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Aggregate Interference Analysis for Underlay Cognitive Radio Networks
Sachitha Kusaladharma and Chintha Tellambura, Fellow, IEEE

Abstract—This paper investigates the aggregate interference
on a primary user caused by a random number of cognitive
radio transmitters distributed in a finite ring. A composite
model involving path loss, Rayleigh fading, and shadowing is
considered. The exact closed-form moment generating function
and an accurate approximation are derived. The aggregate
interference is shown to be accurately approximated by a Gamma
distribution. The exact outage and an asymptotic approximation
are derived.

Index Terms—Cognitive radio, aggregate interference, shad-
owing, outage probability.

I. INTRODUCTION

IN cognitive radio (CR), desired for the efficient utilization
of the available frequency spectrum, secondary users op-

portunistically access the underutilized frequency spectrum of
licensed primary users. In the underlay cognitive set-up [1], the
secondary users must ensure that their aggregate interference
on the primary user is minimal in order to guarantee a certain
quality of service.

Therefore, the modelling of the aggregate interference at
the primary receiver (PR) is critical to characterize perfor-
mance degradation. The aggregate interference is random and
depends on several factors such as channel parameters, the
spatial distribution of the CRs, activity factors, and power con-
trol. The statistics of the aggregate interference have received
much attention recently. Reference [2] analyses the average
aggregate interference when transmission constraints among
CRs are considered, while [3] analyses the capacity-outage
of a CR network due to aggregate interference. Reference [4]
shows that under certain conditions, the aggregate interference
is not lognormal. In reference [5], the authors suggest that
the aggregate interference can be modelled as the sum of
a normal random variable and a lognormal random variable.
Reference [6] considers different activity models for the CRs
and obtains the cumulants of the aggregate interference by
using Campbell’s theorem. Reference [7] derives the moment
generating function (MGF) of the combined interference with-
out shadowing for a number of different path loss exponent
values.

This paper’s objective is to provide a unified analysis of the
aggregate interference. Some previous works do not consider
one or more of shadowing, path loss or fading. Others either
do not have closed-form results or lack results for arbitrary
path loss exponent values.

In this paper, we consider the interfering CRs evenly
distributed according to a Poisson point process in a finite
ring-shaped area around the PR (Fig. 1). These interfering
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Fig. 1: CRs are distributed in the shaded region around the
PR.

signals are assumed to undergo shadowing, path loss (arbitrary
exponents), and Rayleigh fading. The exact closed-form MGF
of the aggregate interference and an accurate approximation
are derived. Through first- and second-order moment match-
ing, we show that the aggregate interference can be accurately
modelled as Gamma distributed. A closed-form expression
for the outage and an asymptotic performance analysis are
provided. The effect of shadowing is significantly lower at
higher path loss exponent values, as shown by our numerical
results.

Notations: Γ(x, a) =
∫∞
a

tx−1e−tdt and Γ(x) = Γ(x, 0),
2F1(, ; ; ) and 2F2(, ; ; ) are the Gauss [8, (eq. 9.10)] and gen-
eralized Hypergeometric functions [8, (eq. 9.14)], respectively.
Kν(·) is the modified Bessel function of the second kind [8,
(eq. 8.407)], fX(·) is the probability density function (PDF),
FX(·) is the cumulative distribution function (CDF), MX(·)
is the MGF, and EX [·] denotes expectation with respect to X .

II. SYSTEM MODEL

Suppose the CRs are distributed in an annular area
encircling the PR (Fig. 1), with an inner radius (guard
distance) of RG and an outer radius of RE . The guard
distance ensures a minimum performance on the PR. The
interference from the CR nodes beyond RE is assumed to
be negligible due to path loss. The primary transmitter (PT)
to PR distance is denoted as R . The number of CRs N ,
which are distributed uniformly according to a Poisson point
process [9], has the distribution

P (N = n) =
(βAI)

n

n!
e−βAI , n = 0, . . . (1)

where β is the CR density, and AI = π(R2
E − R2

G) is
the total area encompassing the CRs. Not all CRs may be
active at a given time, and some may be inhibited from
transmitting due to interference between the CRs themselves.
This system is modelled as a thinned Poisson point process
with a density papkβ, where pa and pk model the activity
and inhibition factors, respectively [10]. Therefore, without
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the loss of generality, we will take the CR density to be β.
An ad-hoc network of CRs where all the nodes present engage
in transmission is assumed. We do not consider any medium
access protocol for the CRs. In such a case, our analysis would
be a worst-case upper bound for the aggregate interference and
outage.
The total interference power received at the PR is

I =

N∑
i=1

Ii, (2)

where Ii is the interference caused by the i-th CR, and N is
the number of CRs. The interference power Ii is given by

Ii = Psri
−αXi, (3)

where Ps is the power level of a CR, and ri is the distance
between the i-th CR and PR. Ps is a constant, and no
power control occurs. Xi characterizes the composite effects
of small-scale fading and shadowing. With Rayleigh fading
and Gamma shadowing, the PDF of Xi is obtained as [11]

fXi(x) =
2

Γ(λ)

(
b

2

)1+λ

x
1+λ
2 Kλ−1

(
b
√
x
)
, (4)

which is the Generalized-K distribution, where b = 2
√

λ
Ωs

.

It has been shown in [11] that Ωs =
√

λ+1
λ , and λ = 1

eσ2−1
,

where σ2 is the variance of corresponding log-normal shad-
owing. When expressed in the decibel scale, σdB = 8.686 σ.
Gamma shadowing is considered due to the mathematical in-
tractability of conducting further analysis with the log-normal
PDF. Apart from the lower tail region, the two distributions
show a close match.

III. INTERFERENCE STATISTICS

In this section, the exact MGF of the aggregate interference,
an approximate MGF, and a Gamma approximation to the
aggregate interference are derived.

A. MGF of the aggregate interference

Let M i
I(s) be the MGF of the i-th interferer (i = 1 . . . N ).

M i
I(s) = EXi,ri [e

−sIi ] = EXi [Eri [e
−sIi ]] (5)

The PDF of ri can be written as

fR(ri) =

{
2πri
AI

, RG < ri < RE

0 , otherwise
. (6)

By averaging e−sIi using the the PDF of interferer distance
(6), and the composite fading model (4), the MGF of the
interference from the i-th CR is derived as

M i
I(s)=

π (Pss)
2
α−2

b−
4
α−2

(−1)λ+
2
α 4α2(1 + α)Γ(λ)AI

(Q(RE)−Q(RG)) , (7)

where Q(R) is defined in (8). Due to the complexity of
(7), it is desirable to find an accurate approximation. To
this end, the Gamma approximation to the generalized-K
distribution suggested in [12] may be used, where the scale and
shape parameters θ and k are

(
2(λ+1)

λ − 1
)
Ωs and 1

2(λ+1)
λ −1

,

respectively. Using this approximation, we get M i
I,approx(s)
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Fig. 2: The CDF of the aggregate interference and the Gamma
approximation for different values of β under Ps = 30 dB ,
RG = 15 , RE = 100 , α = 2 and no shadowing.

(9), where I(x) = 2F1(k, k + 2/α; 1 + k + 2/α;−x).
Because each interferer is independent, the MGF of I given
N can be written as MI/N (s) =

(
M i

I(s)
)N

. By averaging
MI/N (s) over the probability distribution (1), we find

MI(s) = eβAI(M
i
I(s)−1). (11)

B. Approximating the aggregate interference

The first- and second-order statistics of the aggregate inter-
ference are important performance means. E[I], the expected
value of the interference is βAIE[Ii]. It can be shown that

E[I] = 2πPsβ
√
eσ2

(
R2−α

E −R2−α
G

2− α

)
. (12)

The variance can be found out to be

V ar[I] = πβP 2
s kθ

2(1 + k)

(
R2−2α

E −R2−2α
G

1− α

)
. (13)

These 1st and 2nd moments can be matched with the respec-
tive moments of a Gamma distribution to obtain a simple
approximation for the aggregate interference. The shape pa-
rameter and the scale parameter of the Gamma approximation
can be found out to be (E[I])2

V ar[I] , and V ar[I]
E[I] respectively. Fig.

2 shows the CDF of the simulated aggregate interference,
and the CDF of the Gamma equivalent aggregate interference.
This figure reveals the aggregate interference roughly follows
a skewed alpha-stable distribution [13], where the skewness
parameter reduces as β is increased. The two curves show a
tight fit for both large and small β values, and the Gamma
approximation of the aggregate interference at the PR is
accurate.

IV. PERFORMANCE ANALYSIS

This section derives the outage probability, the asymptotic
outage and the diversity/coding gains.

A. Receiver SINR characteristics

Here, we derive the CDF and the PDF . The SINR γ at the
PR can be written as

γ =
PpR

−αY

I + σ2
n

, (14)
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Q(R) =
b4+

4
α (−1)

2
α+λα2Γ(λ− 1)R2α+2

(Pss)
2
α

2F2

(
2, 2 +

2

α
; 3 +

2

α
, 2− λ;

Rαb2

4Pss

)
+
25+

4
α (Pss)

2
(1 + α)π

sin(πλ)

×
(
(2 + α)Γ(1 + λ+

2

α
) + α

(
λΓ(1 + λ+

2

α
,−Rαb2

4Pss
)− Γ(2 + λ+

2

α
,−Rαb2

4Pss
)

))
(8)

M i
I,approx(s) =

1

2 + kα

(
2π

AIθk

)(
Rαk+2

E

(Pss)k
I

(
Rα

E

Pssθ

)
− Rαk+2

G

(Pss)k
I

(
Rα

G

Pssθ

))
(9)

fγ(x) =

(
A− BV

x

(
H
(
k + 2

α

)
(Ux+ J)k

− I

(
J

Ux

)
+

Hk

(Ux)k
I

(
J

Ux

)
− F

(
k + 2

α

)
(Ux+G)k

+ I

(
G

Ux

)
− Gk

(Ux)k
I

(
G

Ux

)))

× e

(
−B−Ax+BV

(
F

(Ux)k I
(

G
Ux

)− H
(Ux)k I

(
J
Ux

)))
(10)

where Pp is the power level of the PT, σ2
n is the noise variance,

and Y is the channel gain between the primary transmitter and
receiver. We only consider the case where the primary signals
undergo path loss and Rayleigh fading due to the mathematical
complexity of analyzing for other cases. Then, Y is a unit
exponential PDF with fY (y) = e−y for y > 0. The variables
Y and I are independent, and the CDF of γ is

Fγ/I(x) = P

(
PpR

−αY

I + σ2
n

≤ x

)
= P

(
Y ≤ x(I + σ2

n)

PpR−α

)

= 1− e

(
−x(I+σ2

n)

PpR−α

)
. (15)

Averaging with respect to I , we get

Fγ(x) = 1− e

(
− xσ2

n
PpR−α

)
MI

(
x

PpR−α

)
. (16)

The PDF fγ(x) can be obtained as equation (10), where A =
σ2
n

PpR−α , B = βAI , U = 1
PpR−α , V = 1

2+kα

(
2

AIθk

)
, F =

Rαk+2
E

Pk
s

, G =
−Rα

E

Psθ
, H =

Rαk+2
G

Pk
s

and J =
−Rα

G

Psθ
.

B. Asymptotic Outage

Since the outage probability (16) is complicated, a mathe-
matically tractable asymptotic expression is useful. Our aim
here is to obtain the outage probability when Pp

T is signifi-
cantly larger than Ps and σ2

n. By expanding I(Cx), we can
obtain

I(Cx) = 2 + αk

2xkCk
+

k(2 + αk)

xk+1Ck+1(α− 2)
+O

(
1

xk+2

)
, (17)

where C is a constant. Thus, by using equation (17), for the
expression of the MGF (9) in equation (16), and with some
algebraic manipulations, the CDF for high Pp

T with respect to
the noise and interference can be obtained as

FγAsy (x) =1−e

(
− xσ2

n
PpR−α

)
e

2βπθkRα

α−2
Ps
Pp
(R2−α

E −R2−α
G )x. (18)

For small x, ex can be written as 1 + x. Therefore, (18) can
be approximated by

FγAsy (x) = 1−
(
1− xσ2

n

PpR−α

)

×
(
1 +

2βπθkRα

α− 2

Ps

Pp

(
R2−α

E −R2−α
G

)
x

)
. (19)

Defining A =
σ2
n

R−α and B = 2βπθkRα

α−2 Ps

(
R2−α

E −R2−α
G

)
, we

get

FγAsy (x) = 1−
(
1−A x

Pp

)(
1 + B x

Pp

)

≈ (A− B) x

Pp
, (20)

which is the asymptotic CDF.

C. Diversity Gain and Coding Gain

The diversity gain and coding gain fully characterize the
asymptotic performance of a system. The outage probability
at high SINR can be written as Pout(γ) ≈ (Gcγ)

−Gd , where
Gc is the coding gain and Gd is the diversity gain. The
outage probability is the same as the CDF with x replaced
by the threshold level T . Increasing the SINR is analogous to
increasing Pp while having a constant σ and Ps. Therefore,
Pout becomes

Pout ≈
(

1

(A− B)Pnorm

)−1

, (21)

where Pnorm =
Pp

T is the normalized PT transmit power with
respect to the threshold.
From (21), we observe that Gd = 1 and Gc =

1
(A−B)T .

V. NUMERICAL RESULTS

In this section, we show the exact and asymptotic character-
istics of the outage probability with the variation of Pnorm (
Pp

T ), Ps and β under differing conditions. A Gamma shad-
owing environment has been considered for the simulation,
and M i

I,approx has been used for our theoretical calculations.
When σ → 0, we have the situation where shadowing is
negligible. In Fig. 3, we plot the outage probability with
respect to both PP and Ps for fixed values of R, RG, RE and a
noise variance σ2

n = 1. We use free space propagation (α = 2),
shadowing index σ = 2, and the interferer density β = 0.0001.
The outage probability decreases slowly at high Ps and,
approaches the noise limited scenario for low Ps values. Even
if Pp is increased, if Ps increases correspondingly, the outage
probability remains unchanged.

Fig. 4 shows the exact and the asymptotic outage probability
with respect to Pnorm for differing values of σ and α. At high
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Fig. 3: The outage probability vs Pp and Ps, under T = 1,
α = 2, σ = 2, σ2

n = 1, β = 0.0001, R = 30, RG = 15 ,
RE = 100
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Fig. 4: The exact and asymptotic outage probability vs the
normalized transmit power Pnorm, for different values of σ
and α under σ2

n = 1, β = 0.0001, Ps = 30dB , R = 30,
RG = 15, RE = 100 .

Pnorm, the asymptotic curves are a perfect match to the exact
outage plots. An important observation is that at this value of
β, when α increases, shadowing has little effect on the outage.
When the path loss exponent is 4, the plots for both σ values
show little difference; however, under free space propagation,
the plots vary significantly for the two different σ values. This
result is consistent with the derivation obtained earlier in (21).
For the values for RG, RE and R that we selected, the outage
probability increases with α. If R << RG, a higher α will
ensure a lower outage probability.

Fig. 5 compares the outage probability when the interferer
density β varies, for different values of α and σ. This figure
shows that the effect of σ on environments with different α
depends on the value of β. When the number of CRs increase
to very high values, Pout approaches 1, while at low β values,
Pout is governed primarily by noise. It is interesting to note
that at high β values, the effect of α on the outage probability
is minimal.

VI. CONCLUSION

This paper investigated the aggregate interference at the pri-
mary receiver from CRs distributed in a finite ring encircling
the exclusion zone. A Poisson point process of CRs and a
composite fading model with the Generalized-K distribution
were considered. The exact MGF and approximate MGF of
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Fig. 5: The outage probability vs interferer density (β) for
different values of σ and α under Ps = 30 dB , Pp = 70 dB ,
R = 30, RG = 15 , RE = 100 .

the aggregate interference at the PR were derived. These are
valid for arbitrary path loss exponent values. We also showed
that the aggregate interference is approximately Gamma dis-
tributed. The exact and asymptotic outage probabilities of the
PR were derived. Our numerical results confirmed the analysis
and showed that the effect of shadowing is significantly lower
with higher path loss exponent values.

REFERENCES

[1] S. Srinivasa and S. Jafar, “Cognitive radios for dynamic spectrum
access—the throughput potential of cognitive radio: a theoretical per-
spective,” IEEE Commun. Mag., vol. 45, no. 5, pp. 73–79, May 2007.

[2] M. J. Rahman and X. Wang, “Probabilistic analysis of mutual in-
terference in cognitive radio communications,” in Proc. 2011 IEEE
GLOBECOM, pp. 1–5.

[3] M. Derakhshani and T. Le-Ngoc, “Aggregate interference and capacity-
outage analysis in a cognitive radio network,” IEEE Trans. Veh. Technol.,
vol. 61, no. 1, pp. 196–207, Jan. 2012.

[4] M. Hanif, M. Shafi, P. Smith, and P. Dmochowski, “Interference and
deployment issues for cognitive radio systems in shadowing environ-
ments,” in Proc. 2009 IEEE ICC, pp. 1–6.

[5] A. Babaei and B. Jabbari, “Interference modeling and avoidance in
spectrum underlay cognitive wireless networks,” in Proc. 2010 IEEE
ICC, pp. 1–5.

[6] A. Rabbachin, T. Q. S. Quek, H. Shin, and M. Z. Win, “Cognitive
network interference,” IEEE J. Sel. Areas Commun., vol. 29, no. 2, pp.
480–493, Feb. 2011.

[7] L. Vijayandran, P. Dharmawansa, T. Ekman, and C. Tellambura, “Anal-
ysis of aggregate interference and primary system performance in finite
area cognitive radio networks,” IEEE Trans. Commun., vol. PP, no. 99,
pp. 1–12, 2012.

[8] I. Gradshteyn and I. Ryzhik, Table of Integrals, Series, and Products,
7th edition. Academic Press, 2007.

[9] P. C. Pinto and M. Z. Win, “Communication in a Poisson field of
interferers—part I: interference distribution and error probability,” IEEE
Trans. Wireless Commun., vol. 9, no. 7, pp. 2176–2186, July 2010.

[10] A. Ghasemi and E. Sousa, “Interference aggregation in spectrum-sensing
cognitive wireless networks,” IEEE J. Sel. Areas Commun., vol. 2, no. 1,
pp. 41–56, Feb. 2008.

[11] I. Kostic, “Analytical approach to performance analysis for channel
subject to shadowing and fading,” IEEE Proc. Commun., vol. 152, no. 6,
pp. 821–827, Dec. 2005.

[12] S. Al-Ahmadi and H. Yanikomeroglu, “On the approximation of the
generalized-K distribution by a gamma distribution for modeling com-
posite fading channels,” IEEE Trans. Wireless Commun., vol. 9, no. 2,
pp. 706–713, Feb. 2010.

[13] X. Hong, C.-X. Wang, and J. Thompson, “Interference modeling of
cognitive radio networks,” in Proc. 2008 IEEE VTC – Spring, pp. 1851–
1855.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /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
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


