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Abstract— We study the infinite-horizon LQG control systems
with the constraint that the measurement signal is quantized
by a fixed-rate quantizer before going into the controller. It
has been shown recently that only weak separation principle
holds for the LQG control system with communication channels.
In this paper, we study the problem of quantized LQG for
a scalar system. An adaptive fixed-rate quantizer is designed
to achieve the mean-square stability and the good long term
average performance. The long term average cost is divided into
two parts. The first part depends on the classical LQG cost, and
the second part depends on the distortion of the quantizer. For
a quantizer with a fixed bit rate of R (per sample), we show
that the quantization distortion order is R2−2R for a large R.

Index Terms— Quantized feedback control, linear quadratic
Gaussian control, fixed-rate quantization, quantized estimation.

I. INTRODUCTION

Recently there has been extensive research on quantized
feedback control systems [1], [2], [3] see the survey paper
[4]. While lots of results deal with stability and stabilization
problems with logarithm quantization in a determinate setup
[1], some researchers studied the problem of linear quadratic
Gaussian control (LQG) with quantization data [2], [5], [6],
[7], [8]. More recently, the weak separation principle is
clearly established for finite-horizon LQG control, where
a linear predictive code (LPC) with memoryless fixed-rate
quantizer is given and separation principle is shown to hold
under a high resolution quantization assumption and a mild
rank condition[6].

In this paper, we extend the result in [6] to infinite-horizon
LQG. For the infinite horizon, the key difficulty is that
feedback LPC with memoryless fixed-rate quantizer can not
even guarantee stochastic stability, let alone the performance.
This is caused by the saturation effect of the finite-support
of the quantizer, as shown in [3]. In this paper, we propose
a simple LPC scheme with adaptive fixed-rate quantizer
for quantized LQG control. We show that the mean-square
stability of the quantized feedback system is achieved, and

∗This work is partially supported by the National Science Foundation of
China under grant 60974012, and the program NCET-08-0674.

the average distortion is in the order of N−2 ln N, where
N = 2R, and R is the quantization bit rate.

II. PROBLEM STATEMENT AND SEPARATION PRINCIPLE

Consider a discrete-time system described by state-space
equation

xt+1 = Axt + But + wt

yt = Cxt + vt, (1)

where xt is the state, u is the control input, and y is the
measured output. Assume that wt and vt are Gaussian with
zero mean and covariances W > 0 and V > 0, respectively.
The cost function is defined as

J = lim
T→∞

sup
1
T
E
(

T−1∑
t=0

[
xt

ut

]T [
Q H

HT S

] [
xt

ut

])
,

(2)
where S > 0, Q ≥ 0, and Q − HS−1H

′ ≥ 0.
The problem is to design an observer based controller, and

an R-bit uniform quantizer to minimize the cost J.
Let P be the solution of the following Ricatti equation

P = Q+A
′
PA−(B

′
PA+H)′(S+B

′
PB)−1(B

′
PA+H).

(3)
Define

K = −(S + B
′
PB)−1(B

′
PA + H). (4)

Let the optimal observer based controller is given by ut =
Kx̂q

t , where K is the feedback gain matrix, and x̂q
t is the

quantized value of the estimated state from the following
Kalman filter

x̂t = x̂t|t−1 + Γ(yt − Cx̂t|t−1)
x̂t+1|t = Ax̂t + But. (5)

where Γ = ECT (CECT + V )−1 and E is the solution of
the following Ricatti equation

E = AEAT − AECT (CECT + V )−1CEAT + W. (6)

The weak separation principle stated below suggests that
optimal quantized LQG control can be achieved by first
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constructing the optimal estimate x̂t, which is independent of
the cost function, then quantizing it and the optimal control
is given by Kx̂q

t [6].
Lemma 1: Consider the system (1), the cost function (2),

the quantized feedback controller Kx̂q
t , with K given by (4)

and x̂t given by (5), and the R-bit fixed-rate quantization.
Then, the quantized LQG controller is optimal if x̂q

t is
obtained by quantizer that minimizes the following distortion
function

D = lim
T→∞

1
T

T∑
t=0

E [(x̂t − x̂q
t )

′
Ω(x̂t − x̂q

t )] (7)

where Ω = K
′
(S + B

′
PB)K. The corresponding cost

function is given by

J = JLQG + minD = tr(PW ) + tr(ΩE) + min D.
An LPC type quantization scheme is proposed in [6] as

below

x̂q
t = (A + BK)x̂q

t−1 + εq
t

εt = Γ(yt − cx̂t|t−1) + A(x̂t−1 − x̂q
t−1) (8)

where x̂q
−1 = 0, ε0 = Γv0, and εq

t is the quantized value
of εt. Under high resolution quantization and a mild rank
condition, it is shown that the complete separation principle
holds for finite-horizon LQG control system, which means εq

t

can be quantized by memoryless quantizer, and the controller
and estimator are the same as in Lemma 1. However, the
quantization scheme (8) with memoryless quantizer can not
guarantee stability if A is unstable, let alone the LQG
performance. Hence we have to choose another type of
quantizer, such that the quantized feedback system is stable
and maintains a good LQG performance.

III. MAIN RESULT

In this paper, we only deal with a scalar system. That is,
the state xt, the control input ut and the output yt are all
scalar signals. Define ηt = Axt−Ax̂t. Combining the system
(1), the controller ut = Kx̂q

t , the state estimator (5) and the
quantizer (8) together, we obtain the following equations

ηt+1 = (A − AΓC)ηt + ΓCwt + Γvt+1 + wt (9)

x̂t+1 = (A + BK)x̂t − BK(εt − εq
t )

+ΓCηt + ΓCwt + Γvt+1 (10)

εt+1 = ΓCηt + ΓCwt + Γvt+1 + A(εt − εq
t ). (11)

Remark 1: 1) Since η0 = (A−AΓC)x0 −AΓv0, then ηt

is Gaussian for any t if the initial state x0, wt and vt are all
Gaussian.
2) A − AΓC is stable, and

σ2
ηt+1

= (A − AΓC)2σ2
ηt

+ (ΓC + 1)2σ2
w + Γ2σ2

v .

So

lim
t→∞σ2

ηt
=

(ΓC + 1)2σ2
w + Γ2σ2

v

1 − (A − AΓC)2
.

3) Denote zt+1 = ΓCηt + ΓCwt + Γvt+1, then zt+1 is
Gaussian with zero mean and variance σ2

t+1, where

σ2
t+1 = Γ2C2(σ2

ηt
+ σ2

w) + Γ2σ2
v . (12)

Denote σ2
z as

σ2
z : = lim

t→∞σ2
t = Γ2C2 (ΓC + 1)2σ2

w + Γ2σ2
v

1 − (A − AΓC)2

+Γ2C2σ2
w + Γ2σ2

v (13)

The quantized LQG control problem becomes to design
a quantizer to εt given by (11) such that the distortion is
minimized. This is a classical problem called quantization
for autoregressive sources, about which there is extensive
literature [9], [10], [11], [12]. A systematic analysis of the
optimal fixed-rate uniform scalar quantization is given for a
class of memoryless distributions in [13]. Explicit asymp-
totic formulas are presented for the distortion and optimal
quantizer length approximation, about Gamma distribution,
of which Gaussian is a special case. However the results can
not be used directly to the quantized LQG control problem
since they are based on a key assumption that |A| ≤ 1. The
system we considered is generally unstable, i.e. |A| > 1.
In this paper, we propose an adaptive fixed-rate quantization
scheme based on results in [13].

From now on, we consider the following scalar system

εt+1 = zt+1 + A(εt − εq
t ) := zt+1 + Ast, (14)

where |A| > 1, zt+1 is Gaussian with variance σt+1,
and st denotes the quantization error with the probability
distribution function pst

(s). Let Lt denotes the length of the
uniform fixed-rate quantizer at time t, that is, the support
of the quantizer is (−Lt, Lt]. Denote the PDF of εt+1 as
ht+1(x).

Theorem 1: For the scalar system (14), at each time t+1,
assume the quantization rate R large enough such that N �
a, where N = 2R. Let the uniform fixed-rate quantization
scheme is as follows

Lt+1 =

⎧⎪⎪⎨
⎪⎪⎩

Lt+1,1 ≈ (4σ2
t+1 ln N + A2L2

t )
1
2

if |εt − εq
t | > Δt

2

Lt+1,2 ≈ (4σ2
t+1 ln N + N−2L2

t )
1
2

if |εt − εq
t | ≤ Δt

2

(15)

where L0 ≈ 2σ0

√
ln N. Then the distortion satisfies

Dt+1 ≈ 4σ2
t+1 ln N

3N2
+

A2

N2
Dt. (16)

Combining Lemma (1), Theorem 1 and the equation (13),
we obtain the following main result on quantized LQG
control.
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Theorem 2: Consider the system (1), the cost function (2),
the quantized feedback controller Kx̂q

t , with K given by (4)
and x̂t given by (5), and the R-bit fixed-rate quantization
defined by (15). When 2R � A, the whole cost function is
given by

J = JLQG + Do, (17)

where Do ≈ 4σ2
z ln N
3N2 , and σ2

z is defined by (13).

IV. PROOF OF THEOREM 1

In order to prove Theorem 1, we need a series of lemmas.
For notational simplicity, we denote the PDF of a Gaussian
random variable as

ρ(μ, σ2, x) =
1√
2πσ

e−
(x−μ)2

2σ2 . (18)

Lemma 2: Let x and y be two independent random vari-
ables, and let z = x + y. Assume the PDF px(x) of x
is continuously differentiable. Then pz(z) is continuously
differentiable and

pz
′
(z) =

∫ ∞

−∞
p

′
x(z − y)py(y)dy.

The proof is given in Appendix.
Lemma 3: For the scalar system (14), the PDF ht(x) of

εt satisfies the following properties.
Property 1. ht(x) is symmetric, with finite variance and

infinite support.
Property 2. xht(x) → 0 as x → 0 and as x → ∞.
Property 3. ht(x) is continuously differentiable.
Property 4. As x → ∞, h′

t(x) is of the same order as some
negative monotonically nondecreasing function.

Property 5. lim supx→0 |h′
t(x)| < ∞.

The proof is omitted.
For a random variable X , let τ be defined as

τ = lim
y→∞T (y)

where T (y) = E(X|X>y)
y . It is shown in [13] that if τ exists

and all moments of the density p(x) are finite, then τ = 1.
We summarized some results in [13] by Lemma 4-6, which
will be used.

Lemma 4: For a Gaussian distribution with zero mean and
variance σ, we have (i) τ = 1. (ii) the optimal quantization
length is L ≈ 2σ

√
ln N. (iii) For the uniform fixed-rate

quantizer with support (−L,L], the distortion satisfies

lim
N→∞

Dover

Dgran
= 0 (19)

D ≈ Dgran ≈ Δ2
N

12
=

L2

3N2
. (20)

Lemma 5: For ρ(0, σ2, x), define Wσ2(y) as

Wσ2(y) =
1√
2πσ

∫ ∞

y

(x − y)2e−
x2

2σ2 dx.

Then

lim
N→∞

Dover
L

2W (L)
= 1 (21)

Wσ2(y) =
2σ5

√
2π

y−3e−
y2

2σ2 (1 + oy(1)), (22)

where oy(1) tends to zero as y tends to infinity.
Lemma 6: For any source density whatsoever

lim
N→∞

Dgran

Δ2
N/12

= 1.

We are now ready to state the main technical lemmas for
the proof of Theorem 1.

Lemma 7: For the scalar system (14), let the quantizer be
defined as (15), the PDF pst

(s) of st = εt − εq
t is given by

pst
(s) =

⎧⎨
⎩

ht(−s + Lt + Δt

2 ) s < −Δt

2

psk
(s) |s| ≤ Δt

2

ht(−s − Lt − Δt

2 ) s > Δt

2 ,

(23)

where ht(s) is the PDF of εt. Furthermore, when |s| > Δt

2 ,
pst

(s) satisfies

pst
(s) ≤ 1

N2
ρ(0,

L2
t

4 ln N
, s) (24)

for both Lt = Lt,1 and Lt = Lt,2, where ρ(0,
L2

t

4 ln N , s) is
defined as (18).

Lemma 8: For the scalar system (14), let the quantizer be
defined as (15), the saturation probability satisfies

Pr(|εt − εq
t | >

Δt

2
) ≤ N−2 (25)

for any t ≥ 0.
Lemma 9: For the scalar system (14), let the quantizer be

defined as (15), we have

Dgran
t+1 ≈ 4σ2

t+1 ln N

3N2
+

A2

N2
Dgran

t , ∀t ≥ 0. (26)

and

lim
N→∞

Dover
t+1

Dgran
t+1

= 0, ∀t ≥ 0 (27)

Theorem 1 follows from Lemma 9 directly by using the
fact that Dt+1 = Dover

t+1 + Dgran
t+1 .

V. NUMERICAL EXAMPLE

Consider the system (14) with A=8. We use the quantiza-
tion scheme (15) with R = 3, R = 4, R = 5, R = 6, and
R = 8. For each cases, Dt = 1

T (εt − εq
t )2 is plotted from

t = 1 to t = 5000 in Fig. 1. When R = 2, the system is
unstable. When R = 8, N = 256 and ln(N)

N2 = 8.4 × 10−5.

When R = 6, N = 64 and ln(N)
N2 = 0.001. Those data are

consistent with Fig. 1. Table 1 shows the total times that
εq
t achieves the bound (i.e. it saturates) for different R. We

see that the larger R is, the smaller the number of saturation
times.
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Table 1: Saturation times of different R.

R = 3 R = 4 R = 5 R = 6 R = 8
εq saturate 2142 1298 514 259 97

εq not saturate 2857 3702 4486 4741 4903

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
10

−5

10
−4

10
−3

10
−2

10
−1

10
0

10
1

10
2

10
3

time T

D
T

R=4

R=3

R=5

R=8
R=6

Fig. 1 Distortion for different R.

VI. CONCLUSION

In this paper, we have studied the infinite-horizon quan-
tized LQG control problem. Under high resolution quantiza-
tion framework, an adaptive fixed-rate quantization scheme
is proposed to achieve the stochastic stability and the LQG
performance. We have shown that the average quantization
distortion has the order of R2−2R under high resolution
quantization, which is the same with that of LPC scheme
with memoryless quantizer.

APPENDIX

A1. Proof of Lemma 2
Proof: Since x and y are independent,

f(x, y) = px(x)py(y).

Note that

FZ(z) = Pr{x + y ≤ z} =
∫ ∞

−∞
FX(z − y)py(y)dy

=
∫ ∞

−∞

∫ z−y

−∞
px(x)py(y)dxdy.

Then

h(z) :=
dFZ(z)

dz
=

d

dz

∫ ∞

−∞

∫ z−y

−∞
px(x)py(y)dxdy

=
∫ ∞

−∞

d

dz

[∫ z−y

−∞
px(x)dx

]
py(y)dy

=
∫ ∞

−∞
f(z − y)py(y)dy.

For arbitrary small δ > 0, we have

lim
δ→0

pz(z + δ) − pz(z)
δ

= lim
δ→0

1
δ

∫ ∞

−∞
[px(z + δ − y) − px(z − y)] py(y)dy

= lim
δ→0

1
δ

∫ ∞

−∞
[p

′
x(z − y)δ + o(δ)]py(y)dy

=
∫ ∞

−∞
p

′
x(z − y)py(y)dy.

The second equality follows from the continuously differen-
tiable property of px(x). Similarly, the following holds

lim
δ→0

pz(z − δ) − pz(z)
−δ

=
∫ ∞

−∞
p

′
x(z − y)py(y)dy.

Therefore, pz(z) is differentiable, and

p
′
z(z) =

∫ ∞

−∞
p

′
x(z − y)py(y)dy.

A2. Proof of Lemma 7
Proof:

We proceed by induction. At t = 0, recall that L0 =
2σ0

√
ln N. Hence

ps0(s) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

1√
2πσ0

e
− (s−L0−Δ0

2 )2

2σ2
0 s < −Δ0

2 ,

pst
(s) |s| ≤ Δ0

2 ,

1√
2πσ0

e
− (s+L0+

Δ0
2 )2

2σ2
0 s > Δ0

2 .

.

Note that

e
− (L0+

Δ0
2 )2

2σ2
0 ≤ e

− L2
0

2σ2
0 =

1
N2

.

Therefore

ps0(s) ≤
1

N2
ρ(0, σ2

0 , s) =
1

N2
ρ(0,

L2
0

4 ln N
, s).

Now we assume pst
(s) satisfies (23) and (24). It follows from

(14) that the PDF ht+1(x) of εt+1 is

ht+1(x) = ρ(0, σ2
t+1, x) ∗ pAst

(s).

It is easy to see that the PDF pst+1(s) of st+1 = εt+1−εq
t+1

satisfies (23), whenever Lt+1 = Lt+1,1, or Lt+1 = Lt+1,2.
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Next we show that (24) also holds for both cases. At the case
of Lt+1 = Lt+1,1, it follows from (24) that

pAst
(s) ≤ 1

N2
ρ(0,

A2L2
t

4 ln N
, s).

Hence, when
∣∣εt+1 − εq

t+1

∣∣ > Δt+1,1
2 , we have

pst+1(s)

= ρ(0, σ2
t+1, s + Lt+1,1 +

Δt+1,1

2
) ∗ pAst

(s̄)

≤ 1
N2

ρ(0, σ2
t+1, s + Lt+1,1 +

Δt+1,1

2
) ∗ ρ(0,

A2L2
t

4 ln N
, s̄)

≤ 1
N2

ρ(0, σ2
t+1 +

A2L2
t

4 ln N
, s + Lt+1,1 +

Δt+1,1

2
)

≤ 1
N4

ρ(0,
L2

t+1,1

4 ln N
, s).

At the case of Lt+1 = Lt+1,2, it follows from |εt − εq
t | ≤ Δt

2

that st is bounded. When
∣∣εt+1 − εq

t+1

∣∣ > Δt+1,2
2 , we have

pst+1(s)

= ρ(0, σ2
t+1, s + Lt+1,2 +

Δt+1,2

2
) ∗ pAst

(s̄)

=
1√

2πσt+1

e
− (s+Lt+1,2+

Δt+1,2
2 −αt)

2

2σ2
t+1

∫ |A|Δt
2

− |A|Δt
2

pAst
(s)ds

≤ 1
N2

1√
2πσt+1

e
− s2

2σ2
t+1

≤ 1
N2

ρ(0,
L2

t+1,2

4 ln N
, s),

where αt ∈ [− |A|Δt

2 , |A|Δt

2 ]. The second equality follows
from the integral mean value theorem. The proof is then
completed by induction.

A3. Proof of Lemma 8
Proof:

Using (25), we have

Pr(|εt − εq
t | >

Δt

2
) = 2

∫ ∞

Δt
2

pst
(s)ds

≤ 1
N2

∫ ∞

−∞
ρ(0,

L2
t

4 ln N
, s)ds =

1
N2

holds for both Δt = Δt,1 and Δt = Δt,2. This completes
the proof.

A4. Proof of Lemma 9
Proof:

Assume that Pr(Lt+1 = Lt+1,1) = α. It follows from
Lemma 6 that the granular distortion at time t + 1 is

Dgran
t+1 ≈ E(

L2
t+1

3N2
) = Pr(Lt+1 = Lt+1,1)

L2
t+1,1

3N2

+ Pr(Lt+1 = Lt+1,2)
L2

t+1,2

3N2

= αE(
4σ2

t+1 ln N + A2L2
t

3N2
)

+(1 − α)E(
4σ2

t+1 ln N + N−2L2
t

3N2
)

=
4 ln N

3N2
σ2

t+1 + (
1

N2
+ α

N2A2 − 1
N2

)E(
L2

t

3N2
)

Using Lemma 8, we know that

α = Pr(
∣∣εt+1 − εq

t+1

∣∣ > Δt+1,1

2
) ≤ N−2.

Therefore

Dgran
t+1 ≤ 4 ln N

3N2
σ2

t+1 + (
1

N2
+

1
N2

N2A2 − 1
N2

)E(
L2

t

3N2
)

=
4 ln N

3N2
σ2

t+1 +
(A2 + 1)

N2
(1 + o(N))Dgran

t

≈ 4 ln N

3N2
σ2

t+1 +
(A2 + 1)

N2
Dgran

t .

Under the high rate assumption, we have (A2+1)
N2 � 1, hence

Dgran
t is finite for all t, and

lim
t→∞Dgran

t+1 =
4 ln N

3N2
lim

t→∞σ2
t+1 =

4 ln N

3N2
σ2

z .

This completes the proof of (26).
Using Lemma 5, the overload distortion can be computed

as

Dover
t+1 = Pr(Lt+1 = Lt+1,1)

·
∫ ∞

Lt+1,1

(x − Lt+1,1 +
Δt+1,1

2
)2ht+1(x)dx

+ Pr(Lt+1 = Lt+1,2)

·
∫ ∞

Lt+1,2

(x − Lt+1,2 +
Δt+1,1

2
)2ht+1(x)dx

≤ N−2N−2(σ2
t+1 + A2σ2

εt
)

+(1 − N−2)N−2(σ2
t+1 + N−2σ2

εt
)

= N−2σ2
t+1 + (A2 + 1)N−4σ2

εt
(1 + o(N))

≈ N−2σ2
t+1 + (A2 + 1)N−4(Dgran

t + Dover
t ).

Therefore, we have

Dover
t+1

Dgran
t+1

=
σ2

t+1 + (A2 + 1)N−2(Dgran
t + Dover

t )
4σ2

t+1 ln N + (A2 + 1)Dgran
t

. (28)

It follows from Lemma 4 that limN→∞
Dover

0
Dgran

0
= 0. By

induction of (28), we have

lim
N→∞

Dover
t+1

Dgran
t+1

= 0
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for any t. This completes the proof.

REFERENCES

[1] M. Fu and L. Xie, “The sector bound approach to quantized feedback
control,” IEEE Trans. Automat. Contr., vol. 50, no. 11, pp. 1698-1711,
2005.

[2] S. Tatikonda, A. Sahai and S. Mitter, “Stochastic linear control over
a communication channel,” IEEE Trans. Automat. Contr., vol. 49, no.
9, pp. 1549–1561, 2004.

[3] G. N. Nair and R. J. Evans, “Stabilizability of Stochastic linear systems
with finite feedback data rates,” SIAM J. Contr. Optim., vol. 43, no.
2, pp. 413–436, 2004.

[4] G. N. Nair, F. Fagnani, S. Aampieri, and R. J. Evans, “Feedback
control under data rate constraints: An overview,” Proceedings of the
IEEE, vol. 95, no. 1, pp. 108–137, 2007.

[5] A. S. Matveev and A. V. Savkin, “The problem of LQG optimal control
via a limited capacity communication channel,” Systems and Control
Letters,, vol. 53, no. 1, pp. 51-64, 2004.

[6] M. Fu, “Quantized linear quadratic Gaussian control,” Proc. American
Control Conf., 2009.

[7] V. Borkar and S. Mitter, “LQG control with communication con-
straints,” in Communications, Computation, Control and Signal Pro-
cessing: A Tribute to Thomas Kailath,, Norwell, MA:Kluwer, pp. 365-
373, 1997.

[8] T. R. Fischer, “Optimal quantized control,” IEEE Trans. Automat.
Contr., vol. AC-27, no. 4, pp. 996-998, 1982.

[9] D. S. Arnstein, “Quantization errors in predictive coders,” IEEE Trans.
Commun., vol. COM-26, no. 4, pp. 423–429, 1975.

[10] N. Farvardin and J. W. Modestino, “Rate-distrotion performance of
DPCM schemes for autoregressive sources,” IEEE Trans. Inform.
Theory, vol. IT-31, no. 3, pp. 402–418, 1985.

[11] O. G. Guleryuz and M. T. Orchard, “On the DPCM compression of
Gaussian autoregressive sequences,” IEEE Trans. Inform. Theory, vol.
47, no. 3, pp. 945–956, 2001.

[12] J. C. Kieffer, “Stochastic stability for feedback quantization schemes,”
IEEE Trans. Inform. Theory, vol. IT-28, no. 2, pp. 248–254, 1982.

[13] D. Hui and D. L. Neuhoff, “Asymptotic analysis of optimal fixed-rate
uniform scalar quantization,” IEEE Trans. Inform. Theory, vol. 47, no.
3, pp. 957–977, 2001.

899



<<
  /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


