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Abstract—This paper considers a cooperative MIMO relaying
system in which the source sends information to the destination
with the aid of multiple relays, each equipped with multiple an-
tennas. We design optimal linear relaying matrices that minimize
the mean square error between the source and the received signal
vectors under a total transmitted power constraint imposed on all
the relays. The optimal matrices are obtained by solving the cor-
responding Karush-Kuhn-Tucker (KKT) conditions. Simulation
results show significant advantages of the newly designed relaying
matrices over other competing approaches in terms of bit-error
rate (BER) performance. Moreover, this strategy enables the self-
demultiplexing of the spatial substreams without the need for a
MIMO combiner at the destination, so that a simplified receiver
structure can be used without performance loss. In addition,
the new design can serve as a suboptimal solution for multiuser
MIMO relaying applications.

I. INTRODUCTION

MIMO wireless relaying can increase system throughput,
overcome shadowing and expand network coverage more
efficiently than its single-antenna counterpart. The multi-
antenna relays can either decode information bits, or simply
apply a linear matrix to the received baseband signals before
retransmitting them. These approaches are known as decode-
and-forward (DF) and amplify-and-forward (AF), respectively.
The latter non-regenerative approach benefits from shorter
processing delay, lower complexity and better security. More-
over, the source can forward its signal through a single relay
(selection-type), or use multiple relays whose retransmitted
signals superimpose at the destination (combining-type) [1].

The optimal relaying matrices for the one-source–one-
relay–one-destination (1S-1R-1D) configurations are well es-
tablished for a wide variety of criteria under a transmitted
power constraint at the relay station [2]. These matrices share
a common structure based on singular value decomposition
(SVD) which diagonalizes the backward and forward channels,
but with different diagonal entries [3]–[6]. However, the joint
design of multiple optimal relaying matrices remains an open
problem for combining-type, one-source–multiple-relays–one-
destination (1S-MR-1D) systems. Herein, the main difficulty
comes from the block-diagonal constraint imposed on the
compound AF matrix of the multiple parallel relays.

By enforcing the power constraint on the signals received
at the destination, instead of the signals transmitted from the
relays, it is possible to circumvent this difficulty and design
matrices that maximize mutual information (MMI) or min-
imize the mean square error (MMSE) [7], [8]. Alternatively,

an approximate MMI strategy is derived in [9] by specifying a
special diagonal structure and relaxing the objective function.

In 1S-MR-1D systems, a good relaying method should en-
sure that the signals transmitted by all the relays are coherently
combined at the destination. In this regard, some heuristic
strategies have been proposed that “borrow” ideas from MIMO
transceiver design, including matched filtering (MF), zero-
forcing (ZF), linear MMSE [7], [10] and QR decomposition
[11]. Although inferior to SVD-based approaches in 1S-1R-
1D systems, these methods achieve higher distributed array
gain in 1S-MR-1D systems. In [12], we proposed a unified
hybrid framework in which the relaying matrices serve as
equalizers for the backward channels and precoders for the
forward channels. By considering various combinations of MF,
ZF, MMSE as well as a new cooperative MMSE (CMMSE)
scheme, we were able to demonstrate significant performance
improvement along with added flexibility in system design.

In this paper, we design optimal relaying matrices for
combining-type parallel MIMO relay systems. The objective
is to minimize the sum of mean square errors (MSE) between
the received and transmitted signal samples with a transmitted
power budget imposed on the relay stations. We derive the
optimal matrices based on Karush-Kuhn-Tucker (KKT) condi-
tions [13] and the properties of Kronecker product. Simulation
results show that the proposed strategy outperforms competing
methods in terms of bit-error rate (BER). This design enables
the self-demultiplexing of the spatial substreams at the re-
laying layer without the need of a MIMO combiner at the
destination, so that a low-complexity receiver structure can be
used without performance loss. This is particularly suitable
for mobile terminals or sensor nodes with limited battery
capacity and computational power. Interestingly, simulation
results illustrate that the proposed design, together with the
simplified receiver, still outperforms competing methods even
if they employ MIMO combiners. Moreover, since the multiple
streams are decoded independently, the proposed design can be
readily generalized to the multiuser MIMO relaying networks
investigated in [14].

The organization of this paper is as follows: Section II in-
troduces the system model and Section III derives the optimal
relaying matrix form and also proves the optimality of the
duality parameter. Simulation results are shown in Section IV
followed by a brief conclusion. Throughout this paper, (·)H

and (·)T represents Hermitian and transpose of a matrix.
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Fig. 1. A 1S-MR-1D MIMO relaying channel.

II. SYSTEM MODEL AND PROBLEM DEFINITION

Fig. 1 illustrates a 1S-MR-1D MIMO relaying channel
between a source, M parallel relays and a destination. The
number of antennas for these nodes are respectively NS , NR

and ND satisfying NR ≥ NS = ND
1. We consider a half-

duplex mode in which the receiver and transmitter work in
different time intervals. This can prevent the relay receivers
from being saturated by their transmitters. We assume that the
direct link between the source and destination is unavailable
or too weak to be taken into consideration.

In order to introduce a suitable system model for the
above MIMO relaying channel, we make the following general
assumptions: (1) the wireless channels undergo frequency non-
selective block-fading, which means that the system bandwidth
is less than the coherence bandwidth and the channels remain
constant during the transmission period of interest; (2) all the
channels and signal representations are baseband equivalent
to their narrowband counterparts and, as a result, all the
processing takes place on complex-valued baseband signal
samples; (3) the source has no channel state information (CSI),
each relay knows its own backward and forward channels, and
the destination has CSI of all the channels.

The above narrowband assumption enables a matrix de-
scription of MIMO channels. In fact, this is also possible for
broadband frequency-selective channels if the system employs
a multicarrier transceiver architecture such as filter banks,
e.g. orthogonal frequency-division multiplexing (OFDM) [15],
[16]. With this in mind, the linear MIMO relaying matrices
designed in this paper are also suitable for wideband systems.

Under the above assumptions, the received baseband signal
vector xj ∈ C

NR×1 at the jth relay takes the form

xj = Hjs + wj , (1)

where s ∈ C
NS×1 is the vector of NS transmitted source

symbol streams, Hj ∈ C
NR×NS is the matrix corresponding

to the backward channel between the source user and the jth
relay and wj ∈ C

NR×1 is an additive noise component. The
signal and noise vectors, s and wj for j = 1, . . . ,M , are

1This is only for notational simplicity and the generalization to different
numbers of antennas at the relays, i.e. NR,j , is straightforward.

modeled as independent, zero-mean circularly symmetric com-
plex Gaussian (ZMCSCG) random vectors with covariance
matrices Rs = E{ssH} and Rwj

= E{wjwH
j }, respectively.

With linear processing defined by matrices Fj ∈ C
NR×NR ,

the jth relay retransmits its received noisy signal xj as

yj = Fjxj , j = 1, . . . ,M. (2)

The total transmitted power of all the relays should satisfy

M∑
j=1

tr(FjRxj
FH

j ) ≤ PR , (3)

where Rxj
= E{xjxH

j } = HjRsHH
j + Rwj

. Note that PR

represents the power used to transmit both the desired signal
s and the additive relay noises {wj} to the destination.

The received signal vector at the destination, denoted by
r ∈ C

ND×1, can be expressed as

r=
M∑

j=1

GjFjHjs +
M∑

j=1

GjFjwj + n , (4)

where Gj ∈ C
ND×NR is the baseband forward channel matrix

from relay j to the destination user and n ∈ C
ND×1 is an

additive noise component. The latter, independent from s and
{wj}, is also modeled as a ZMCSCG vector with covariance
matrix Rn = E{nnH}. Eq. (4) can also be expressed in a
block-diagonal form as

r = GFHs + GFw + n , (5)

where G = [G1, . . . ,GM ], H =
[
HH

1 , . . . ,HH
M

]H
, F =

diag(F1, . . . ,FM ), and w =
[
wH

1 , . . . ,wH
M

]H
. When M =

1, this signal model reduces to the 1S-1R-1D case [7].
To ensure constructive enhancement of the signals from

different relays and minimize the effect of noise amplification,
in this work, we design the linear relaying matrices to mini-
mize the sum of MSE’s between a scaled version of received
signal vector r and the transmitted vector s under the power
constraint in (3). Although BER performance also depends
on nonlinear components such as channel coding, interleaving
and constellation mapping, this MSE criterion still serves as
a good indicator and is more mathematically tractable.

III. MMSE-BASED COOPERATIVE RELAYING

The sum of all substream MSE’s is expressed as

MSE(F, η) = E
{ ∥∥η−1r − s

∥∥2 }
, (6)

where η > 0 is a gain scaling factor and ‖ · ‖ denotes the
Euclidean norm of a vector. The expectation is taken with
respect to s, w and n. This expression can be expanded as

MSE(F, η) = η−2
M∑

j=1

tr
(
GjFjRwj

FH
j GH

j

)
+ η−2tr (Rn)

+ tr
((

η−1
M∑

j=1

GjFjHj − I
)
Rs

(
η−1

M∑
j=1

GjFjHj − I
)H

)
.

(7)
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The problem of interest here is to minimize (7) subject
to the power constraint in (3). First, we derive the closed-
form solution of this convex optimization problem by solving
the KKT conditions based on the properties of Kronecker
product. Then we prove the optimality of the optimal duality
parameter, which turns out to be independent of the channel
matrices. These mathematical techniques were widely used
before; however, our main theoretical contribution is to pro-
vide an alternative but tractable MMSE formulation whose
closed-form solution outperforms previous strategies by a wide
margin, when the joint MMSE approach with Wiener MIMO
combiner involves a non-convex problem [17].

A. Optimum Solution Based on KKT Conditions

Define the Lagrangian function as

MSE(F, η, λ′) = MSE(F, η) + λ′
M∑

j=1

tr(FjRxj
FH

j ) . (8)

Without changing the solution of this problem, we define λ =
λ′η2. The optimal KKT conditions are expressed as

M∑
j=1

tr(Fj,oRxj
FH

j,o) − PR ≤ 0 , (9a)

λo ≥ 0 , (9b)

λo

( M∑
j=1

tr(Fj,oRxj
FH

j,o) − PR

)
= 0 , (9c)

∂MSE(F, η, λ)
∂Fk

= 0 , (9d)

∂MSE(F, η, λ)
∂η

= 0 , (9e)

for all k = 1, . . . , M , where the values in (9d) and (9e) are
evaluated at η = ηo, λ = λo,Fj = Fj,o, ∀j = 1, . . . ,M. The
condition in (9d) leads to the following equation
(
GH

k Gk + λoI
)
Fk,o

(
HkRsHH

k + Rwk

)

+
∑
j �=k

GH
k GjFj,oHjRsHH

k = ηoGH
k RsHH

k . (10)

By setting fk,o = vec(Fk,o) and applying vec(ABC) =(
CT ⊗ A

)
vec(B), this equation is equivalent to

(
(HkRsHH

k + Rwk
)T ⊗ (GH

k Gk + λoI)
)
fk,o +∑

j �=k

(
(HjRsHH

k )T ⊗ (GH
k Gj)

)
fj,o = ηo vec

(
GH

k RsHH
k

)
(11)

where vec(·) stacks columns of a matrix in a single column
vector and ⊗ represents Kronecker product. These equations
can be written in a compact block-matrix form as following⎡
⎢⎣

RT
x1 ⊗ (

GH
1 G1 + λoI

) · · · (
HMRsH

H
1

)T ⊗ (
GH

1 GM

)
...

. . .
...(

H1RsH
H
M

)T ⊗ (
GH

MG1

) · · · RT
xM

⊗ (
GH

MGM + λoI
)

⎤
⎥⎦

×
⎡
⎣

f1,o

...
fM,o

⎤
⎦ = ηo

⎡
⎣

vec
(
GH

1 RsH
H
1

)
...

vec
(
GH

MRsH
H
M

)

⎤
⎦ , (12)

Let Ψ(λo) and b be the coefficient matrix and right-sided
vector of (12), respectively. If λo �= 0, Ψ(λo) is nonsingular
and the optimal solution of this equation is

fo = [fT
1,o, . . . , f

T
M,o]

T = ηoΨ−1(λo)b ; (13)

if λo = 0, there exist infinitely many solutions. The main
drawback of this expression is that the dimension of Ψ(λo),
MN2

R×MN2
R, is significantly larger than those of the original

matrices. We can use properties of the Kronecker product and
matrix inverse lemma2 to simplify the solution in (13) as

fk,o = ηoΓ−1
k (λo)

(
H∗

k ⊗ GH
k

) (
R−T

s ⊗ I +

M∑
j=1

(
HT

j ⊗ Gj

)
Γ−1

j (λo)
(
H∗

j ⊗ GH
j

) )−1

vec(I), (14)

where

Γj(λo) = RT
xj

⊗ λoI + RT
wj

⊗ GH
j Gj . (15)

Here, H∗ represents entrywise complex conjugation of H.
The main limitation of this strategy is that a fusion center

(FC) has to compute the sum term in (14) and then feedback
this information perfectly to all the relays via broadcasting.
This necessiates the knowledge of all Gk’s and Hk’s at the
FC, which might require additional resources dedicated for
this purpose. In addition, imposing a total power constraint on
the physically separate relays is less practical than individual
power constraints, in spite of the fact that the latter might not
lead to a closed-form solution.

B. Optimum Duality Parameter λo

Although (14) gives the solution form for the optimization
problem, the scaling coefficient ηo and the duality parameters
λo are still unknown. They should satisfy the other conditions
in (9). To simplify the notation, we define the following terms:

D1 = diag
(
RT

w1
⊗ GH

1 G1, . . . ,RT
wM

⊗ GH
MGM

)
,

D2 = diag
(
RT

x1
⊗ I, . . . ,RT

xM
⊗ I

)
,

Φ =

⎡
⎣

(H∗
1R

T
s HT

1 )⊗(GH
1 G1) · · · (H∗

1R
T
s HT

M )⊗(GH
1 GM )

...
. . .

...
(H∗

MRT
s HT

1 )⊗(GH
MG1) · · · (H∗

MRT
s HT

M )⊗(GH
MGM )

⎤
⎦ .

and hence Ψ(λo) = Φ + D1 + λoD2. Using the formula [18,
p.252]

tr(AT YT BX) = [vec(Y)]T (A ⊗ B)vec(X) , (16)

the MSE expression (7) can be simplified as

MSE(fo, η) = η−2fH
o D1fo + η−2tr(Rn) + η−2fH

o Φfo
− η−1bHfo − η−1fH

o b + tr(Rs) , (17)

and the power constraint is fH
o D2fo ≤ PR. The condition in

(9e) is equivalent to

ηo =
2 fH

o (Φ + D1)fo + 2 tr(Rn)
bHfo + fH

o b
. (18)

2Matrix inverse lemma: (A + BCD)−1 = A−1 − A−1B(C−1 +
DA−1B)−1DA−1
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From (9a)-(9c), if the power constraint is not satisfied tightly,
λo must be zero. In this case, substituting (12) into (18) would
lead to

ηo = ηo +
tr(Rn)
fH
o b

, (19)

which implies that fH
o b goes to infinity. Henceforth, ‖fo‖

would be unbounded and this would contradict with the finite
power constraint (9a). Therefore, λo > 0 and the power
constraint should be tightly satisfied as

PR = fH
o D2fo = η2

o bHΨ−1D2Ψ−1b . (20)

Left-multiplying both sides of (12) by fH
o leads to

fH
o (Φ+D1 +λoD2)fo =

2 fH
o (Φ + D1)fo + 2 tr(Rn)

bHfo + fH
o b

fH
o b ,

(21)
Since fH

o b = bHfo = bHΨ−1b, we have

λofH
o D2fo = tr(Rn) , (22)

which, in turn, gives

λo =
tr(Rn)

PR
=

1
M

ND

NR

1
ρ2

, (23)

where ρ2 is a SNR parameter representing the quality of
the second hop as explained in Section IV. Surprisingly, the
optimal λo is independent of channel characteristics and SNR
value of the first hop.

IV. NUMERICAL RESULTS

We compare the BER performance of the proposed method
with previous relaying strategies, including MMSE-MMSE
[10], simplistic AF (SAF) which uses identity matrices [10],
SVD with uniform power allocation [1], and CMMSE-MMSE
as proposed in our previous work [12]. In the simulations,
each source antenna transmits independent uncoded 16-QAM
symbol streams. The relay stations apply one of the above
linear relaying matrix schemes to their input signals and re-
transmit them. The destination scales its received signal vector
with a proper factor, and then employs single-stream maximum
likelihood decoding. The number of relays is set to M = 3
and the numbers of antennas are NS = NR = ND = 4.
The channel matrices have normalized, independent and iden-
tically distributed ZMCSCG entries. We assume Rs = σ2

sI,
Rwj

= σ2
wI, Rn = σ2

nI, and σ2
w = σ2

n.
To discuss the behavior of the proposed MIMO relaying

strategies, it is convenient to introduce two SNR parameters
as follows. The first SNR represents the link quality between
the source and the relay, and is defined as ρ1 = σ2

s/σ2
w, i.e. the

ratio of transmitted signal power per antenna to the received
noise power per antenna. The second SNR parameter, defined
in terms of PR as ρ2 = PR/(MNRσ2

n), gives the ratio of
average transmitted power per relay antenna to the power of
the noise induced at the individual destination antennas. Here,
we set the first-hop SNR ρ1 to 15dB and change ρ2.

The BER values obtained from simulations based on the
above settings, without using a MIMO combiner at the destina-
tion, are plotted versus ρ2 in Fig. 2. As explained earlier, SVD

ρ

Fig. 2. BER performance without a MIMO equalizer.

and SAF cannot achieve distributed array gain and accordingly,
they have the worst performance. The hybrid strategies offer
some improvements in BER, but in the absence of the MIMO
combiner, these are very limited. In contrast, the proposed
strategy significantly outperforms these methods. In Fig. 3, we
plot the BER performance when a Wiener MIMO equalizer
is used to better separate the multiple symbol streams. One
can see that the addition of a MIMO equalizer improves the
BER performance of SVD, SAF and CMMSE-MMSE. In
this case, CMMSE-MMSE performs significantly better than
MMSE-MMSE but is still inferior to the proposed strategy.
Furthermore, comparison of the results in Fig. 2 and 3 confirms
that the new MMSE-based approach does not suffer from
performance loss when a simplified receiver structure is used
at the destination. In particular, its performance without MIMO
combiner remains superior to that of the other schemes with
Wiener equalizer. In a nutshell, the proposed strategy achieves
both lower BER and reduced receiver complexity at the price
of CSI exchange between relays and higher design complexity.

We also studied the BER performance of these strategies
under correlated Rayleigh-fading channels. Specifically, we
used the Kronecker model [19] to generate the mutually
independent random matrices Hj and Gj , j = 1, . . . , M in
Fig. 1. The underlying correlation matrices in the Kronecker
model were chosen as Toeplitz matrices whose (i, j) entry is
equal to β|i−j| where β = 0.7. The corresponding BER are
plotted versus ρ2 in Fig. 4. Herein, a Wiener MIMO equalizer
is used for all the methods; in addition, we also show results
of the proposed method without such an equalizer. The same
general conclusions as above can be made in this case although
here, correlation between antennas incurs higher BER values
due to loss in the diversity gain.

We emphasize that the new relaying strategy proposed
in this work is also suitable for multiuser MIMO relaying
networks. Since the source antennas transmit independent sub-
streams and the relay processing enables self-demultiplexing
of the substreams at the destination, the source and destination
antennas can be either collocated or spatially distributed.
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ρ

Fig. 3. BER performance with a linear Wiener MIMO equalizer.

ρ

Fig. 4. BER performance under correlated channels.

In fact, it is this simplified receiver structure that provides
additional flexibility so that our work can be readily extended
to relay-assisted broadcast channels (BC), multiple access
channels (MAC) and interference channels [14].

V. CONCLUSIONS

We considered the joint design of multiple linear relaying
matrices in parallel MIMO AF relay systems, by minimiz-
ing the sum of MSEs between the received and transmitted
symbol streams, under a constraint of total transmit power.
The optimal matrices are obtained by solving the KKT con-
ditions based on the properties of Kronecker product. The
optimal duality parameter is inversely proportional to the
second-hop SNR but does not depend on the first-hop SNR.
This strategy achieves a better distributed array gain than
previous methods and hence yields significant improvement
in BER performance. Furthermore, by allowing for a self-
demultiplexing of the spatial substreams at the destination, it
does not require a MIMO combiner at the destination, so that
a simpler receiver structure can be used without performance
loss, as demonstrated by numerical simulations. Henceforth,

since the multiple substreams can be decoded independently,
the new strategy is readily applicable to multiuser MIMO
relaying networks. Further works that can strengthen this
paper include a detailed complexity analysis, imposing power
constraints on individual relays, and investigating simpler,
distributed and adaptive implementations.
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[3] O. Muñoz-Medina, J. Vidal, and A. Agustı́n, “Linear transceiver design
in nonregenerative relays with channel state information,” IEEE Trans.
Signal Process., vol. 55, pp. 2593–2604, Jun. 2007.

[4] X. Tang and Y. Hua, “Optimal design of non-regenerative MIMO
wireless relays,” IEEE Trans. Wireless Commun., vol. 6, pp. 1398–1407,
Apr. 2007.

[5] W. Guan and H. Luo, “Joint MMSE transceiver design in non-
regenerative MIMO relay systems,” IEEE Commun. Lett., vol. 12, pp.
517–519, Jul. 2008.

[6] C. Xing, S. Ma, and Y.-C. Wu, “Robust joint design of linear relay
precoder and destination equalizer for dual-hop amplify-and-forward
MIMO relay systems,” IEEE Trans. Signal Process., vol. 58, pp. 2273–
2283, Apr. 2010.

[7] A. S. Behbahani, R. Merched, and A. M. Eltawil, “Optimizations of a
MIMO relay network,” IEEE Trans. Signal Process., vol. 56, pp. 5062–
73, Oct. 2008.

[8] A. Toding, M. R. A. Khandaker, and R. Yue, “Optimal joint source and
relay beamforming for parallel MIMO relay networks,” in Proc. Int.
Conf. Wireless Commun. Netw. and Mobile Comput., 2010, 4 pages.

[9] Y. Fu, L. Yang, and W.-P. Zhu, “A nearly optimal amplify-and-forward
relaying scheme for two-hop MIMO multi-relay networks,” IEEE Com-
mun. Lett., vol. 14, pp. 229–231, Mar. 2010.

[10] O. Oyman and A. J. Paulraj, “Design and analysis of linear distributed
MIMO relaying algorithms,” IEE Proc. Commun., vol. 153, pp. 565–
572, Apr. 2006.

[11] H. Shi, T. Abe, T. Asai, and H. Yoshino, “A relaying scheme using
QR decomposition with phase control for MIMO wireless networks,” in
Proc. 2005 IEEE Int. Conf. Commun., vol. 4, pp. 2705–2711.

[12] C. Zhao and B. Champagne, “Non-regenerative MIMO relaying strate-
gies — from single to multiple cooperative relays,” in Int. Conf. Wireless
Commun. and Signal Process., Suzhou, China, Oct. 2010, 6 pages.

[13] S. P. Boyd and L. Vandenberghe, Convex optimization. Cambridge,
UK: Cambridge Univ. Press, 2004.

[14] S. Ma, C. Xing, Y. Fan, Y.-C. Wu, T.-S. Ng, and H. Poor, “Iterative
transceiver design for MIMO AF relay networks with multiple sources,”
in Proc. 2010 Military Commun. Conf., Nov. 2010, pp. 369–374.

[15] A. Scaglione, G. B. Giannakis, and S. Barbarossa, “Redundant filterbank
precoders and equalizers. I. Unification and optimal designs,” IEEE
Trans. Signal Process., vol. 47, pp. 1988–2006, Jul. 1999.

[16] H. Sampath, P. Stoica, and A. Paulraj, “Generalized linear precoder
and decoder design for MIMO channels using the weighted MMSE
criterion,” IEEE Trans. Commun., vol. 49, pp. 2198–2206, Dec. 2001.

[17] E. Park, K.-J. Lee, and I. Lee, “Joint MMSE transceiver design for
MIMO amplify-and-forward relay systems with multiple relays,” in
Proc. IEEE 70th Veh. Tech. Conf., Sep. 2009, 5 pages.

[18] R. A. Horn and C. R. Johnson, Topics in matrix analysis. Cambridge:
Cambridge Univ. Press, 1994.

[19] W. Weichselberger, M. Herdin, H. Ozcelik, and E. Bonek, “A stochastic
MIMO channel model with joint correlation of both link ends,” IEEE
Trans. Wireless Commun., vol. 5, pp. 90–100, Jan. 2006.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE Globecom 2011 proceedings.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /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
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /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-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


