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Abstract— A class of uncertain time-varying complex dynam-
ical networks is studied in this paper and a model introduced.
On the grounds of that model then the locally and globally
decentralized synchronization of these networks are thoroughly
investigated. Several network synchronization criteria are de-
duced. Especially, the assumptions adopted and decentralized
control laws designed are considerably simple. An illustrative
example along with the respective numerical and computer
simulation results is also given to demonstrate the effectiveness
of the proposed synchronization control synthesis.

I. INTRODUCTION

Analysis and control of complex networks, which repre-

sent a systemic structure of a large set of interconnected

dynamical nodes, have become a hot topic of great interest

in recent years. Two main reasons may well explain this

situation status at present. The one emanates from the fact

that now science is confronted not with a single complex

system, but rather a network of complex systems connected

as a large-scale ensemble, following the generic change and

expansion of communication and transportation technologies.

The other is due to the dramatic change of the everyday

relationship between people and complex networks caused

by these developments.

It has been found already that the topology of a network

often affects its functioning. Thus not only the dynamics of

each individual node in the network should be considered,

but also the topological connectivity of a network if we

are to investigate and understand better dynamical behaviors

of various complex networks. Traditionally, a network of

complex topology is described by a completely random

graph, the so-called E-R model, due to famous discoveries

of Paul Erdos and Alfred Renyi [1]. More recently, Watts

and Strogatz introduced the concept of so-called small-world

network [2]-[4], which demonstrates the transition from a

regular network to a random network since many real-

world complex networks are neither completely regular nor

completely random. Another significant discovery in the field

of complex networks is the observation that a number of

complex networks are scale-free. Small-world phenomenon
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and scale-free feature have been shown to play critical roles

in complexity [4].

More recently, a general scale-free dynamical network

model was discussed in [18] first bringing in the significant

result that the synchronizability of a scale-free dynamical

network is robust against random removal of nodes yet it is

fragile to a specific removal of the most highly connected

nodes. Synchronization and dynamical behaviors in complex

networks were studied further on the grounds of that model

[7], [8], [10], [12], [17], [18], [19]. In particular, the uniform

and non-uniform pinning control strategy, including specifi-

cally pinning scheme and randomly pinning scheme, is used

to stabilize scale-free networks [6], [11], [14], [15], [16].

In [5], a general time-varying complex dynamical network

model was presented and also the synchronization problem

was studied. In these investigations, an essential requirement

is that the structure of the network and the coupling functions

are known a priori.

Works [9] and [13] proposed an uncertain dynamical

network model with an unknown but bounded nonlinear

function and discussed its robust adaptive synchronization.

Paper [19] has provided results on the transition to chaos in

complex dynamical networks while [20] used hybrid controls

to synchronize chaotic systems. Decentralized robust controls

of network-like large-scale nonlinear systems were studied in

[21]-[26]. All the results derived in those papers were proven

to be effective for the specific large-scale system investigated.

In this paper, a controlled time-varying complex dy-

namical network model is proposed. Further, by exploring

the combined application of Lyapunov stability theory and

nonlinear robust decentralized control method, the present

paper shows some robust decentralized controllers can indeed

be designed for the same task as described in [9] and [13].

It shows that the proposed synthesis can ensure the states of

the dynamical network locally and globally asymptotically

synchronize with an arbitrarily assigned state of an isolate

node in the network. Also, the synthesis for the controlled

time-varying complex dynamical network model is shown to

be significantly simplified using the similarity structure.

This paper is organized as follows. An uncertain time-

varying complex dynamical network model is presented and

some preliminaries are introduced in Section II. In Section

III, the locally and globally decentralized synchronization

approaches of the network are studied. Section IV presents

an application example along with the respective numeri-

cal and simulation results to verify the theoretical results

and demonstrate the effectiveness of the proposed control

method. Conclusion and references follow thereafter
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II. SYSTEMS DESCRIPTION AND

PRELIMINARIES

In this section, we introduce an uncertain complex dynam-

ical network model and give some preliminary definitions

and assumptions.

A. A Controlled Uncertain Time-Varying Complex Dynami-

cal Network Model

Consider a dynamical network consisting of N identical

nodes with uncertain diffusively coupling, in the following

form:

ẋi = f (xi, t)+ gi(x1,x2, · · · ,xN , t)+ ui,1 ≤ i ≤ N. (1)

where xi = [xi1,xi2, · · · ,xin]
T ∈ Rn,represents the vector of the

i− th node, f : Ω×R+ → Rn are smooth nonlinear vector

functions, node dynamics is ẋ = f (x, t),g i : Ω×Ω×·· · ×Ω×
R+ → Rn are unknown nonlinear smooth diffusive coupling

functions, ui ∈ Rn are the control inputs, and the coupling-

control terms satisfy gi(s,s, · · · ,s, t)+ui = 0 for all t, where

s is a synchronous solution of the node system ẋ = f (x, t).

B. Mathematical Preliminaries

Definition 2.1. The system

ẋi = f (xi, t)+ ui, 1 ≤ i ≤ N

is referred to as the i− th isolated nominal node dynamical

sub-network of network (1).

Definition 2.2. Let xi = (t; t0,X0),(1≤ i≤N) be a solution

of the dynamical network (1), where X0 = (x0
1,x

0
2, · · · ,x

0
N), f :

Ω× R+ → R+, and gi : Ω×Ω × ·· · ×Ω× R+ → Rn(1 ≤
i ≤ N) are continuously differentiable, Ω ∈ Rn. If there is a

nonempty subset Λ ⊆ Ω, with x0
i ∈ Λ(1 ≤ i ≤ N), such that

xi = (t; t0,X0) ∈ Ω for all t ≥ t0,1 ≤ i ≤ N, and

lim
t→∞

‖xi(t; t0,X0)− s(t; t0,X0)‖2 = 0, 1 ≤ i ≤ N. (2)

where s(t; t0,X0) is a solution of the system ẋ = f (x, t)
with x0 ∈ Ω, then the dynamical network (1) is said to

realize synchronization and Λ× ·· ·×Λ is called the region

of synchrony for the dynamical network (1).

For the sake of simplicity, we denote s(t; t0,X0) as s(t).
Then S(t) = (sT (t),sT (t), · · · ,sT (t))T is a synchronous solu-

tion of uncertain dynamical network (1) since it is a diffusive

coupling network. Here, s(t) can be an equilibrium point, a

periodic orbit, an aperiodic orbit, or a chaotic orbit in the

phase space.

Futher, we define error vector

et(t) = xi − s(t), 1 ≤ i ≤ N. (3)

Then the objective of controller u i is to guide the dynamical

network (1) to synchronize. That is

lim
t→∞

‖et(t)‖2 = 0, 1 ≤ i ≤ N. (4)

Since ṡ = f (s, t), from network (1), we have

ėi = f̄ (xi,s, t)+ ḡi(x1,x2, · · · ,xN ,s, t)+ ui,1 ≤ i ≤ N. (5)

where

f̄ (xi,s, t) = f (x, t)− f (s, t), ḡi(x1,x2, · · · ,xN ,s, t)

= gi(x1,x2, · · · ,xN , t)− g(s,s, · · · , t).

III. DECENTRALIZED SYNCHRONIZATION OF

AN UNCERTAIN COMPLEX DYNAMICAL

NETWORK

In this section, the investigated the local decentralized

synchronization and global decentralized synchronization of

the uncertain complex dynamical network (1) are discussed.

Several network decentralized synchronization criteria are

given.

A. Local Synchronization

Linearizing error system (5) around zero gives

ėi = A(t)ei(t)+ ḡi(x,s, t)+ ui,1 ≤ i ≤ N. (6)

where A(t) = D f (s, t) is the Jacobian of f evaluated at x =
s(t).

In the following, we give several useful assumptions.

Assumption 1(A1). Suppose that there exist known con-

tinuous differentiable function ϕ i(.) with ϕi(0) = 0 and

nonnegative constants ri j(1≤, j ≤N), such that for x∈Ω, t ∈
R+

‖ḡi(x,s, t)‖ ≤
N

∑
j=1

ri jϕi(‖e j‖), 1 ≤ i ≤ N. (7)

There must exist a matrix K(t) such that A(t)+ K(t)
is Hurwitz stable since (A(t), I) is controllable. Therefore,

there exist K(t),P(t) > 0,Q(t) > 0 such that the equation

Ṗ(t) = −(A(t)+K(t))T P(t)−P(t)(A(t)+K(t))−Q(t). (8)

is satisfied.

Assumption 2(A2). Suppose there exists a neighborhood

about origin Ω̄ ⊆ Ω such that the matrix function W T (e)+
W (e) > 0 in Ω̄\{0}, where W (e) = (wi j(e))N×N is defined

by

wi j(t) =











λm(Q(t))

−2λM(P(t))ri jφi(‖e j(t)‖), i = j,

−2λM(P(t))ri jφi(‖e j(t)‖), i �= j.

for i, j = 1,2, · · · ,N, with

φi(r) =

{

ϕi(r)
r

, r �= 0,

dϕi

dr
(0), r = 0.

Based on A1 and A2, a local decentralized network

synchronization criterion is deduced as follows.

Theorem 1. Suppose that A1 and A2 are satisfied. Then

the synchronization solution S(t) of the uncertain dynam-

ical network (1) is locally asymptotically stable under the

decentralized controllers

ui = K(t)ei, 1 ≤ i ≤ N. (9)

Proof: Substituting (9) into (6) gives the following closed-

loop system

ė(i) = (A(t)+ K(t))ei(t)+ ḡi(x,s, t), 1 ≤ i ≤ N. (10)
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Consider a Lyapunov function candidate

V (e(t), t) =
N

∑
i=1

eT
i P(t)ei(t). (11)

where e = (eT
1 ,eT

2 , · · · ,eT
N)T and P(t) is defined by (8). The

time derivative of V (e(t), t) along the solution of the closed-

loop system (10) is given by

V̇ (e(t), t) =
N

∑
i=1

ėT
i (t)P(t)ei(t)+ eT

i (t)Ṗ(t)ei(t)

+ eT
i (t)P(t)ėi(t)

=
N

∑
i=1

eT
i (t)[(A(t)+ K(t))T P(t)

+ P(t)(A(t)+ K(t))+ Ṗ(t)]ei

+ 2
N

∑
i=1

eT
i (t)P(t)ḡi(x,s, t).

(12)

By A1 and A2, one has

N

∑
i=1

eT
i (t)[(A(t)+ K(t))T P(t)

+ P(t)(A(t)+ K(t))+ Ṗ(t)]ei

≤−
N

∑
i=1

eT
i (t)Q(t)ei(t).

(13)

2
N

∑
i=1

eT
i (t)P(t)ḡi(x,s, t)

≤ 2
N

∑
i=1

‖ei(t)‖‖P(t)‖
N

∑
j=1

ri jϕi(‖e j(t)‖)

= 2
N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖.

(14)

Now, substituting (13) and (14) into (12) yields

V̇ (et , t) ≤−
N

∑
i=1

λm(Q(t))‖ei(t)‖
2 + 2

N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖

= −
1

2
(‖e1‖,‖e2‖, · · · ,‖eN‖)(W

T (e)+W(e))

(‖e1‖,‖e2‖, · · · ,‖eN‖)
T
.

since W T (e)+W (t) > 0 in Ω̄\{0}, it follows that e = 0 is

a uniformly asymptotically stable equilibrium point of the

system (6), It implies that e = 0 is also a uniformly asymptot-

ically stable equilibrium point of the system (5). That is, the

synchronous solution S(t) of uncertain dynamical network

(1) is locally asymptotically stable under the decentralized

controllers(9), which concludes the proof.

B. Global Synchronization

In this subsection, we investigate the case of global

network synchronization of the considered complex network.

For this purpose, we rewrite node dynamics ẋ i = f (x, t) as

ẋi = A(t)xi(t)+ f (xi, t),

where A ∈ Rn×n is a constant matrix and f : Ω×R+ → Rn is

a smooth nonlinear function. Thus network (1) is defined by

ẋi =A(t)xi + f (xi, t)+ ḡi(x1,x2, · · · ,xN , t)+ ui,

1 ≤ i ≤ N.
(15)

Similarly, one can get the error system

ėi =A(t)ei(t)+ f̄ (ei,s, t)+ ḡi(x1,x2, · · · ,xN , t)+ ui,

1 ≤ i ≤ N.
(16)

where f̄ (ei,s, t) = f (ei, t)− f (s, t).

Further in this analysis, another couple of assumptions

shall be needed.

Assumption 3(A3). Suppose that there exist known con-

tinuous differentiable functions γ(.) and ϕ i(.) with γ(0) =
ϕi(0) = 0 and nonnegative constants r i j(1 ≤ i, j ≤ N), such

that for x ∈ Ω, t ∈ R+

‖ f̄ (xi,s, t)‖ ≤ γ(‖xi‖), 1 ≤ i ≤ N, (17)

‖ḡi(xi,s, t)‖ ≤
N

∑
j=1

ri jϕi(‖e j‖), 1 ≤ i ≤ N. (18)

Assumption 4(A4). Suppose that there exist a neighbor-

hood about origin Ω̄ ⊆ Ω such that the matrix function

W T (e)+W (e) > 0 in Ω̄\{0}, where W (e) = (wi j(e))N×N is

defined by

wi j(e) =











λm(Q(t))− 2λM(P(t))κ(‖ei(t)‖)

−λM(P(t))ri jφi(‖e j(t)‖), i = j

−λM(P(t))ri jφi(‖e j(t)‖). i �= j

for i, j = 1,2, · · · ,N,with

ϕi(r) =

{

φi(r)
r

, r �= 0,

dφi

dr
(0),r = 0.

,κi(r) =

{

γi(r)
r

, r �= 0,

dγi

dr
(0),r = 0.

On the grounds of A3 and A4, a global decentralized

network synchronization criterion is deduced as given in the

theorem below.

Theorem 2. Suppose that A3 and A4 are satisfied. Then

the synchronization solution S(t) of the uncertain dynamical

network (1) is globally asymptotically stable under the

decentralized controllers

ui = K(t)ei, 1 ≤ i ≤ N. (19)

Proof: The closed-loop system resulting from the decentral-

ized controllers described by

ėi = (A(t)+ K(t)ei(t))+ f̄ (ei,s, t)

+ ḡi(x1,x2, · · · ,xN ,s, t), 1 ≤ i ≤ N.
(20)

Consider the Lyapunov function candidate

V̇ (ei(t), t) =
N

∑
i=1

eT
i (t)P(t)ei(t).

WeB21.6

1439



where e = (eT
1 ,eT

2 , · · · ,eT
N)T and P(t) is defined by (8). The

time derivative of V (e(t), t) along the solution of the closed-

loop system (20) is given by

V̇ (e(t), t) =
N

∑
i=1

ėT
i (t)P(t)ei(t)+ eT

i (t)Ṗ(t)ei(t)

+ eT
i (t)P(t)ėi(t)

=
N

∑
i=1

eT
i (t)[(A(t)+ K(t))T P(t)

+ P(t)(A(t)+ K(t))+ Ṗ(t)]ei

+ 2
N

∑
i=1

eT
i (t)P(t)(ḡi(x,s, t)+ f̄ (ei,s, t)).

(21)

By virtue of A3 and A4, one derives

N

∑
i=1

eT
i (t)[(A(t)+ K(t))T P(t)+ P(t)(A(t)+ K(t))

+ Ṗ(t)]ei

≤−
N

∑
i=1

eT
i (t)Q(t)ei(t).

(22)

2
N

∑
i=1

eT
i (t)P(t)(ḡi(x,s, t)+ f̄ (ei,s, t))

≤ 2
N

∑
i=1

‖ei(t)‖‖P(t)‖(
N

∑
j=1

ri jϕi(‖e j(t)‖)

+ γ(‖ei(t)‖))

= 2
N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖

+ 2
N

∑
i=1

λM(P(t))κ(‖ei(t)‖)‖ei(t)‖
2
.

(23)

Now, substituting (22) and (23) into (21) yields

V̇ (e(t), t)

≤−
N

∑
i=1

(λm(Q(t))− 2λM(P(t))κ(‖ei(t)‖))‖ei(t)|
2

+ 2
N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖

≤ −
1

2
(‖e1‖,‖e2‖, · · · ,‖eN‖)(W

T (e)+W(e))

(‖e1‖,‖e2‖, · · · ,‖eN‖)
T
.

Since W T (e) +W (e) > 0 in Ω\{0}, it follows that e = 0

is a uniformly asymptotically stable equilibrium point of

the system (16). It implies that e = 0 is also a uniformly

asymptotically stable equilibrium point of the system (15).

That is, the synchronous solution S(t) of uncertain dynamical

network (1) is globally asymptotically stable under the

decentralized controllers (19).

In Theorem 2, the nonlinear function f̄ (ei,s, t) is dealt with

by a bounding estimation, and we use little information in the

design of the decentralized controllers (19). The following

theorem will give a result with reduced conservativeness;

however, another two assumptions are needed.

Assumption 5(A5). Suppose f̄ (ei,s, t) = 0 for ei(t) ∈ Ξ
with Ξ = {(ei(t), t)|P(t)ei(t) = 0, t ∈ R+} for 1 ≤ i ≤ N.

Assumption 6(A6). Suppose there exists a neighborhood

about origin Ω̄ ⊆ Ω such that the matrix function W T (e)+
W (e) > 0 in Ω̄\{0}, where W (e) = (wi j(e))N×N is defined

by

wi j(e) =











λm(Q(t))

−2λM(P(t))ri jφi(‖e j(t)‖), i = j,

−2λM(P(t))ri jφi(‖e j(t)‖), i �= j.

for i, j = 1,2, · · · ,N, with

ϕi(r) =

{

φi(r)
r

, r �= 0,

dφi

dr
(0),r = 0.

,κi(r) =

{

γi(r)
r

, r �= 0,

dγi

dr
(0),r = 0.

Theorem 3. Suppose that A3,A5 and A6 are satisfied. Then

the synchronization solution S(t) of the uncertain dynamical

network (1) is globally asymptotically stable under the

decentralized controllers

ui = K(t)ei + ρ(ei(t)), 1 ≤ i ≤ N. (24)

where ρ(ei(t)) is given by

ρ(ei(t) =











−
P(t)ei(t)

‖P(t)ei(t)‖2 λM(P(t))κ(‖ei(t)‖)‖ei(t)‖,

P(t)ei(t) �= 0,

0, P(t)ei(t) = 0.

(25)

Proof: The closed-loop system resulting from the decentral-

ized controllers described by

ėi = (A(t)+ K(t))ei(t)+ f̄ (ei,s, t)+ ρ(ei(t))

+ ḡi(x1,x2, · · · ,xN ,s, t),1 ≤ i ≤ N.
(26)

Consider the Lyapunov function candidate V (e(t), t) as

in Theorem 2. The time derivative of V (e(t), t) along the

solution of the closed-loop system (26) is given by

V̇ (e(t), t) =
N

∑
i=1

(ėT
i (t)P(t)ei(t)+ eT

i (t)Ṗ(t)ei(t)

+ eT
i (t)P(t)ėi(t))

=
N

∑
i=1

eT
i (t)[(A(t)+ K(t))T P(t)

+ P(t)(A(t)+ K(t))+ Ṗ(t)]ei

+ 2
N

∑
i=1

eT
i (t)P(t)(ḡi(x,s, t)

+ f̄ (ei,s, t)+ ρ(ei(t))).

(27)

By H3 and (8), one has

N

∑
i=1

eT
i [(A(t)+ K(t))T P(t)+ P(t)(A(t)+ K(t))+ Ṗ(t)]ei

≤−
N

∑
i=1

eT
i (t)Q(t)ei(t).

(28)
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2
N

∑
i=1

eT
i (t)P(t)ḡi(x,s, t)

≤ 2
N

∑
i=1

‖ei(t)‖‖P(t)‖
N

∑
j=1

ri jϕ(‖e j(t)‖)

= 2
N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖.

(29)

Then, by A3, A5 and (25), it is obtained that if P(t)e i(t) �= 0,

then for i = 1,2, · · · ,N,

2
N

∑
i=1

eT
i (t)P(t)( f̄ (ei,s, t)+ ρ(ei(t)))

= 2
N

∑
i=1

eT
i (t)P(t) f̄ (ei,s, t)

− 2
N

∑
i=1

eT
i (t)P(t)

P(t)ei(t)

‖P(t)ei(t)‖2
λM(P(t))

κ(‖ei(t)‖)‖ei(t)‖

≤ 2
N

∑
i=1

‖ei(t)‖λM(P(t))‖ f̄ (ei,s, t)‖

− 2
N

∑
i=1

λM(P(t))κ(‖ei(t)‖)‖ei(t)‖

≤ 0.

(30)

Now, substituting (28),(29) and (30) into (27) yields

V̇ (e(t), t)

≤−
N

∑
i=1

λm(Q(t))‖ei(t)‖
2

+ 2
N

∑
i=1

N

∑
j=1

λM(P(t))ri jφi(‖e j(t)‖)‖ei(t)‖‖e j(t)‖

≤ −
1

2
(‖e1‖,‖e2, · · · ,‖eN‖)(W

T (e)+W(e))

(‖e1‖,‖e2, · · · ,‖eN)T
.

Since W T (e) +W (e) > 0 in Ω\{0}, it follows that e = 0

is a uniformly asymptotically stable equilibrium point of

the system (26). It implies that e = 0 is also a uniformly

asymptotically stable equilibrium point of the system (15).

That is, the synchronous solution S(t) of uncertain dynamical

network (1) is globally asymptotically stable under the

decentralized controllers (24).

IV. EXAMPLE

This section presents a complex network example to which

the previously derived results were applied to demonstrate

the effectiveness of the proposed synchronization criteria.

Consider a complex dynamical network that is consisted

of two identical node dynamical systems. Their dynamics is

described by
[

˙x11

˙x12

]

=

[

2 −3

3 5

][

x11

x12

]

+

[

sin2(x11)x12

cos(x12)x11

]

+ 0.05sin(t)e−t

[

cos2(x12) 0

0 1

][

x11

x12

]

+ cos(t)e−2t

[

sin(x12) 0

0 1

][

x21

x22

]

+ u1

[

˙x21

˙x22

]

=

[

2 −3

3 5

][

x11

x12

]

+

[

sin2(x21)x22

cos(x22)x21

]

+ e−t

[

1 0

0 sin(x2
21 + x22)

][

x11

x12

]

+ sin(t)e−2t

[

cos(x21) 0

0 1

][

x21

x22

]

+ u2

There are several choices to design the controller accord-

ing to the Theorem 2. In the simulation, the controller gain

matrix and other parameters matrixes are chosen as follows:

K(t) =

[

−6 0

0 0

]

P(t) =

[

1 0

0 1

]

Taking care that the conditions in Assumption 3 and

Assumption 4 are fulfilled, we found by means of direct

calculation:

Q(t) =

[

−6 0

0 0

]

W (t) =

[

6− 0.1|sin(t)|e−t −2− 2|cost|e−wt

−2− e−t 6−|sin(t)|e−2t

]

‖ḡ1(x1,s, t)‖2 ≤ ‖e1‖2,

‖ḡ2(x2,s, t)‖2 ≤ ‖e2‖2,

‖h̄1(x1,x2,s, t)‖2 ≤ 0.05|sin(t)|e−t‖e1‖2

+ |cos(t)|e−2t‖e2‖2,

‖h̄2(x1,x2,s, t)‖2 ≤ e−t‖e1‖2 + |sin(t)|e−2t‖e2‖2

It is observed that Assumption 3 and Assumption 4 are

satisfied. According to Theorem 2, the synchronous solution

S(t) of the above network is globally asymptotically stable,

which is verified by simulation results too.

Assume that x0 = (−0.5,0.7,0.45,−0.3) and s0 = (0,0).
The synchronous error e i is shown in Fig.1. Obviously, the

zero error is globally asymptotically stable for dynamical

network.

V. CONCLUSIONS

In this paper, we proposed a representation model for

class of controlled time-varying complex dynamical network

with similarity and designed decentralized state feedback

control with holographic-structure to asymptotically stabilize

the network. Several network synchronization criteria have

been proved by using Lyapunov stability theory. Compared

with all relevant previous results, our assumptions are rather

general and simpler. In turn, practically we may design

controllers with the same structure and then carry tuning

transformation of parameters out so that the proper overall

controller with holographic-structure can be obtained. The
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Fig.1.Evolution of state variables of the controlled network.

bigger is the number of nodes the more valuable is the

effectiveness.
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