {ty, ty, ...} 1s equal to T,
if there exist positive integer Ny and positive number T, such that

T —t No < N, (T. 1) < T —t
I e
where N, (T, t) denotes the number of impulsive times of the
impulsive sequence ¢ on the interval (¢, T).

) 17

+ Ny, VT >t >0, (4)
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Theorem 1. Consider the impulsive dynamical network (5) with
asymmetric irreducible coupling matrix A. Suppose that function f ()
satisfies Assumption 1, and the average impulsive interval of impulsive
sequence = {ty, to, ...} isequal to T,. Then the impulsive dynamical

network (5) is globally exponentially synchronized with convergence
rate n if

, 2In()
=

N +p <0, (6)

where p = Aqpax(C! + C + BB + L'L — cyIN) with y =
_AZ(A)/)‘«maX(W): and M ?é 0.
o JEITELVS A AR AT DAV B Xk Rk X ] 1) B R R B
K, R AT AT /N, B S AT BLAER R, ORI BRI 1 4 )
PR 5714
 WARE—NTA—BAYE: FFEHTu>1Fu<l. o1




| B B30,
iU

A [ if mod(k, No) # 0,
KT T ING(T, — €) + €, ifmod(k, No) = 0.

1.6 T T T T T T T

14 L upper impulsive interval is (NGTE—E]+E

1.2 / lower impulsive interval is &

. —~ 1

Fig. 5. Example of a specific impulsive sequence described in (27) with € = 0.05,
Ng = 10 and Ty = 0.5. Such an impulsive sequence simultaneously owns the small
lower bound and large upper bound of impulsive intervals.
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Trajectories of complex dynamical network with desynchronizing impulses
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Fig. 2. Synchronization of scale-free coupled dynamical network with desynchro-
nizing impulses.

k Automatica 46 (2010) 1215-1221(with Jianquan Lu, Daniel W.C. Ho) o
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Error trajectories of complex dynamical network with synchronizing impulses
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PR e 2 1 11 SR, i R o 2 ) 4 ) — s Ll B AT L 2 o 2 o)

ITERE LY, H PRI R L se izl

e 20044EX. Li,X.F. Wang,G. Chen (IEEE Transactions on
Circuits Systems-I: Regular Papers, 51, 2074-2087,

2004 ) Feth 1\ RmAERTHOME S, RZeRER 1R ok P 25 Al

P LR

« Sorrentino% (Physical Review E, 75, art no. 046103,
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Q. Song, J. Cao (IEEE Transactions on Circuits and
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SCHR = I T R80E BRI A BT X 285 1) e B 2 ) Al 3 1k

® FBH | EH AR R 3 O B N ) 2 Laplacian i B 3 [F] )
F8 ) R R R AR A 1) i /> S35 R T DA A SR o0 B 2 a1 45 1l [ A e
P

® M S I Ih g B v/ N B B, HpRg i1
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|[EEE Trans Circuits Syst.-1: Regular Papers, 2012,
in press (with Qiang Song, Fan Liu, Wenwu Yu)
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FE NS 19 R F ) AR 2 P 4% AT i T

N
zi(t)=f (t,z;(t)) + c Z ai; L (x;(t) — xi(t)), i=1,...,N

=1

j 3)

b g (t) = (maa(t), ...z (8)t € R™ 0 ifte a2
C>0 o

T WG AR R HON e F R .

Bk (AL): X THEEMEG)FRIELtkmdf, FE—N EHE , #15

(y_:ﬂ)T (f(t*y) o f(t* 3;}} E ﬁ(y—zﬂ)TT[y—rr;}, “F‘r.,Lﬂ I = R™.
1 (11) [
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PI% (3) AR AR
s(t) = [t (1)) 4

BV R R 2@ i hI S, % (3) SIS (4) , AR
RSN, BT AR, 4

v={L2,A ,N} spzsmsiimss.
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S(t) = J(t,s(1)) (4)

N

zi(t) = f (L, zi(t)) + ﬂzﬂijr(i'ﬁj(f} —x;(t))

i=1
ted, T (s(t) — zi(t)), i=1,...,N, (5

7 1) 1 2 5 LU

di}ﬂift'evpin; 1—=Uifz’EV\VPin. (6)
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L Xy =S AAFE NI SR AR B2 2 0 2%

N
T&(f) = f (?L Td_(f')) +C HUF (TJ(T) — Ti(f)) ] 1= [], PR N

j=0

(7)
where a;0 = d;. ag; = 0.0 =1,...,N and a;; = a;;.1,j =
1,....N.

A = (@) i (000 = 0,1, V)

A=~

=10 Oren
[ d A ] )

in whichd = (dy,...,dy)7.
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BM% (3) Fl (7) MLaplacianfiFs 5 LA L, & (@)M(8), 73

> | 0 Oixn
=[5 o) g

where D = diag(d;,...,dy).

5/#. Laplacian % EA RANTRAE R 8 24 e MR INEEE %0
[ 2 FR ©
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SlHE: HRE (9) & XWIL+D FiFE NMFERE ) 78 77 b B2 A /&
X 25 (7) 1) Fh F B B — 25 [l A2 BB

A’

B BMzk (5) JmafikAl, HISLE R (4) 3|H
AT — 58 1 AE H DU 4648 1T

Y
“r:ngix R(Ai(L+ D)) > - (12)

WS MA2% (5) AL A2 2L R (4) .
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o ERIRIG K SR il ) o B s TR m A p | R W RO, H2 AR
A W E TR I K.

o FATASUER] T UREE RBREL (d_i) KRBT, ZiE
Laplacian’ FEL+D 1 s /NMRFIEAE <588 T — A PRI IR

o IX— W AFAE X EY. Zou and G. Chen, Chin. Phys. B, 18, 3337-3346, 2009.
FIL. F. R. Turci and E. E. N. Macau, Phys. Rev. E, 84, art no. 011120, 2011 F %}

ERCEPSNE

Proposition 1: For network (5), assume that G has a di-
rected spanning tree and /(1 < [ < N) nodes are pinned.
When the pmning control gains tend to be sufficiently large,
miny<;<n R(A;(L + D)) will converge to a positive constant.
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FE N1 ) S PR A i 52 2% R 28 iR 2

i(t) = J (¢, (f) zi(t = 7))

+rZ{L1?F(¢ —1:5.()) t=1,...

sop >0 Somtm, masth R4

ri(r)=¢;(r) € C([-7,0,R"), i=1,..

P2 (200 HIARALTS KO-
s(t) = f(t,s(t),s(t — 1))

b3

N, (20)
LN ()
(22)
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N

&i(t) = f (L, zi(t), 2 (¢t — 7)) + cz a;; 1 (x;(t) — x4(t))
=1
+ed I (s(t) —xi(t), i=1,...,N, (23)

BRiIZ(A2): X TE LML (23)+ IAEL M R Lf, AFAE AN 8 5E B

K=K 1 M=(my)yo o i

fi (b a(t), x(t — 7)) — fi (b, y(t), y(t — 7))

L

< Z g |T T_,J'J(f)| + 1M |,Tj(t—q') _Jyj(t_TJD
=1

Vz = (mla*'*amn}rr: Y= (3}13---a’yn:111 € R™
i=1,...,n. (24)
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e X LS
_1 — (o 201-¢)
1 T
g = — max mi{l €)
2 1<r<n )
Y=q+e¢ (25)

where € € [0, 1| and ¢ is a small positive number.

ERF2. HRRM% (23) WA RIEA2, AL A (22) RIH B FET SETF

FE— 2 [ g A H BA R 264 RAL:
min R (A (L + D)) >

1<i<<N

W M2% (23) AT 2O A (22)
H p= (p+ﬁr)/’)"miu(r)

£ (26)
:
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e AR EREREA R, BT E A m B T O, AEflmAST
KRR &, w2 [P (12) 8 (26) AFie, AU AN-
M RAR S EE S AN S Z#ATHES, JUse s IR L R R T N BE
& [Z.Q. Song, J. Cao, IEEE Trans Circuits Syst.—I, 57, 672-680,
20101 , hnaflw S8 H, BELRIEEH R D A RO .
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Lorenz R4t iR U T -

{T(.’I:ig — .‘13.1'1)
/ (‘hfﬂi(ﬁ)) = | TTi1 — L1433 — 42
Ti1kio — bxis

in which ¢ = 10. 7 = 28.and b = 8/3.
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20.0, Z&i15, W @ =15 WAL, AL IEZE ST 2% 4 (12)

15213 A2
n R(M(L+ D))= 07776 > & = 2 = 0.75
13;]}151110 ‘ - c 20 7

ki Fig. 1. Interaction diagraph of ten nodes and node 0 is the isolated node.
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Fig. 2. Pinning synchronization error for a network with 10 nodes.
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[t zi(t),zi(t—7))=—Cuxi(t)+Ag (z:(t)) + By (x:(t— 7)),

in which g(z;) = 0.5(|z;1+1] |z — 1], |zio+ 1] — |z —1])7.

(10 (1T 20
C‘(n 1) ”‘(0.1 1+§)

o (~13V2E 01 |
0.1 ~1.3V2%

i =10
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L4 34— A S S [ AR U, MRS58 T ML, o LA
A, MR, BRI N15.0, AEIFBAN (26) L
p 6.8780

IE?EI%DDR(Ai(L + D)) = 0.3493 > - =g

= 0.3439.

5] 20 1R 7= L3

0 0.5 1 1.5 2 2.5 3 35 4
i(s)
Fig. 3. Pinning synchronization error for a delaved network with 100 nodes.
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1 5P FIAS 2

o FRATPTIE R AL AT DU i FH R ok 1 MR B R @, IX
A5 15 20 SR A X T B ] SR A AT AT

o BB, BAGH T A ESEREBRATINIERES] (“4e
B 2 (The Yorkshire Ripper) ) , 3 HIEF %30 5EHh 55
) REUE AT, IR Z 7 1 IR P R & e 1

Weighted-traffic network-based geographic profiling for serial crime
location prediction. Europhysics Letters, 93:68806, 2011 (with C.
Qian, Y.B. Wang, J.Q. Lu and J. Kurths)
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* Rossmo, Kim D. (1995). Geographic profiling: target patterns of serial murderers.
Simon Fraser University.
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Fig. 2: (Colour on-line) Traffic-network generation: (a) satellite map with road and location of victims; (b) abstracted tr
network.
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