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Abstract—This paper considers the problem of applying com-
pressed sensing ideas to relay networks in order to increase
the network throughput. We present a new method to perform
forwarding which, when the signals transmitted by several
sources are jointly sparse, enables to send a vector of dimension
higher than the min-cut of the network. First, the jointly sparse
source signals are mapped to a signal of lower dimension
which can be transmitted over the network. Second, we allow
source nodes to send at a so called single-source min-cut rate
which is such that each node transmits without considering
other sources transmitting simultaneously. Finally, sinks use
compressed sensing in order to recover the transmitted sparse
signal. Algebraically, the source signal is multiplied by a network
matrix which needs to have the restricted isometry property to
provide perfect reconstruction. We present algorithms to choose
the network matrix coefficients as well as simulation results to
show the validity of our approach.

I. INTRODUCTION

Relay networks are models for communication systems
where one or more sources transmit information to one or
more sinks through relays. Fundamental results for a simple
relay network with one source, one sink, and one relay
were introduced in [1] and [2]. In [3], the authors present
results for the Gaussian parallel network, where one source
communicates to two relays which then forward information
to a sink.

In our work [4] we have shown how Amplify-and-Forward
Gaussian Relay Networks can be modeled by a graph and
further by matrices. In general, the maximal dimension of the
transmitted signal is bounded by the physical dimension of
the network, i.e., the min-cut of the graph representing the
network. In the present work we develop a framework to use
compressed sensing methods in order to send sparse signals
of high dimension over a network of low dimension. The
signals at different sources do not need to be individually
compressible. If the global source signal is composed of
several jointly sparse signals located at several source nodes,
our framework enables to perform distributed compressed
sensing over the network.

Compressed sensing (see, e.g., in [5], [6], or [7]) is a
new sampling method that enables to recover a sparse signal
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from much fewer measurements than the actual size of the
signal (we call the size of a signal the dimension of the vector
representing the signal). Let’s assume one wants to sample a
signal z ∈ C

n which is k-sparse, i.e., it has no more than k
nonzero components. Using a sampling matrix Φ ∈ R

m×n,
the sampling result is x = Φz with x ∈ C

m. To recover z
from x, one typically applies the following convex program

minimize ‖ẑ‖l1

subject to Φẑ = x (1)

where ‖.‖l1 is the l1 norm, i.e., ‖ẑ‖l1 =
∑i=n

i=1 |ẑi|. If Φ
verifies certain conditions, detailed in Section II, then ẑ∗ = z
where ẑ∗ denotes the solution of the problem (1).

There exists already works using compressed sensing for
communication systems. In [8] the authors present an ap-
proach to use compressed sensing, in a setup where many
sensors transmit signals to a central node, exploiting the intra-
correlation of the transmitted signals. In [9] the authors devel-
oped a general model for this problem, which exploits both
inter- and intra-signal correlation. They consider some differ-
ent sparsity models and developed recovery strategies as well
as bounds on the required number of measurements to have
perfect recovery. These works only considers single-hop net-
works. In contrast, our work focuses on multi-hop networks.

The central idea of the present paper is the following: a
network can be represented by a matrix, if this matrix can
be chosen such that it verifies the conditions that guarantee
perfect recovery in the sense of compressed sensing, then this
network might transport sparse signals of higher dimension
than the physical size of the network.

The rest of the present paper is organized as follow. In Sec-
tion II we introduce the basics of compressed sensing. In Sec-
tion III we describe the network model supporting our results.
In Section IV we introduce the central concept of compressive
forwarding in relay networks. In Section V and Section VI
we give algorithms to choose the network matrix for single-
source and multi-source networks. In Section VII we present
simulation results and in Section VIII we conclude this work.

II. COMPRESSED SENSING BASICS

A central question in compressed sensing is how to choose
the sensing matrix Φ to achieve perfect reconstruction of
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k-sparse signals and how small can m be (i.e., how few
measurements are sufficient). In [6] the restricted isometry
property (RIP) is introduced. It enables to measure if a given
matrix will provide perfect reconstruction for given (n,m, k).
A matrix Φ satisfies the restricted isometry property of order
k if there exists a constant δk < 1, such that

(1 − δk)‖z‖2
l2 ≤ ‖Φz‖2

l2 ≤ (1 + δk)‖z‖2
l2 (2)

holds for all k-sparse vectors z. We note ‖.‖l2 the Euclidean
norm. In [10], it has been proven that if Φ satisfies the
RIP of order 2k with δ2k <

√
2 − 1, then the program (1)

recovers all k-sparse vectors perfectly and makes a small error
on non-k-sparse vectors. Matrices obeying the RIP are, for
example, Gaussian matrices with m ≥ c k log(n/k), where c
is a constant and all entries are independent and identically
distributed (i.i.d.) as N (0, 1/m).

It is however a hard problem to verify if the RIP holds.
In [7] the authors introduce the nullspace property (NSP),
which is a sufficient property for a sensing matrix to provide
perfect reconstruction of k-sparse vectors. In contrast to the
RIP, it is possible to verify the NSP using tractable methods
described in [11]. We provide next the basics of the NSP.
We define g(x,Φ) as a function providing the solution of the
program (1). A pair (Φ, g) is said to be instance optimal of
order k with constant C if

‖z − g(x,Φ)‖l1 ≤ Cσk(z), ∀z ∈ C
n,x = Φz, (3)

where σk(z) is called the best k-term approximation of z, i.e.,
the error made by approximating z by its k largest components
only and setting all other components to zero. In other words,
(Φ, g) is instance optimal if performing compressed sensing
causes 1) no errors when z is k-sparse and 2) an error
proportional to the error of best k-term approximation when
z is not k-sparse. A matrix Φ ∈ R

m×n is said to have the
NSP in l1 of order k with constant Ck if and only if

‖n‖l1 ≤ Ck‖nT C‖l1 (4)

holds for all vectors n in the nullspace of Φ and all sets
of indices T of n with #T ≤ k. The set T C denotes the
complement of T and nT C is the restriction of n to T C , i.e.,
(nT C )i = ni on T C and zero otherwise. If Φ has the NSP
of order k with constant Ck > 0, there exists a decoder that
guarantees perfect recovery for a sparsity k/2. If Ck < 2 then
the program (1) satisfies instance optimality of order k with a
constant C such that C = 2Ck/(2−Ck). It has been shown
in [11] that the NSP can be verified in polynomial time using
semidefinite programming. We will use the NSP in this paper
to evaluate if a matrix is appropriate for compressed sensing.

III. NETWORK MODEL

We consider networks that can be represented by a directed
graph G = (V, E) with a vertex set V and an edge set E . We
call e the cardinality of E . The network has NT sources and
NR sinks. The relays can 1) linearly combine incoming signals
and 2) amplify-and-forward signals to the next relay or sink.
All the links in the network are noisy, we define η ∈ C

Nη

as the noise vector in the network, with η ∼ NC(0,Cη),
Nη the number of noisy connections and Cη ∈ C

Nη×Nη the
covariance matrix of η.

Each source j must communicate a vector z̃j ∈ C
n′

to the sinks (we assume that all sources send a signal
of the same dimension for simplicity). We define a vector
z = (z̃1, . . . , z̃NT

) of size n = NT n′ which is the global
transmitted vector through the network. Each sink wants to
obtain the data from all sources, i.e., to decode z. Each sink
i actually decodes a vector ẑi ∈ C

n. A given input signal z
is transmitted successfully if for i = 1, . . . , NR we have
ẑi = z.

Before actually transmitting z̃j each source j has the oppor-
tunity to map z̃j to another signal x̃j of different dimension
m′

T (it will become clear later why to use such a mapping),i.e.,
x̃j = fj(z̃j). Further we define the function f as a mapping
from C

n to C
mT such that

x = f(z) = (f1(z̃1), . . . , fNT
(z̃NT

)), (5)

where mT = NT m′
T . Finally the signal x is sent through the

network.
To describe the physical structure of the network we define

mRi as the min-cut between all sources and a sink i. In other
words mRi is the number of disjoint paths between a cluster
containing all sources and a sink i.

Definition 1. We define mR the min-cut of the network as

mR = inf
i=1,...,NR

(mRi). (6)

The min-cut of the network mR is the smallest number of
disjoint paths between all sources and each individual sinks.

We proved in [4] that communication in such a multi-source
multi-sink network can be modeled as

x̂i = BH
i MAs. (7)

where the vector x̂i ∈ C
mR is the received signal at the sink

i (we assume that the sinks receive a signal of the maximum
size possible, i.e., mR), the vector s ∈ C

mT +Nη has the form
s = [xT ηT]T, A ∈ C

e×(mT +Nη) represents the amplification
factors chosen by the sources, Bi ∈ C

e×mR the filtering fac-
tors chosen by the sink i and finally M ∈ C

e×e is defined as

M = Ie + F + F2 + · · · + Fp−1 = (Ie − F)−1, (8)

where F ∈ C
e×e contains the amplification factors chosen

by the relays and p−1 is the maximum number of hops from
a source to a sink (F is nilpotent of degree p). Further M can
be represented as a block matrix with the following structure

M =

⎡
⎢⎢⎢⎣

ML1 . . . MLNT
MR

Mx1,1 . . . Mx1,NT
Mη1

...
...

...
...

MxNR,1 . . . MxNR,NT
MηNR

⎤
⎥⎥⎥⎦ , (9)

with Mxi,j ∈ C
mR×m′

T is a matrix containing the
amplification factors experienced by x̃j on the way to the
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Fig. 1: Overview of the model notations, NT , NR and Nη are respectively the number of sources, sinks and noise components, z̃j is the input vector of size
n′ at source j, z is the global input vector of size n at all sources, f = (f1, . . . , fNT

) is a mapping from Cn to CmT , x̃j is the transmitted signal of size
m′

T from source j, x is the global transmitted signal of size mT from all sources, x̂i is the received signal of size mR at sink i, g is a decoder mapping
CmR to Cn, ẑi is the decoded vector of size n at sink i, η is the noise vector of size Nη , A distributes input signals into the network, M represents the
network, Bi gathers output signals at sink i and e is the number of edges in the network.

sink i, MLj ∈ C
(e−NRmR)×m′

T contains amplification
factors of x̃j to the relays, MR ∈ C

(e−NRmR)×Nη contains
amplification factors of the noise to the relays and finally
Mηi ∈ C

mR×Nη contains amplification factors of the
noise to the sink i. As explained in [4], the matrix A can be
represented as a block matrix with the following structure

A =
[
Ax 0
0 Aη

]
, (10)

where Ax ∈ C
mT ×mT is a block diagonal precoding

matrix applied by the sources to the transmitted signal,
Aη ∈ C

(e−mT )×Nη is a matrix composed of zeros and
ones which distributes the noise on the edges of the network.
By defining Mxi = [Mxi,1, . . . ,Mxi,NT

] we can further
develop (7) and achieve the following expression

x̂i = Bx
H
i (MxiAxx + MηiAηη), (11)

where Bxi ∈ C
mR×mR (a submatrix of Bi) is a filter applied

by the sink i to the received signal. After receiving x̂i a sink
i applies a reconstruction algorithm g, a mapping from C

mR

to C
n, to recover z. Formally the recovery is successful if

ẑi = g(Bx
H
i (MxiAxf(z) + MηiAηη)) = z, (12)

for all sinks i with i = 1, . . . , NR. Further each individual
source is power-limited which is represented by the following
constraint

E[‖Ax[0 . . . x̃j . . . 0]H‖2
l2 ] ≤ PT j = PT , (13)

with PT the available power at each source. To make the
notations clearer we illustrate the system model in Fig. 1.

IV. COMPRESSIVE FORWARDING

The central idea of this paper is as follow: if we don’t
assume any structure on the input signal z, then a recovery
as illustrated in (12), requires to have n = mT = mR, i.e.,
the dimension of the transmitted signal must be the same as
the min-cut of the network. However if we assume the input
signal to have a specific structure we can transmit a signal of
dimension larger than the physical size of the network by using
the compressed sensing methodology to compress and recover
z. In following we will assume the signals z1, z2, . . . , zNT

to
be jointly sparse.

Definition 2. We call several signals z̃1, z̃2, . . . , z̃NT
jointly

k-sparse if the vector z = (z̃1, z̃2, . . . , z̃NT
) is k-sparse (it has

no more than k nonzero components).

Note that this joint sparsity model is a simple subset of the
JSM-1 model of [9], which represents the fact that the sources
communicate correlated information, modeled as sparse, to the
sinks. There exist much more joint sparsity models (e.g., JSM-
2), and the concepts of the present work apply to them.

The main methodology of this paper is the following: we
need to optimize Bxi,Mxi,Ax,Mηi,Aη, f and g to enable
ẑi = z with n 	 mR and z being k-sparse. We first neglect
the noise in the optimization problem (which corresponds to
the high SNR regime) and then evaluate the performance of
our solution in presence of noise. In the high SNR regime,
Equation (12) modifies to

ẑi = g(Bx
H
i MxiAxf(z)) = g(Nxif(z)) = z, (14)

with the simplifying notation Nxi = Bx
H
i MxiAx. Note that

since M is a sum of powers of F, it is difficult to optimize.
In the rest of this paper we will draw the coefficients of F at
random, thus fixing M, and optimize Bxi,Ax, f and g for
several types of network to perform compressive forwarding.

V. SINGLE-SOURCE MULTI-SINK NETWORK

In this network, there is a unique source transmitting z to
NR sinks (each sink needs to recover z). We have mT = m′

T

since there is only one signal to transmit. Further the single
source can use for itself the whole dimension offered by the
network, i.e., mT = m′

T = mR and therefore Mxi is a square
mR × mR matrix.

Theorem 1. If Mxi is invertible for i = 1, . . . , NR, then it is
possible to choose Ax and Bxi, enabling perfect recovery of
z from x̂i with mR ≥ c1k log(n/k) where c1 is a constant.

Proof: Take f(z) = Gz, where G is a mR × n matrix
with coefficient chosen i.i.d. at random as

gij ∼ N (0, 1/mR). (15)

Each sink receives x̂i = NxiGz. We normalize the power of
the signal z as ‖z‖2

l2
= 1 and it can be shown that the power

constraint (13): ‖Axx‖2
l2
≤ PT , is equivalent to

Tr(AxAx
H) ≤ mRPT . (16)
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Take Ax =
√

PT ImR
, then the power constraint is ful-

filled. Then take Bxi = ImR
and Nxi is invertible since

per assumption Mxi is invertible. Now because all Nxi’s
are invertible, each sink can compute ẑi with the following
decoding algorithm g

minimize ‖ẑi‖l1

subject to Gẑi = Nx
−1
i x̂i

(17)

If mR ≥ c1k log(n/k), with c1 a constant, then it is shown
in [6] that G satisfies the RIP of order k with probability
greater than 1 − ec2mR (c2 a constant). Therefore the opti-
mization problem (17) recovers z exactly for all sinks, which
concludes the proof.

Note that simply choosing the coefficients of F in (8) at
random would lead to a have Mxi almost surely invertible.

Obviously the multiplication of z with G is equivalent to
first compress z and then send it through the network. This
simple network structure (single source) does not demonstrate
distributed compression but we presented it because it still
gives understanding about the overall problem. A more chal-
lenging case is when the source signal z is distributed among
multiples sources and therefore no global compression can be
performed at the sources.

VI. MULTI-SOURCE NETWORKS

In this section we consider networks with NT sources. It is
not possible to multiply z with a complete mR × n Gaussian
matrix since the sources are independent and have only access
to their own signal. We first define a source transmission
strategy that we will use later on for our results.

Definition 3. We call single-source min-cut rate the maximum
dimension of a source signal when each source transmits as
if it was the only source in the network. If mR is the min-cut
of the network each source sends a signal of dimension mR.

In other word the single-source min-cut rate is achieved by
superposing the signal of all sources on the mR disjoint paths
to the sinks. Note that when the sources transmit at the single-
source min-cut rate, the matrices Nxi are of size mR×NT mR

and the matrices Mxi,j are square of size mR × mR. In the
following we first consider the simpler case with only one sink
in the network and secondly the more involved case of NR

sinks.

A. Single-Sink Networks

In this problem all sources can optimize their transmission
to help a single sink.

Theorem 2. If all sources transmit at the single-source
min-cut rate and all matrices Mx1,j corresponding to the
amplification factors experienced by zj on the way to the
single sink (indexed 1) are invertible for j = 1, . . . , NT , then
it is possible to choose Ax and Bx, enabling perfect recovery
of z from x̂ (we delete the index as there is a single sink) with
mR ≥ c1k log(n/k) where c1 is a constant.

Proof: We let all sources send at the single-source min-
cut rate. The matrix Ax has the form

Ax =

⎡
⎢⎣
Ax1 0

. . .

0 AxNT

⎤
⎥⎦ , (18)

with Axj a mR ×mR matrix. We choose f(z) = Gz with G
a block diagonal matrix with the following structure

G =

⎡
⎢⎣
G1 0

. . .

0 GNT

⎤
⎥⎦ , (19)

with Gj a mR × n′ matrix with coefficients chosen i.i.d. at
random as [Gj ]a,b ∼ N (0, 1/mR). In other word each source
multiplies its part of the vector z by a Gaussian matrix, i.e.,
performing local compression. We will use the network to per-
form global compression. Equation (14) becomes x̂ = NxGz
(note that we dropped again the index of x̂ and Nx since there
is a singles sink). Further this expression can be detailed as

x̂ =
[
Bx

HMx1,1Ax1G1 . . .Bx
HMx1,NT

AxT GNT

]
z. (20)

The most important thing to see here is that NxG is composed
of NT sub-matrices which are distorted Gaussian matrices, in
the sense that they are not anymore i.i.d. with mean zero and
variance 1/mR. If we could eliminate these distortions, NxG
would be a mR × n Gaussian matrix. To reach this goal, we
can optimize Bx, Mxj and Axj . As already mentioned it is
not possible to directly access the coefficients of Mxj (we
can choose the coefficients of F which then enter in Mxj as
in (8)). We therefore choose all its coefficients at random and
try to eliminate the distortions by choosing only Bx and Axj .

The power constraint (13) in that case can be expressed as
E(‖Axjx̃j‖2

l2
) ≤ PT , which is equivalent to

Tr(AxjAx
H
j ) ≤ mRPT . (21)

Take

Axj =
√

mRPT

Mx
−1
1,j

max
j=1,...,NT

‖Mx
−1
1,j‖F

, (22)

where ‖.‖F denotes the Frobenius norm and

Bx =
max

j=1,...,NT

‖Mx
−1
1,j‖F

√
mRPT

ImR
(23)

then the power constraint is fulfilled for j = 1, . . . , NT ,
Nx = [ImR

. . . ImR
] and NxG is now a Gaussian matrix

of size mR × n which verifies the RIP of order k. It only
remains to solve the following optimization problem g

minimize ‖ẑ‖l1

subject to NxGẑ = x̂ (24)

to recover z from x̂.
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Source 1 R1,1 R2,1 Sink 1

...
...

Source 2 R1,mR
R2,mR Sink 2

Fig. 2: Example of relay network
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Fig. 4: Average MSE at the sinks for k = 3

B. Multi-Sink Networks

In a multiple-sink network, x̂i can be written as

x̂i =
[
Bx

H
i Mxi,1Ax1G1 . . .Bx

H
i Mxi,NT

AxT GT

]
z. (25)

In this type of network we need to eliminate distortions at all
sinks, the sources cannot optimize their transmission for only
one sink but must consider several network paths to different
sinks. If a matrix is i.i.d Gaussian, then it is unitarily invariant
[12]. Formally UjGj ∼ Gj if Uj ∈ R

mR×mR is unitary.
So that NxiG is a Gaussian i.i.d. matrix with zero-mean and

variance 1/m for i = 1, . . . , NR, we need to choose Bxi and
Axj for i = 1, . . . , NR and j = 1, . . . , NT such that Nxi is
unitary for i = 1, . . . , NR. Note that as in the previous section,
we draw all coefficients of Mxi,j at random. Formally this
is equivalent to have Bx

H
i Mxi,jAxjAx

H
j Mx

H
i,jBxi = ImR

for i = 1, . . . , NR and j = 1, . . . , NT . This goal can be
formulated as the following optimization problem

minimize γ2

subject to Qi � Mxi,jPjMx
H
i,j � γ2Qi

Qi 
 0, Pj 
 0, Tr(Pj) ≤ mRPT

1 ≤ i ≤ NR, 1 ≤ j ≤ NT

(26)

with γ a scalar variable, Axj = P1/2
j and Bxi = Q−1/2

i .
Problem (26) is a generalized eigenvalue problem (GEVP)
[13] which is quasiconvex and can be easily solved using the
bisection method. Similarly to the single-sink case, by solving

minimize ‖ẑi‖l1

subject to NxiGẑi = x̂i,
(27)

each sink i can recover z.

VII. SIMULATION RESULTS

In this section we numerically evaluate the concept pre-
sented above on a network (illustrated in Fig. 2) with two
sources, two sinks and two layers of mR relays each. We
choose mT = mR = 20 and n = 30, i.e., we transmit a
vector z with a dimension 50% larger than the physical size
of the network. The relay amplification factors are drawn i.i.d.
at random ∼ N (0, 1). We solve the optimization problem (26)
and (27) using CVX [14]. In Fig. 3, we plot the average
NSP of NxiG with respect to the sparsity of z. We see
that whereas the network matrix optimized with problem (26)

stay closed to optimal NSP of a Gaussian matrix, the non-
optimized matrix rapidly diverges (for k = 5, there exists no
algorithm that enables perfect recovery). In Fig. 4 we plot
the average mean square error (MSE) between z and ẑi. The
optimization problem (26) enables a gain of one order of
magnitude compared to the non-optimized case.

VIII. CONCLUSION

We have presented a framework to perform forwarding in
relay networks using compressed sensing as distributed com-
pression algorithm. Further we developed and evaluated meth-
ods to optimize the network matrices to improve the network
throughput when the transmitted signals are jointly sparse.

REFERENCES

[1] E. C. V. D. Meulen, “Three-terminal communication channels,” Ad-
vances in Applied Probability, vol. 3, no. 1, pp. 120–154, 1971.

[2] T. Cover and A. El Gamal, “Capacity theorems for the relay channel,”
IEEE Trans. Inf. Theory, vol. 25, no. 5, pp. 572–584, Sep. 1979.

[3] B. Schein and R. Gallager, “The Gaussian parallel relay network,” in
Proc. IEEE International Symposium on Information Theory (ISIT),
Sorrento, Italy, Jun. 2000, p. 22.

[4] S. Corroy and R. Mathar, “Strategies for source/sink pairs in amplify-
and-forward Gaussian relay networks,” in Proc. 48th Ann. Allerton Conf.
Communication, Control and Computing (to appear), Monticello, IL,
USA, Sep.-Oct. 2010.

[5] D. Donoho, “Compressed sensing,” IEEE Trans. Inf. Theory, vol. 52,
no. 4, pp. 1289–1306, Apr. 2006.

[6] E. Candes and T. Tao, “Decoding by linear programming,” IEEE Trans.
Inf. Theory, vol. 51, no. 12, pp. 4203–4215, Dec. 2005.

[7] A. Cohen, W. Dahmen, and R. DeVore, “Compressed sensing and best
k-term approximation,” Journal of the American Mathematical Society,
vol. 22, no. 1, pp. 211–231, Jan. 2009.

[8] J. Haupt and R. Nowak, “Signal reconstruction from noisy random
projections,” IEEE Trans. Inf. Theory, vol. 52, no. 9, pp. 4036 – 4048,
Sep. 2006.

[9] D. Baron, M. F. Duarte, M. B. Wakin, S. Sarvotham, and
R. G. Baraniuk, “Distributed compressive sensing,” CoRR, 2009,
http://arxiv.org/abs/0901.3403.

[10] E. Candes, “The restricted isometry property and its implications for
compressed sensing,” Compte Rendus de l’Academie des Sciences,
vol. 1, no. 346, pp. 589–592, 2008.

[11] A. d’Aspremont and L. El Ghaoui, “Testing the nullspace property using
semidefinite programming,” Math. Progr., February 2010, special issue
on machine learning.

[12] I. E. Telatar, “Capacity of multi-antenna Gaussian channels,” European
Transactions on Telecommunications, vol. 10, pp. 585–595, Nov. 1999.

[13] S. Boyd, L. E. Ghaoui, E. Feron, and V. Balakrishnan, ”Linear Matrix
Inequalities in System and Control Theory”. SIAM, 1994, pp. 37-38.

[14] M. Grant and S. Boyd. (2009) CVX: Matlab software for disciplined
convex programming (web page and software). [Online]. Available:
http://stanford.edu/ boyd/cvx

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


	Select a link below
	Return to Proceedings
	Return to Main Menu



<<
  /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 1.6
  /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




