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Abstract

In this article, the problem of delay-dependent robust absolute stability of uncertain multiple time-delayed Lur’e systems
with sector-bounded nonlinearity is investigated. The nonlinearity is assumed to be both time invariant and time varying.
Based on the Lyapunov—Krasovskii stability theory and matrix decomposition method, some delay-dependent sufficient
conditions for the robust absolute stability of the Lur’e system are derived and expressed in the form of linear matrix
inequalities. By solving a convex optimization problem for these linear matrix inequalities, the maximum upper bounds
of the allowable delays are obtained. Some numerical examples are given to show that the proposed stability criteria are

less conservative than those in the literature.
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Introduction

In practice, all physical systems are nonlinear in nature
and there are various kinds of nonlinearities. An impor-
tant class of nonlinear systems is the feedback system in
which the forward path contains a linear time-invariant
subsystem and the feedback path contains a memory-
less nonlinearity. When the nonlinearity satisfies certain
sector condition, the nonlinear system is called Lur’e
system.' Since 1957, when Lur’e introduced the concept
of absolute stability of such systems,” the problem of
stability of Lur’e systems has been intensively studied
by many researchers.®®

It is a well-known fact that the stability and conver-
gence properties of feedback systems are strongly
affected by time delays, which are often encountered in
various engineering systems.’ Since the existence of
time delays is the source of instability and performance
degradation, the stability analysis of time-delayed
Lur’e systems has attracted considerable attention
of researchers.® '* In general, two types of absolute sta-
bility criteria for Lur’e systems with time delays are
considered: (1) delay dependent and (2) delay indepen-
dent.”' Since delay-dependent criteria make use of
information on the length of the delay, they are less
conservative than the delay-independent criteria, espe-
cially when the size of the delay is small.

Recently, practical considerations such as model
uncertainties are considered for stability analysis of
Lur’e systems.'® > However, most of these papers con-
sider Lur’e systems with single time delay. Lur’e sys-
tems with multiple time delays are considered by Cao
and Zhong,'” Cao et al.'' and Tian et al.'> but without
uncertainties. Moreover, in their numerical examples,
only single—time-delay systems are considered.

A challenging problem in this field is to find the max-
imum allowable time delay that can guarantee the abso-
lute stability of the uncertain time-delay dynamic
systems. Different methods have been developed by
researchers in this regard.’® %> The problem of delay-
dependent stability of neutral Lur’e systems with inter-
val time-varying state delay is investigated by
Ramakrishnan and Ray.'*'* In the study of Xu and
Feng,”® a new Lyapunov-Krasovskii functional is intro-
duced to reduce the conservativeness. In the study of
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Wu et al.,’! a free-weighting matrix method has been
employed to improve the delay-dependent stability of
systems with a time-varying delay. The idea of N-seg-
mentation of delay length in Lyapunov—Krasovskii
functional is proposed by Wu et al.** to acquire less
conservative results. This idea is improved by Kazemy
and Farrokhi® by introducing adaptive segmentation
of delay interval.

In this article, the problem of delay-dependent
robust absolute stability of uncertain multiple time-
delayed Lur’e systems with sector-bounded nonlinearity
is investigated. The nonlinearity is assumed to be both
time invariant and time varying. Based on the
Lyapunov—Krasovskii stability theory and matrix
decomposition methods, some delay-dependent suffi-
cient conditions for the robust absolute stability of the
Lur’e system are derived and expressed in the form of
linear matrix inequalities (LMIs). In addition, multiple
time delays for uncertain Lur’e systems will also be con-
sidered. In order to obtain higher values for the time
delays, a matrix decomposition approach is employed
in this article. Some examples are given to show that
the proposed stability criteria are less conservative than
those reported in well-established literatures.

The main contribution of this article is to obtain less
conservative results as compared to the recently pro-
posed methods in well-established literatures. Moreover,
Lur’e systems with multiple time delays and parametric
uncertainty are considered.

This article is organized as follows. In the section
“Problem statement and preliminaries,” the Lur’e sys-
tem with uncertainties is defined. The main results are
proposed in the section “Main results.” In the section
“Illustrative examples,” some numerical examples are
given and the results are compared with recent meth-
ods, reported in literatures. The final section concludes
the article.

Notations. Throughout this article, R” denotes the n-
dimensional Euclidean space and R"*" is the set of
real n X m matrices. P >0 means that P is a real, posi-
tive-definite, and symmetric matrix. C[—A,0] denotes
the space of continuous functions defined on [—/,0], I
is the identity matrix with appropriate dimensions,
diag{W,, ..., W, } refers to a real matrix with diago-
nal elements Wy, ..., W,,, and AT denotes the trans-
pose of the real matrix A. Symmetric terms in a
symmetric matrix are denoted by .

Problem statement and preliminaries

Consider the following uncertain Lur’e system with
multiple time delays®

(1) = Ax()) + 3 Bix(i — hy) + Deo(1),
i=1

2(1) = Mx(1) + ; Nix(1 — hy), 0
o(r) = —e(1,2(1)),

x(1) = &(1), Vie { max {h,},O}

1<i<m

where x(7) € R" denotes the state vector, w(?) € R is
the input, z(z) € R” is the output, &b(z) € C([h,0],R") is
a continuous vector-valued initial function, m is the num-
ber of time delays, and ¢(7,z(¢)) € R” is a nonlinear func-
tion which will be defined in Assumption 1. Moreover,
hi=0 (i=1,...,m) are time delays, and M and N;
(i=1,...,m) € RP*" are known real constant matrices.
In addition, A,,B;(i=1,...,m) €R"™" and DecR"*?
are time-varying matrices with the following structures

A, = A, +AA, (1), D=D+AD(1),
B, =B, +AB;(¢) (i=1,...,m) (2)
where A,, B; (i = 1, ..., m), and D are known real con-

stant matrices. AA,(7), ABi(z) (i=1,...,m), and
AD(¢) are norm-bounded parameter uncertainties and
are assumed to be of the form

[AA, (1), AB(1), ..., AB, (1), AD(7)]
=LF(?)[E,E, ...,E,, H] (3)

where L,E,E;(i=1, ...,m), and H are known real
constant matrices with appropriate dimensions and
F(1) € R?”*¥ is the unknown time-varying real matrix
satisfying

FT()F(r)<I (4)

Remark I. In the uncertainty structure, given by equa-
tion (3), matrices L, E, E;(i = 1, ..., m), and H charac-
terize how uncertain parameters in F(7) affect matrices
A,, Bi(i =1, ...,m), and D. Matrix F(f) can often be
restricted as equation (4) by appropriate selections of
L.E.E(i=1, ..., m),and H.

Assumption |. The nonlinear function ¢(z,z(7)) € R” in
equation (1) is piecewise continuous in 7, globally
Lipschitz in z(7), ¢(z,0) = 0, and satisfies the following
sector condition for any >0 and z(7) € R”

[o(t.2(1) — Kiz(1)] " [@(1, 2(1)) — Kaz(1)] <O (5)

Such a nonlinear function is said to belong to the sec-
tor [Kl, Kz].l

Definition I. The nonlinear delay system (1) is said to be
robustly absolutely stable in the sector [K;, K] if it is
globally uniformly asymptotically stable for any non-
linear function ¢(7,z(¢)) satisfying Assumption 1 and
for all admissible uncertainties.

The following section will show the main results pro-
posed in this article.

Main results

In order to improve the delay bounds /;, let us decom-
pose matrix B; as B; = B;; + B + AB;(1) = B;; + Bp.
Then, using the Newton—Leibniz equation

x(t = Iy) = x(£) — J %(s)ds (6)
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the original system can be transformed into the follow-
ing form

1

X(1) = Ax(1) + ) B | x(1) - J X(s)ds
=1 t—h;
+ ZB,QX(Z — /’l,) + ]_)(.O(l) (7)
i=1
or equivalently
d m !
— | x(1) + B J x(s)ds | = Ax()
dt i=1
t—h;
+ Biox(1 — h;) + Do (1) (8)

i=1

where A = A, + > | By, with the initial condition
given in equation (1). Let I'(x;,) be a new operator
defined as

t

J X(s)ds

t—h;

m

I'(x):=x(1)+ Y By

i=1

©)

To guarantee that the difference operator I'(x;) € C
([, 0],R") is stable, the following assumption should
hold.

Assumption 2. Assume Y " | ;||By| < 1, where ||| is
any matrix norm.’

By applying the loop transformation suggested by
Khalil,! equation (8) with the nonlinear function in
equation (5) can be transformed into the following form

!

d m B B
7 x(7) + ;B” J x(s)ds | = (A — DK;M)x(7)
= t—h;
m _ _ _
+ > (Bo = DKiNyx(7 — 7;) + Dew() (10)
i=1
where  (7) = —¢(t,2(r)). The nonlinear function
(1, 2(1)) satisfies the following inequality
|
_Tl Hl HZ ]._.[m Hl
x X SETE, SETE, Qi
x % 3, BEZTE,,, O
L
* % * * * 0

o' (1,2(1)) | @(t.2(1)) — Kz(r)| <O V1>0

(11)

where K = K, — K. Considering equations (2) and (3),
it gives

m
A-DKM=A,+ > By +LF()E - (D + LF()H)K,;M
i=1
m
= A, —DK;M + Y B, + LF(r)(E — HK,M)
i=1
m
= A, + ZB“ + LF(1)E
i=1
= A +LF(E = A (12)
and

B,Q — DK]N; =By + LF(I)E[ - (D + LF(Z)H)K]N,‘
= (Bi2 — DK]N,) + LF(Z)(EZ — HK]NI)

=Bp + LF(OE;, (i=1,...,m).

B (13)

Substituting equations (12) and (13) into equation
(10) yields

% x(1) + izm:an J X(s)ds | =
t—h;
Ax() + S Bax(i— i) + Do) (14)

Hence, the absolute stability of system (14) is the same
as the absolute stability of system (1)."" The following
theorem shows the absolute stability of system (1).

Theorem I. The nonlinear delay system (1) with the
nonlinear function ¢(z,z(¢)) satisfying equation (5) and
¢(1,0) = 0 is robustly absolutely stable if there exist
scalars y>0 and 8>0, symmetric matrices P >0,
Q;>0, C;>0, W;>0, and G;>0, and arbitrary
matrices R; (i=1,...,m) such that the following

LMIs hold
HZ Hm v Agcb PL ]
Qp Qi Wi B{®
sz sz q’lZ BzT(D
QmZ Qmm lI’lm BZ;Q 0
012 0, Wy -B{AJ® R{L| . (15)
0 0, W»n —BjAl® RJL
* * 0, Wy _B;T;;l AZ(I) R)Z;L
* * O D'® 0
* * * - PL
* * * —ol |
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P/(nhy) R;
R/ Q;

where

}>0 (i=1,....m) (16)

=A"P+PA + > " (R + R/ +Q+ hCi—G;) +SE"E, [, = PBy — R; + G; + 5E'E;
[[, = -PAB; + A'R; + pB;; + W, —SE"EB;;, ¥ = PD — yM'K” + 8E"H,
3, =-Q—G,+8E'E, Q; = BLR,— W, - GB; —6E'EB;;, ¥, = —yN/K” + §E'H,
Q; = BLR, — G;B; —5E/EB;;, Wy = R/D + yBjM'K" — 6B EH,
O = —2y+6H'H, 6; = B{3B;; — B{W, - W;B; — B{A'R; — R/ AB; + 6B E"EB;,
0; = 2B/ 2B — C;/h; — BfW; — WB; — BJA'R, — Rl AB;; + SB[E"EB;,
®= 3" BG.E=3" (QHhC-G)r= " (-R—-Q-kC+G),
K =K;-K;, A =A-DKM, E =E-HK/M, B, = By — DK|N;, B; = B; = DK|N;,

E; = E;—HK|N;, A=A, + ZTZ] i, Ao = A, — DKM, (i’j =L ...,m; l#])

Proof. Consider the following Lyapunov—Krasovskii ” '
functional x(1) =T (1) — ZB“ J x(s)ds (19)
V(x) = Vi(x) + Va(x) + Va(x) + Va(x)  (17) e
!
where I'(t) = AI'(¢) — AZBI‘I J X(s)ds
. i=1
m b ) 1—h;
o (R ) N
= ‘ + > B x(1—h) + Da(r) (20)
0 ¢ =12
Vo(x,) = Z J J T(5)Cix(s)dsdp The second term of equation (17) becomes
I b B
m ! t Va(x,) = x (ﬁ( h/C/>X(Z)
Vi(x,) = J (s)ds | W; J x(s)ds 1

vax) = 30 | [ K706 () dsap

Spitp Using Jensen’s inequality®® and equation (19) gives

where x, is defined as x, = x(¢ + 6), 0 € [—max|<;<; r

{#:},0]. o ) ‘ Va(x,) < F(t)—iB,-l JX(S)ds (rn h,—Cj>
: o

Taking the derivative of V(x,) with respect to ¢ yields

t—h;
_ 2FT { PF + 2FT R _ l—l m t
Vi(x) =2r7(1) jzl X(r =) I'(t)—» By J X(s)ds
i / =1 t—h;
+ 2["T(t) ZRj J s)ds + x” (Z Q,) ! 0
= -3 x'(s)ds | (1/h))C; J X(s)ds
) Z ) Z B (Z - h]) (18) J=1 1—h; =1
> 1)

where x(7) and I'() are The third and fourth terms of equation (17) become
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. T
Vi(x,) =2 I'(¢) — ZB” J X(s)ds Z w; J X(s)ds | — ZZXT(Z — ) W; J x(s)ds (22)
i1 t—h; J=1 t—h; j=1 t—h;
Va(x,) = X" (1) (ﬁ: th,)x(l) - zm: J X7 (s)h,Gx(s)ds < x" (1) <ihﬁGj>X(l) Ry J x’(s)ds | G; J X(s)ds
=1 =17, j=1 J=1 —h

1

J

t
B J x(s)ds +

—h;

m

i=1 i=1

Bx(1— /) + Do)

l

Using equation (6), equation (23) can be expressed as

T
t
Vatx) = [ AT() = 8,3 Ba | x(s)ds+ B (i~ h) + Dy (2 hfcj)
i=1 s i=1 ! j=1
T
m ! m m ! m
A (1) — A, ZB“ J x(s)ds + ZB_X(Z —h)+ Do) | - [T - ZB” J x(s)ds (Z Gj>
=1 i=1 ! =1 j=1

Jx(s)ds + 2| I(¢

t—h;

r(n-3 B

i=1

The sector condition (11) can be written as
~o7(0)l) + Kalo)| 20

where z(¢) is the same as in equation (1).
Hence, V(x,) can be written as

V(x,)< Vl (X,) + Vz(Xt) + V3(Xt) + V4(X,) —

() + Kl

1

[ X(s)ds

1—h;

m m

)= B

i=1

X (0= Iy) Gx" (1 = y)

(24)

where y> 0. Considering equations (18) to (26), it is

_ﬁ Hl HZ Hm L[l LI2
« X 0 0 Qu Qp
*  x 3 0 Q Qp
= ﬁ\'m le QmZ
* 0 O
* * 0
*
L *
T
g0 =T &) &© ‘PT(Z)}

in which

(25) straightforward to show that
V(x)<&'(1)E&(1) (27)
where
2y (1)
(26)
| T
AJ A
[, ¥ B/ Bf
Qi Wi B BY
Qo Wip ) )
L BT BT
Qmm ‘IA’lm + ;11 _ [0) ~Tm (28)
0 Wy ~Bj A7 —Bj|AJ
O W2 | oBLAT] | BLA
* 6mm ‘iIZm T _ T _
* * O U _Bml AoT _Bml Ag
hi hy
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60 = [xT(—m) X h)]" &) = [, XT()ds L[tihmxT(s)ds}T,

P+ PA+ Y (R +R]+Q + hCi—G), [[,= PBy— R + G,

|

M=
¥ =PD - yM'K’, 0; = 2B/ 3B, — C;/h; — BTW, — W,B;, — BIA"R, — RTA B,
Hi = —PAB; + AR, + pBi + W, ii =-Q; -G, Q; = BIR, — W; — G;B;
Q; = BIR,— GB;;, W), = —yN/K”, W,; = R’D + yBIM'K”, 5 = 2,

0; = B/XB; — B[W; — WB; —BJA'R; ~R/AB;, (i.j=1,....m; i #))

The other parameters are defined in equation (15).

If we can show that E < 0 in equation (28), then V(x,) < 0. Therefore, by Definition 1 and Lyapunov—
Krasovskii theorem,?® the considered nonlinear delayed system is robustly absolutely stable. But the matrix Z is

not an LMI and should be transformed into one.
Using Schur complement,?” = can be rewritten as

_ﬁ Hl H2 Hm Hl H2 Hm v ét)T(I) |
* il 0 0 Q]l le le ‘i’]] B{‘D
% 3 0 Qu Qn - O, Wp Bl®
* * * * i'm le Qm2 e Qmm \i’lm BZ,;(I)
* * * * * 611 612 élm 11’21 —BlT] 55(1) <0
* * * * * * 622 s 62,,7 ‘i’zz _BZTI ISZ(D
x % x % * * * O Wy, -Bl Al®
* * * * * * * * (4] D'®
L * * * * * * * * * ()] i

where the parameters are defined in equation (28).
Considering equations (2) and (3), equation (29) can be written as

M ﬂl 11[2 Hm Hl Hz Hm w AZ;(I)
0

x 3 0 Qu Qp - Q, Wy, B/®
% 3 o 00 Qy Qoo Oy, W Bl®
* * * * im le Qm2 e Qmm \irlm B,Z(I)
- - ~ - TRT T
x % " * « 0y 0p - 0y, Wy _BlTl ATD + UF(0)V + VIF' (HU" <0
% * % * x  0p oo 0y Wy —-BJ, Al

* * * * * * * * 0, ‘1’2111 _Bml AZ‘I)
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N=A"P+PA+ " (R +R]+Q +hC—G). [],=PBy—R + G

Bt
[l

el

i = BLR; — GB;i, Wy, = R/D + yB{M'K",

PD — yM’K”, [], = —PAB; + AR, + pB;; + W;, Q; = BIR, — W, — G,B,,.

0; = 2B 3B, — C;/h; — BIW; — W;B;, — BIATR; - RT A B,

0; = B/3B; — B/W, - WB;, —B'A"R, ~RTAB;, (i,j=1,...,m; i #)),

U=[L"P 0 0 LR, LR, 0 L'®]",
V= [E E, - E, —EBy —-EB,, H o}
By using the lemma that is introduced by Peterson and Hollot®® and equation (4), equation (30) becomes
[ mn Hl H2 Hm Hl H2 Hm w AZ;(I) |
x % SETE SETE Q1 Qp Qy,, Wy B/®
2 m
* ok 3 SEIE Q) Qn Q. W2 Bl®
* * * * zm Qm 1 QmZ Qmm L4 1m B,Z;(I)
x % * * * 0, 0p, 0, Wy —B7, AT® + 6 'UUT <0 (31)
* * * * * * 622 02m ‘I’QQ —B2Tl AZ‘D
* % * * * * * * Oum W anTll AOT(I)
* % * * * * * * (¢) D’®
| * * * * * * * * * —P i

where all elements are the same as in equation (15).

Again, by using Schur complement, equation (31)
can be transformed to the form of equation (15). This
completes the proof.

Remark 2. In the Lyapunov functional (17), the terms
related to P and Q; are conventional Lyapunov-
Krasovskii functional terms. V>(x,) is introduced to
obtain the delay-dependent results. The other terms,
especially the cross terms R;, are added to reduce the
conservativeness of the results.

Remark 3. By introducing the matrix decomposition
(B; = B;; + Bj), the structure of the system matrices

A, and B, are changed to A, + " ,B; and
B, = B, — B;;, respectively. Hence, tuning matrices B;
affect the matrices of the new system and provide larger
feasible region to the LMI solver software. In other
words, the matrix decomposition expands the searching
area of the feasible solutions for the LMI solver. As a
consequence, the results can be less conservative.

However, it should be noted that proper values for

matrices B;; should be found with some methods (e.g.
trial and error).

Remark 4. The matrix inequality (15) is linear in the
unknown parameters y>0, §>0, P>0, Q;>0,
C,>0, W;>0, G;>0, and R, (i=1,...,m).
Therefore, it can be solved using available LMI solving
software such as MATLAB LMI Toolbox.

Remark 5. Since condition (15) is independent of F(7),
the robust absolute stability of system (1) with
nonlinear function ¢(z,z(z)), satisfying equation (5),
is guaranteed for all admissible F(7) satisfying
equation (4).

Next, it is assumed that the nonlinear function in
equation (1) is time-invariant decentralized. Hence,
(1) in equation (1) will be w(7) = —@(z(z)). In this
case, the nonlinear function

o(z(1) = [@1(2i(1))  @a(z2(1)) 0y (2p(1)) |

(32)



Kazemy and Farrokhi

293

satisfies

aiz; (1) <zi(1) @ (zi(1)) < Biz; (1) V=0,
Bi=a;>0 (i=1,....p) (33)

The following theorem shows the delay-dependent
robust absolute stability result of this system.

Theorem 2. The nonlinear delay system (1) with the
nonlinear function ¢(z(r)) satisfying equation (33) and
¢(0) = 0 is robustly absolutely stable if there exist sca-
lar 6 >0, symmetric matrices P>0, Q;>0, C;>0,
W;>0, G;>0, and T;>0, arbitrary matrices R;
(i=1,...,m), and two diagonal matrices Y = diag
iy, oy} >0 and S =diag{s;, s, ...,5,} >0
such that the following LMIs hold

Proof. Let us select a Lyapunov—Krasovskii functional
candidate as

@;(s)ds (36)

~
I
o

where V(x,) is defined in equation (17). Taking the deri-
vative of V(x,)

V(x:) = V(x,) + %7 (1) (i Tj> (1)
=1

=S OK (= )T (e = ly) + 297 ((1))SH(1)  (37)

L

where

n=AP+PA+ > (R + R +Q+~C —G;) - 2M apYM + SEE,

[I, = PBo — R, + G; —2M"aBYN; + SE'E;, ¥; = —Q; — G; — 2N/ aBYN; + SE/E,,

m Hl H2 T Hm Hl H2 T Hm v 0 A;‘D PL
2 2 o 2w Qo Qi oo Qo W 0 B ® 0
ok Xy oo By Qo Qoo Qo W 0 B/ ® 0
* 2mm le QmZ e Qmm q’lm 0 BIZ;CI) 0
x % 0y O - 0, Wy 0 —BITIA;(I) R/L
* * * * * * 0n - 0y, Wy 0 _Bgl AO(I) RzTL <0
x % % % % * % x  Opm Wy 0 _B£1 AoT P RnT1L
* * * * * * * * * O —Sﬁ D'® —SML
* * * * * * * * * * -T 0 0
* * * * * * * * * * * L ] ®dL
| * * * * * * * * * * * * R | |
[P/(mh;) R; _
R’ Q. >0(=1,....m) (39)

[[, = —PAB; + A'R; + pB;; + W; —SE"EB;;, ¥ = PD — AIM’S — M’ (a + B)Y + SE'H,

3; = —N/apYN; + SEE;, Q; = B,R; — W; — G;B;; + 2N/ aBYMB,; — SE/EB;,

Q; = B5R; — G;B;; + 2N/aBYMB;; — SE/EB;;, ¥}, = —B/M’S — N/(a + B)Y + SEH,

W, = R'D + BTA’M’S + BTM7(a + B)Y — SBJE'H, ® = Z’i”:l (PG + T,),

U= -2Y-SMD-D'M'S +6H'H, 2 = 3 " (Q;+ iC;— G)), T = diag{T\. T, ...

0, = 2B 3B, — C;/h; — B'W, — W;B;; — BJA’R; — RTAB;; + 2B/M”aBYMB;
+ 8B'E’EB; ’

0; = BIXB; — B/W; — W;B;; — BJA’R; — R’AB;, + 2B /M’ afYMB, + 6B E"EB,

po= Z]: ((-R; = Q= ,C; + G)) + 2MTaBYM. N = [N; N,

oyt B=diag{B.By. ....B,}. (Li=1,....m; i #]).

Nm]a

o= diag{al,az, .

;Tm}y
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Noting that Y > 0, the sector condition (33) can be writ-
ten as

2yilei(zi(1)) — aizi(O)][ei(zi(1)) — Bizi(1)] <O

(i=1,....p) (38)
that is
2yip7 (zi(1)) = 2yi(e + B pi(zi(1))zi(1)
+ 2Bt ()<0 (i=1,...,p) (39)
Therefore
— 20’ () Yw(t) — 207 (1)(a + B)Yz(r)
227 (H)aBYz(t) =0 (40)

where z(7) and w(7) are defined in equation (1) and a,
B, and Y are defined in equation (34).
Hence, V(x,) can be expressed as

_ﬁ Hl HZ Hm L[l L[2 L[m
* 2 2 Sim Qo Qp Qi
* % 2y Som Qo Qo Q,
~ imm Qm 1 QmZ Qmm
2= * ox 0 02 01
* * * 0,5, 0,,,
* émm

* *

L * *

in which

V(x,) = V(x,) + %7 (1) (zm: T,~> x(1)
=1

- ixT([_hj)fo(l_hj) +2¢7(2(1))S

j=1

(Mi((z) + iN,&(z - h,-)>

i=1

(41)

Substituting x(7) in equation (41) and considering equa-
tions (36) to (41), it is straightforward to show that

V(x)<&'()ZE(r) (42)
where

v o1 [ AL ][ a1’

W, 0 1?; ]:"i

), 0 B, B,

\if]m 0 BT;‘ T _7;‘ T

Wy o0 |+ |-BjAL @) -BjAT (43)

v, 0 -BA, -B)A,

W, 0 ~B[,A] —BJ,Al

5 SN D’ D’

* -T L 0 1L 0 l

W=ATP + PA + Z:  (Ri + R + Q; + hC; — G;) — 2M"aBYM,

W = PD - ATM'S - M'(a + B)Y. 5 = ~Q — G-

M)

Q, = BIR, — G;B; + 2N7aBYMB;;, ¥, = —B'M’S

[, = PB, —R; + G; — 2M"aBYN,, [[, = —PAB;, + AR, + pB; + W,,

2NTaBYN,,

i = —NTaBYN, Q; = BLR, — W; — G;B; + 2N/ aBYMB;,,
~N/(a +B)Y,

W, = R’D + BTA’M’S + BIM”(a + B)Y, & = —2Y — SMD — D'M’S,

[«=33

ii

2B'3B,; — C;/h; — BIW, — W;B; — BIA'R; — RTAB;; + 2BIM"afYMB;;,

0; = B{XB; — B{W; — W;B; — BIA'R; — RTAB; + 2B[M'aBYMB;;,

En =" &0 &0 o) &) &)=
£0) = [, 6ds - [, X5 &)
I,....m; i#))

(i,

[f(T(l — hl)

[xT(t— ) X (t —hy) | T

X7t = ha) )"
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and @, 3, T, m, N, o, and B are defined in
equation (34).
The rest of the proof is similar to Theorem 1.

Remark 6. Matrices K; and K, in equation (5) can be
full matrices; however, matrices « and B are diagonal.
In the case of a time-invariant decentralized nonlinear
function, K; = e« and K; = .

lllustrative examples

To demonstrate the applicability of the proposed method
and compare them with the previously reported results,
three examples are given here. The first example consid-
ers a single-time-delay system, while the second and third
examples are about multiple time-delay systems.

Example I. Consider the system described by equation (1)
with single time delay and the following parameters:**=’

_[-2 -1 _[os 1
Ao = {0.5 0.2}’Bl B {—0‘1 —0.8}’

o[ B[4 e[ 8)

0 02 0 05 0 03
_Jo1 o _[o4 o I
K'_[o 0.2]’K2_{0 0.5}’E_E1_H_L’
_[o o _[0.08 -0
L= {o 0]’3“_ [0.12 0.182}

A comparison of the delay-dependent conditions
between this article and different methods in the studies
of Xu and Feng,20 Kazemy and Farrokhi,”® Wu et al.,**
and Han® is given in Table 1. It is obvious that the
maximum allowable delay / calculated by Theorem 1 in
this article is larger than other methods. Hence, it can
be concluded that Theorem 1 presented in this article
yields less conservative results as compared with those
in the study of Xu and Feng,”® Kazemy and Farrokhi,*
Wu et al.?* and Han?’. As mentioned in Remark 3, the
matrix decomposition expands the searching area of the
feasible solutions for the LMI solver, and hence, it
yields better result as compared with the previously
reported work of Kazemy and Farrokhi.*

Example 2. Consider the system described in Example 1
with multiple time delays and the following parameters

Ao = :oé O.H’Bl N {—06?1 —(1).8}’

B, = :—8:} —06%1}’1)2 {8'5 0(.)2}’

M= :064 o(.)s}’N1 B [062 0?3]’N2: [8 8}’
K = {061 0(.)2}’ K, = [064 0(.)5]’

Table |I. Comparison of the delay-dependent conditions for
Example I.

Method Maximum
allowable
delay h
Corollary 8 in the study of Han?’ 2.0239
Proposition | | in the study of Han?’ 2.0263
Theorem 3 in the study of Xu and Fang®® 22103
Theorem 3 in the study of Wu et al.?* (n=2) 2.3306
Theorem 3 in the study of Wu et al.?* (n=3) 2.3691
CoroIIarZ | in the study of Kazemy and 2.3700
Farrokhi®® (a =0.42)
CoroIIarZ 2 in the study of Kazemy and 2.4398
Farrokhi®® (a=0.42)
Theorem | in this article 26112
Table 2. Results of example 2.
Method hy=25 h =3 h =35
hy by Theorem 2 in this article 1.26 .19 .16

hy by Corollary 2 in the study No feasible solution

of Kazemy and Farrokhi?

E=E1=E2=H=L,L=[

0.08
B = [

0 0
0 0}
-0.2 10 0
—0.182]’B'2 - [o o}

Maximum allowable delays /; and /,, which are cal-
culated using Theorem 2, are given in Table 2. It
should be mentioned that there is no feasible solution

using Corollaries 1 and 2 in the study of Kazemy and
Farrokhi.”

0.12

Example 3. Consider a system described by equation (1)
with two time delays and the following parameters®

=12 0 [ =1 06
A”_[o.s —1}’B1_[—0.6 —1}’
[-05 04 o 1 [1 0
o e R TR

0 0 01 0
N‘_[o 0}’N2_{0 —0.2

_[t o _[1 o] n_fo2 o
B_[o 1.5}’L_{0 1]’E_[o 0.2}’

I 005 0
ElH{ 0 0.03]’1‘:2[ 0 o.os}’

_ 1 0.5sin(?) 0 _ | tanh(z,(2))
k() = { 0 O.8c0s(t)}’ o(x(1) = {I.Stanh(ln(t))}’

_ [-0.06 0.07 _[-01 0.1
Bu = [—0.05 —0.1]’Bl2 B [ 0.1 0.1]

],G—Nb

Figure 1 shows the stability regions defined by
Theorems 1 and 2. In the case of B;; = By =0,
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Stability regions

e dd

LX XN
®eee,
-ooo.......
LTI
®eee,
e

4 L B
Theorem 1

----- Theorem 1

NI PPN 1 1 R Theorem 2 1
/@ ....... Theorem 2
N “ :

Assumption 2

Figure 1. Stability regions for Example 3.

State Trajectories
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-0.05

-0.1

Amplitude

-0.15
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-0.25

-0.3

0 5 10 15 20
Time(sec)

Figure 2. State trajectories of the system introduced in
Example 3.

Theorem 1 guarantees the system stability if the time
delays /; and 5, fall in Region 1 (Figure 1). However,
using the decomposition method proposed in this arti-
cle and selecting suitable values for B;; and B,), the sta-
bility region is expanded to Region 1 + 2. This shows
that the decomposition method can improve the results
and make them less conservative. Similarly, Theorem 2
without the decomposition guarantees the system stabi-
lity in Region 1 + 2 + 3. By using the decomposition
method, the stability region extendsto 1 + 2 + 3 +
4. The sector bound (5) is marked with heavy-dot line
in Figure 1. Time delays should be selected in the
regions below this line to satisfy Assumption 2. The
results show that the theorems introduced in this article
are less conservative as compared with those presented
in the study of Kazemy and Farrokhi?® State

trajectories of the system are shown in Figure 2 with
hy =0.33and h, = 0.9.

Conclusion

This article provided some conditions for delay-
dependent robust absolute stability for uncertain Lur’e
systems with multiple time delays and sector-bounded
nonlinearity. The nonlinearity was assumed to be both
time invariant and time varying. Based on the
Lyapunov—Krasovskii stability theory and matrix
decomposition methods, some sufficient conditions for
the robust absolute stability of the Lur’e system were
derived and expressed in the form of LMIs. Numerical
examples showed that the proposed stability criteria
are less conservative as compared with the results in
recently published literatures.

Funding

This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit
sectors.

References

1. Khalil HK. Nonlinear systems. Upper Saddle River, NJ:
Prentice Hall, 1996.

2. Lur’e Al. Some nonlinear problems in the theory of auto-
matic control. London: H.M. Stationary Office, 1957.

3. Popov VM. Absolute stability of nonlinear systems of
automatic control. Automat Rem Contr 1962; 22:
865-875.

4. Gan ZX and Han JQ. Lyapunov function of general
Lurie systems with multiple nonlinearities. App/ Math
Lett 2003; 16: 119-126.

S. Lee SM and Park JH. Robust stabilization of discrete-
time nonlinear Lur’e systems with sector and slope
restricted nonlinearities. Appl Math Comput 2008; 200:
429-436.

6. Qiu J, He H and Shi P. Delay-dependent guaranteed cost
control for a non-linear stochastic system with distribu-
ted delays. Proc IMechE, Part I: J Systems and Control
Engineering 2009; 223: 763-772.

7. Richard JP Time-delay systems: an overview of some
recent advances and open problems. Automatica 2003;
39: 1667-1694.

8. Chen DY and Liu W. Delay-dependent robust stability
for Lurie control systems with multiple time delays.
Contr Theor Appl 2005; 22: 499-502.

9. Mahmoud MS. Improved robust stability criterion for
delay systems. Proc IMechE, Part I: J Systems and Con-
trol Engineering 2009; 223: 745-752.

10. Cao J and Zhong S. New delay-dependent condition for
absolute stability of Lurie control systems with multiple
time-delays and nonlinearities. App! Math Comput 2007,
194: 250-258.

11. Cao J, Zhong S and Hu Y. Delay-dependent condition
for absolute stability of Lurie control systems with multi-
ple time-delays and nonlinearities. J Math Anal Appl
2008; 338: 497-504.



Kazemy and Farrokhi

297

12.

13.

14.

15.

16.

17.

19.

Tian J, Zhong S and Xiong L. Delay-dependent absolute
stability of Lurie control systems with multiple time-
delays. Appl Math Comput 2007; 188: 379-384.
Ramakrishnan K and Ray G. An improved delay-
dependent stability criterion for a class of Lur’e systems
of neutral type. J Dyn Syst-T ASME 2012; 134.
Ramakrishnan K and Ray G. Improved delay-range-
dependent robust stability criteria for a class of Lur’e sys-
tems with sector-bounded nonlinearity. J Frankl Inst
2011; 348: 1769-1786.

Kazemy A and Farrokhi M. Delay-independent robust
absolute stability criteria of uncertain Lur’e systems with
multiple time-delays. In: Proceedings of the 18th Iranian
conference on electrical engineering, Isfahan, Iran, 11-13
May 2010, pp.710-715.

He Y, Wu M, She JH, et al. Robust stability for delay
Lur’e control systems with multiple nonlinearities. J Com-
put Appl Math 2005; 176: 371-380.

Konishi K and Kokame H. Robust stability of Lur’e sys-
tems with time-varying uncertainties: a linear matrix
inequality approach. Int J Syst Sci 1999; 30: 3-9.

. Yu L, Han QL, Yu S, et al. Delay-dependent conditions

for robust absolute stability of uncertain time-delay systems.
In: Proceedings of the 42nd IEEE conference on decision and
control, Maui, HI, December 2003, pp.6033-6037.

Gao J, Pan H and Dai W. A delay-dependent criterion
for robust absolutely stability of uncertain Lurie type
control systems. In: Proceedings of the 5th world congress
on intelligent control and automation, Hangzhou, China,
15-19 June 2004, pp.928-930.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Xu S and Feng G. Improved robust absolute stability cri-
teria for uncertain time-delay systems. /ET Control The-
ory A 2007; 1: 1630-1637.

Wu M, Feng ZY, He Y, et al. Improved delay-dependent
absolute stability and robust stability for a class of non-
linear systems with a time-varying delay. Int J Robust
Nonlin 2010; 20: 694-902.

Lee SM and Park JH. Delay-dependent criteria for abso-
lute stability of uncertain time-delayed Lur’e dynamical
systems. J Franklin 1 2010; 347: 146-153.

Kazemy A and Farrokhi M. Robust absolute stability anal-
ysis of multiple time-delay Lur’e systems with parametric
uncertainties. Asian J Control. DOI: 10.1002/asjc.503.

Wu M, Feng ZY and He Y. Improved delay-dependent
absolute stability of Lur’e systems with time-delay. Int J
Control Autom 2009; 7: 1009-1014.

Gu K, Kharitonov VL and Chen J. Stability of time-delay
systems. Boston, MA: Birkhauser, 2003.

Gu K and Niculescu SI. Survey on recent results in the
stability and control of time-delay systems. Trans ASME
2003; 125: 158-165.

Boyd S, El-Ghaoui L, Feron E, et al. Linear matrix
inequalities in systems and control theory. Philadelphia,
PA: SIAM, 199%4.

Peterson IR and Hollot CV. A Riccati equation approach
to the stabilization of uncertain linear systems. Automa-
tica 1986; 22: 397-411.

Han QL. Absolute stability of time-delay systems
with sector-bounded nonlinearity. Automatica 2005; 41:
2171-2176.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


