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Abstract— This paper presents a set of sufficient conditions
for a class of nonlinear complex dynamical networks with
coupling delays in the state to be passive. Based on the
passivity property, impulsive control of the dynamical networks
is addressed. An illustrative example is included.

I. INTRODUCTION

In the past few years, there has been increasing interest
in studying complex networks as relevant to many areas of
science [20]. A complex network is a set of interconnected
nodes, where a node is defined by a basic unit of the network.
There are many different types of nodes, such as routers in
the Internet [4], document files in the World Wide Web [1],
individuals, organizations or countries in the social network,
etc., while the edges represent the interactions among the
individual elements. The ubiquity of complex networks in
science and technology naturally stimulates the study of the
structure and dynamics of complex networks.

For nearly 40 years, complex networks have been studied
extensively as a branch of mathematics, namely random
graphs. In order to describe the transition from a regular
network to a random network, Watts and Strogatz (WS),
studied the so-called small-world networks. However, many
large-scale complex networks such as the World Wide Web,
the Internet, social networks, etc., belong to a class of in-
homogeneous networks called scale-free networks-see [20],
[23] for references.

From a nonlinear dynamics point of view, one can intro-
duce dynamical element models to be the network nodes.
For the resulting dynamical network, there have been many
studies of behaviour, particularly synchronization and bi-
furcations [3], [8], [12], [13], [14], [15], [20], [21], [23],
[25], [27]. A particular point of interest in the problem
of synchronization of dynamical systems was highlighted
in the paper [17] where it was reported that two chaotic
systems being interconnected may synchronize. After the
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pioneering work of Ott et al. [16], several control strategies
for stabilizing chaos have been proposed. In this paper, we
are interested in control issues for such networks. Control
techniques based on impulses have been applied extensively
in recent years [5], [6], [26], due to their theoretical and
practical significance. Compared to continuous methods, an
impulsive method can increase the efficiency of bandwidth
usage. Recently networks with coupling delays have received
a great deal of attention. In [3], [27], the effects of time de-
lays in a specific coupled oscillator network were discussed.
The work in [12], [13], [25] focuses on dynamical behaviors
in delayed networks.

The concepts of dissipativity and passivity, motivated by
the dissipation of energy across resistors in an electrical
circuit, has been widely used in order to analyze stability
of a general class of interconnected nonlinear systems [19],
[22], [24]. The work [2] investigated conditions under which
a nonlinear system can be rendered passive via smooth state
feedback. In [18], the conditions of feedback passivity allow
one to design an adaptive synchronizing control law which
ensure global synchronization.

In this paper, we address the passivity of a class of com-
plex dynamical networks in the presence of communication
time-delays. Our goal in this paper is to render the dynamical
networks to be passive via impulsive and state feedback
controls. Using the Lyapunov functional approach, stability
and control results are derived in terms of solutions of linear
matrix inequalities. The paper is organized as follows: a class
of nonlinear dynamical networks is presented in Section 2.
Passive control of the complex dynamical networks with
delay interconnections is addressed in Section 3. Section
4 contains a numerical example. Concluding remarks are
collected in Section 5.

II. PROBLEM FORMULATION

Let J = [t0,+∞) (t0 ≥ 0), and Rn denote the n-
dimensional Euclidean space. For x = (x1, . . . , xn)

�
∈ Rn,

the norm of x is ‖x‖:=
( n∑

i=1

x2
i

) 1
2

. Correspondingly, for

A = (aij)n×n ∈ Rn×n, ‖A‖:=λ
1
2
max

(
AT A

)
. The identity

matrix of order n is denoted as In (or simply I if no
confusion arises).

In general, the dynamics of nonlinear systems are de-
scribed by the behaviour of state variables as solutions of
a set of nonlinear differential equations. In many cases,
the dynamical equations can be decomposed into two parts:
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linear dynamics with respect to state variables; and a con-
tinuous vector-value function. In this paper, we consider a
class of complex dynamical networks with time-delay inter-
connections, due to finite speed of information processing
and communication. A dynamical network of such kind is
assumed to consist of N coupled nodes, with each node
being an n−dimensional dynamical system with linear and
nonlinear parts. Such a dynamical network is described by⎧⎪⎪⎨

⎪⎪⎩

ẋi(t) = Aixi(t) + fi(t, xi(t)) + ui(t)

+Eiwi(t) +
N∑

j=1

Dijxj(t − τ),

zi(t) = Fixi(t), i = 1, 2, · · ·N

(1)

where t ∈ J (t0 ≥ 0), Ai, Ei and Fi are known matrices
with appropriate dimensions. f : J × Rn → Rn is a
nonlinear vector-valued function with f(t, 0) ≡ 0, t ∈ J ,
xi = (xi1, xi2, · · · , xin)� ∈ Rn are the state variables of
node i, and ui ∈ Rm is the control input. wi ∈ Rq and
zi ∈ Rq denote the exogenous input vector and the output
vector of each subsystem, respectively. τ > 0 represents the
delay. D = (Dij)N×N is the coupling configuration matrix.
If there is a connection between node i and node j (i �= j),
then Dij = Dji > 0; otherwise, Dij = Dji = 0 (i �= j), and
the diagonal elements of matrix D are defined by

Dii = −

N∑
j=1
j �=i

Dij = −

N∑
j=1
j �=i

Dji, i = 1, 2, · · ·N. (2)

Construct a hybrid impulsive and feedback controller ui =
ui1 + ui2 for network system (1) as follows:⎧⎪⎪⎨

⎪⎪⎩
ui1(t) =

∞∑
k=1

Bixi(t)lk(t),

ui2(t) =
∞∑

k=1

Cikxi(t)δ(t − tk),
i = 1, 2, · · ·N (3)

where Bi and Cik are n × n constant matrices, δ(·) is the
Dirac impulse function, and lk(t) is the ladder function, i.e.,

lk(t) =

{
1, tk−1 < t ≤ tk,
0, others,

with discontinuity points

t1 < t2 < · · · < tk < · · · , lim
k→∞

tk = ∞ (4)

where t1 > t0.
Clearly, from (3) we have

ui1(t) = Bixi(t), t ∈ (tk−1, tk], k = 1, 2, · · ·

with i = 1, 2, · · ·N .
On the other hand, ui2(t) = 0 as t �= tk, and (1) and (3)

together imply that

xi(tk + h) − xi(tk) =

∫ tk+h

tk

[
Aixi(s) + fi(s, xi(s)) +

ui(s) + Eiwi(s) +

N∑
j=1

Dijxj(s − τ))
]
ds,

i = 1, 2, · · ·N

where h > 0 is sufficiently small, as h → 0+, which reduces
to

	xi(t)|tk
= xi(t

+
k ) − xi(tk) = Cikxi(tk), (5)

where xi(t
+
k ) = lim

h→0+
xi(tk + h), and, for simplicity, it is

assumed that xi(tk) = xi(t
−
k ) = lim

h→0+
xi(tk − h). This

implies that the controller ui(t) has the effect of suddenly
changing the state of system (1) at the points tk.

Accordingly, under control (3), the closed-loop system of
(1) becomes

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

ẋi = Ãixi(t) + fi(t, xi(t)) + Eiwi(t)

+
N∑

j=1

Dijxj(t − τ), t ∈ (tk−1, tk]

	xi = Cikxi, t = tk
zi(t) = Fixi(t) k = 1, 2, · · ·
xi(t

+
0 ) = xi0, i = 1, 2, · · ·N

(6)

where Ãi = Ai + Bi, {tk} satisfies (4), and 	xi is given
by (5). For convenience, let t0 = 0.

Our goal is to find a set of (sufficient) conditions on the
hybrid control time sequence {tk} and the constant control
gain matrices, {Bi} and {Cik}, guaranteeing that the closed-
loop system (6) is exponentially stable and strictly passive.
In many applications, e.g., power systems, control actions
include line switching which can be modelled by ui(t) =
−Dikxk and uk(t) = −Dkixi.

III. PASSIVELY CONTROLLED NETWORK WITH
COUPLING DELAYS

The following lemmas and definitions are need to facilitate
the development of the main results of this paper.

Lemma 3.1: [10] For any x ∈ Rn, if P ∈ Rn×n is a
positive definite matrix, Q ∈ Rn×n is an symmetric matrix,
then

λmin(P−1Q)x�Px ≤ x�Qx ≤ λmax(P
−1Q)x�Px.

Lemma 3.2: [7] Let v(t) be a continuous function with
v(t) ≥ 0 for t ≥ t0. If

v′(t) ≤ − av(t) + bv(t − τ), t ≥ t0 (7)

with the initial condition v(t) = φ(t), t ∈ [t0 − τ, t0], where
φ(t) is piecewise continuous, a and b are positive constants
with a > b > 0, then

v(t) ≤ v(t0)e
−λ(t−t0), t ≥ t0, (8)

where λ is a positive solution of the equation −λ = − a +
beλτ .

Definition 3.1: ([9], [11]) A system with input w and
output z where w(t), z(t) ∈ Rq is said to be passive if there
is a constant β such that

∫ T

0

w�(s)z(s)ds ≥ −β2 (9)
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for all T ≥ 0. If in addition, there are constants ε1 ≥ 0 and
ε2 ≥ 0 such that∫ T

0

w�(s)z(s)ds ≥ −β2 + ε1

∫ T

0

w�(s)w(s)ds

+ε2

∫ T

0

z�(s)z(s)ds (10)

for all T ≥ 0, then the system is input strictly passive if
ε1 > 0, output strictly passive if ε2 > 0.

This definition is for input-output models. Allowing for
internal dynamics, the β is in general to be dependent on
the initial state x0 [9].

Definition 3.2: The closed-loop network system (6) is said
to be passively controlled if each subsystem is internally
stable and the input w and output z satisfy the inequality
(10).

Assume that tk − tk−1 ≥ δτ , δ > 1. For convenience,
define the following functions and parameters by inequalities
and equalities:

∆(Pi, t) =

⎡
⎢⎢⎢⎢⎢⎣

ψi(t) PiDi1 · · · PiDiN

Di1Pi 0 · · · 0
Di2Pi 0 · · · 0

...
...

. . .
...

DiNPi 0 · · · 0

⎤
⎥⎥⎥⎥⎥⎦

, (11)

Ω(Pi, t) =

⎡
⎢⎢⎢⎢⎢⎣

ψi(t) + aPi PiDi1 PiDi2 · · · PiDiN

Di1Pi −bP1 0 · · · 0
Di2Pi 0 −bP2 · · · 0

...
...

...
. . .

...
DiNPi 0 0 · · · −bPN

⎤
⎥⎥⎥⎥⎥⎦

,

(12)

Γ(Pi, t) =

⎡
⎢⎢⎢⎢⎢⎣

ψi(t) − γF�
i Fi PiDi1 · · · PiDiN

Di1Pi 0 · · · 0
Di2Pi 0 · · · 0

...
...

. . .
...

DiNPi 0 · · · 0

⎤
⎥⎥⎥⎥⎥⎦

,

(13)

βk = max
1≤i≤N

λmax[P
−1
i (I + Cik)�Pi(I + Cik)], (14)

λm = min
1≤i≤N

λmin(Pi), λM = max
1≤i≤N

λmax(Pi) (15)

where a, b, and γ are constants to be determined,

ψi(t) = (Ãi)
�Pi + PiÃi + 2ϕi(t)Pi,

i = 1, 2, · · ·N, k = 1, 2, · · · , Pi are positive definite
matrices, ϕi(t) are continuous functions on J , which satisfy

f�
i (t, xi)Pixi ≤ ϕi(t)x

�
i Pixi, i = 1, 2, · · · , N. (16)

where xi ∈ Rn, t ∈ J .

Theorem 3.1: For the closed-loop network system (6)
with wi = 0, assume that there exist positive-definite
matrices Pi and scalars a > bN > 0 such that

Ω(Pi, t) ≤ 0, i = 1, 2, · · · , N. (17)

If βk ≤ β and ε is a positive solution of the equation −ε =
− a + bNeετ , where β is a constant satisfying β ≥ 1, βk

is given by (14), then (ln β/δτ) − ε < 0 implies that (6) is
globally exponentially stable.

Proof. Construct a Lyapunov function in the form of

v(x) =
N∑

i=1

x�
i Pixi, (18)

where Pi are positive-definite matrices satisfying (17) and
let v(t):=v(x(t)). For t ∈ (tk−1, tk], the total derivative of
v(x(t)) with respective to (6) is

v̇(x(t))
∣∣∣
(6)

=
N∑

i=1

{
ẋ�

i Pixi + x�
i Piẋi

}∣∣∣
(6)

=

N∑
i=1

{
x�

i (Ã�
i Pi + PiÃi)xi

+2f�
i (t, xi)Pixi

+

N∑
j=1

[
x�

i PiDijxj(t − τ)

+x�
j (t − τ)DijPixi

]

+x�
i PiEiwi + w�

i E�
i Pixi

}

≤

N∑
i=1

{
x�

i

[
Ã�

i Pi + PiÃi + 2ϕi(t)Pi

]
xi

+
N∑

j=1

[
x�

i PiDijxj(t − τ)

+x�
j (t − τ)DijPixi

]

+x�
i PiEiwi + w�

i E�
i Pixi

}

=
N∑

i=1

{
y�

i ∆(Pi, t)yi

+x�
i PiEiwi + w�

i E�
i Pixi

}
,

t ∈ (tk−1, tk]

where yi(t) = col(xi(t), x1(t−τ), · · · , xN (t−τ)), ∆(Pi, t)
is given by (11).
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When wi(t) = 0, from (17), we obtain

v̇(x(t)) ≤

N∑
i=1

{
− ax�

i Pixi

+b

N∑
j=1

[
x�

j (t − τ)Pjxj(t − τ)
]}

= −av(t) + bNv(t − τ),

t ∈ (tk−1, tk], k = 1, 2, · · · , (19)

where a and b satisfy 0 < bN < a.
Accordingly, by Lemma 3.2, it follows from (19) that

v(t) ≤ v(t+k−1)e
−ε(t−tk−1), t ∈ (tk−1, tk], k = 1, 2, . . . ,

(20)
where ε is the unique positive root of −ε = −a + bNeετ .

It follows from (6), (18) and Lemma 3.1 that

v(t+k ) =
N∑

i=1

x�
i (t+k )Pixi(t

+
k )

=

N∑
i=1

[(I + Cik)xi(tk)]�Pi[(I + Cik)xi(tk)]

≤

N∑
i=1

λmax[P
−1
i (I + Cik)�Pi(I + Cik)]

×x�
i (tk)Pixi(tk)

≤ βkv(tk), k = 1, 2, . . . , (21)

where βk are defined by (14).
For t ∈ (t0, t1],

v(t) ≤ v(t0)e
−ε(t−t0),

which leads to

v(t1) ≤ v(t0)e
−ε(t1−t0),

and
v(t+1 ) ≤ β1v(t1) ≤ β1v(t0)e

−ε(t1−t0).

Similarly, for t ∈ (t1, t2],

v(t) ≤ v(t+1 )e−ε(t−t1) ≤ β1v(t1)e
−ε(t−t1)

≤ β1v(t0)e
−ε(t−t0).

In general, for t ∈ (tk, tk+1],

v(t) ≤ v(t0)β1 · · ·βke−ε(t−t0). (22)

Since βk ≤ β, tk − tk−1 ≥ δτ , (δ > 1) and β ≥ 1

β1 · · ·βk ≤ βk ≤ exp
[ lnβ

δτ
(tk − t0)

]

≤ exp
[ lnβ

δτ
(t − t0)

]
, t ∈ (tk, tk+1] (23)

From (22) and (23), we have

v(t) ≤ v(t0) exp
[
(
ln β

δτ
− ε)(t − t0)

]
, t ≥ t0. (24)

Then we get

N∑
i=1

λmin(Pi)‖xi(t)‖
2 ≤

N∑
i=1

λmax(Pi)‖xi(t0)‖
2

× exp
[
(
lnβ

δτ
− ε)(t − t0)

]
, t ≥ t0,

namely,

‖x(t)‖ ≤

√
λM

λm

‖x(t0)‖ exp
[1

2
(
ln β

δτ
− ε)(t − t0)

]
, t ≥ t0.

(25)
where x = col(x1, x2, · · · , xN ). So the closed-loop system
(6) is globally exponentially stable. This immediately com-
pletes the proof. ♦

Theorem 3.2: For the closed-loop network system (6),
assume that there exist positive-definite matrices Pi and
scalars a > bN > 0 and γ ≤ 0 such that (17) is satisfied
and

Γ(Pi, t) ≤ 0, i = 1, 2, · · · , N. (26)

If βk ≤ 1, ε is a positive solution of the equation −ε =
− a + bNeετ , and Fi = E�

i Pi, then the controlled network
(6) is passively controlled. Particularly, γ < 0 implies that
network (6) is strictly passively controlled.
Proof. Similar to the proof of Theorem 3.1, we obtain

v(t) ≤ v(t0)β1 · · ·βke−ε(t−t0), t ∈ (tk, tk+1]. (27)

Since βk ≤ 1, for t ≥ t0

v(t) ≤ v(t0)e
−ε(t−t0), (28)

namely,

‖x(t)‖ ≤

√
λM

λm

‖x(t0)‖ exp
[
−

1

2
ε(t − t0)

]
, t ≥ t0. (29)

So the closed-loop system (6) is internally stable.
On the other hand, for any given T ≥ 0, we have

2

∫ T

0

w�(s)z(s)ds

=

∫ T

0

[
w�(s)z(s) + z�(s)w(s)

]
ds

=

N∑
i=1

∫ T

0

[
w�

i (s)zi(s) + z�i (s)wi(s)
]
ds

=

N∑
i=1

∫ T

0

[
w�

i (s)E�
i Pixi(s) + x�

i (s)PiEiwi(s)
]
ds
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=

N∑
i=1

∫ T

0

{[dxi

ds
− Ãixi(s) − fi(t, xi(s))

−

N∑
j=1

Dijxj(s − τ)
]�

Pixi(s)

+x�
i (s)Pi

[dxi

ds
− Ãixi(s) − fi(t, xi(s))

−

N∑
j=1

Dijxj(s − τ)
]}

ds

≥

N∑
i=1

∫ T

0

{d(x�
i (s)Pixi(s))

ds

−x�
i (s)

[
Ã�

i Pi + PiÃi + 2ϕi(s)Pi

]
xi(s)

−
N∑

j=1

[
x�

i (s)PiDijxj(s − τ)

+x�
j (s − τ)DijPixi(s)

]}
ds

=

∫ T

0

dv(s)

ds
ds −

∫ T

0

N∑
i=1

y�
i (s)∆(Pi, s)yi(s)ds

where yi(t) = col(xi(t), x1(t − τ), · · · , xN (t − τ)). Since
for any T ∈ (tk, tk+1],

∫ T

0

v̇(t)dt

=

∫ t1

0

v̇(t)dt +

∫ t2

t1

v̇(t)dt + · · ·

+

∫ tk

tk−1

v̇(t)dt +

∫ T

tk

v̇(t)dt

= v(t1) − v(0+) + v(t2) − v(t+1 ) + · · ·

+v(tk) − v(t+k−1) + v(T ) − v(t+k )

= v(t1) − v(t+1 ) + · · · + v(tk−1) − v(t+k−1)

+v(tk) − v(t+k ) + v(T ) − v(0+)

≥
k∑

i=1

(1 − βi)v(ti) − v(0+) + v(T )

≥ v(T ) − v(0+), (30)

then from (26) we have

2

∫ T

0

w�(s)z(s)ds

≥ v(T ) − v(0+) −

∫ T

0

N∑
i=1

γx�
i (s)F�

i Fixi(s)ds

= v(T ) − v(0+) − γ

∫ T

0

z�(s)z(s)ds

≥ −v(0+) − γ

∫ T

0

z�(s)z(s)ds.

That is,∫ T

0

w�(s)z(s)ds ≥ −
1

2
v(0+) −

γ

2

∫ T

0

z�(s)z(s)ds.

If γ = 0, then the system is passive. For γ < 0, it gives
the output strict passivity property of the closed-loop system
(6). This immediately completes the proof. ♦

IV. A NUMERICAL EXAMPLE

In this section, we give an example to demonstrate the
effectiveness of the proposed methods.

We consider a network (1) with 5 coupled nodes in which
each node is a unified chaotic system [14]. The state equation
is ⎧⎨

⎩
ẋ1 = (25α + 10)(x2 − x1)
ẋ2 = (28 − 35α)x1 − x1x3 + (29α − 1)x2

ẋ3 = x1x2 −
α+8

3 x3,
(31)

where α ∈ [0, 1].
In [14], it is observed: when 0 ≤ α < 0.8, system (31)

belongs to the generalized Lorenz system; when α = 0.8, it
belongs to the class of chaotic systems introduced in [15];
when 0.8 < α ≤ 1, it belongs the generalized Chen system
formulated in [21]. That is, system (31) is chaotic when α ∈
[0, 1].

Rewrite system (31) as

ẋ = Ax + f(x), (32)

where x = (x1, x2, x3)
�, f(x) = (0,−x1x3, x1x2)

� and

A =

⎡
⎣ −(25α + 10) (25α + 10) 0

28 − 35α 29α − 1 0
0 0 −α+8

3

⎤
⎦ .

α has different value for each node of dynamical network
(31). Here, α = 0, 0.2, 0.8, 0.96, 1 for each node. The
coupling strengths are chosen to be D13 = D31 = 0.36,
D23 = D32 = 6.4, D34 = D43 = 0.189, D45 = D54 = 3.45
and

E1 =

⎡
⎣ 2 1 0

0 3 1
1 0 2

⎤
⎦ , E2 =

⎡
⎣ 2 −1 0

0 −3 1
−1 0 2

⎤
⎦ ,

E3 =

⎡
⎣ 6 0 0

0 −1 0
0 0 −2

⎤
⎦ ,

E4 =

⎡
⎣ 1 −1 0

−2 0 1
0 0 3

⎤
⎦ , E5 =

⎡
⎣ −5 0 0

0 1 4
−2 0 1

⎤
⎦ .

Let τ = 0.5, γ = −0.001, a = 6.2 and b = 1 satisfying
a > Nb. Select the controller gain matrices as

B1 =

⎡
⎣ −500 −2 0

10 −40 0
0 0 −19

⎤
⎦ ,
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B2 =

⎡
⎣ −68 −1 0

1 −5800 0
−10 0 −300

⎤
⎦ ,

B3 =

⎡
⎣ −98 3 0

−8 −160 1
0 0 −5000

⎤
⎦ ,

B4 =

⎡
⎣ −290 0 0

0 −560 0
0 0 −270

⎤
⎦ ,

B5 =

⎡
⎣ −230 2 0

−3 −580 0
0 0 −270

⎤
⎦ .

and

B2k = B = diag{b1, b2, b3} = diag{−0.58,−0.65,−0.75}.

Note that for system (32) if take Pi ≡ I , then f�(x)x = 0,
that is, in (16), ϕi(t) = 0. Then it is easy to calculate and
obtain

Ω(Pi, t) ≤ 0, and Γ(Pi, t) ≤ 0, i = 1, 2, · · · , 5,

βk = β = max
{

(1 + b1)
2, (1 + b2)

2, (1 + b3)
2
}

= 0.1764,

which implies, from Theorem 3.2, that each subsystem is
exponentially internal stable and the input w and output z
satisfy the inequality (10), namely, the closed-loop network
system (6) is passively controlled.

V. CONCLUSIONS

In this paper, the passivity property and impulsive control
of complex dynamical networks with coupling time-delays
are addressed. Sufficient conditions are obtained in terms
of solutions of linear matrix inequalities. An example is
provided to illustrate the effects of time delays on dynamical
networks and to verify the effectiveness of the proposed
stability analysis and control design methods.
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[21] S. Čelikovský and G. Chen, “On a generalized Lorenz canonical form
of chaotic systems,” Int. J. of Bifurcation and Chaos, vol.12, pp.1789-
1812, 2002.

[22] M. Vidyasagar, “New passivity-type criteria for large-scale intercon-
nected systems,” IEEE Trans. Automat. Contr., vol.24, pp.575-579,
1979.

[23] X. F. Wang and G. Chen, “Complex networks: small-world world,
scale-free and beyond,” IEEE Circuits and Systems Magazine, no.1,
pp.6-20, 2003.

[24] J. C. Willems, The analysis of feedback systems, Cambridge, MA:
M.I.T. Press, 1971.

[25] X. S. Yang, “Fractals in small-world networks with time-delay,” Chaos,
Solitons Fract., vol.13, pp.215-219, 2002.

[26] T. Yang, Impulsive Control Theory, Berlin: Springer, 2001.
[27] M. K. S. Yeung and S. H. Strogatz, “Time delay in the Kuramoto

model of coupled oscillators,” Phys. Rev. Lett., vol.82, no.3, pp.648-
651, 1999.

1600


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




