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Abstract—In this paper, we study full duplex (FD) massive
multiple-input multiple-output (MIMO) systems which are ex-
pected to result in a significant increase in the network’s efficiency.
We consider a base station equipped with massive MIMO which
can operate either in FD or half duplex (HD). We start by studying
the performance of the network when the number of antennas
grows asymptotically. We derive bounds for both the uplink and
downlink capacities. Afterwards, we find the necessary conditions
to be satisfied for the base station to work in FD in terms of the
number of transmitting antennas, co-channel interference and self-
interference cancellation. Simulations results validate the derived
capacity bounds and thresholds obtained for FD communication.

I. INTRODUCTION

Next generation communication networks are required to
provide a significant increase in the achieved data rates. Ac-
cordingly, deploying different techniques that help give the
necessary performance boost is essential. Theoretically speak-
ing, full duplex (FD) can double the data rate achieved by
half duplex (HD) transmission because it allows each node
to simultaneously transmit and receive at the same time and
frequency resources. However, the main hurdle that limits the
capacity gain is the high self-interference (SI) caused by the
node’s transmission on the node’s reception. Recently, the
evolution in the SI cancellation has revived the attention to
FD communication [1]-[3]. Additionally, large scale multiple-
input multiple-output (MIMO) or massive MIMO [4]-[7] has
recently emerged as a promising technique that increases the
spectral efficiency and communication reliability than the tra-
ditional MIMO. The core idea of massive MIMO is to achieve
network densification by largely increasing the number of active
antennas. It is particularly fascinated that with a large number
of antennas, the simplest form of user detection beamforming
becomes optimal. However, it must be remarked that massive
MIMO is feasible only in time division duplexing (TDD)
systems because of the large number of channels that need
to be estimated for user detection or beamforming .

IThe advantage of TDD systems is that we only need to estimate the uplink
channels and obtain the downlink channels assuming channel reciprocity.

Consequently, it is expected that utilizing both FD and mas-
sive MIMO can greatly enhance the communication network’s
capacity. However, as a result of the different factors that
affect the FD performance, we must be very decisive when
outlining the needed conditions to be satisfied for FD massive
MIMO to be more efficient than HD massive MIMO. Actually,
studying the performance of FD and massive MIMO networks
has attracted much recent research work. In [8], an investigation
of the effect of deploying massive MIMO in two-tier cellu-
lar networks is presented. Furthermore, a resource allocation
problem is formulated to find the optimal users’ biasing that
maximizes the total system capacity. In [9], the utilization
schemes of the spatial resources which can be used to enhance
the uplink (UL) performance are considered for large SI on the
UL reception. In [10], the ratio of the transmit antennas and
receive antennas in FD massive MIMO is analyzed. It is shown
that the optimal antenna ratio converges to the ratio between
the numbers of DL users and UL users.

In this paper, we consider a single cell network with one
massive MIMO base station (BS) which can operate in FD or
HD and multiple downlink (DL) and UL users. To the best
of our knowledge, all the previous work that addressed FD
massive MIMO was concerned about deriving a ratio between
the transmitting and receiving antennas that maximizes either
the UL or DL FD capacity [10], [11]. Therefore, our motivation
is to compare both the HD and FD massive MIMO performance
and determine the necessary conditions to be satisfied under
which it will be beneficial for the network to operate in the
FD mode. Our contributions in this paper are summarized as
follows:

o Investigating the difference between the different trans-
mission modes in terms of the received power, co-channel
interference (CCI), and multiuser interference (MUI).

o Analyzing the asymptotic network performance when the
number of antennas grows.

o Deriving upper and lower bounds for the DL and the UL
capacities, respectively, for both FD and HD communica-
tions.
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Fig. 1. System Model.

o Determining the necessary conditions to be satisfied for
the FD mode to outperform the HD mode.

The remainder of this paper is organized as follows. The
system model is presented in Section II. The asymptotic per-
formance analysis is presented in Section III. Numerical results
are presented in Section IV. Finally, the paper is concluded in
Section V.

II. SYSTEM MODEL

We consider a single cell network 2> with N antennas BS,
which operates either in FD or HD, and serves multiple single
antenna users. In the case of the FD transmission, the BS will
assign Ny antennas for the DL transmission and N, antennas
for the UL reception, such that N = N; + N,. On the other
hand, in the case of HD transmission, the BS will assign
all of its N antennas either for transmission or reception.
Additionally, when operating in FD, each time slot will be
assigned to simultaneously serve K; DL users and K, UL
users. However, when operating in HD, the system will operate
in TDD, in which the first time slot will be assigned for the DL
transmission of 2K, DL users and the second time slot will be
assigned for the UL transmission of 2K, UL users. In other
words, regardless of the transmission mode, the network will
serve 2K 4 DL users and 2/, UL users in two successive time
slots. The system model is shown in Fig. 1.

For massive MIMO deployment, it is assumed that N, >
Kg4, and N, > K,. Furthermore, it is assumed that, in DL
transmission, the BS deploys the ZF precoder. However, it must
be mentioned that in case of deploying FD, the ZF precoder will
account for the large SI from the BS transmitting antennas, and

2In this paper, we consider single cell networks. In the future work, we are
extending the analysis to consider multicell networks after taking into account
additional sources of interferences that will be introduced from neighbouring
cells [12], [13].

hence, it will consider the BS receiving antennas as additional
transmission directions on which the transmitter should limit
the interference.

Based on the previous assumptions, we are going to illustrate
the difference between both the FD and HD operations in the
massive MIMO setting.

A. FD Transmission

As mentioned before, in the case of FD transmission, each
time slot will simultaneously serve the transmission of K; DL
users and K, UL user. Accordingly, the received signal-to-
interference noise ratio (SINR) of the k" DL user is given
by
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where, Py is the DL transmission power, hy, € C'™*Ne i the
channel vector between the kfjh DL user and the BS 3. All
channel coefficients are assumed to be independent and iden-
tically distributed (i.i.d.) zero mean complex Gaussian random
variables with unit variance, i.e., Rayleigh flat fading channel
model. wy,, € CNt*1 is the precoding vector for the k* DL
user’s data. In this paper, we consider the ZF beamforming in
which the precoding matrix Wz € CNex(Nr+Ka) i given by

W,r = (HIH,) ™ HY, ®)

T
where, H, = |H; H,| € CWrtKa)xNe j5 the channel
matrix which is composed of the DL channel matrix Hy =
[h; hy---hg,|T € CKa*Ne and the channel between the trans-

CN-*Ne  Furthermore,

mitting and receiving antennas H, €
o? is the additive white Gaussian noise variance. The second
term in the denominator of the last expression is the MUI on
the k" DL user’s transmission from other DL transmissions.
Finally, the last term in the denominator of the last expression
is the CCI on the k:gh DL user’s transmission from the UL
transmissions, where P, is the UL transmission power and
R, .k, is the channel coefficient between the k" UL user and
the k%" DL user. Similarly, the received SINR from the k! UL

user is given by

2
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ik
3Throughout the paper, h, denotes the channel vector between the x DL
user and the BS



€ CN-x1 ig the channel vector between the kI
UL user and the BS, the second term in the denominator
of the last expression is the MUI on the k%" UL user from
other UL transmissions, the last term in the denominator of

where, gy,

the last expression is the self-interference power, 0 < C' <1
is the SI cancellation coefficient [9], [10] #, and W, includes
all the precoding vectors corresponding to the BS receiving
antennas. From(1)-(3), the total FD ergodic network DL and
UL capacities per unit bandwidth are given, respectively, by

Cprirp = 2KaE{logy (1+Tprirp)},
Curirp = 2K, E{logy (1+ Tyrirp)}

It must be mentioned that, from (4), it is assumed that, due
to the large number of antennas, all the DL users’ SINRs will

“4)

have the same ergodic capacity. Similarly, we assume that all
the UL users have the same ergodic capacity [14].

B. HD Transmission

As mentioned before, in the case of HD transmission, the first
time slot will be assigned for 2K; DL transmissions and the
second time slot will be assigned for 2K, UL transmissions.

Accordingly, the received SINR at the k% DL user is given by
Pat||h£1DWkHD||2
Upripp = 4 ; &)
o2 + Z PdHhHD HD||2
=1
jj¢kd
where, hf’ € C'*V is the channel vector between the k" DL
c (CN>< 1

is the precoding vector for the kfih DL user’s data in the

user and the BS in case of HD transmission, wkHd D

case of HD transmission. The precoding matrix for the HD
transmission is given by

Hilp, (6)

where, Hyp € C2Ka)xN g the total DL channel matrix for
the HD transmission, the summation in the denominator of (5)
is the MUI on the k" DL user’s transmission from other DL
transmissions. Similarly, the received SINR at the kfﬁ UL user

W5F = (HiipHup) -

is given by,

2
o+ Z Py IIgiHDII2
z#k:

€ CM*1 s the channel vector between the k! UL
user and the BS in the HD transmission, the summation in the
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denominator of (7) is the multiuser interference on the k" UL

4As the value of C decreases, better SI cancellation is achieved

user from other UL transmissions in the HD transmission. From
(5)-(7), the total HD ergodic network DL and UL capacities per
unit bandwidth are given by

Cpriap = 2KaE{log, (1+TpLiup)},

Curjap = 2K, E{log, (1 4+ TyLiap)}

IIT. ASYMPTOTIC ANALYSIS OF FULL DUPLEX AND HALF
DUPLEX CAPACITY

®)

In this section, we will derive upper bounds for the DL
capacities for the FD mode and the HD mode. Additionally,
we will derive lower bounds for the UL capacities of both the
FD and the HD modes.

Before we proceed, we will recall some results from large

T
'pn]
be mutually independent n x 1 random vectors.

random matrix theory. First, let p £ [py - and q =

[g1- - qa]"
The entries of p and q are i.i.d. zero-mean random variables

such that E{|p;|*} = o7 and E{|¢;|*} = 02,7 =1,---n. Then,
1 a.s 1
—p'p "oy, —pa 0. ©)

Second, if B = AAY where A is an m x n random matrix whose
columns are zero-mean independent complex Gaussian vectors with
covariance matrix I. Then, for n > m, B is a central complex Wishart
matrix with probability distribution B ~ W(n,I), where n indicates
the degrees of freedom. For a central Wishart matrix B ~ W(n,I)
with n > m,

m

E[tr{B~'}] = (10)
Finally, assume B is an m X n random matrix whose columns are zero-
mean independent complex Gaussian vectors with identity covariance
matrix. It is shown in [15] that as m grows without bound, we have

n—m’

1 a.s
—BfB 2% 1,, (1)
m
where, I,, is an n X n identity matrix.

Based on the identity described in (11), the precoding matrices

Wz, and WEE can be approximated, respectively, as

. HY

N HE
W _ Hp _ LHD
7E Nr+Kd’

ZF = 2K,

(12)

Proposition 1 An upper bound for the FD DL rate Ch L|FD IS given
by

g =2K,1 14—
CDL|FD d 0g2< + (Nr+Kd

2
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where \g = %, Ay = %2 and ¥(\,) is given by
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where E;(\,) = [\" e */x da.
Proof: From (4), and by applying the Jensen’s inequality
to the concave function, we can get

Corirp < CpLirp
=2Kqlog, (1 +E{TpLirp})

N, 2
=2K4l 1 —_—
d Og2 < + (N'r + Kd) )\d
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where the second equality is obtained by substituting (12) and
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(9) in (1). As a result, the expectation of the main signal is
given by

N, 2
() - 2)

and the multiuser interference will vanish. Afterwards, it was

proved in [10] that E —! = U(\,) defined
145k kz_l 1Tk g i 12

in (14). (]

(16)

Proposition 2 A lower bound for the FD UL rate C‘U L|FD IS given
by

Pu(N, —1) an
0% + No(Ku = Py + 75z C P

CA’UL\FD = 2Ku 10g2 (

Proof: By applying the Jensen’s inequality for the convex
Sunction logy (1 + 1/x), we can get that

Curirp > Curirp

= 2K, log, <1+

(E{UQ + MUIlyrirp + SIluriFp }>_1
Pu|lgr, I? ’

=2K, log, (1+ (®:®2)7"),

18)

= 2K, log, <1+

P,D; " (N, —1) >
N, N
Py + 5, 55z O P

o2+ N, (K, —
where, MUI|yppp is the MUI on the FD UL
transmission, SI|yppp is the SI on the FD UL

transmission, ®, = E{1/P,D_“|gk,|?}, and ®; =
E{o?+ MUI|ypipp + SIuripp}. The second equality
is derived from the fact that gy, is independent of g;
Vi # ky, and H, that influences MU |y pp and SI|yripp,
respectively. The expected value of 1/||gk, || can be calculated
using the Wishart matrix property illustrated in (10). The
expected value of the multiuser interference power on the UL
transmission can be calculated as follows

Ky,
E{MUIlyrirp} =Y PuD;"E{|lgil’},
oy
Ky,
= Z P.E {tr [gfqgl]}
=1

ik,
= Np(Ku — 1)Py,

19

where the last equality is obtained by applying the identity
in (9). Finally, the value of E {SI\UL‘FD} can be derived as
follows

E{SI|yrirp} = CPE {|H.Wa|?},

— CP,E {tr [Wf HY HaWa] } :

— CP,M,E {tr [Wf Wa] } , (20)

N, N
= —FF-CP,
(Nr + Kd)2 ¢ @
where the last equality is obtained by applying both (11) and

(12) (]

Proposition 3 An upper bound of the HD DL rate Cp gD and a
lower bound for the HD UL rate Cyp gp are given, respectively, by

A N 2

CDL\HD = 2Kd 10g2 (1 + (E) )\d> ) (21)
A P,(N —1)
Curiap = 2K, log, (Uz + N(2K., — 1)Pu) ’ ¢

Proof: The expressions in (21) and (22) can be proved following
the same steps used in Propositions 1 and 2. |

From (13)-(20), it is noticed that FD DL transmission is still
affected by the CCI. On the other hand, the FD UL transmission is
still affected by the SI represented by the cancellation parameter C.
Therefore, it is required to find the conditions under which the FD
operation can outperform the HD operation. Since, in the practical
communication network, it is always required to achieve more capacity
in the DL transmission than the UL transmission, we start by defining
the necessary conditions under which the DL FD capacity calculated
in (13) is higher than the DL HD capacity calculated in (21).

Proposition 4 In order to have CA'DL‘FD > C’DL|HD the following
conditions must be satisfied

t N a1 o)
TN+ 2Ka/V(\)
N« N NI+ Ka) (23)

N +2Ka/T(\)

¢ <307
where ]\7,5 and NT are the number of transmission and receive
antennas, respectively, that make Cprirp > Cpripp and ¢ =
Ky
E{ Y. Pullhiyk. |’} is the expectation of the CCI on the FD DL
ky=1

transmission.



Proof: We begln our proof by calculanng the number of trans-
mission antennas Nt that will make C’DL|FD > C’DL‘FD Therefore,
we have

2 2
N, ) N
(7 AT(0) > (—) Aa
N, + K4 ) 2K g4 24)

N, 1 ( N )
Ne+Ka = \/U(A,) \2Ka )"

After some mathematical manipulations, we can get the values of N,
and Nr defined in (24).

However, it must be noted that for (24) to be valid, the value of Nt
must be smaller than N. Hence, we get

N(N + Kg)

<N —T(),) >
N +2K4y/U ()

(25)

N

Therefore, from the definition of V(\,) = E{1/1 + CC({#} where
CCI|FD is the CCI in the FD transmission, and Jensen’s inequality
for convex function, we can obtain the last constraint that ¢ < 30>

Afterwards, after setting N; and NV, to values satisfying ]\7,5 and
N, respectively, we will derive the SI cancellation threshold C* that
causes the FD UL capacity to be higher than the HD UL capacity

Proposition 5 The SI cancellation threshold C* that makes C'y LIFD
> Cyrup is given by

C* = min(1,C), (26)
where
= (Ny + Kg)? x <<NT = D(? + Mup) = (N = D(e” + MFD)) , @)
PyN.N¢(N — 1)

where Mpyp = E{MUI|yrjap}, Mrp = E{MUI|yrrp}
are the expectations of the multiuser interference on the UL
transmission in the case of FD and HD, respectively. It must
be noted that C can not exceed the value of one. Therefore, we
must always pick the minimum value between 1 and C. 3.
Proof: The expression in (26) can be easily proved by
from the expressions of CA'UL‘FD and CA'UL‘HD. |

IV. NUMERICAL ANALYSIS

In this section, we validate the upper and lower bounds derived
for the DL and UL capacities. Afterwards, we verify the obtained
thresholds in Propositions 4 and 5. Fig. 2 validates the values of
C pr|Fp and C'U r|rp derived in (13) and (17), respectively. Addition-
ally, it shows the variation of both the DL and UL FD capacities with
the UL transmission power P,. It can be anticipated that increasing
P, increases the CCI interference on the DL transmission and then
Cprrp Will decrease. On the other hand, increasing P, will increase
Cy r|rp- This behavior can be verified from Fig. 2. However, it can
be seen that increasing P, causes a slight increase in Cyppp. This
response can be explained from (17) as increasing P, increases both

SThe results obtained in Preposition 5 indicate that the SI threshold is related
to a weighted difference between the MUI experienced in HD and FD. This
relation can be easily concluded because in order for FD to achieve better UL
capacity, the SI must be canceled in a way that compensates for the difference
between the MUI experienced in the two transmission modes.
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the UL signal power and the MUI power as well. Similarly, Fig. 3
validates the values of C‘D rigp and C‘U riazp derived in (21) and
(22), respectively. Furthermore, it can be verified that increasing Py
increases the value of the HD DL capacity. On the other hand, it will
have no impact on the value of the HD UL capacity.

Fig. 4 validates the value of N, and ¢ derived in (23). It shows
the variation C’D r|Fp With increasing the number of transmission
antennas Ny for different values of W(\,). It can be seen that, at
W(Au) = 1, which corresponds to the case in which there is no
CClI, C’DL|FD equals C’DL|HD at Ny = 253 which matches the value
calculated in (23). Similarly, in the case of W(\,) = 1/2, the value of
N, = 279 matches the value calculated in (23)°. However, in the case
of U(\,) = 1/6, which corresponds to the case in which ¢ > 302,
it can be noticed that CA’DL‘FD will be always smaller than C’DL|HD.
This result verifies the derived threshold for CCI expectation in (23).

Fig. 5 shows the variation of C’U rirp With SI cancellation for

OIncreasing the value of CCI will degrade the DL SINR which will require
increasing the transmission antennas in order to be able to compensate for that
degradation.
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different values of P;. The results shown validate the value of C*
derived in (26). In case of Py = 10W, the value of C* = 0.34
which matches the value calculated in (26). Additionally, decreasing
P, to 4W is expected to increase C’U r|rp and therefore the value of
C™ will be larger as the quality of SI cancellation can be decreased
for small values of P;. This behavior can be verified from Fig. 5,
as decreasing Py from 10W to 4W increases the value of C* from
0.34 to 0.85. However, further decrease in the value of P; will make
CU L|Fp always better than C’U r|u D, and hence no cancellation will
be required, i.e., C* = 1.

V. CONCLUSION

In this paper, we consider a single network with a single massive
MIMO base station that can operate either in full duplex or half duplex.
We analyze the asymptotic behavior of the network when the number
of BS antennas grows and investigate the necessary conditions under
which the network operates in full duplex mode to achieve a higher
capacity than the half duplex mode. It was shown that the full duplex
downlink rate exceeds that of half duplex only if the expected value of
the co-channel interference is below a certain value, and the number of
transmitting antennas are set above a certain threshold. Furthermore,

after setting the number of transmitting antennas, it is shown that the
uplink full duplex rate will exceed that of half duplex when the self-
interference cancellation is below a certain limit. Finally, we provide
the numerical analysis to validate the derived capacity bounds and the
required conditions for full duplex operation gains.

VI. ACKNOWLEDGMENT

Thanks to US NSF CPS-1646607, ECCS-1547201, CCF-1456921,
CNS-1443917, ECCS-1405121, and NSFC61428101

REFERENCES

[1] M. Duarte and A. Sabharwal, "Full-duplex wireless communications using
off-the-shelf radios: Feasibility and first results," in IEEE Conference
Record of the Forty Fourth Asilomar Conference on Signals, Systems and
Computers (ASILOMAR), Pacific Grove, CA, Nov. 2010, pp. 1558-1562.

[2] D. Bharadia, E. McMilin, and S. Katti, "Full duplex radios," in SIGCOMM,
Hong Kong, China, Aug. 2013, pp. 375-386.

[3] M. Jainy, J. I. Choiy, T. M. Kim, D. Bharadia, S. Seth, K. Srinivasan, P.
Levis, S. Katti, and P. Sinha, "Practical, real-time, full duplex wireless,"
in MobiCom, Las Vegas, NV, Sep. 2011, pp. 301-312.

[4] FE. Rusek, D. Persson, B. K. Lau, E. Larsson, T.L..Marzetta, O. Edfors, and
F. Tufvesson, "Scaling up MIMO: Opportunities and challenges with very
large arrays," IEEE Signal Processing Magazine, vol. 30, no. 1, pp. 40-60,
Jan. 2013.

[5] T. L. Marzetta, G. Caire, M. Debbah, 1. Chih-Lin, and S. K. Mohammed,
"Special issue on massive MIMO," Journal of Communications and
Networks, vol. 15, no. 4, pp. 333 - 337, Aug. 2013.

[6] J. Hoydis, K. Hosseini, S. ten Brink, and M. Debbah, "Making smart use
of excess antennas: Massive MIMO, small cells, and TDD," Bell Labs
Technical Journal, vol. 18, no. 2, pp. 5-21, Aug. 2013.

[7]1 L. Song, R. Wichman, Y. Li, , and Z. Han, Convex Optimization Full-
Duplex Communication. Cambridge University Press, UK, in print.

[8] R. Sultan, L. Song, K. G. Seddik, and Z. Han, "Users association in small
cell networks with massive MIMO," in 2016 International Conference on
Computing, Networking and Communications (ICNC). Kauai, HI: IEEE,
Feb. 2016.

[9] Y. Jang, K. Min, S. Park, and S. Choi, "Spatial resource utilization to
maximize uplink spectral efficiency in full-duplex massive MIMO," in
IEEE International Conference on Communications (ICC), London, UK,
Jun. 2015, pp. 1583-1588.

[10] K. Min, Y. Jang, S. Park, and S. Choi, "Antenna ratio for sum-rate
maximization in MU-MIMO with full-duplex large array BS," in IEEE
International Conference on Communications (ICC), London, UK, Jun.
2015, pp. 1589-1594.

[11] B. Yin, M. Wu, C. Studer, J. R. Cavallaro, and J. Lilleberg, "Full-duplex
in large-scale wireless systems," in IEEE Asilomar Conference on Signals,
Systems and Computers. Pacific Grove, CA: IEEE, Nov. 2013, pp. 1623-
1627.

[12] S. Goyal, P. Liu, S. S. Panwar, R. A. DiFazio, R. Yang, and E. Bala,
"Full duplex cellular systems: will doubling interference prevent doubling
capacity?" IEEE Communications Magazine, vol. 53, no. 5, pp. 121-127,
2015.

[13] R. K. Mungara and A. Lozano, "Interference surge in full-duplex wireless
systems," in 49th Asilomar Conference on Signals Systems and Computers,
Pacific Grove, CA, 2015, pp. 25-29.

[14] S. W.R. C. . M. D. . D. T. M. Slock, "Large system analysis of linear
precoding in correlated miso broadcast channels under limited feedback,"
IEEE Transactions on Information Theory, vol. 58, no. 7, pp. 4509 - 4537,
Mar. 2012.

[15] T. L. Marzetta, "Noncooperative cellular wireless with unlimited numbers
of base station antennas," IEEE Transactions on Wireless Communications,
vol. 9, no. 11, pp. 3590 - 3600, Oct. 2010.




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


