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Abstract—In this paper, we study the impact of antenna
correlation at mobile units (MUs) on the capacity of multi-user
multiple-input multiple-output (MIMO) systems with rate
constraints. Both numerical results and asymptotic analyses show
that antenna correlation can actually be regarded as a beneficial
factor for such systems. It is also shown that the maximum
eigenmode beamforming (MEB) based interleave-division
multiple-access (IDMA) system is an effective platform to exploit
the potential gain provided by antenna correlation at MUs.

I. INTRODUCTION

Multiple-input multiple-output (MIMO) systems have
attracted much research interest recently due to their significant
capacity gains over single-antenna systems [1][2][3][5]. The
work in [1][2] studies the capacity of a single-user/multi-user
MIMO system under the assumption of independent and
identically distributed (i.i.d.) fading at antenna elements.
However, this assumption does not always hold in practical
propagation environments when the antenna elements,
especially those at a mobile unit (MU), cannot be spaced
sufficiently far apart due to the limited physical size of the
transmitter/receiver. Antenna correlation is then incurred in this
case. Intuitively, antenna correlation has two consequences [3].
First, it reduces the effective dimensionality of the transmitter
and/or receiver sides, with the related disadvantage most
noticeable in the high rate/power regime. Second, it increases
the potential of power focusing effect, with the related
advantage most noticeable in the low rate/power regime. These
two opposite effects result in a critical point: antenna
correlation is advantageous below this point and vice versa. In a
conventional single-user MIMO system, such a critical point
occurs at a relatively low transmission rate, so antenna
correlation is generally regarded as a negative factor [3][11].

In this paper, we investigate the impact of antenna
correlation at MUs in multi-user MIMO systems with rate
constraints, where minimizing the sum power under the given
rate constraint of each MU is an appropriate objective [4]. The
applications of these systems include delay-sensitive services
such as speech and real-time video. Our focus is on MIMO
multiple-access channels (MACs), but the results in this paper
can be extended to MIMO broadcast channels (BCs)
straightforwardly using the duality principle [5]. We show
numerically that the critical point mentioned above occurs at a
rate increasing with the number of MUs (denoted by K below).

This implies that the range where antenna correlation is
advantageous becomes larger when K increases. We also
quantify this advantage analytically in the limiting cases of
K—oo and/or M—>eo, where M denotes the number of antennas
at the base station (BS). Our results show that antenna
correlation at MUs is potentially beneficial for multi-user
MIMO systems with rate constraints. We also discuss
implementation techniques. Related simulation results are
provided to demonstrate the effectiveness of such techniques in
exploiting the potential advantage provided by antenna
correlation at MUs.

Our theoretical discussions on antenna correlation are based
on capacity analysis (i.e., the theoretical limit of system
performance), which distinguishes this paper from some
existing work on related issues. For example, the focus of [6] is
on a specific transmission strategy where the BS only transmits
to one MU at a time; [7] is related to the zero-forcing
beamforming strategy over BCs.

The notations used in this paper are as follows. I denotes an
identity matrix. For any matrix A4, A" and ||A|| are the conjugate
transpose and 2-norm of A4 respectively. For a Hermitian matrix
A, tr(A), A" and A(A) denote, respectively, its trace, principal
square root and ith eigenvalue after sorting in descending order.
In particular, A,,(4) denotes the maximum eigenvalue of A4.
E{-} is the expectation operator.

II. SYSTEM MODEL

Consider a K-user MIMO system over a quasi-static flat
fading MAC with M antennas at the BS and N antennas at each
MU. Denote by H; and x;, the channel matrix and transmitted
signal of MU £, respectively. The received signal y can be
represented as

K
y:ZHkxk-i-n (1)
k=1
where n is a vector of complex additive white Gaussian noise
samples with zero mean and unit variance. {H,} are assumed to
be perfectly known at all transmitters and the receiver.

In this paper, we assume independent fading among antennas
at the BS and only focus on the fading correlation among
antennas at each MU due to its limited physical size. Based on
the model in [3][7], H; can be written as

H, =sWT"” (2)

where s, is a scalar denoting the gain of path loss and lognormal
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fading', W, is a Rayleigh fading matrix whose entries are i.i.d.
complex circular symmetric Gaussian variables with zero mean
and unit variance. T in (2) is a semi-positive definite matrix
with tr(7};) = N such that it characterizes correlation effect of
antennas at MU k and does not alter the average gain of H,. For
all MUs, {s;} are independently generated with the same
distributions (i.e., {s;} are i.i.d. among different MUs), so are
{W,} and {T,}. These in turn lead to the i.i.d. property of {H,}
among different MUs. Note that 7} is modeled as a random
matrix with probability density function (PDF) denoted by
T (which is independent of k since {7}} are i.i.d.). This is
motivated by the fact that the channel statistics change over
time due to the mobility of MUs and the variation of scattering
environments [8].

III. POTENTIAL BENEFIT OF ANTENNA CORRELATION AT MUS

A. Preliminary

Let R be the system sum rate. For simplicity, we assume that
each MU has the same rate constraint R/K (the discussions
below can be extended to the case of different rate constraints
straightforwardly). As mentioned in Section I, the design
objective of a multi-user MIMO system with rate constraints is
to minimize the transmitted sum power under the given rate
constraints for each channel realization {H,}, which is given by

P=minyt
%ﬁ?zk: r(Q,)

Re Cyc({H,}.{0,}) 3)
where R=[R/K, ..., R/K], O =E{x;x; } is the input covariance
matrix of MU k and Cyac({H;}, {Q:}) denotes the capacity
region of a MIMO MAC given {H,} and {Q;} of all MUs [8].
Denote by P(K,R,T) the average minimum transmitted
sum power (AMTSP) of the system in (1), i.e.,
P(K,R,T)=E{P} 4)
where the expectation is taken over the joint distribution of
{H}. Note that when a MU is under deep fading during a
channel realization, extremely large transmission power may
be required. To avoid this, a MU doesn’t transmit in this case.
Denote by & the probability of this event for each MU. In
general, there is no closed-form solution to (4), but it can be
evaluated numerically using the iterative algorithms in [9][10].

subject to

B. Correlation Gain

For a given PDF T , we define the ratio

P(K,R,I) 5)
P(K,R,T)

as the correlation gain that characterizes the impact of antenna
correlation at MUs. The numerator in (5) is calculated with 7}, =
I, V'k for each channel realization (i.e., no correlation, NC). In
this case, the PDF of T is re-denoted by I for clarity.

Figure 1 plots the correlation gain of MIMO systems with M
= N = 4 and different K. All MUs are assumed to be
independent and uniformly distributed in an edge-length-1
hexagon cell with fourth power path-loss law and the standard

G(M,K,R,T)=

! We assume equal path loss and lognormal fading for all the antenna links
seen by a particular MU.

deviation of their normalized lognormal fading is 8. We set £at
0.01. {T;} are i.i.d. rank-1 matrices, which is referred to as the
full correlation (FC) scenario.
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Fig. 1. The correlation gain of MIMO systems with different K in the FC
scenario. M = N = 4 and £=0.01. The numbers of MUs K are marked on the
curves.

From Fig. 1, we have the following observations.

e When K is finite, there is a critical point for each curve, i.c.,
the cross point of the 0-dB horizontal line and the
correlation gain curve. Below this critical point, FC is
advantageous and vice versa.

o The critical-point value on abscissa increases with K. This
indicates that the advantage of FC becomes more
noticeable when K increases. For example, when K = 2,
the critical point occurs at about R = 6.2 bits/symbol;
when K = 4, it occurs at about R = 13.5 bits/symbol (not
shown in Fig. 1). Note that these rates are already high
enough for MIMO systems with M = N = 4. Hence, with
multi-user concurrent transmission in such systems, FC is
always advantageous in the rate range of general interest
in practice. The situation for K—eo (the related curve is
obtained by (13)) will be discussed in Section I'V.

The above observations show that antenna correlation at
MU s is potentially advantageous in multi-user MIMO systems.
Although Fig. 1 is related to full correlation, we have observed
in our simulations that partial correlation can also provide a
potential advantage.

C. Asymptotic Analysis for M—oo

We now consider an asymptotic analysis for M—eo, which is
more convincing and insightful.

Lemma 1: For the multi-user MIMO system with the
channel model in (2), almost surely (i.e., with probability one)
as M—oo, the sub-channels seen by all MUs are mutually
orthogonal.

The proof of Lemma 1 is given in the Appendix. This
indicates that all MUs can perform singular value
decomposition together with water filling separately to achieve
the optimal system performance and there is no interference
among them. As a consequence, the original multi-user MIMO

978-1-4244-4148-8/09/$25.00 ©2009

This full text paper was pagragMiRYahdbe dussint et EEE G BURHNSAEaSH siF R HIBLBatE: 6XR5TE TR bEEisR @ theliliforSLARECOM™ 2009 proceedings.



system with a sum rate R degrades to K independent single-user
ones, each with a rate constraint R/K. Hence we have

G(eo,K,R,T)= lim M
M-« KP(1,R/K,T)
_ 1_7(1,R/1<,11) . ©)
M-~ P(1,R/K,T)
Since {H,} are i.i.d. among different MUs, we will drop the

subscript £ when we are only interested in their distributions.
Then (2) is rewritten as
H =/swT"? (7
where H, s, W and T have, respectively, the same distributions
as Hk, Sk Wk and Tk, Vk.
For each MU, the gain of its ith sub-channel is given by
A(HH"). Then following the water-filling principle in MIMO
systems [8], we have

F(l,R/K,T):E{zi(p*—l/,ii(HH*))*} (3a)

where (x)" = max(x, 0) and p" satisfies

> log, [1+/1i(HH*)(p* —1/1,(1{11*))*] —R/K (8b)
for each realization of H.

Define g, = A(HH") | M, Yi. From (7), we have
g, =sAL(WTW )/ M .

It is proved in [11] that for a given T, the distribution of
AHWTW *) , Vi converges to a Gaussian one with mean M-A(T)
and variance M-(A(T))* when M—>co. Then A(WTW") | M, Vi

converges to A(T) almost surely as M—e for a given T.
Therefore, we have the following lemma.

Lemma 2: Almost surely as M—>oo, g, converges to A(T)-s,
Vi for given T and s.
Returning to (8) and on the basis of this lemma, we have
N e C v
AglianP(l,R/K,T)—E{AyLnMZ (Mp-1/g,) |

1 .
=E{=> (P -1/ AT (%a)
3 (14 |
where p" is independent of s and is the solution to
zilog2[1+/1i(T)([7*—1//1i(T))+}:R/K

for each realization of T. Based on (9), equation (6) is further
written as

(9b)

G(oo, K,R,T) = lim MELRIKTD
vi-= MP(,R/K,T)

E{IN(ZR/KN —1)}
_ s
E{izi(ﬁ*—l/ﬂi(T)f}

In particular, we consider the FC scenario where T is a
random rank-1 matrix (i.e., {T}} are i.i.d rank-1 matrices) with

A(T) = 0, Vi # 1. Due to the fact of ZA(T) = tr(T), 4,(T)

reduces to a constant N. Then (10) can be rewritten as
N2 (ZR/NK _ 1)
(2R/K _ 1) ’

(10)

G(eo,K,R,T) = (1)

When both K and N are finite and N # 1, it is straightforward to
prove that (11) is a strictly monotonously decreasing function
of R with

NZ(ZR/NK _1)

1 oo =1 = lza
Llir(l)G( ,K,R,T) Llil’(l) 27F 1) N>1 (122)
and
2 HRINK _
limG(oo,K,R,’]I‘)=1imW=O<l. (12b)
R—o R—oo (2 _l)

Therefore, equation G(eo, K, R, T ) = 1 have a unique solution
within [0, e). This indicates that there exists a critical point: FC
is beneficial below this point and vice versa, which is consistent
with the observations in Fig. 1.

D. Numerical Results for Different M

Correlation Gain (dB)

0 1 2 3 4 5 6 7 8 9 10
Sum Rate R (bits/symbol)

Fig. 2. The correlation gain of MIMO systems with different M in the FC

scenario. €= 0.01, K =2 and N=4. The curves for M =4, 8 and 16 are obtained

numerically; while that for M—eo is obtained using (11). The numbers of

antennas at the BS M are marked on the curves.

In Fig. 2, we show the correlation gain of MIMO systems
with different M. The setting of T and other parameters of
channel fading are the same as those in Fig. 1. K and N are set at
2 and 4, respectively. It is observed in Fig. 2 that there is a
critical point for each curve and the critical-point value on
abscissa increases with M. However, compared with Fig. 1, the
increment of the critical-point value on abscissa is very small.
For example, when M is doubled from 4 to 8, the related
increment is only about 1.3 bits/symbol (i.e., form R = 6.2
bits/symbol to R = 7.5 bits/symbol). This indicates that,
compared with increasing K, increasing M is not an efficient
way to enlarge the rate range where antenna correlation is
advantageous.

IV. CORRELATION GAIN FOR K—>co AND M—>o0
This section focuses on the correlation gain of multi-user
MIMO systems with infinite K and M.

It is shown in [4] that when K—eo, the limit of (4) is given by
o 1 R1n2'2R(t_£)/M 13
P(eo,RT)= [ =222t (13)

¢ F7'(1,T)

where F(-) is the cumulative distribution function of Ay, (HH")
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that depends on T and F"'(-) is its inverse.
Substituting (13) into the definition of the correlation gain in

(5), we can obtain

[[2"= P (1 1) dt

£

(14)

G(M,,R,T)=
Lz“‘*f)’M JF7'(¢,T)dt
Based on Lemma 2, the following equality holds for a given T
when M—>co.
F'(t,T)=A,,.(T)-F'(¢,I), Vt.
Since T 'is a semi-positive definite random matrix with tr(7) = N,
it is true that A,.(7) > 1 for each realization of T. Then for
infinite M, we have
F' (¢, T)2F'(s,I), Vt.
Based on (14) and (15), the following can be shown.
Z}Iiian(M,oo,R,T) >1-

(15)

(16)

Note that in the above derivation, we let K—eo first and then
M—>o0. If M—>oo first and then K—oo, from (10) in Section I1I.C,
we have

E{NQ"* -1)/s]
lim G(e, K, R,T) = lim /
Koo o= E{Q2Y5 = 1) /(5 A, (T))}

__ BUs a7

E{1/(s - Ao (T}

where the last inequality can be proved by following the similar
procedures in (14)-(16).

In addition, when K and M go to infinite at the same speed,
i.e., K—oo with K/ M = a(« s a finite constant), we can adopt
the same bounding technique in [4] and obtain the limit of (4) in
this case as

11<im P(K,R,T)= lim

M —oo

J-l RIn2 di- (18)

K/IM=a F_l (I’T)
Then the correlation gain in (5) reduces to
[P (L1)ar

lim G(M,K,R,T)=lim=t— "~ (19)
e Mo Ll/F’l (¢,T)dt
Similar to (16) and (17), we can obtain
(20)

11<i§l GM,K,R,T)>1"
KIM=a
Combining (16), (17) and (20), we can show the following
theorem.

Theorem 1: For a multi-user MIMO system with K—e- and
M—eo, the asymptotic correlation gain G(eo, oo, R, T ) 2 1.

This theorem shows that, when the dimensionality of the BS
is high enough and there exists a sufficiently large number of
concurrent transmission MUs, antenna correlation at MUs is
beneficial in all the rate range.

Since {A(T)} are all non-negative and Ay,.x(7) is bounded by
S A(T) = tr(T) = N for a given T, from (14), (17) and (19), we
can obtain

2

where the maximum is achieved when T is a random rank-1
matrix (i.e., {T}} are i.i.d. rank-1 matrices) representing the FC

max G(e0,0,R,T)=N

scenario. Hence the following can be shown.

Theorem 2: For a multi-user MIMO system with K—eo and
M—eo, the maximum correlation gain is N, which is achieved
by the FC scenario.

V. PRACTICAL IMPLEMENTATION OF THE CORRELATION GAIN

The previous sections are focused on the capacity analysis.
We now consider the practical implementation aspect of the
correlation gain.

We adopt interleave-division multiple-access (IDMA) [13]
as a platform and use the maximum eigenmode beamforming
(MEB) strategy [4] to exploit the potential correlation gain in
practically coded multiple-access MIMO systems. Consider a
4-user MIMO system with M =8 and N=4. A rate-1/2 (23, 35)s
convolutional code with information length 4096 followed by
length-2 spreading and QPSK modulation is employed for all
MUs. We set the system sum rate R at 6 bits/symbol. Based on
superposition coding principle, multiple coded streams may be
assigned to each MU to guarantee the system sum rate.
Following the MEB strategy, each MU only transmits in its
maximum eigenmode direction. Other transmitting, receiving
and power allocation principles are the same as those in IDMA
systems (refer to [13] for details).

----NC

BER

\ TDMA _

MEB

10* } |
Capacity |

N TDMA \

|\ Capacity \
1A \
|
1

\ \

! A A
8 7 6 5 4 3 -2 1 0 1 2 3 4 5 6 7
E,IN, (dB)
Fig. 3. The BER performance of MEB-based IDMA systems and TDMA-based
MIMO systems in the NC and FC scenarios. £=0.01, K=4, M=8, N=4 and R
= 6 bits/symbol.

Figure 3 shows the bit-error-rate (BER) performance of
4-user MEB-based IDMA systems in the NC and FC scenarios.
The performance of 4-user time-division multiple-access
(TDMA) based MIMO systems is also plotted for comparison.
Clearly, its performance is the same as that of single-user
MIMO systems. In the NC scenario, following the water-filling
principle, such TDMA-based systems require a variety of codes
with different coding rates. For convenience, we adopt artificial
codes in this case. Specifically, compared to a rate-r ideal code
(i.e., capacity-achieving code), a rate-r artificial code requires
the same additional power to achieve the same BER as that
required by the rate-1/2 convolutional code above. The
parameters of channel fading in Fig. 3 are the same as those in
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Fig. 1. The capacities (i.e., the performance limits) of
MEB-based IDMA and TDMA, which are obtained by (4), are
also plotted as references.

From Fig. 3, we can clearly observe the performance loss due
to antenna correlation in TDMA (about 3.4 dB at BER = 107)
and the significant correlation gain achieved in MEB-based
IDMA (about 2.6 dB at BER = 10°). The values of such loss
and gain are both in line with those predicted by their
corresponding capacity lines. The observation above indicates
that the MEB-based IDMA system is an effective platform to
exploit the correlation gain defined in (5). It is also seen in Fig.
3 that, the NC scenario of MEB-based IDMA significantly
outperforms that of TDMA. The related gain is referred to as
multi-user gain (see [4] for detailed discussions on this issue).

VI. CONCLUSIONS

In this paper, we show that antenna correlation at MUs is
potentially beneficial for multi-user MIMO systems with rate
constraints. We also show that the MEB-based IDMA system is
an effective platform to exploit such a benefit. The findings of
this paper are useful in practical systems where minimizing the
physical size of a MU is highly desirable and antenna
correlation may result consequently. Intuitively, the potential
benefit provided by antenna correlation mainly comes from two
aspects. First, the loss of space dimensionality due to antenna
correlation can be compensated by the diversity related to the
independent fading of all MUs. Second, antenna correlation
enables focusing power.

Although this paper focuses on MIMO systems with rate
constraints, we have observed similar results in our simulations
for systems with power constraints. Quantifying the potential
correlation gain in this case analytically is an interesting future
research topic.

APPENDIX: PROOF OF LEMMA 1

Proof: For the channel model in (2), we perform eigenvalue
decomposition on T; as T;, = UkaUk* and define W, = [wy, ...,
win], where {wy;} are column vectors. Then H) is written as

_ V2gr*
H,=s,[w,....w y1UD U,

_ — — Vg

=W pseow, 14U, DU,

where 5, = w;/ [|wy |, Viand Ay is a diagonal matrix, i.e., A;

(22)

= diag{|wi1ll, -, [winll}-
When M—eo, we have

A, = diag{NM +0,(NM),... /M +0, (M)}

where o~ M ) /M — 0 as M—oo, Vi [11] and (22) can be
rewritten as

H, =5 [#,,.... %, (VM 1)U, D/*U; + A,

=g 0 @iy JMs, DU, + H, - (23)
In (23), gy is defined as
N

9v.; = Z Wyl Vji=1...,N (24)
i=1

where uy;; is the entry in the ith row and the jth column of U,
and

H, = s, [% 0, ]
(diag {0l M),... ,0y (W)})U,CD;/ZU;,

which is ignorable compared with the first term in (23) when M
is sufficiently large.

It is proved in [12, Lemma 1] that, for Vi # " or Vk # ¥/,
E{‘W}:,iwk’,i' \2} =1/ M . Then we have

lim [iw #,.,|=0 (25)
almost surely. Hence asymptotically, [gy.1, ..., qy] is a reduced
unitary matrix, i.e., the directions of MU £’s sub-channels are
determined by {qx;, j = 1, 2, ..., N}, which are clearly
orthogonal to each other. On the other hand, for V& # k', we can

obtain

.
N N
. * . — —_—
lim |‘1k,jqk’,j’| = lim (Z wk,iuk,i,jj (Z ka,l-vuk',,-',,-vj
i=1 i'=1
N

N
* . — pa—
< Zz|uk,i,juk',[',j'|Aglgi|wk,iwk',['| =0

i=1 i'=1

(26)
where the convergence is almost sure. This ends the proof.

ACKNOWLEDGMENT

This work was supported by a grant from the Research Grant
Council of the Hong Kong SAR, P. R. China [Project No.
117508].

REFERENCES

[1] E. Telatar, “Capacity of the multiple-antenna Gaussian channel,” Euro.
Trans. Telecommun., vol. 10, pp. 585-595, Nov. 1999.

[2] W. Yu, W. Rhee, S. Boyd and J. Cioffi, “Iterative water-filling for
Gaussian vector multiple access channels,” IEEE Trans. Inform. Theory,
vol. 50, no. 1, pp.145-151, Jan. 2004.

[3] A. Tulino, A. Lozano, and S. Verdu, “Impact of antenna correlation on the
capacity of multiantenna channels,” I[EEE Trans. Inform. Theory, vol. 51,
pp. 637-650, Mar. 2005.

[4] P. Wang and Li Ping, “On multi-user gain in MIMO systems with rate
constraints,” IEEE GlobeCom, Washington D.C., USA, Nov. 2007.

[5]1 S. Vishwanath, N. Jindal, and A. Goldsmith, “Duality, achievable rates,
and sum-rate capacity of Gaussian MIMO broadcast channels,” /EEE
Trans. Inform. Theory, vol. 49, pp. 2658-2668, Oct. 2003.

[6] N. Zhang, and B. Vojcic, “Multiuser diversity scheduling in MIMO
systems with correlated fading,” IEEE GlobeCom, St. Louis, USA, Nov.
2005.

[71 B. Clerckx, G. Kim and S. Kim, “Correlated fading in broadcast MIMO
channels: curse or blessing,” IEEE GlobeCom, New Orleans, USA, Dec.
2008.

[8] A. Goldsmith, S. A. Jafar, N. Jindal, and S. Vishwanath, “Capacity limits
of MIMO channels,” IEEE J. Select. Areas Commun., Vol. 21, No. 5, pp.
684-702, June 2003.

[9] C.Fung, W. Yu, and T. Lim, “Precoding for the multi-antenna downlink:
multi-user gap approximation and optimal user ordering,” [EEE Trans.
Commun., vol. 55, no. 1, pp. 188-197, Jan. 2007.

[10] J. Lee and N. Jindal, “Symmetric capacity of MIMO downlink channels,”
in Proc. IEEE Int. Symp. Inform. Theory (ISIT), Seattle, July 2006.

[11] C. Martin and B. Ottersten, “Asymptotic eigenvalue distributions and
capacity for MIMO channels under correlated fading,” IEEE Trans.
Wireless Commun., vol. 3, no. 4, pp. 1350-1358, July 2004.

[12] Li Ping, P. Wang, H. Wang and X. Lin, “On cellular capacity with base
station cooperation,” /[EEE GlobeCom, New Orleans, USA, Dec. 2008.

[13] Li Ping, L. Liu, K. Wu and W. K. Leung, “Interleave-division
multiple-access,” IEEE Trans. Wireless Commun., vol. 5, no. 4, pp.
938-947, Apr. 2006.

978-1-4244-4148-8/09/$25.00 ©2009

This full text paper was pagragMiRYahdbe dussint et EEE G BURHNSAEaSH siF R HIBLBatE: 6XR5TE TR bEEisR @ theliliforSLARECOM™ 2009 proceedings.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /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


