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This paper study the finite time internal synchronization and the external synchronization (hybrid synchronization)
for duplex heterogeneous complex networks by time-varying intermittent control. There few study hybrid synchronization
of heterogeneous duplex complex networks. Therefore, we study the finite time hybrid synchronization of heterogeneous
duplex networks, which employs the time-varying intermittent control to drive the duplex heterogeneous complex networks
to achieve hybrid synchronization in finite time. To be specific, the switch frequency of the controllers can be changed with
time by devise Lyapunov function and boundary function, the internal synchronization and external synchronization are
achieved simultaneously in finite time. Finally, numerical examples are presented to illustrate the validness of theoretical

results.
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1. Introduction

In the past decades, the complex networks is an active
field of scientific research, the complex networks are divided
into many types, including public transport networks, !} infor-
mation networks,? financial network,® neural networks,
epidemic spreading networks>®! and so on. The synchroniza-
tion is an important phenomenon of complex networks.!’~10]
In sum, the synchronization are broadly divided into two
types: the synchronization between network and nodes (the
internal synchronization) and synchronization among some
complex networks (the external synchronization). The con-
trollers are added to networks for achieving synchronization.

Many control methods have been investigated for

n.[11=14] The intermittent control is one of dis-

synchronizatio
continuous control method, the controller is not working con-
tinuously, the controller is actived in the work time, which is
better than continuous control, the intermittent synchroniza-
tion control have been developed. For example, in Ref. [15],
the coupled network is synchronized by intermittent con-
trollers. In Refs. [16,17], outer synchronization of complex
networks intermittent control is investigated.

The time of synchronization can be divided into finite
time and infinite time. In reality, the networks synchronization
as quickly as possible, so finite time has better effect than infi-
nite time. In order to quickly control the synchronization time,
finite time control method is researched in Ref. [18]. Once
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the intermittent control is combined with finite time control,
the time of synchronization can be predicted, which have been
studied in Refs. [19-21]. The different parts of networks have
different property, so the different parts of networks with dif-
ferent synchronization types.[>2-24]

Duplex complex networks have a wide range of
applications,?>2%! for example, in analyzing social networks
and biological networks, duplex complex networks can be
used to model the interactions between different levels, such
as the relationship between individual and group behaviors. ")
Duplex complex networks can be used to describe the in-
teractions between two different levels in gene regulatory
networks. Due to the heterogeneity of the network, the
study-of-heterogeneous duplex complex networks is of great
significance for understanding complex systems in the real
world. 28291

Intermittent control can control the behavior of dynamic
systems by applying or withdrawing control actions at specific
time intervals. This method of control is often used in sys-
tems that do not require continuous control inputs to maintain
stability or desired behavior.?"!

Finite time time-varying intermittent control is a control
strategy which the control input is applied intermittently and
under certain conditions. The characteristics (such as mag-
nitude, duration, and timing) vary over time. This method
of control are suitable for systems that can maintain stabil-
ity without needing to continuous control inputs in finite time.
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The purpose of finite time time-varying intermittent control is
to save energy, reduce wear, and control complex dynamics,
for ensuring the system attains the anticipated performance
levels in finite time.

Due to diversity and heterogeneity of network, the differ-
ent parts of the duplex network can achieve different types of
synchronization. However, to the best of our knowledge, finite
time synchronization of duplex networks focus on the same
type for every layer network, every layer network should have
different type for the duplex networks. There are few research
on the finite time internal and the external synchronization for
heterogeneous duplex complex networks by time-varying in-
termittent control. Motivated by the above discussions, this
paper investigates the finite time internal and the external syn-
chronization problem for heterogeneous duplex complex net-
works via time-varying intermittent control. The switch fre-
quency of the controllers can be changed with time by devise
time-varying Lyapunov function. The internal and the external
synchronization can be achieved in finite time via time-varying
intermittent control.

2. Network model and preliminaries

Assumption 1171 The time-varying delay 7(t) is a func-
tion and satisfies 0 < 7(¢) < u, which explain the time-varying
delay signal is positive and bounded, maximum g = 1 in this
paper. Derivative of the delay 7(r) exists, derivative of the de-
lay 7(¢) less than 1, which can also be written as 0 < 1(¢) <
& <1 (& >0), this assumption is true if 7(¢) is constant.

Considering heterogeneous duplex complex net-
works (1)—(2) and a nonlinear dynamics mathematical

model (3) are as follows:

%i(1) = Axi(t) +Bf (xi(r — 7 (1))

+jicz!jg1(xj(t))+jidiljh1(xj(t_72(t)>

+ in (1) + ou (1), (D
yilt) = E“yi( )+Wq(yi(t—f1 (1))

+ Zlcugz vt Zd ha(xi(t— (1), (2)
$(1) = Z(js_(t)% 3)

(i1 (£),x2(t), ..., xin(t))T € R" is the state vari-
ables of the i-th node for complex network (1).

yi(t) = i (8),y02(t),- ., yin(¢))T € R" is the state vari-
ables of the i-th node in complex network (2), f : R* — R"
and q : R" — R" are the continuously vector functions which

where x;(1) =

explain the dynamical equation of the i-th node, 7;(¢) > 0
and T2(¢) > 0 are coupling time-varying delay, f(z(¢r)) =
82(yj(1)) — &1(x(1)).

When 1 (f) = 75(t) = 0, complex networks (1)—(2) with-

out delay. g; : R" — R" and h; : R* — R" (i = 1,2) are couple

functions. s(z) is the state variables of the i-th node in sys-
tem (3). A= A+AA(t) € R™", B= B+AB(t) € R™",
E=E+AE(t) e R, and W = W +AW (t) € R™" stand
for the parametric uncertain, A, B, and C are constant ma-
trices, AA, AB, and AC are parameter uncertainties. For
k=1,2,C* e RV*N and DK
ration matrices which reflect the fundamental topology struc-

€ RV*N are the coupling configu-

ture of network. If there is a connection between node i and

node j(i # j), then cf»‘j > 0 and dl{‘j > 0; otherwise, cé‘j =0 and

df‘j = 0. The diagonal elements of matrixs CK and D* are de-
N N

fined as ¢ = — ¥ cfjanddy=— Y df.

= -
) ] ) J=Lj#i ) J=1j# o
is equinoctial point, or chaotic attractors, or a periodic or-

s(t) e R"

bit. ujy () € R" and uow(t) € R" are intermittent controllers
which need be designed. The w;,(¢) is the internal controller,
which control the first node to the d-th node. The wgy(?) is
the external controller, which control the (d + 1)-th node to
the N-th node.

Definition 1 The hybrid synchronization (the internal and
external synchronization) error is defined as follows:

6(1‘) = ein(t) + eout(t)y

ein(¢) is the internal synchronization error, which is defined as
follows:

en(t) =xi(t)—st—1(t)), i=1,2,...,d,

where () > 0 is time-varying delay, x;(t) € R" is a state
variable of complex networks (1), s(f) is state variable of
system (3). The eqy(?) is the external synchronization error,
which is defined

eou(t) =x;(t) —y;(t—1(r)), j=d+1,d+2,...,N.

Nodes 1 to d are implemented internal synchronization con-
trol, and nodes d + 1 to N are implemented external synchro-
nization control.

Definition 1 There exists a setting time 7 and meet
the following conditions when hybrid synchronization is

achieved,
tm (o) = i lein(t) + o 0]
= lim [[ein (1) ]| + 1im [[eou (1)
= lim [[2;(r) = s(r —7(1))|
+11mej yj(t—r(t))H
Lemma 15! The V(¢) is a continuous positive-definite

function and satisfies the following differential inequality,

V(t) < —wV'(t), Vt>1ty, V(o) >0,

where @ >0, 0<r <1, V(t) =0 for all t > T(xo) and the
settling time is
Vl_r(xO)

T(XO) < m

040601-2
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Definition 2 For 6 € R", r > 0, the signal function sign(-)
and |- |" are defined as
sign(0) =

diag(sign(0;), sign(6,),...,sign(6,)),

61" =(|61]".16a]",...16a]") "

Assumption 2 The 7 () and 7, (¢) are time-varying delay
which bounded differential functions satisfy

0<n(t)<rtf, 0<(t) <15,

() <y<l, nw)<y<l

for all ¢, where 7}, 7;, and 'y are some positive constants.

r(+), and h(-) are three
Lipschitz functions, i.e., there exists positive constants L;, Ly,
Ly, such that for all i, v € R",

Assumption 2 The functions j(-),

i) =) 1< LT =V,
() =r(vV) (IS Lr [l = v I,
[ h() =h(V) <Ly [ p =Vl

Assumption 3 AA and AB are uncertain time-vary ma-

trices, which are assumed to be

[AA(2),AB(t)] = M F(t)[N1, N3],

where M, Nj, N, are known real matrices, F(¢) is an un-
known time-varying real matrix and satisfy FT(t)F(t) < I.

Lemma 2 ] If X and Y are real matrices, then the fol-

lowing inequality holds for any > 0

1
Xy +yYTx <¢(xTX + ZYTY.

3. Main results

In this section, the finite time intermittent control scheme
and the hybrid synchronization criterion are given. Accord-
ing to systems (1)—(3), the error state equations are written as

follows:

¢(t) = (I @A)en(t) + (I; @ B)F (ein(T1))
+(a @ E)ein(t) + (Ia @W)F (ein(T1))
+(C®14)G(en(r)) + (D@ 1a)H (ein(72))
+uin(t) + Aeout(t) + (In—q @ B)F (eout(T1))
+ Eeou(t) + (In-a ® E)F (eou(T1))
+EWF (eou (1) + In—aG(eon(t)
+ (D@ In—a)H (eou(72)) + Uou(t), )

)
)

where
e(t) = (e] (t),e3(t), - eq (1) €y (1), e ()T,
flei(n)) = (yz(f—fl()) [t =)
+ (it = (1) = fsi(r =1 (1)),
Fle(n) = (f"(er(1), £ (e2(m)), -
fHea(m)), £ (easi(m)); - 7fT(€N(Tl)))T,
g(ei(t)) = g(vi(r)) — g(xi(1)) + g (xi(1)) — 8(si(1)),
Gle(r)) = (g"(e1 (1)), & (e2(t)), -,
g"(ea(t)),&" (eas1(t)),-- .8 (en(1)))",
h(ei(72)) = h(yi(t = 72(t)) — h(xi(t — (1))
+h(xi(t —12(t)) — h(si(t — 1a(2)),
H(e(n)) = (h" (e1(m2)),h" (e2()),...h" (ea(m2)),
W' (eas1(w2)); -, b (en()))T,
C=C>—C", upn(t) = (ul (1),u3 (t),...,ul(e)7,
D=D>-D', wou(t)=(ugy (1), ugr (), .., un(1)"

The developed intermittent controller is designed as

ul(t)v if Vin(t)zvinl(t)y

Win(1) =< ui(t™), if Vipp(t) < Vin(t) < Vi1 (t),
07 if Vvin(t) S Vin2(t)7
MZ(t s if Vout(t) > Voutl (t)a

Uout (1) ur (1), if Vour(t) < Vour(t) < Vour (¢),
07 if Vout(t) S Vout2 (t)a

(1) = ~Een(r) — 5 sign(en()) ewn(1)|°
() aes) )
SICTREED
+ = 2 sign(en(®) ei(r)|,

) =5 (125 [, callem(sios)

Al ms [ T
) ( 1—¢ '/[*’52(1‘) eout(s)eom(s)ds)

A N4 f T (14-u)/2
n (1 vl em(s)eom(s)ds)

A
— 5 sign(eon(r)) [eou(n)|* )

(1+p)2 eou(t)

eout(l‘)2
(1+u)/2 eout(?)

eout(t)z

where £ >0, 11 >0, 1, >0, 113 > 0, and 14 > 0 are the con-
trol strengths, @ >0, A >0,0< o <1l,and 0 < u < 1 are
tunable constants. Vi,(¢) and Vo (¢) are two given Lyapunov
functions, Viyi(#) and Voy(f) are two nonnegative continuous
functions. ¢~ indicates the previous instant of time ¢. From ex-
pression (4), it is easy to see that the work time of controllers

u(t) and u; (¢) are decided by the time-varying relation among
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V(t), Vini(t), and Voy(t). For brevity, take

_l+o  up+2
B=— x=—F%—

Vini(¢) and Vipi(¢) are given as

Vi) = (W (0))° — (0B —)) "

Voug (1) = (9 (1)) % = 2520 —10)) "%, =12,

i=1,2,

where o;, A; , k, and ¥ are positive scalars, o > a; > o,
A>A >, and0<k<1,0<V <.

Based on the relation among Viy(¢), Vou(?), Vini(?), and
Vougj(t), the intermittent control mechanism is described as:

(i) If Vip(#) > Vin1(¢) and Voue(f) > Vou (¢), then the con-
trollers wiy () = u1 (¢) and woy () = up () are actived at instant
t and continuously working.

(i) If Vin2(t) < Vin(t) < Vinl(t) and VoutZ(t) < Vout(t) <
Vout1 (2), the controllers win () = u; (t) and wou(t) = ua(¢) are
working at the instant 1~ then the controllers wi, (t) = u (¢)
and oy () = ua(¢) are continuously working after the time .

(iii) If the following conditions are satisfied, Vipp (1) <
Vin(t) < Vin1(¢) and Voua (1) < Voue (1) < Vour1 (7), the controller
Uin (1) = 0 and woy(7)
the controller ui,(#) = 0 and uyc(t) = O are continuously

= (0 are working at the instant z~, then

working after the time 7.

(iv) If Vip (¢) < Vinp(2) and Vo (t) < Vouro (), then the con-
troller w;,(¢) = 0 and woy(f) = O are actived at instant ¢ and
continuously working.

Remark 1 The two controllers ui,(f) and woy(f) can
achieve finite time hybrid synchronization in the whole net-
work, the controller wi,(¢) achieve finite time internal syn-
chronization and controller wqy () achieve finite time external
synchronization. This paper focuses on finite time hybrid syn-
chronization in the whole network. In this case, the controller
u*(t) and u(t) = 0 with the
trajectory of V(r) touching the boundary function from V; ()
to Va(t). If the o (¢), 0 (2), B, A1 (¢), A2(¢), and k are well cho-
sen, the size of region V,(r) < V(¢) < Vi (t) that corresponds to
(1)
0 will be changed with time. The switch frequency
oy (t) and

may switch rapidly between u(t) =

the switching frequency of the controller between u(r) =
and u(t) =
can be changed with time by the values of o (¢) —
Aa(t) —

The finite time synchronization criterion with the Lya-

A1(¢), which improve previous results.

punov function Vi, (¢) and Vo (¢) are designed as follows:

M /’ T
i in d
Ty t,ﬂ(,f‘“(s)e (s)ds

t
+ / eI (s)e(s)ds,
1=y Ji—n0)

Ny [ T
-9 /t_fz(t) out(8)eout(s)ds.

Then the finite time synchronization criterion is given.
Theorem 1 Suppose that Assumptions 1-3 hold, there
exist tunable positive constants &, 11, 12, and any positive

constants sy, ...,Ss, such that

(i) A<O,
(i) 55 "L3 455 ' LiAmax (NG N2) — 57 'L +11 +13 <0,
(i) s5'Ly—mo—ma+msa <0,
where

A = Amax(A®) + 51 Amax (MMT) + 5, L2 + 5317
+SIL% - S;I;Lmax(N’erl) +S2)L'max(BBT)
+m+
+S4A«max(CCT) + SS)Vmax(DDT) + %zym — 5
Then the networks (1)-(3) with the intermittent control
scheme (4) and (5) will be synchronized in a finite time 7,

and
(ﬁvout(to))x

Ay
Proof Differentiating Vi, (¢) and V,u(¢) along the solution

T<T = + 1.

of error system (3),

M T (el
[ yen(0en()

— et (T1)en(T1) +

Vin(£) < 2eq,(1)éin(t) +

M 1.\
1— },ein(t)em(t)

— ey (B)ein(n),
- LER, T
< —
Vout(t) = 1= (peout(t)eout(t)

e (T)eou () + 7 ehu(£)eon (1)

- n4egut(72)eout(f2)-

Based on the error equation (3) and the control scheme (4)
and (5), it is obtained that

2¢"(1)e(t)

= 2ei, (1) (Iv @ A)ein (1) + 2¢3, (1) (Iv © B)F (ein(T1))
+2¢, (1) (C @ 1,)G(ein(1))
+2e, (1) (D@ 1) H (e (7)) —
— aey, (1) sign(ein (1)) |ein (1) |
+2(Iy @ E)ein(t) 4 2ei (1) (Iy @ W) F (ein(11))

T’l ot T (1+0'>/2
—a L " (s)ein(s)d
o (1%/”]  hoen(s )

25€£(f)ein(f)
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Furthermore, by Lemma 1, one has the following estimation:

2e;, (1) (In ® A)ein (1) +2e}, (1) (Iy @ B)
X F (eou(71)) +2¢in (1) (Iy © E)ein (1)
+2ei, (1) (Iy @ W) F (eou(71))
2el (1) (Iy @ A)ein(t) + s1ei (1)

X (In @ MM " )eqy () +2¢}, (1) (Iv O E)
X ein(t )"’Slem( )y ®MMT) oul( )
+s7 e (1) (Iv @ NTNy el (1) + s2ef (¢)
x (Iy @ BB ) el (1) + 55 ' FT (eou(T1))
X F (eout(T1)) + s3ek (£) (Iy @ MM el (1)
+55 ' FT (eou (1)) (In @ N3 N2 )F (€ou(T1))
(Amax (A*) + 81 Amax (MM") + 52 Anax (MM
+57  Amax (NT N1 ) + 52 Amax (BBT) 53 Amax (MM ™))
xel (t)ein(r) + (sy 1L§ +s55 1L§Max(NgN2))

Xezut(fl)eout(fl)-

IN

IN

Similarly, we have the estimation for another term

ein(1) (CRIL,)G(e(t)) +2e},(t) (D@ 1,)
xH( in(72)) + 20, (1) (DO L) H (e, (1))
saeiy (1)(CCT @1, )efy (1) + 5, G (e (1)) Glein(r))
ssem (1) (DD @ I,)ein (1) + 55 H (eou(2))
xH (eou(T2)) + 55 ' G" (€in(1))G(ein (1))
(542max (CCT) + 57 L2 + 55 Amax (DDY) e
+55 Lheout(fz)eout(fz) +s5 1L2 +55 ILE
+(53 'L + 55Amax (DDT) el (1)ein ().

IN

IN

n(t)en(t)

It follows from Definition 2 and Lemma 2 that

—ae" (t)sign(e(t))le(t)|°

= —ale"(1)[[e()|” < —a(e" (t)e(r)) /.
Together with expressions (6) and (7), it results in
Vin(t) < Weiy (t)ein(r) + (s5'Li — 12)ein(T2)ein(72)
+ (55 L5 + 55 Li Amax (N; No) — 1) i (71 ein (1)
+ (L5 +55 'L — e (1) ew(T1)

—a (el (t)en()

Vou(t) < (55" = m3)egu(T2)eou(T2)
+ (S;IL?Armax (N;FNZ) - 113)

><epgut(’fl Jeout(T1) + n3egut(71 )eout(T1)

— 2 (€ () eon()™?

out

it
) ( I 113(17 ./FTI o el (8)eou(s) ds)

_ (1_(p /Hm eom(s)eom(s)ds>
% (53" L3 Amax (N3 No) — 113) L33 el (1) eou (7).

(u+1)/2

Then, it follows from Lemma 2 that
Vin(t) < —a (e (t)e(t))
n c/2
—o < ein(s)ein(s) ds)
=7 Ji—n
1

[ T
¥ Ji-q, in
n ' /2
T
i in d
) (l—y/r—mr)e‘“(s)e ) s>
/2
M /t T )6
i in d
(7 Aoenas

/2
P /l T )G
—a| — - in(s)d
a(l—y tirz(f)em(s)e (s)ds

—avl (), ©)
Vour(t) < (55" —m3)equ (T2)eou(T2)

+ (53 "L Amax (N] N2) — 13) e (T1)eou(T1)
_l(egut(t)eout(’))“/z

2
_ n [ T H
A (1 s /t—rl o €out ($)eout (8) ds)
[ u/2
-2 (1 s /I—Tz(l) el (5)eou(s) ds)

2

n t u

_ (1 —3(P/t " egu[(s)eout(s)ds)
-

< <2 (b (t)eou(®)™?

/2

VAN VAN

< —AVau(0). )
Integrating expression (6) from 7 to ¢, one gets
V(1) = Vin(t) + Vou(?)
(kv (10))' P = (1 = )t —10)

where 0 < k < 1, V(t9) > Vin1 (%), V(t0) > Vout1 (fo). The con-
troller wiy (1) = uy (t) and woy (t) = up(t) are activated at 7.

IN

)

)1/(1*13)

Since a > oy, o > A;, the convergence rate of Vi,(¢)
is faster than that of the boundary function Viy (2), Vou (t) is
faster than that of the boundary function Voy (¢), there ex-
ists an instant V;,(7) when the trajectory of Vi, (¢) and touches
Vin1 (1), the trajectory of Vou(#) and touches Voy (¢). Based on
the proposed control mechanism, the controllers u;, (¢) = u; (¢)
and uoy (1) = up (1) are still active after Vi, (¢), the trajectory of
Vin(t) and Voy (z) will enter the region Vi (£) < Vin(t) < Vin1 (¢)
and Voue (1) < Vour(f) < Voun (2), respectively.
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Further, due to o > o, a > Ay, there is an instant The nonlinear inner connecting functions and the time-
Vin(¢) such that the trajectory of Vi,(¢) touches the boundary  varying delays are taken as
Vinz(t), the trajectory of Vo () touches the boundary Voue (7),
as well the controller uj,(¢) = 0 and uoy(f) = O are activated 2(-) = h(-) = tanh(-), (1) = 1(r) = cost,
at Vi (¢). If there exists another instant Vi, (#) such that Vi, (¢)
touches the boundary Vi, (¢), the controller u;,(t) = u(t) and Li=14 Ly=L =12 y=13 ¢=11
uow (f) = uy(t) are activated again, the trajectory of Vi, (r) and

Vout(?) touches the boundary Vi (¢) and Voo (2), activating the x = @(y—x) + dyz,
controllers Vi, (f) = 0 and Voue(#) = O once again separately. S(r) is set as z - ;; B Z;Z —yg+w,
Based on the above discussion, there is an instant Vo= —fy _7 .
- (kV ()" B The initial conditions are set as
a(1-p)
such that the trajectory of Vi,(¢) and Vou(#) touch the bound- 0=30, b=42, c=24, d=53,

ary Vini(f) and Voun(#), respectively, Viy(f,) = Vini(f) and

0 =35 f=102, h=1, g=2,
Vout (tr) = Vout1 (¢,). It yields directly ! &

, xi(to) = (0.11i, 0.12i, 0.13i, 0.14i)T,
e(@)I” < Vin(t) + Vour(t) < Vini (1) +Vouu (), t =11 . . T
vi(to) = (—=1-0.1i, —1-0.2i, —2i,—i)",
Therefore, by Lemma 1, one obtains that the error system (4) 12 20:
is finite time stable with the setting time 7 () and 7,(¢), thus TSt
finite time hybrid synchronization is achieved. Mox20 = N1 =Ny =1,
Remark 2 If networks without delay, the delays 7 () F(t) = diag(0.3,sint,cost,0.5,0.3, sint,

and 7,(7) in the above formulas are equal to 0. c0s7,0.5,0.3, sint,cost,0.5,0.3, sint,

cost,0.5,sint,cost,0, 1),

Si:2(i:la"'71)7 ézlv 771:2a 712:37 6247

4. Numerical example

Assuming the network (1)—(2) consists of twenty nodes,

respectively. The function f(-) in both of the subnetworks is o =3, oy(r) =2sint,
chosen as op(t) =cost, k=0.3,=0.1, 13 =0.2,
fz(®)=(zu@t)+2]— ‘Zl(t) -2/,1,0, 1)T, n4=02, A=0.1, y =04.

r02 02 1 1.1
03 0 -03 02
0 0 0 0

1.3 1 0 1.5 0 o 02 0 -03 O 0 —-12 -03 —0.2 0.56 7
0 0 0 02 -03 0 0 0 014 0 02 0 -12 12 0
0.11 050 =03 O 0 05 0 0 0.4 0 032 02 —-12 0 0
012 0 015 O 0 0 0 01 0 0 02 056 0 0.1 0 0 -12 -0.2 0.56
0 065 0 -03 02 0 02 0 -22 0 0 —-1.12 1 0 0 0 02 02 -12
0 0 0.8 0 01 0 0 1.03 0 0 0 02 02 0 01 02 02 0 0 0
0 0 0 0 0 0 012 0.1 0 035 =02 0 0 -12 0 0 01 -02 08 0
0 08 -02 01 0 —-0.11 O 0 04 O 0 02 0 0 0 034 0 0 0 0.56
012 0 0 0 01 0 0 02 023 0 0 02 0 0 0.1 0 0 -02-12 0
0.11 0 0 1.1 0 021 0 022 0 054 021 02 02 0 -0.12 0 021 O 0 —-14
0 -05 0 0 0 0 032 0 21 O 0 0 0 -32 0 0 02 0 -02 056
023 0 032 0 02 0 21 0 0 0 01 0 02 0 0 032 0 02 0 0
025 0 0 21 0 1 02 -032 0 032 0 02 O 1 -054 0 023 012 0 -12

S O O o O

1 0 032 0 0 01 0 0o 02 O 0 0 0 0.8 0 0 02 02 08 026
0 21 0 0o 0 23 18 1 0 025 0 12 21 0 0 02 0 022 0 1
-02 0 -012 1 08 0 0 02 0 =02 0 012 0 02 02 0 08 032 -02 0.16
0 0 0 0 0 01 1 0 12 0 012 0 0 0 0 0 012 092 02 03

1 1 -045 0 O 23 12 0 13 13 32 035 0 016 02 02 21 0 0.16
012 0 0 -03 0 0 0 0 12 0 o 12 0 -02 O 1 013 02 -02 1
2 1 1 0 0 18 021 O 0 052 0 0 —-1.12 0 0 023 0 012 1 03
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\
Figure 1 displays the uncontrolled synchronization error 45
e(t) when the network with delay. Figure 2 displays the con- 40¢ g;’;t 1

trolled synchronization error e(¢) in finite time when network
with delay. Figure 3 displays the uncontrolled synchronization
error e(t) when the network without delay. Figure 4 displays
the controlled synchronization error e(¢) in finite time when

network without delay.
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Fig. 1. Uncontrolled synchronization error with delay.
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Fig. 4. Controlled synchronization error without delay.

5. Conclusions

Finite time hybrid synchronization of duplex heteroge-

—1.2},
—1.4p
—~1.6 . .

0.6 0.8
t (103 s)

Fig. 2. Controlled synchronization error with delay.

1.0 1.2

1.4

neous complex networks via time-varying intermittent control
has been investigated in this paper. The internal synchroniza-
tion and the external synchronization all be achieved synchro-
nization in finite time by time-varying intermittent control.
The switch frequency of the controllers determined by the de-
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signed time-varying Lyapunov function. Time-varying inter-

mittent control combined with finite time control have been

proposed to guarantee the synchronization within a finite time.

Numerical example show that the finite time control scheme is

feasible and effective.
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