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Abstract—Best relay selection is a bandwidth efficient tech-
nique for multiple relay environments without compromising the
system performance. The problem of relay selection is more chal-
lenging in underlay cognitive networks due to strict interference
constraints to the primary users. Generally, relay selection is done
on the basis of maximum end-to-end signal to noise ratio (SNR).
However, it requires large amounts of channel state information
(CSI) at different network nodes. In this paper, we present and
analyze a reactive relay selection scheme in underlay cognitive
networks where the relays are operating with fixed gains near a
primary user. The system model minimizes the amount of CSI
required at different nodes and the destination selects the best
relay on the basis of maximum relay to destination SNR. We
derive close form expressions for the received SNR statistics,
outage probability, bit error probability and average channel
capacity of the system. Simulation results are also presented to
confirm the validity of the derived expressions.

I. INTRODUCTION

The fact that the licensed spectrum is used at a fraction of

its full capacity helped maturing the idea of cognitive radio

in which non-licensed or secondary users can opportunisti-

cally use the spectrum dedicated for the licensed or primary

users [1], [2]. Several approaches have been suggested in the

literature to access and share the primary spectrum with the

secondary users. Most commonly, secondary users sense and

detect the unused primary spectrum or a part of it, known

as spectrum hole, and use it until the primary user becomes

active [1]. This is known as interweave approach and does

not allow simultaneous in-band existence of both the users.

In overlay approach, secondary users can access the spectrum

being used by the primary user; however, the secondary users

should implement some interference avoidance techniques to

guarantee that the primary transmission is not affected. Sim-

ilarly, in underlay approach, both the primary and secondary

users can exist in the same band simultaneously but the

secondary users must strictly meet the interference threshold at

the primary user. This threshold limits the transmission power

of the secondary users and eventually their area of coverage. A

well known technique to reach distant users in case of limited

or weak coverage is cooperation through relays. Therefore, it is

highly expected that the nodes in underlay cognitive networks

would make use of cooperative relaying.
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08-152-2-043 from the Qatar National Research Fund (a member of Qatar
Foundation). The statements made herein are solely the responsibility of the
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The main purpose of cooperative relaying is to improve the

diversity order of the received signal at the destination. Higher

diversity orders can be achieved by seeking help from multiple

relays [3]. The use of multiple relays is spectrally inefficient

as, in most cases, they need to transmit on orthogonal channels.

However, this could be overcome by selecting the best relay

from the available ones based on a certain criterion [4].

Selective relaying is a well investigated topic in non-cognitive

networks [4], [5]. The most common criterion for selecting the

best relay in these networks is the end-to-end signal to noise

ratio (SNR) offered by a relay. However, the selective relaying

defines an entirely different problem in underlay cognitive

settings due to the stringent interference thresholds.

Recently, few papers studied selective relaying in cognitive

networks. A relay selection and channel allocation method is

discussed in [6]; however, it considers interweaved approach

and can not be adopted in underlay mode. A similar relay

selection and power allocation scheme with limited interfer-

ence to the primary users is proposed in [7] which is more

suited to underlay settings. In a multi-hop network, the same

problem can be defined as hop selection and a related scheme

is proposed in [8] which involves power control as well to

co-exist with the primary users. A modified relay selection

criterion is proposed in [9] which takes into account the inter-

ference constraint and the relays in the network are assumed

to be operating in decode-and-forward (DF) mode. Another

relay selection criterion is proposed in [10] which selects the

best relay under the constraint of satisfying a required outage

probability of the primary network. The outage probability

of the secondary network is derived where the relays are

operating in DF mode. A common denominator in all these

papers is that the secondary nodes are assumed to adapt their

transmission power in order to always satisfy the interference

constraint in underlay settings. However, this may not be the

case in every network and the secondary nodes may have

fixed transmission power. In this situation, depending upon

their locations and channel conditions, secondary nodes may

violate the interference constraint. A relay selection scheme in

an underlay cognitive network with fixed transmission power

nodes operating near a primary user is analyzed in [11]. This

scheme first excludes the relays from the selection process

which do not satisfy the interference constraint and then selects

the best relay based on maximum end-to-end SNR. The relays

need instantaneous channel state information (CSI) of the

source to relay links to adjust their amplification factors in
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order to generate fixed output power. Also, the decision about

the best relay is taken at the destination requiring the global

CSI knowledge which may not be practical in some cases.

In order to ease the CSI burden, we consider a system

where the relays operate in amplify-and-forward (AF) mode

with fixed gains. Hence, they do not need to know the

source to relay channel, but the output power of each relay is

different depending upon the strength of the received signal.

The destination performs reactive selection, i.e., selects the

best relay based on the maximum relay to destination SNR

which requires limited CSI at the destination.

II. SYSTEM MODEL

Our system model is comprised of a secondary source

S which is transmitting its signal to a secondary destina-

tion D with the help of L secondary relays represented by

Ri, i = 1, 2, · · · , L, in Fig. 1. This whole network is operating
in underlay mode near a primary user P . A traditional two

time slot communication procedure is followed in AF mode

with fixed gain relays. The source S with transmission power

Es broadcasts its signal in the first time slot. This signal is

received by the destination, all the relays and the primary

user with channel gains h0, h1i and hSP , respectively. We

assume that each relay is aware of the interference channel

hiP from itself to the primary user. The relays can gather

this information either when the primary user is transmitting

or when it is acknowledging any received signal. We also

assume that each hop in the system, either communication

or interference link, is subjected to additive white Gaussian

noise (AWGN) with zero mean and variance N0.

In AF mode, relays can amplify the received signal either by

using CSI based gain or fixed gain. Using CSI, each relay sets

its amplification factor to gi =
√

Er

Es|h1i|2+N0
to reciprocate

the first hop’s channel fading and transmit at a fixed output

power Er. As this needs instantaneous knowledge of CSI, we

assume that each relay amplifies the received signal with a

fixed gain g without knowing the CSI. Due to the fixed gains

at the relays, each of them transmits at a different power

depending upon the first hop’s channel gain. From the ith relay
to the destination, the channel gain is h2i which is known to

the destination.

Underlay cognitive networks are required to operate under

stringent interference limits which guarantees that the primary

network is not affected by the secondary communication. Let

λ be the interference threshold; however, for some relays the

interference channel may be strong enough that they would

not satisfy this threshold. We assume that such relays send a

single bit “yes or no” decision about satisfying the interference

threshold to the destination on a dedicated feedback channel.

Therefore, the destination excludes such relays from the group

it is going to pick the best relays, no matter what SNR they

could provide over the secondary relay link.

Let us assume that � relays out of L satisfy the interference

threshold. So, we define a set U which contains the indexes of

all the relays, another set A ⊆ U which contains the indexes of

the relays satisfying interference threshold whereas B = U−A
contains the remaining indexes.
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Fig. 1. System Model: A multi-relay cognitive network near a primary user.

Relay selection takes place in the second time slot and

the destination chooses the best one among � relays based

on maximum relay to destination SNR. The chosen best

relay then forwards the source’s message to the destination

in AF mode with fixed gain. This transmission is shown by

a bold arrow in Fig. 1. We assume that all the channels are

Rayleigh distributed and therefore their squared amplitudes

have exponential distributions.

The end-to-end SNR of the ith relayed link (secondary

SNR) can be given as

γi =
γ1iγ2i
C + γ2i

, (1)

where γ1i = Es|h1i|
2

N0
is the SNR of the first hop, γ2i =

Es|h2i|
2

N0
is the SNR of the second hop and C = Es

g2N0
.

The interference from the source and each relay to the

primary user over the two time slots can be given, respectively,

as

ISP = Es|hSP |2 and IiP = Esg
2|h1i|2|hiP |2. (2)

III. REACTIVE RELAY SELECTION SCHEME

Based on the above discussion, the reactive relay selection

scheme can be described mathematically as

î = max
i∈A

(γ2i) such that ISP , IiP < λ, (3)

where î is the index of the selected best relay.

It is important to note that if ISP > λ, the source would
refrain from starting the transmission and the proposed scheme

could not be analyzed. Since ISP is exponentially distributed,

the probability of this event is e
− λ

σSP , where σSP is the

average strength of the source to primary interference channel.

Hence, from the analysis point of view, we assume a situation

when ISP < λ. To simplify the analysis and reach some more
insightful results, we can assume that the average SNRs of

each S → Ri and Ri → D links are α and β, respectively.
Similarly, the average strengths of Ri → P links are σ.
Now, the probability density function (PDF) of the selected

link (Rî → D) SNR γs = maxi∈A γ2i among the � relays

satisfying the interference constraint is given by

pγs
(γ|�) = �

β
e−

γ
β

(
1− e−

γ
β

)�−1
. (4)

It is worthy to note that the value of � may vary from 0 to

L. There exists a non-zero probability that none of the relays
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could satisfy the interference constraint resulting in � = 0 and
the system would operate on the direct link only. A choice

in relay selection becomes available when � ≥ 2 whereas

maximal ratio combining (MRC) is possible at the destination

for � ≥ 1. As given in (2), IiP is a product of two independent

and non-identically distributed exponential random variables

whose cumulative distribution function (CDF) and PDF can

be given, respectively, as

PIiP
(y)=1−2

√
y

ασ
K1

(
2

√
y

ασ

)
and pIiP

(y)=
2

ασ
K0

(
2

√
y

ασ

)
,

(5)

where where K1(·) and K0(·) are the first and zero-order

modified Bessel function of the second kind, respectively.

Using the above, we can find out the probability Pλ of

satisfying the interference constraint by each relay. Hence, a

relay can become a candidate for the best one with probability

Pλ and could be excluded from the selection process with a

probability P̄λ = 1 − Pλ. With these probabilities, finding

� relays in the selection pool out of L suggests a binomial

distribution as follows

p�(�;L, Pλ) =

(
L

�

)
P �
λP̄

L−�
λ , (6)

where
(
L
�

)
= L!

�!(L−�)! .

Now, the unconditional but truncated PDF of γs can be

found by averaging (4) over (6), as given below

pγs
(γ) =

L∑
�=1

(
L

�

)
�P �

λP̄
L−�
λ

β
e−

γ
β

(
1− e−

γ
β

)�−1
. (7)

The above is a truncated PDF because � = 0 is not considered;
hence, excluding the probability that the system is operating

on the direct link only. This probability will be included in

the later derivation. To find out the PDF of the SNR at the

destination using the proposed reactive selection scheme, we

begin with the outage probability of the relay links. It is

defined as the probability of having the received SNR below

a certain threshold γth.

P î
out = Pr

[
γî < γth

]
= Pr

[ γ1iγs
C + γs

< γth

]
, (8)

where γî is the secondary SNR at the destination through the

selected best relay and P î
out is the outage due to the relay

links only without considering the direct link.

For a given γs, (8) can be evaluated over the PDF of γs in
(7) as in [12]

P î
out =

∫ ∞

0

Pr
[ γ1iγs
C + γs

< γth|γs
]
pγs

(γ)dγ =

L∑
�=1

(
L

�

)
�P �

λP̄
L−�
λ

β

×
∫ ∞

0

[
1−e−

γth
α

(1+C
γ
)
]
e−

γ
β

(
1−e−

γ
β

)�−1
dγ. (9)

Now, using [13, Eqs. (3.312.1), (8.384.1) and (3.324.1)] and

binomial expansion in the above, we get

P î
out =(1 − P̄L

λ )− 2

L∑
�=1

f(�, λ) e−
γth
α

�−1∑
n=0

(
�− 1

n

)
(−1)n

n+ 1

×
√

γthC(n+ 1)

αβ
K1

(
2

√
γthC(n+ 1)

αβ

)
, (10)

where f(�, λ) =
(
L
�

)
�P �

λP̄
L−�
λ .

The PDF of γî can be obtained by differentiating (10) with
respect to γth and some straightforward manipulations using

[13, Eq. (8.486.12)] as follows

pγî
(γ) =

2

α
e−

γ
α

L∑
�=1

f(�, λ)
�−1∑
n=0

(
�− 1

n

)
(−1)n

n+1

[√
γC(n+1)

αβ

×K1

(
2

√
γC(n+1)

αβ

)
+

C(n+1)

β
K0

(
2

√
γC(n+1)

αβ

)]
.

(11)

The destination combines the directly received signal and

the signal through the selected relay using MRC. Therefore,

the total SNR at the destination becomes γT = γ0+γî, where

γ0 = Es|h0|
2

N0
is the direct link SNR which is also exponentially

distributed with parameter γ0 representing the average SNR

of the direct link.

pγ0(γ) =
1

γ0

e
− γ

γ0 . (12)

Since γ0 and γî are mutually independent, the PDF of γT is

simply the convolution between (11) and (12).

pγT
(γ) =

∫ ∞

0

pγ0(γ − x)pγî
(x)dx. (13)

Solving (13) using [13, Eq. (6.643.3)] and simplifying through

[14, Eqs. (13.1.33), (13.6.28), (13.6.30) and (6.5.19)], we get

pγT
(γ) = e

− γ
γ0

L∑
�=1

f(�, λ)

�−1∑
n=0

(
�− 1

n

)
(−1)n

n+1

[
1

γ0 − α

− αC(n+ 1)

β(γ0 − α)2
e

γ0C(n+1)

β(γ0−α) E1

(γ0C(n+ 1)

β(γ0 − α)

)]
, (14)

where E1(·) is the exponential integral function defined in [14,
Eq. (5.1.1)].

The CDF of the received SNR at the destination can be

obtained by integrating (14) as follows

PγT
(γ)= γ0(1−e−

γ
γ0 )

L∑
�=1

f(�, λ)

�−1∑
n=0

(
�−1

n

)
(−1)n

n+1
×[

1

γ0 − α
− αC(n + 1)

β(γ0 − α)2
e

γ0C(n+1)

β(γ0−α) E1

{
γ0C(n+ 1)

β(γ0 − α)

}]
.

(15)

IV. PERFORMANCE ANALYSIS

A. Outage Probability

According to the conventional definition of outage proba-

bility, it represents the probability of having the received SNR

below a certain threshold. Hence, the outage probability could

be directly derived through the CDF of the total SNR by

replacing γ = γth, where γth is the outage threshold SNR.

The CDF of the total SNR in (15) is for the situation when at

least one relay satisfies the interference constraint. However,

as mentioned earlier, it is possible that none of the relays

satisfies the constraint and the destination receives the direct

signal only. The probability of this event is Pr[� = 0] =
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(1 − Pλ)
L = P̄L

λ . Furthermore, the probability of having the

SNR less than γth with the direct signal only is (1 − e
γth
γ0 ).

Hence, the outage probability of the system becomes

Pout = PγT
(γth) + P̄L

λ (1 − e
γth
γ0 ). (16)

B. Average Bit Error Probability

In order to find the average bit error probability, we first

express the error probability conditioned over a given SNR in

AWGN. This could be written terms of standard Q function

which could then be averaged over the derived total SNR PDF.

We assume that the modulation scheme used in the network

is linear in nature.

Pe = Pr[� = 0]

∫ ∞

0

Pe(ε|γ0)pγ0(γ)dγ︸ ︷︷ ︸
Direct link only

+

∫ ∞

0

Pe(ε|γT )pγT
(γ)dγ︸ ︷︷ ︸

Direct and best relay links

,

(17)

where Pe(ε|γ) = Q(
√
ηγ) and η is a constant depending upon

the modulation scheme.

Instead of using PDF, we apply the technique given in [15]

to evaluate Pe using the derived CDF.∫ ∞

0

Pe(ε|γ)pγ(γ)dγ =
1√
2π

∫ ∞

0

Pγ

( t2
η

)
e−

t2

2 dt. (18)

Replacing (15) and the CDF of the direct link SNR in (18)

and solving using [13, Eq. (3.321.3)], we obtain the average

probability of bit error for the proposed scheme as

Pe=
1

2

(
1−

√
ηγ0

2+ηγ0

)[
P̄L
λ + γ0

L∑
�=1

f(�, λ)
�−1∑
n=0

(
�−1

n

)
(−1)n

n+1

×
[

1

γ0 − α
− αC(n + 1)

β(γ0 − α)2
e

γ0C(n+1)

β(γ0−α) E1

{
γ0C(n+ 1)

β(γ0 − α)

}]]
.

(19)

C. Average Channel Capacity

The channel capacity of the system model considered here

is slightly different from the classical Shannon’s definition,

C = B log2(1+SNR), where B is the signal bandwidth. The

reason for this difference is due to the fact that the information

is conveyed to the destination in two time slots. Therefore,

the channel capacity of this system is actually half of the
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Shannon’s capacity. Therefore, the average channel capacity

can be given as

C=
B

2

[∫ ∞

0

log2(1+γT )pγT
(γ)dγ+P̄L

λ

∫ ∞

0

log2(1+γ0)pγ0(γ)dγ
]
.

(20)

Replacing (12) and (14) in (20) and solving using [13, Eqs.

(4.337.1 or 2)] and [14, Eq. (5.1.7)], we get

C=
B

2 ln 2
e

1
γ0 E1

(
1/γ0

)[
P̄L
λ + γ0

L∑
�=1

f(�, λ)

�−1∑
n=0

(
�− 1

n

)
(−1)n

n+1

×
[

1

γ0 − α
− αC(n+ 1)

β(γ0 − α)2
e

γ0C(n+1)

β(γ0−α) E1

(γ0C(n+ 1)

β(γ0 − α)

)]]
.

(21)

V. SIMULATION RESULTS

Simulation results are obtained by varying the average SNR

of the direct link γ0 whereas the average SNRs of the first

and the second hops are set at α = 1.8γ0 and β = 1.3γ0,

respectively. The interfering channels are generated with pa-

rameter σ = 0.8γ0. The noise in each hop is considered to

be unit variance AWGN with zero mean. The transmission

power at the source is also assumed to be Es = 1 while

the amplification gain at each relay is g = 1. Binary phase

shift keying (BPSK) with η = 2 is used as the modulation

technique. System configurations with different number of

relays are compared with equal power conditions.

The outage probability of the system is shown in Fig. 2 with

γth = 1 and λ = 10. The top most curve is plotted for λ → 0
and no relay could satisfy such interference constraint. Hence,

the system operates on the direct link only. The remaining

curves are for L = 1, 2, and 3, respectively. The performance
of selective relaying on the basis of end-to-end SNR is also

shown for comparison only. The outage probability curves are

different from the traditional ones. At low SNR, all the relays

in the system could satisfy the interference constraint (� = L)
and the system works with a diversity order of L+ 1. As the
SNR increases, with fixed gains and no transmission power

control at the relays, interference to the primary user also

increases. In this situation, some relays could not satisfy λ and

hence excluded from the selection process (� < L), resulting
in reduced diversity order of the system. Eventually, at high
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SNR, none of the relays could meet the interference constraint

and the system operates on the direct link only. Hence, all

the curves merge into the direct link curve at high SNR.

Simulation and analytical results are in perfect agreement.

Fig. 3 depicts the bit error probability (BER) of the system

with the same configurations. Similar trends could be observed

due to the same reasons as mentioned above. It is evident that

there exists an optimum SNR after which the performance

start to degrade. Hence, these curves can help in choosing the

number of relays required to maintain a specific BER at a cer-

tain value of λ. The system can operate normally in extended

SNR regions with higher number of relays. Analytical results

are again closely verified through the simulation results.

The system performance is also affected by the interference

tolerance i.e. λ at the primary user. Fig. 4 explains the

variations in the BER performance with three relays due to

different values of λ. As the interference constraint is relaxed
or increased, relays with relatively stronger interference chan-

nels could be accommodated in the selection process and the

diversity order of the system remains L+ 1 at comparatively

higher SNRs. Hence, the optimum operating SNR moves

gradually forward.

Average channel capacity of the system is presented in Fig.

5. The bottom curve shows the minimum capacity with the

direct link only. The channel capacity gradually increases with

the number of relays. However, a slight decrease can be seen

after a certain SNR in each case, which again results from

decreasing diversity order of the system due to interference

constraint violation.

VI. CONCLUSION

We proposed and analyzed a reactive relay selection scheme

for an underlay cognitive network operating near a primary

user. The system settings were defined in a way to minimize

the amount of CSI required at each node. The destination

which made the selection decision only needed the CSI of

second hops in the relay links. The relays were equipped with

fixed gains and do not need first hop CSI. We derived the

necessary statistics of the received SNR at the destination

in closed form and used it to evaluate important system

performance parameters. Analysis revealed that with fixed gain

relays in underlay cognitive networks, the relay selection is
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feasible at only low SNR. The derived analytical results were

verified through simulations.

REFERENCES

[1] A. Goldsmith, S. A. Jafar, I. Maric, and S. Srinivasa, “Breaking spectrum
gridlock with cognitive radios: An information theoretic perspective”,
Proceedings of the IEEE, Vol. 97, No. 5, pp. 894 - 914, May 2009.

[2] S. Haykin, “Cognitive radio: Brain-empowered wireless communica-
tions, IEEE J. Sel. Areas Commun., Vol. 23, No. 2, pp. 201-220, 2005.

[3] P. A. Anghel and M. Kaveh, “Exact symbol error probability of a
cooperative network in a Rayleigh fading environment”, IEEE Trans.
on Wireless Comm., Vol. 3, No. 5, pp. 1416-1421, Sep. 2004.

[4] A. Bletsas, A. Khisti, D. P. Reed and A. Lippman, “A simple cooperative
diversity method based on netwrok path selection”, IEEE J. Sel. Areas
Commun., Vol. 24, No. 3, pp.659-672, Mar. 2006.

[5] A. S. Ibrahim, A. K. Sadek, W. Su and K. J. R. Liu, “Cooperative
communications with relay selection: When to cooperate and whom to
cooperate with ?”, IEEE Trans. Wireless. Comm., Vol. 7, No. 7, pp.
2814-2827, Jul. 2008.

[6] J. Jia, J. Zhang and Q. Zhang, “Cooperative relay for cognitive radio
networks”, in proc. IEEE International Conference on Computer Com-
munications (INFOCOM), pp. 2304-2312, Rio de Janeiro, Brazil, Apr.
2009.

[7] L. Li, X. Zhou, H. Xu, G. Y. Li, D. Wang and A. Soong, “Simplified
relay selection and power allocation in cooperative cognitive radio
systems”, IEEE Trans. on Wireless Comm., Vol. 10, No. 1, pp. 33-36,
Jan. 2011.

[8] L. Ruan and V. K. N. Lau, “Decentralized dynamic hop selection and
power control in cognitive multi-hop relay systems”, IEEE Trans. on
Wireless. Comm. , Vol. 9, No. 10, pp. 3024-3030, Oct. 2010.

[9] J. Lee, H. Wang, J. G. Andrews and D. Hong, “Outage probability of
cognitive relay networks with interference constraints”, IEEE Trans. on
Wireless Comm., Vol. 10, No. 2, pp. 390-395, Feb. 2011.

[10] Y. Zou, J. Zhu, B. Zheng and Y. -D. Yao, “An adaptive cooperation
diversity scheme with best-relay selection in cognitive radio networks”,
IEEE Tran. on Sig. Pross., Vol. 58, No. 10, pp. 5438-5445, Oct. 2010.

[11] S. I. Hussain, M. M. Abdallah, M.-S. Alouini, M. O. Hasna, K. Qaraqe,
“Performance analysis of selective cooperation in underlay cognitive
networks over Rayleigh channels”, in proc. IEEE Int. Workshop on
Sig. Proc. Advances in Wireless Comm. (SPAWC), pp. 111-115, San
Francisco, USA, Jun. 2011.

[12] M. O. Hasna and M.-S. Alouini, “A performance study of dual-hop
transmissions with fixed gain relays”, IEEE Tran. Wireless Comm.. Vol.
3, No. 6, pp. 1963-1968, Nov. 2004.

[13] Gradshteyn and Ryzhik, “Table of Integrals, Series and Products”, 5th

Ed., New York: Academic, 1994.
[14] M. Abramovitz and I.A. Stegun, “Handbook of Mathematical Functions

with Formulas, Graphs and Mathematical Tables”, 9th Ed., New York:
Dover, 1972.

[15] Y. Zhao, R. Adve and T. J. Lim, “Symbol error rate of selection amplify-
and-forward relay systems”, IEEE Comm. Lett., Vol. 10, No. 11, pp.
757-759, Nov. 2006.

1788



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /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 1
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


