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Abstract— In this contribution, the performance of a Dis-
tributed Self-Concatenated Convolutional Coding (DSECCC)
scheme is analyzed by using Iterative Decoding (ID) for cooper-
ative communications (CC) with the aid of relay selection (RS)
and power allocation (PA). In the RS based DSECCC-ID scheme,
where the transmit Signal to Noise power Ratio (SNR) is equal
for both source and relay, we can achieve the minimum value of
the required SNR at both destination and relay simultaneously
by choosing a relay at an appropriate geographical location. By
contrast, in the PA based DSECCC-ID scheme, where the position
of the relay is in the middle, minimum required transmit SNRs
are used both at the source and the relay. These schemes are
analyzed with the help of binary Extrinsic Information Transfer
(EXIT) charts. From our simulation results, we found that the RS
based DSECCC-ID scheme outperforms the PA based DSECCC-
ID scheme.

I. INTRODUCTION

Future wireless communication systems must support ex-
cessively high data rates for wireless internet and other mul-
timedia services at a given limited bandwidth and power.
Therefore, the demand for bandwidth efficient transceivers is
increasing day by day [1]. In order to support higher data rates,
Multiple-Input Multiple-Output (MIMO) techniques can be
utilized [2]. However, for a pocket sized mobile device, there is
limited antenna spacing, which results in signal’s correlation.
So, MIMO system cannot be implemented efficiently in such
small sized systems [3]. CC [4] can be used as an alternative
to MIMO for pocket sized mobiles, since it not only eliminates
the correlation but also achieves MIMO like diversity gain. CC
is defined as a type of communication system that allows the
source to route data towards destination through a relay placed
between the destination and the source [5]. The most common
CC types are Amplify-and-Forward (AF) and Decode-and-
Forward (DF). In order to avoid enhancement of noise in
AF scheme and to mitigate the propagation of error in the
DF scheme, an effective channel code is required [5], [6].
Distributed Coding (DC) [7] is a special type of coding
in which there is a joint design of coding between source
and relay. With the help of iterative detection at relay and
destination, DC schemes can approach the achievable capacity
of the relay channel. Many DC schemes have been pro-
posed for CC in literature, such as, Distributed Turbo Trellis
Coded Modulation [8], Distributed Low Density Parity Check
Codes [9, 10], Distributed Turbo Codes [11–14], Distributed
Space-Time Codes [15–18], Distributed Self-Concatenated

Convolutional Codes using Iterative Decoding (DSECCC-
ID) [19], Distributed Rateless Codes [20] and Distributed Soft
Coding [21].

In addition to that, relay node selection based on high
quality links between source to relay and relay to destination
have been shown to enhance the efficiency of power in relay
network [22], [23]. EXIT chart [24] analysis is one of the best
tools to analyze iterative decoding schemes and to predict the
minimum required receive SNR for very low value of BER
without consuming time in performing bit-by-bit decoding.
DSECCC-ID scheme for half duplex relay aided cooperative
communications using EXIT chart analysis was investigated
in [19].

In this contribution, the DSECCC-ID scheme that was
presented in [19] is extended by applying relay node selection
(RS) and power allocation (PA) mechanism [22], [25–27]. We
found that:

1) The realistic case of RS-DSECCC-ID scheme is 0.72
dB better, while the PA-DSECCC-ID scheme is 0.11 dB
better than the DSECCC-ID scheme of [19].

2) The RS-DSECCC-ID scheme is 1.28 dB away, while
the PA-DSECCC-ID scheme is 1.4 dB away from their
respective channel capacity related SNR limits.

Hence, the proposed RS-DSECCC-ID schemes and PA-
DSECCC-ID schemes outperform the DSECCC-ID scheme
of [19] and operate closer to their channel capacity related
SNR limits.

The rest of the paper is organized in the following way:
The system model is presented in Section II, while Section III
describes the RS-DSECCC-ID and PA-DSECCC-ID schemes
as well as their corresponding EXIT charts and relay channel
capacity investigations. In Section IV, simulation results are
presented and paper is concluded in Section V.

II. SYSTEM MODEL

Our system model consists of a source (𝑆), a relay (𝑅)
and a destination (𝐷) nodes, as presented in Fig. 1. It is a
two-hop half duplex DF CC system, employing Time Division
Multiple Access (TDMA) protocol. 𝑆 transmits the frame of
encoded symbols {𝑥𝑠} to 𝑅 and 𝐷 during the transmission
period 𝑇1. 𝑅 first decodes the received symbols and then
passes them to the encoder. After re-encoding, 𝑅 forwards the
encoded symbols {𝑥𝑟} to 𝐷 during the transmission period,
𝑇2. Our system suffers from the free-space path loss and
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Fig. 1. System Model of our CC system [19].

the uncorrelated Rayleigh fading effects [4]. In Fig. 1, the
notations 𝑆𝑠𝑑, 𝑆𝑠𝑟 and 𝑆𝑟𝑑 denote the 𝑆-𝐷, 𝑆-𝑅 and 𝑅-𝐷
distances, respectively. Similarly, the notations ℎ𝑎𝑏, 𝑛𝑎𝑏 and
𝑃 (𝑎𝑏) denote the Rayleigh fading coefficient, the zero-mean
complex additive white Gaussian noise (AWGN) with variance
of 𝑁0/2 per dimension and the free space path loss between
the node pair (𝑎, 𝑏), respectively. 𝑃 (𝑎𝑏) is given by

𝑃 (𝑎𝑏) = 𝐾/𝑆𝛼
𝑎𝑏, (1)

where 𝛼 = 2 is the free space path loss exponent, 𝐾 is
an environment dependent constant and 𝑆𝑎𝑏 represents the
distance between 𝑎 and 𝑏 node. The relationship between the
energy received at 𝐷 (𝐸𝑠𝑑) and the energy received at 𝑅 (𝐸𝑠𝑟),
is given by [27] as

𝐸𝑠𝑟 =
𝑃 (𝑠𝑟)

𝑃 (𝑠𝑑)
𝐸𝑠𝑑 = 𝐺𝑠𝑟𝐸𝑠𝑑. (2)

Here, 𝐺𝑠𝑟 =
(

𝑆𝑠𝑑

𝑆𝑠𝑟

)2

represents the path gain for 𝑆-𝑅 link
with respect to 𝑆-𝐷 link due to Reduced Distance. At 𝑅, the
𝑘𝑡ℎ received signal during the 1st transmission period 𝑇1, is
given by:

𝑦
(𝑇1)
𝑠𝑟,𝑘 =

√
𝐺𝑠𝑟ℎ

(𝑇1)
𝑠𝑟,𝑘 𝑥

(𝑇1)
𝑠𝑟,𝑘 + 𝑛

(𝑇1)
𝑠𝑟,𝑘 , (3)

In comparison, at 𝐷, the 𝑘𝑡ℎ received symbol during 𝑇1, is
given by:

𝑦
(𝑇1)
𝑠𝑑,𝑘 = ℎ

(𝑇1)
𝑠𝑑,𝑘 𝑥

(𝑇1)
𝑠𝑑,𝑘 + 𝑛

(𝑇1)
𝑠𝑑,𝑘 , (4)

Similarly, at 𝐷, the 𝑙𝑡ℎ symbol received in the 2nd period of
transmission 𝑇2, is given by:

𝑦
(𝑇2)
𝑟𝑑,𝑙 =

√
𝐺𝑟𝑑ℎ

(𝑇2)
𝑟𝑑,𝑙 𝑥

(𝑇2)
𝑟𝑑,𝑙 + 𝑛

(𝑇2)
𝑟𝑑,𝑙 , (5)

where 𝑙 ∈ {1 +𝑁𝑠, ..., 𝑁𝑟 +𝑁𝑠}. The path-gain for the 𝑅-𝐷

link relative to the 𝑆-𝐷 link is 𝐺𝑟𝑑 =
(

𝑆𝑠𝑑

𝑆𝑟𝑑

)2

.

A. Channel Encoder

In this work, an SECCC encoder is employed at 𝑆 and a Re-
cursive Systematic Convolutional (RSC) encoder is employed
at 𝑅 [19], both assisted by Quadrature Phase-Shift Keying
(QPSK) modulation. 𝑅 detects and decodes the received signal
using SECCC decoder during 𝑇1. The decoded bits at 𝑅 are
first interleaved by random bit interleaver 𝜋𝑟 before encoding

by RSC encoder during 𝑇2. It should be noted that only
parity bits of the RSC encoder are transmitted to 𝐷 [19]. As
shown in Fig. 2, the encoders used at both 𝑆 and 𝑅 can be
considered as a 3-component parallel concatenated SECCC
encoder, where a decoder having two decoding iterations can
be invoked for detecting the information bits. At the source
node, a rate-1/3 SECCC encoder employing QPSK modulation
is considered. It is operating close to the 𝑆-𝑅 link capacity.
The input bit stream {𝑏1} of SECCC encoder is passed through
an interleaver, which yields a stream {𝑏2}. These streams
are then passed through parallel-to-serial converter and the
resultant bit stream is sent to the RSC encoder (having a rate
𝑅1 = 1/2). After that, the bit stream is fed to the interleaver
and then to a puncturer (having a rate 𝑅2 = 3/4). So, overall
code rate 𝑅 becomes 1/3, where 𝑅 = 𝑅1/(2 × 𝑅2). The
resultant bit stream is then mapped to 2-bit QPSK symbols
using bit-to-symbol mapping function 𝜇(.). The 2-bit QPSK
symbol is represented by 𝑥 = 𝜇(𝑐1𝑐0). These symbols are
then transmitted over the channel. The bandwidth efficiency
for this system is given by 𝜂1 = 𝑅× log2(4) = 0.67 bit/s/Hz.
In Fig. 2, 𝑥𝑟 denotes a QPSK symbol at 𝑅, while puncturer is
represented by 𝑅4. In this scheme, it is sufficient to transmit
parity bits from 𝑅, so that, all of the information bits are
punctured in order to improve the overall throughput. The
overall throughput for this case can be shown as

𝜂 =
𝑁𝑖

𝑁𝑠 +𝑁𝑟
, (6)

where, 𝑁𝑟 is number of modulated symbols per frame trans-
mitted by 𝑅, 𝑁𝑠 is number of modulated symbols per frame
transmitted by 𝑆 and 𝑁𝑖 is the number of information bits
which are being transmitted during the symbol periods (𝑁𝑠+
𝑁𝑟). For this case, 𝑁𝑠 = 180,000 symbols, 𝑁𝑖 = 120,000
bits and 𝑁𝑟 = 60,000. So that, the overall value of the
effective throughput of DSECCC-ID scheme is 𝜂 =0.5 BPS.
The relationship of 𝐸𝑏/𝑁0 versus SNR per bit is given by
𝐸𝑏/𝑁0 = 𝑆𝑁𝑅/𝜂. It should be noted that the conventional
SECCC scheme, is 1.25 dB better than DSECCC-ID in term
of 𝐸𝑏/𝑁0.

B. Channel Decoder

The block diagram of DSECCC-ID decoder is pre-
sented in Fig. 2. The notations 𝐿(.) and 𝑃 (.) are
Logarithmic-Likelihood Ratio (LLR) of bit probabilities and
the logarithmic-domain symbol probabilities, respectively. The
unique nature of probabilities and LLRs are represented by
subscripts 𝑜, 𝑒 and 𝑎 denoting aposteriori , extrinsic and
apriori information, respectively, while, notations (𝑐) and (𝑏)
represent coded bits and information bits, respectively. The
DSECCC decoder consists of two components, namely the
SECCC decoder and the RSC decoder. The SECCC decoder
denoted as component (1) can also be considered as a two
component decoder employing 𝐼𝑠𝑑 = 4 self-concatenated
iterations. The received signal first passed through the soft
demapper of SECCC decoder, where the conditional probabil-
ity density function (CPDF) of receiving 𝑦𝑇1 (𝑑) is calculated,
when 𝑥𝑚

𝑠 was transmitted, where 𝑥𝑚
𝑠 = 𝜇(𝑐1, 𝑐0) is the

transmitted QPSK symbol for s ∈ (0, 1, 2, 3). The signal that
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Fig. 2. The schematic of the DSECCC-ID Encoder and Decoder.

is received at soft demapper of the RSC decoder (denoted as
component (2)) is used to find out CPDF of receiving 𝑦𝑇2 (𝑑),
when 𝑥𝑚

𝑟 was transmitted. These bit probabilities are then
fed to a soft depuncturer. The soft depuncturer converts these
probabilities to the respective LLRs and afterwards inserts
zero LLRs at the punctured bit positions. The LLRs are then
passed through deinterleaver and then fed to the Soft-Input
Soft-Output (SISO) RSC Maximum A Posteriori Probability
(MAP) decoder. RSC MAP decoder block is fed with 𝐿𝑎(𝑏0),
which is the interleaved version of 𝐿𝑒

1(𝑏1) that is calculated
by summing up 𝐿𝑒(𝑏1) and 𝐿𝑒(𝑏2), as shown in Fig. 2. The
second input to the RSC MAP decoder block is formed by
interleaving and depuncturing of 𝑃 (𝑦𝑇2

𝑑 ∣𝑥𝑟), which is the soft
information that is provided by the QPSK demapper. The RSC
decoder then generates 𝐿𝑒(𝑏0) as its output. The LLR 𝐿𝑒(𝑏0)
is deinterleaved by 𝜋−1

𝑟 to obtain 𝐿𝑎
2(𝑏1). The resultant output

can be further interleaved by using 𝜋1 to generate 𝐿𝑎
2(𝑏2).

These apriori LLRs are then added to the SECCC decoder’s
apriori LLRs of 𝑏1 and 𝑏2, hence the iteration between the
RSC and the SECCC decoder is complete.

III. POWER ALLOCATION AND RELAY NODE SELECTION

BASED DSECCC-ID

In this contribution, DSECCC-ID scheme is extended with
the help of PA and RS. We design a system, which simulta-
neously achieves minimum required receive SNR at 𝑅 and 𝐷
nodes such that a BER value lower than 10−5 is achieved, thus
ensuring minimum error propagation. In DSECCC-ID scheme
the relay is considered to be placed in the middle of source and
destination nodes and equal transmit SNR (𝑆𝑁𝑅𝑠

𝑡 ) is used at
both source and relay nodes, whose value is much more than

the minimum required receive SNR value [27] given as

𝑆𝑁𝑅𝑠𝑟
𝑟 = 𝑆𝑁𝑅𝑠

𝑡 + 10 log10(𝐺𝑠𝑟)[𝑑𝐵] (7)

As compared to simple DSECCC-ID, in PA-DSECCC-ID
scheme, only minimum required transmit SNR values are
used at 𝑆 and 𝑅 nodes, while inn RS-DSECCC-ID scheme
equal transmit SNR is used at 𝑆 and 𝑅 nodes that is less
than the minimum required SNR. In RS case, the minimum
required receive SNR value is calculated by selecting 𝑅 at an
appropriate geographical location.

A. Power allocation based DSECCC-ID

PA-DSECCC-ID is used to improve power efficiency in
those situations when 𝑅 nodes are limited in number and
have fixed locations [25–27]. Here, it is assumed that 𝑅 is
placed in the middle of both 𝑆 and 𝐷 nodes. The design
of PA-DSECCCC-ID is performed using three step EXIT
charts procedure. The first step involves finding the decoding
convergence of SECCC scheme that is employed at the 𝑆−𝑅
link having code memory 𝑣 = 3, as presented in Fig. 21
of [19], which gives the minimum required receive SNR at
𝑅 as 𝑆𝑁𝑅𝑠𝑟

𝑟 = −0.15. In the second step, the decoding
convergence at 𝐷 is analyzed. Finally in the last step, decoding
trajectory is computed to verify the EXIT chart analysis. It
should be noted that the tunnel remains closed at a lower
SNR than this value. We can achieve the receive SNR value
of −0.15 dB by selecting various combinations of 𝑆𝑁𝑅𝑠

𝑡 and
𝐺𝑠𝑟. Since 𝑅 has been placed in the middle of both 𝑆 and 𝐷
nodes, so 𝐺𝑠𝑟 = 𝐺𝑟𝑑 = 4. Hence, 𝑆𝑁𝑅𝑠

𝑡 = −0.15− 6.02 =
−6.17 dB, while the receive SNR at 𝐷 from 𝑅 is represented
by

𝑆𝑁𝑅𝑟𝑑
𝑟 = 𝑆𝑁𝑅𝑟

𝑡 + 10 log10(𝐺𝑟𝑑)[𝑑𝐵], (8)



where, 𝑆𝑁𝑅𝑟
𝑡 is the transmit SNR from 𝑅. In the follow-

ing discussion the decoding convergence of PA-DSECCC-ID
scheme is analyzed by using EXIT chart. The EXIT curves of
the SECCC decoder and RSC decoder for 𝑆-𝐷 link and 𝑅-𝐷
link, respectively, are recorded and plotted, as shown in Fig. 3.
The EXIT curves associated with the SECCC decoder and the
RSC decoder do not intersect when we have 𝑆𝑁𝑅𝑠

𝑡 = −6.17
dB and 𝑆𝑁𝑅𝑟𝑑

𝑡 = 0.22 dB, respectively. Code memories
𝑣 = 2 and 𝑣 = 3 are used by the RSC encoder at 𝑅 and by
the SECCC encoder at 𝑆, respectively. In the next step, the
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Fig. 3. EXIT chart analysis of PA-DSECCC-ID scheme.

decoding trajectory is computed using Monte Carlo simulation
for the PA-DSECCC-ID scheme to verify the analysis of EXIT
charts. The decoding trajectory based on a frame length of
120000 bits when 𝑆𝑁𝑅𝑠

𝑡 = −6.17 dB and 𝑆𝑁𝑅𝑟
𝑡 = 0.22 dB,

is depicted in Fig. 3. A good match verifies that the prediction
by EXIT charts is accurate. It should be noted from Fig. 3 that
the minimum receive SNR needed during 𝑇1 at 𝑅 is given
by 𝑆𝑁𝑅𝑠𝑟

𝑟 = −0.15 dB, while the minimum receive SNR
required during 𝑇2 at 𝐷 is given by 𝑆𝑁𝑅𝑟𝑑

𝑟 = 6.24 dB. In
order to achieve 𝑆𝑁𝑅𝑠𝑟

𝑟 = −0.15 dB at 𝑅, the corresponding
transmit SNR at 𝑆 is given by 𝑆𝑁𝑅𝑠

𝑡 = −6.17 dB. Since,
we have 𝐺𝑠𝑑 = 1, the value of receive SNR at 𝐷 during 𝑇1

is given by 𝑆𝑁𝑅𝑠𝑑
𝑟 = 𝑆𝑁𝑅𝑠

𝑡 = −6.17 dB. The receive SNR
needed during 𝑇2 at 𝐷 is given by 𝑆𝑁𝑅𝑟𝑑

𝑟 = 6.24 dB and
the transmit SNR at 𝑅 is given by 𝑆𝑁𝑅𝑟

𝑡 = 0.22 dB. The
average value of the transmit SNR of our PA based scheme
can be calculated as

𝑆𝑁𝑅 = 10× log(𝜆10
𝑆𝑁𝑅𝑠

𝑡
10 + (1− 𝜆)10

𝑆𝑁𝑅𝑟
𝑡

10 ), (9)

where the value of 𝑆𝑁𝑅 is equal to −3.52 dB for 𝑆𝑁𝑅𝑟
𝑡 =

0.22 dB and 𝑆𝑁𝑅𝑠
𝑡 = −6.17 dB and 𝜆 = 3/4 [19].

B. Relay Node Selection based DSECCC-ID

From the earlier section, it is clear that the minimum
required receive SNR value at 𝑆 is 6.24, while at 𝑅 is −0.15.
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In this scheme, instead of using the minimum required receive
SNR at both 𝑆 and 𝑅, the value of transmit SNR is fixed
to a constant value of 𝑓 (i.e 𝑓 = 𝑆𝑁𝑅𝑠

𝑡 = 𝑆𝑁𝑅𝑟
𝑡 ) at

both of these nodes. The minimum required SNR is then
attained simultaneously at the nodes by selecting 𝑅 (located in
direct 𝑆−𝑅 path) at an appropriate geographical location and
achieving different values of 𝐺𝑠𝑟 and 𝐺𝑟𝑑 [25–27]. The value
of 𝐺𝑠𝑟 can be calculated from the following formula [27]:

𝐺𝑠𝑟 = 10
𝑆𝑁𝑅𝑠𝑟

𝑟 −𝑆𝑁𝑅𝑠
𝑡

10 , (10)

while 𝐺𝑟𝑑 can be calculated by [27]:

𝐺𝑟𝑑 =
1

1− 1√
𝐺𝑠𝑟

, (11)

The design procedure using EXIT charts consists of finding
the optimal value of SNR for which the tunnel is open and then
finding the corresponding 𝑅 position. The EXIT curves for the
same value of 𝑆𝑁𝑅𝑡 at 𝑆 and 𝑅 are plotted in Fig. 4 and is
repeated for a range of SNR values but we present only few
values for simplicity. It should be noted from Fig. 4 that the
EXIT curves and the tunnel remain closed at lower values of
SNR, for example, at −5.5 dB. The tunnel remains wide open
at higher values of SNR, for example −3 dB. At −5.5 dB,
the corresponding path gains are 𝐺𝑠𝑟 = 3.42 and 𝐺𝑟𝑑 = 4.72
corresponding to 𝑑𝑠𝑟 = 0.54 and 𝑑𝑟𝑑 = 0.45, respectively.
By contrast, at −3 dB, the path gains are 𝐺𝑠𝑟 = 1.93 and
𝐺𝑟𝑑 = 12.7 which correspond to 𝑑𝑠𝑟 = 0.72 and 𝑑𝑟𝑑 = 0.27,
respectively. This means that when the position of 𝑅 is closer
to 𝐷, the performance is better as compared to case when it
is moved towards 𝑆.

The optimal SNR value at which the tunnel is just open is
−4.5 dB, as presented in Fig. 5. The corresponding path gains
are 𝐺𝑠𝑟 = 2.72 and 𝐺𝑟𝑑 = 6.44, which gives 𝑑𝑠𝑟 = 0.61 and
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Fig. 5. EXIT chart analysis of RS-DSECCC-ID scheme for an optimal SNR
value.

𝑑𝑟𝑑 = 0.39, respectively. The average value of transmit SNR
for the optimal case is given as

𝑆𝑁𝑅 = 𝑆𝑁𝑅𝑠
𝑡 = 𝑆𝑁𝑅𝑟

𝑡 = 𝑆𝑁𝑅𝑠𝑟
𝑟 − 10 log(𝐺𝑠𝑟), (12)

where, we have 𝑆𝑁𝑅 = −4.5 dB for this case.

C. Capacity Curves

The capacity of a two-hop half-duplex relay channel has
been calculated by employing the modified capacity equation
derived in [28]. We consider the capacity of channels between
𝑆, 𝑅 and 𝐷 nodes to calculate the upper 𝐶𝑈 and the lower
bound limit 𝐶𝐿 as follows [18, 19]:

𝐶𝑈 = min
{
𝜆𝐶(𝑠→𝑟,𝑑), 𝜆𝐶(𝑠→𝑑) + (1− 𝜆)𝐶(𝑟→𝑑)

}
(13)

𝐶𝐿 = min
{
𝜆𝐶(𝑠→𝑟), 𝜆𝐶(𝑠→𝑑) + (1− 𝜆)𝐶(𝑟→𝑑)

}
(14)

where, 𝐶(𝑎→𝑏) and 𝐶(𝑎→𝑏,𝑐) represents capacity of channel
between the transmitter at node 𝑎 and the receiver at node 𝑏
and receivers at nodes (𝑏 and 𝑐), respectively. Here, we only
consider the modulation dependent Discrete-input Continous-
output Memoryless Channel (DCMC) capacity [29]. Capacity
curves for RS, PA and non-cooperative case are presented in
Fig. 6. The path gain values are 𝐺𝑠𝑟 = 4 and 𝐺𝑟𝑑 = 4 for the
PA-DSECCC-ID scheme, while 𝐺𝑠𝑟 = 2.72 and 𝐺𝑟𝑑 = 6.44
are for the RS-DSECCC-ID case. Here 𝑆𝑁𝑅 is the average
transmit SNR.

The lower and upper bound capacity curves for relay’s
channel are presented in Fig. 6 for 𝜆 = 3

4 . It should be
noted that these curves are based on the 4𝑃𝑆𝐾 DCMC. This
scheme, as depicted in Fig. 6, has an SNR limit of 1.84 dB
for the direct link (non-cooperative) and achieves a throughput
of 1 Bit Per Symbol (BPS). The upper and lower bounds
of the relay channel capacity for RS-DSECCC-ID have an
SNR limit of approximately −5 dB for a throughput of 0.5
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BPS, while those of the PA-DSECCC-ID have an SNR limit
of approximately −5.5 dB for a throughput of 0.5 BPS. The
upper bound equals the lower bound for both RS-DSECCC-
ID and PA-DSECCC-ID at a throughput of 0.5 BPS. The
SNR limit for RS-DSECCC-ID scheme outperforms the PA-
DSECCC-ID scheme by 1 dB. It should be noted that the relay
channel capacity bounds (both 𝐶𝑈 and 𝐶𝐿) are higher than
that of the direct link for a throughput under 1.2 BPS. This is
because of the reduced path loss introduced by 𝑅. However,
the asymptotic capacity of the direct link for throughput value
above 1.2 BPS is higher than that of the relay channel due to
the half-duplex constraint.

We also found from the lower bound curves that the PA-
DSECCC-ID scheme would enjoy a lower SNR limit than the
RS-DSECCC-ID scheme when a higher rate SECCC is used,
where a throughput of higher than 0.9 BPS is attained.

IV. RESULTS AND DISCUSSIONS

This section investigates the BER versus average transmit
SNR performance of DSECCC-ID, as shown in Fig. 7, when
PA and RS are employed. The BER results have been plotted
for both perfect and realistic 𝑆-𝑅 links. In realistic case,
decoding errors may occur at 𝑅. The SNR threshold for perfect
case of the DSECCC-ID scheme is −3.6 dB, while for RS, it is
−4.34 dB and that for PA scheme is −3.72 dB. The threshold
value at which a ’waterfall-like’ shape of the BER curve occurs
may be predicted by using EXIT chart, as presented in Section
III. SNR threshold value for realistic case of the DSECCC-
ID scheme is −3.5 dB, for the RS-DSECCC-ID is −4.22
dB and for the PA-DSECCC-ID scheme is −3.61 dB. The
realistic RS-DSECCC-ID scheme is 3.3 dB better than simple
SECCC-ID (non-cooperative) scheme at a BER of 10−5 [19].
Furthermore, the RS-DSECCC-ID scheme using realistic relay
link assumption is 0.72 dB better than DSECCC-ID scheme
at a BER of 10−5. By contrast, PA-DSECCC-ID scheme is
0.11 dB better than the DSECCC-ID scheme. The difference
between convergence thresholds for realistic and perfect curve
for RS-SECCC-ID scheme is 0.12, while the difference is
0.11 for PA-DSECCC-ID scheme. RS-DSECCC-ID scheme
has a capability to perform within about 1.28 dB from the
relay-aided DCMC capacity of −5.5 dB at 0.5 BPS, where
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𝐺𝑠𝑟 = 2.72 and 𝐺𝑟𝑑 = 6.44. Furthermore, PA-DSECCC-ID
scheme is 1.4 dB away from its relay-aided DCMC capacity
of −5 dB at 0.5 BPS, where 𝐺𝑠𝑟 = 4 and 𝐺𝑟𝑑 = 4. Finally,
the DSECCC-ID scheme is 1.5 dB away from its relay-aided
DCMC capacity of −5 dB at 0.5 BPS, where 𝐺𝑠𝑟 = 4 and
𝐺𝑟𝑑 = 4, as shown in Fig. 7.

V. CONCLUSIONS AND FUTURE WORK

In this work, we have applied PA and RS mechanisms
to the DSECCC-ID scheme of [19]. The perfect as well as
realistic relay node based cooperative scenarios is considered.
It has been shown that RS-DSECCC-ID scheme is 0.72 dB
better, while PA-DSECCC-ID scheme is 0.11 dB better in
performance than that of the DSECCC-ID scheme at a BER of
10−5. The RS-DSECCC-ID scheme is 1.28 dB away from its
capacity, which is 0.5 BPS at −5.5 dB, while PA-DSECCC-
ID scheme is 1.4 dB away from its capacity, which is 0.5
BPS at −5 dB. Our simulation results agree with the relay
channel capacity analysis. As seen from Fig. 7, all the three
DSECCC-ID schemes employing realistic relay node perform
closely to their perfect relay node based schemes. Finally, we
have demonstrated that both PA and RS mechanisms further
enhance the DSECCC-ID scheme.

REFERENCES

[1] L. Hanzo, L. L. Yang, E. L. Kuan and K. Yen, Single-and multi-carrier
DS-CDMA: multi-user detection, space-time spreading, synchronisation,
standards and networking. John Wiley & Sons, 2003.

[2] L. Hanzo, S. X. Ng, T. Keller and W. Webb, Quadrature amplitude
modulation: From basics to adaptive trellis-coded, turbo-equalised and
space-time coded OFDM, CDMA and MC-CDMA systems. John Wiley
& Sons, 2nd ed., 2004.

[3] L. Hanzo, O. Alamri, M. El-Hajjar and N. Wu, Near-capacity multi-
functional MIMO systems. John Wiley and sons Ltd and IEEE Press,
April 2009.

[4] K. J. K. Liu, A. K. Sadek, W. Su and A. Kwasinski, Cooperative
communications and networking. Cambridge University Press, 2009.

[5] X. Tao, X. Xu and Q. Cui, “An overview of cooperative communica-
tions,” IEEE Communications Magazine, vol. 50, pp. 65–71, 2012.

[6] M. Janani, A. Hedayat, T. Hunter and A. Nosratinia, “Coded coopera-
tion in wireless communications: space-time transmission and iterative
decoding,” IEEE Transactions on Signal Process, vol. 52, pp. 362–371,
2004.

[7] Y. Li, “Distributed coding for cooperative wireless networks: An
overview and recent advances,” IEEE Communications Magazine,
vol. 47, pp. 71–77, 2009.

[8] S. X. Ng, Y. Li and L. Hanzo, “Distributed turbo trellis coded modula-
tion for cooperative communications ,” in International Conference on
Communications (ICC), (Dresden, Germany), 2009.

[9] A. Chakrabarti, A. Baynast, A. Sabharwal and B. Aazhang, “Low density
parity check codes for the relay channel,” IEEE Transactions on Wireless
Communications, vol. 6, pp. 3384–3394, 2007.

[10] P. Razaghi and W. Yu, “ Bilayer low-density parity-check codes for
decode-and-forward in relay channels,” IEEE Transactions on Wireless
Communications Transactions on Information Theory, vol. 53, pp. 3723–
3739, 2007.

[11] B. Zhao and M. C. Valenti, “Distributed turbo coded diversity for relay
channel,” IEEE Electronics Letters, vol. 39, pp. 786–787, 2003.

[12] M. Janani, A. Hedayat and A. Nosratinia, “Coded cooperation in wire-
less communications: space-time transmission and iterative decoding ,”
IEEE Transactions on Signal Processing, vol. 52, pp. 326–371, 2004.

[13] Z. Zhang and T. Duman, “Capacity-approaching turbo coding for
half-duplex relaying,” IEEE Transactions on Communications, vol. 55,
pp. 1895–1906, 2007.

[14] Y. Li, B. Vucetic and J. Yuan, “Distributed turbo coding with hybrid
relaying protocols,” in IEEE PIMRC, (French Riviera, France), 2008.

[15] L. Lampe, R. Schober and S. Yiu, “Distributed space-time coding for
multihop transmission in power line communication networks,” IEEE
Journal of Selected Areas in Communications, vol. 24, pp. 1389–1400,
2006.

[16] Y. Jing and B. Hassibi, “Distributed space-time trellis codes for a
cooperative system,” IEEE Transactions on Wireless Communications,
vol. 5, pp. 3524–3536, 2006.

[17] J. Yuan, Z. Chen, Y. Li and L. Chu, “Distributed space-time trellis codes
for a cooperative system,” IEEE Transactions on Wireless Communica-
tions, vol. 8, pp. 4897–4905, 2009.

[18] L. Kong, R. G. Maunder, S. X. Ng and L. Hanzo, “Maximum-throughput
irregular distributed space-time code for near-capacity cooperative com-
munications,” IEEE Transactions on Vehicular Technology , vol. 59,
pp. 1511–1517, 2010.

[19] M. F. U. Butt, S. X. Ng and L. Hanzo, “Self-concatenated code design
and its application in power-efficient cooperative communications,”
IEEE Communications Surveys & Tutorials, vol. 14, no. 3, pp. 858–
883, 2012.

[20] M. Shirvanimoghaddam, Y. Li and B. Vucetic, “Distributed raptor coding
for erasure channels: partially and fully coded cooperation,” IEEE
Transactions on Communications, vol. 61, pp. 3576–3589, 2013.

[21] Y. Li, M. S. Rahman, S. X. Ng and B. Vucetic, “ Distributed soft
coding with a soft input soft output (siso) relay encoder in parallel relay
channels,” IEEE Transactions on Communications, vol. 61, pp. 3660–
3672, 2013.

[22] A. Bletsas, A. Khisti, D. P. Reed and A. Lippman, “A simple cooperative
diversity method based on network path selection,” IEEE Journal on
Selected Areas in Communications, vol. 24, pp. 659–672, 2006.

[23] M. Ju and I. M. Kim, “Relay selection with anc and tdbc protocols in
bidirectional relay networks,” IEEE Transactions on Communications,
vol. 58, pp. 3500–3511, 2010.

[24] C. Berrou, A. Glavieux and P. Thitimajshima, “Near Shannon limit
error-correcting coding and decoding: Turbo-codes(1),” in International
Conference on Communications, 1993.

[25] H. Mohammed and T. A. Khalaf, “Optimal positioning of relay node in
wireless cooperative communication networks,” in Computer Engineer-
ing Conference (ICENCO), 2013 9th International.

[26] H. Biao, L. Jie and S. Jinshu, “Optimal relay node placement for
multi-pair cooperative communication in wireless networks,” in Wireless
Communications and Networking Conference(WCNC), 2013.

[27] S. X. Ng, Y. Li, B. Vucetic and L. Hanzo, “Distributed irregular
codes relying on decode-and-forward relays as code components,” IEEE
Transactions on Vehicular Technology, 2014.

[28] T. Cover and A. E. Gamal, “Capacity theorems for the relay channel,”
IEEE Transactions on Information Theory, vol. 25, pp. 572–584, 1979.

[29] J. G. Proakis, Digital communications. McGraw-Hill, New York, 2001.



<<
  /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


