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Abstract—3GPP LTE has become a hot topic in recent years. One
of its main challenges is the computationally intense task of MIMO
detection. This paper investigates MIMO detection methods based on
Sphere detection for 3GPP LTE system. A 3GPP LTE simulation chain
has been developed for the evaluation. The results show that TS algorithm
in combination with complexity reduction techniques of SSD and ME
achieves a good tradeoff between performance and complexity for three
different user scenarios. Furthermore, the results show the performance
improvement achieved with SISO detection at low complexity. To the best
of our knowledge, this is the first reported work about SISO detection
for 3GPP LTE.

I. INTRODUCTION

3GPP Long Term Evolution (LTE) is the fourth generation mobile
wireless broadband technology. Its key objective is to enhanced
spectral efficiency by using multiple-input multiple-output (MIMO)
techniques. However, this performance improvement comes at the
cost of increased computational complexity in the receiver. One of
the main challenge is the computationally intense task of MIMO
detection use to separate the spatially multiplexed data streams.

MIMO detectors with reasonable complexity, like linear detectors
(ZF or MMSE) [1] and nonlinear detectors like Successive Inter-
ference Cancellation (SIC) [2], do not provide a detection accuracy
close to maximum likelihood (ML) detection, limiting their field of
application. Therefore, many recent research try to solve this problem
by introducing complexity reduced detection algorithms based on
tree search techniques. Application of depth-first, breadth-first or
metric-first search strategies [3] leads to a large variety of detection
algorithms like the sphere detector [4], list sphere decoder [5], m-
algorithm [6], LISS-algorithm [7] or modifications of them [8]-[10].
The Tuple Search (TS) algorithm [11] together with the application
of Search Sequence Determination (SSD) [12] and Metric Estimation
(ME) [13] provides detection performance close to maxLogAPP at
low detection complexity. However, none of the above mentioned
MIMO detectors has been evaluated for 3GPP LTE system. The work
published in [14] provides some results for 3GPP LTE setup but
they are only for hard output detection. The introduced algorithm is
not applicable for soft in soft out (SISO) detection, which could be
applied to further improve the detection performance. Furthermore,
results are provided only for suburban 3GPP LTE scenario.

The focus of the work presented in this paper is to evaluate the
performance and complexity of MIMO detection for 3GPP LTE
system. This work is based on the algorithm proposed in [11] together
with the complexity reduction techniques of SSD and ME presented
in [12] and [13] respectively. We have shown how the complexity of
the detection is reduced without significant performance loss by using
TS-SSD-ME algorithm (TS algorithm together with SSD and ME)
for three different user scenarios specified in 3GPP LTE Release 8.
This algorithm also enables high performance SISO detection at low
complexity and allows flexible adaptation of the complexity and the
achievable performance over the tuple size of a given detector. It is
applicable independent of the size of QAM constellation. Complexity

of its potential hardware implementation is reduced due to reduction
of information to be stored, less operations needed for the list
maintenance and simplified L-value calculation.

The remainder of this paper is organized as follows: Section II
introduces the system model; Section III reviews tree search based
SISO detection. Section IV presents the TS algorithm. Section V is
about SSD and ME. Finally we evaluate the TS-SSD-ME algorithm
in section VI and conclude the paper in section VII.

II. SYSTEM MODEL

In this paper, we consider 3GPP LTE system with Nt transmit
and Ng receive antennas as depicted in Figure 1. A vector u of
independent and identically distributed (i.i.d.) information bits is
encoded by the outer channel code with rate R. The resulting code
bit stream ¢’ is bit-interleaved and portioned into Nt blocks ¢ of
n- N - L bits. Here n is the number of OFDM symbols per frame, N
is the number of subcarriers per OFDM symbol and L denotes the
number of bits per symbol. For the transmission, the corresponding
bits in every single block ¢ are mapped (e.g. gray mapping) onto
a complex constellation symbols x = [x1,%2...xn,]T = map(c),
whose components are taken from some complex constellation C
(e.g. 64-quadrature amplitude modulation (QAM)). Afterwards the
vector is transformed into time domain by performing an inverse
fast Fourier transform (IFFT) in OFDM modulator and cyclic prefix
(CP) is added to it . We normalize the transmit energy such that
E{xx"} = Eg/NtL On behalf of the transmission, we consider a
flat fading channel and an additive noise vector n € CNR*1 at the re-
ceiver with complex components of zero mean i.i.d. gaussian random
variables of variance No/2 per real dimension (£{nn"} = N,I).
The considered passive channel is represented by H € CVT*NR with
entries of a zero mean i.i.d. gaussian random process of variance 1
and is assumed to be perfectly known at the receiver. At the receiver
the received signal is transformed in to frequency domain by fast
fourier transform (FFT) in OFDM demodulator and CP is removed.
The resultant signal y of one OFDM stream is given by:

y=Hx+n

and the signal-to-noise-ratio (SN R = E/Ny) at the receiver applied
to the energy of one information bit can be stated as: Ey,/No =
EsNr/NoNtLR. The detection of the transmitted bits is carried
out by a complex-valued SISO sphere detector in conjunction with
a BCJR based decoder with 8 internal iterations. The detection and
decoding might be performed iteratively.

III. MIMO DETECTION BASED ON TREE SEARCH
A. Fundamentals

The task of the focused detector is the determination of the bits ¢
most likely sent and the calculation of reliability information for these
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Fig. 1.

bits. On behalf of the described system, this can be accomplished by
calculating the corresponding log-likelihood ratios (L-values):
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where (1) results from the application of the max-log approximation.
cm, = =1 represents the [-th bit of the symbol sent by the m-th
antenna and
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represents the distance metric for a set of received sym-
bols y, a given c and the a-priori knowledge La.. x corre-
sponds to a possible transmission symbol. As consequence, be-

side the most likely sent symbol argmin{Ao} - the detection
x(c)|ceC
hypothesis - and its corresponding metric )\O(CML), the detector has
to determine also the counter-hypotheses arg min {0} with
x(e)|CEC, ¢,y #cML

m,l

their metrics for each bit.

B. Tree Search Basics

Since brute force (maxlogAPP) detection of (1) is known to be
of exponential growing complexity with the number of transmit
antennas, several close to optimal detection strategies have been
lately proposed to find relevant arg min{Ao}. Some of the most
promising are based on tree search techniques. As depicted in detail
in [5], transforming the detection problem is permitted by QR-
decomposition (QRD) of H = QR, where Q is unitary and R
an upper triangular matrix. With the modified received symbols
y’ = Q''y and the potential sent symbols ;i = 0...(Np — 1),
the Euclidian distance in the detection

[y’ = Rx(e)|® 6)

can be interpreted as tree search. The search tree and the relevant
notations are drafted in Fig. 2 for a 2 QAM and Nr = 4 transmit
antennas. The root node of the tree is defined as layer ¢ = N7. In each
of the layers i, i = (N7 — 1)...0, 2~ possible transmission symbols
x; are existing for one parent node, represented by the nodes of the
tree and connected to the parent via branches. Layer ¢ = Np — 1,
corresponding to the lowest row of (2) and a path from ¢ = Np — 1

System model with BICM transmitter and iterative receiver.

to ¢« = 0 represents a complete set of sent symbols x, mapped to
the leaves of the tree. Resulting from this, Ao can be recursively
calculated by the layered branch metric
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out of the squared distance between the nodes and an interference
reduced symbol, the a-priori information and the metric of the
corresponding parent node, whereas the root metric is defined to
Ang = 0. In order to ensure a monotonously growing metric, the
a-priori is extended as described in [15].
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Fig. 2.

Example sphere based tree search

Assuming an implementation with one extended node per cycle,
as described in [16], the decisive factor for the throughput is the
number of extended nodes. The resulting hardware complexity heav-
ily depends on the actual implementation, the included complexity
reduction techniques and optimizations. Throughout this paper, hence
the number of extended nodes is chosen as complexity measurement.

IV. TUPLE SEARCH ALGORITHM

Computing the L-values in (1) requires determination of a detection
hypothesis and all counter-hypotheses as depicted in III-A. Since
explicit search for all needed minimums leads to insufficient high
complexity [17], the key to efficient detection is the adequate usage
of information gathered during the search in combination with an
adapted search strategy. One possibility is the application of search



tuples and internal clipping to the List Sphere Detector (LSD) [5] as
described in detail in [11] and briefly depicted as follows.

TS algorithm proposes the usage of a search tuple for the sphere
determination. Instead of searching all possible minima, the TS
algorithm searches the 7" most likely leaves. As the measurement of
the nodes’ reliability is given by their distance metrics (3), only nodes
with a metric smaller than the 7" best leaf metrics have to be exam-
ined. For this, the metrics Ao of the T" most reliable determined leaves
are stored in a search tuple 7 := {Xo (c1), Ao (c2),..., o (c7)}.
The sphere radius is defined to the maximum tuple metric:

R= max {Xo:}.

ctlet €T
For initialization, the tuple elements are set to
Xo,t = oo. Resulting from its definition, the sphere search
finds all leaves within the current sphere. Each leaf within the
current sphere, identified by the search, hence represents a new
element of the tuple, which replaces the worst element of the tuple:

Ao (c) — max { ot} -

ctlere€
Status information for the L- value calculation has to be stored
separately in a bit specific storage. The reason being the difference
between biased and unbiased metrics caused by MMSE preprocessing
and the problem of dropping useful candidates due to limited list size
of the LSD. In case of the proposed bias reduced MMSE detection,
the lowest f (c) =f (Ao (c), 0%, ¢) = Ao—0||x]|* have to be stored
for the hypothesis and for the corresponding counter hypotheses bits,
as illustrated in Figure 3.
Whenever a leaf is reached, the current c, f (c) are compared with
the stored values ¢, f (")

M — argmin {f (c), f (M)},

£ () — min {£ (©).f (1)}
and subsequent to this with the corresponding f (c;)

flei) —min{f(c),f (i)}, Vi €clei # i,
whereas the lowest values are stored.

Since the L-value calculation is accomplished over leaves ex-
amined during the tree search, probably not all relevant counter-
hypotheses were found. Consequently, extrinsic L-values have to be
clipped: |Le| < Lmax and defining a convenient clipping level Lax
is crucial for good performance [8]. Hence, for our simulations the
clipping level is chosen such that the average mutual information at
the detector output is maximized [18] and transferred to an inner
clipping value as proposed in [15].

V. SEARCH SEQUENCE DETERMINATION AND METRIC
ESTIMATION

TS algorithm uses Schnorr Euchner (SE) enumeration for the
selection and analysis of favorable nodes in order to find leaves for
(1) early. However, the essential SE enumeration requires calculation
of all Q possible child nodes and the selection of the most favorable
one. To avoid repeated metric calculations, these nodes are sorted
and stored for the selection of subsequent favorable nodes, requiring
a complex sorting operation of () nodes per parent and the storage
of N; x @ elements. Obviously, this leads to disadvantageous high
hardware complexity and detection delay. To solve this problem
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Fig. 3. Bit-specific storage for a 64 QAM and N1 =4

[12] describes a geometrical approach to determine the sequence of
favorable child nodes for TS algorithm. Another important factor
which increases the complexity of node extension is the required
metric calculation. For reduction of this complexity [13] gives an
approach based on Metric Estimation. In the following we will briefly
discuss these approaches to illustrate their benefits for 3GPP LTE
systems.

A. Sequence determination based on relative positions

Without a priori information the reliability of children nodes in
(3) is only given by the squared Euclidian distance between the
interference reduced symbol y; and the nodes represented by the
constellation points 7;;z;. By normalizing' this relation with —-
the reliability is only dependant on the squared distances betweenLa
representative of the received symbol y,” to a fixed grid of possible

sent symbols x; with given lattice spacing a:
L 12 .

A

T4

1

With growing distance |y.” — x;| the resulting metric \;(z;)
enhances and nodes become increasingly unfavorable. Based on this
consideration the sequence of favorable nodes can be determined for

a given position of y;”.

L] \

Fig. 4. :

.
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Independent of the absolute position within the grid, the most
favorable node is the node closest to y.’, easy to determine by
rounding %;” to the grid points as displayed in Fig.4. This node
is taken as a reference node z” and A" = vy’ — " gives the
relative position. Presuming a A" in quadrant 1 relative to x”, the
nodes marked with 2) and Q) in Fig. 4 are potential 2nd favorable
nodes. Consequently, for all A™ above the angle bisector of quadrant
1 node @ is the second favorable one and ) the 3rd favorable
one and vice versa. For a possibly mapped A" within the spanned
triangle®, two possible subsequent 4th nodes are existing (lower left
and upper right node in Fig. 4). Similarly to the determination of
the 2nd and 3rd node, a bisector line spanned by the nodes can
be used for the determination of the following node, indicated by
line 1 in Fig.4. While the 5th element (el.) for the upper right
triangle is fixed by default, another case differentiation is needed
for the lower triangle, resulting in a comparison with line 2 (Fig.
4). Similarly the determination of the 6th and 7th favorable nodes
can be carried out with line 3 (Fig.4). Continuative determination
of the sequences results in more complex operations, making their
application unattractive as shown in Fig.4 for the determination of the

744 only contains positive real-values for a convenient chosen QRD.
2Spanned by the angle bisector, the real-axis and the vertical line resulting
from the rounding operation.



8th node of the sequence. Therefore, [12] uses predefined sequences
for further node enumeration without additional case differentiations.
These predefined sequences are determined using triangle’s centers
as reference points.

B. Metric Estimation

The complexity of a loop within the SSD-TS detection is mainly
given by the complexity of the contained metric calculation. In
order to further increase the efficiency (i.e. relation of detection
performance and throughput to the area and power consumption),
[13] describes how this complexity can be significantly reduced by
metric estimation. As illustrated in previous section for the search
sequence determination, the metric calculation can be mapped onto
geometrical considerations. Derived from these considerations, the
Euclidian distance is given for real valued r;; (provided by a suitable

QRD) by
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whereas the normalization with r;; might be precalculated. Once
the relative position of 4" to a reference point within a fixed grid
of potential nodes x; is known, e.g. by calculating A" to the closest
node, the relative distances to all nodes are predefined. In the style
of the sequence estimation it is consequently possible to estimate the
position of 4"’ and replace the calculation of the Euclidian distances
(4) by distances d defined for the determined region:
ri |y = @il e rhd®. )
For the remaining computations in (5) it is possible to precalculate
rZ as well as r%d>. The latter however should be only applied
selectively for implementation, to avoid increasing amount of
precalculations and intermediate data.

Application of SSD and ME to TS algorithm enables the “one node
per cycle architecture” of [16] with the amount of metric calculation
reduced from () or 10 [16] to only 3 requiring no sorting anymore.
Furthermore, the metric calculation itself is simplified leading to a
cycle latency reduced approximately to i as compared to state of the
art [16]. Consequently power and area consumption are reduced and
throughput is increased. This is very useful for future mobile systems
specifically 3GPP LTE.

VI. SIMULATION AND RESULTS
A. Setup

We setup the system according to 3GPP LTE. All simulation are
carried out for OFDMA symbol size equal to 512 subcarriers with 300
used subcarriers and cyclic prefix of length 36. Although the detector
is suitable for all transmission schemes (4, 16 or 64QAM and upto
4 x 4 MIMO) without any implementation changes, we have chosen
the maximum challenging setup i.e. 4 x 4 MIMO with 64QAM to
illustrate the capabilities of the detector. The Bandwith used is SMHz.
Channel coding is (11, 13) parallel concatenated convolutional code
(PCCC) of rate 1/3. For simulation we apply coded transmissions
over three channel models with low, medium and large delay spread
as specified in Release 8 for LTE. As described in [19], the low
delay spread gives an Extended Pedestrian A (EPA) model which is
employed in an urban environment with fairly small cell sizes, while
the medium and large delay spreads give an Extended Vehicular A
(EVA) model and Extended Typical Urban (ETU) model respectively.
These channel models with a carrier frequency of 2.1 GHz and

Doppler shifts of 5 Hz, 70 Hz and 300Hz correspond roughly to
mobile velocities of 2.7, 36 and 154 Km/h respectively. Table I gives
an overview of the main parameters as specified in [19] for EPA,
EVA and ETU.
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Fig. 5. Comparison of the maxlogAPP and the TS-SSD-ME algorithms for
LTE system with Extended Pedestrian A channel Model
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Fig. 6. Comparison of the maxlogAPP and the TS-SSD-ME algorithms for
LTE system with Extended Vehicular A channel Model
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Fig. 7. Comparison of the maxlogAPP and the TS-SSD-ME algorithms for
LTE system with Extended Typical Urban A channel Model

B. FER and Complexity

Figure 5 shows the performance and complexity (amount of
extended nodes) of various MIMO detection algorithms for Extended
Pedestrian A channel model. The FER of the SIC and maxlogAPP
respectively sets limits on the minimum and maximum achievable
detection performance. While the maxlogAPP (Unclipped Single Tree



TABLE I
EXTENDED ITU CHANNEL MODELS [19]

No | Channel Model r.m.s. Delay Spread(ns)
1 Extended Pedestrian A (EPA) 43
2 Extended Vehicular A (EVA) 357
3 Extended Typical Urban A (ETU) 991

Category Doppler Shift (Hz) | Mobile Velocity (km/h)
Low Delay Spread 5 2.7
Medium Delay Spread 70 36
High Dealy Spread 300 154

Search algorithm [9]) gives the best detection performance achieving
FER of 1072 at E},/No = 21 dB, its complexity is unusable high.
The average number of node extensions is 5631 at Ey,/No = 21 dB.
SIC on the other hand gives the worst performance and achieves the
FER of 1072 at E},/No = 28.5 dB but at much reduced complexity
of just 4 node extensions. The TS-SSD-ME algorithm obtains a loss
of about 1 dB as compared to the FER of the maxlogAPP but at a
complexity of approximately 27 times less than maxlogAPP. In case
of TS-SSD-ME algorithm, the average number of node extension is
208 at Ey,/No = 21 dB. Figure 5 also depicts the effect of iterative
detection and decoding. The iterations between detector and decoder
(4 iterations) leads to a performance improvement of approximately
4.5 dB in maxlogAPP which is approximately 1 dB more than the
performance of iteratively applied TS-SSD-ME algorithm but at a
complexity which is approximately 17 times higher than TS-SSD-ME
algorithm. Figures 6 and 7 respectively show the results for Extended
Vehicular A and Extended Typical Urban A. In both of cases the
TS-SSD-ME algorithm gives performance close to maxlogAPP and
at much reduced complexity. The shift of the FER curves towards
lower E/No in case of EVA and ETU channels as compared to
EPA is due to high correlation setup of the EVA channel.

In addition to this obvious reduction in complexity, the TS-SSD-
ME algorithm enables an adjustment of complexity and FER perfor-
mance by adaptation of the tuple size. This is very important both for
detection performance and hardware implementation. For detection
this allows to adapt the performance and complexity reaching from
close to hard output (searching only ML point) to full LSD [5]. For
hardware implementation this allows to minimize power consumption
by adjusting tuple size according to variations in channel conditions.

VII. CONCLUSION

In this paper, we have provided performance and complexity
comparison of the TS-SSD-ME MIMO detection algorithm for 3GPP
LTE systems. We have shown how the complexity of the detection
is reduced without significant performance loss by using TS-SSD-
ME algorithm. This algorithm also enables high performance SISO
detection at low complexity and allows flexible adaptation of the
complexity and the achievable performance over the tuple size of
a given detector. It fits the “one node per cycle architecture” with
only 3 metric calculation without sorting. The metric calculation
itself is simplified leading to a cycle latency reduced approximately
to i as compared to state of the art. Complexity of its potential
hardware implementation is reduced by the smaller list needed, the
reduction of information to be stored, less operations needed for the
list maintenance and simplified L-value calculation. Low hardware
implementation enables high detection speed applicable for mobile
systems specifically 3GPP LTE.

In summary, it has been shown that at a reasonable complexity,
a detection close to maxlogAPP is feasible for 3GPP LTE systems
with TS-SSD-ME algorithm.

REFERENCES

[1] Jingming-Wang and B. Daneshrad, “A comparative study of mimo detec-
tion algorithms for wideband spatial multiplexing systems,” in Wireless

[2

—

[3]

[4

[l

[5

—_

[6]

[7

—

[8

[t}

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

Communications and Networking Conference, 2005 IEEE, vol. 1, March
2005, pp. 408-413 Vol. 1.

P. Wolniansky, G. Foschini, G. Golden, and R. Valenzuela, “V-BLAST:
an architecture for realizing very high data rates overthe rich-scattering
wireless channel,” in International Symposium on Signals, Systems and
Electronics, 1998. (ISSSE’98), pp. 295-300.

J. Anderson and S. Mohan, “Sequential coding algorithms: A survey
and cost analysis,” Communications, IEEE Transactions on [legacy, pre
- 1988], vol. 32, no. 2, pp. 169-176, Feb 1984.

E. Viterbo and J. Boutros, “A universal lattice code decoder for fading
channels,” IEEE Transactions on Information Theory, vol. 45, pp. 1639—
1642, Jul. 1999.

B. Hochwald and S. ten Brink, “Achieving near-capacity on a multiple-
antenna channel,” IEEE Transactions on Communications, vol. 51, pp.
389-399, Mar. 2003.

Z. Guo and P. Nilsson, “Algorithm and implementation of the K-best
sphere decoding for MIMO detection,” IEEE Journal on Selected Areas
in Communications, vol. 24, no. 3, pp. 491-503, 2006.

S. Baro, J. Hagenauer, and M. Witzke, “Iterative detection of MIMO
transmission using a list-sequential (LISS) detector,” Proceedings of
the IEEE International Conference on Communications, 2003. ICC’03.,
vol. 4, 2003.

Y. de Jong and T. Willink, “Iterative tree search detection for MIMO
wireless systems,” Communications, IEEE Transactions on, vol. 53,
no. 6, pp. 930-935, 2005.

C. Studer, A. Burg, and H. Bolcskei, “Soft-output sphere decoding:
Algorithms and VLSI implementation,” IEEE Journal on Selected Areas
in Communications, vol. 26, pp. 290-300, 2008.

E. M. Witte, F. Borlenghi, G. Ascheid, R. Leupers, and H. Meyr,
“A Scalable VLSI Architecture for Soft-Input Soft-Output Depth-
First Sphere Decoding,” in IEEE Transactions on Circuits and Sys-
tems(submitted).

B. Mennenga, A. von Borany, and G. Fettweis, “Complexity reduced
Soft-In Soft-Out Sphere Detection based on Search Tuples,” in IEEE
International Conference on Communications (ICC’09).

B. Mennenga and G. Fettweis, “Search Sequence Determination for Tree
Search based Detection Algorithms,” in Proceedings of IEEE Sarnoff
Symposium(SS’09), May.

——, “Simplified Search Sequence and Metric Determination for Tree
Search based Detection Algorithms,” in Proceedings of IEEE Transac-
tions on Wireless Communications(submitted).

M. Li, B. Bougard, W. Xu, D. Novo, L. Van Der Perre, and F. Catthoor,
“Optimizing near-ml mimo detector for sdr baseband on parallel pro-
grammable architectures,” in DATE '08: Proceedings of the conference
on Design, automation and test in Europe. New York, NY, USA: ACM,
2008, pp. 444-449.

B. Mennenga, R. Fritzsche, and G. Fettweis, “Iterative Soft-In Soft-
Out Sphere Detection for MIMO Systems,” in 69th IEEE Vehicular
Technology Conference(VTC’09).

A. Burg, M. Borgmann, M. Wenk, M. Zellweger, W. Fichtner, and
H. Bolcskei, “VLSI implementation of MIMO detection using the sphere
decoding algorithm,” IEEE Journal of Solid-State Circuits, vol. 40, pp.
1566-1577, Jul. 2005.

J. Jaldén and B. Ottersten, “Parallel Implementation of a Soft Output
Sphere Decoder,” in Proceedings of Asilomar Conference on Signals,
Systems, and Computers, 2005.

J. Hagenauer, “The Turbo Principal in Mobile Communications,” in
Proceedings of the International Symposium on Information Theory and
its Applications (ISITA’02), Xi’an, China, 7.-11. Oct. 2002.

J. Ylitalo and T. Jamsd, LTE The UMTS Long Term Evolution From
Theory to Practice. Wiley, 2009, vol. 1, ch. Radio Propagation
Environment, pp. 476-499.




<<
  /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


