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Abstract—In this letter, we propose a novel buffer-state-based
amplify-and-forward relaying protocol for dual-hop cooperative
networks. The proposed protocol is designed to amalgamate
the following three concepts: 1) the exploitation of multiple
source-to-relay broadcast channels; 2) the introduction of thresh-
olding at relay and destination nodes; and 3) buffer-state-based
relay selection. Our numerical results demonstrate that the
proposed protocol is capable of attaining a lower end-to-end
delay and a lower outage probability than previous amplify-and-
forward relay selection schemes while simultaneously imposing
no additional costs.

Index Terms—Amplify-and-forward, buffer, broadcast
channel, cooperative communications, delay, diversity, relay
selection.

I. INTRODUCTION

EXPLOITING data buffers at relay nodes in cooperative
networks [1]–[3] is beneficial because it allows flexible

link selection compared to the conventional relaying schemes
that do not rely on buffers at relay nodes. For example, in
the buffer-aided max-max relaying selection (MMRS) pro-
tocol [4], link selection is pre-scheduled into two stages:
source-to-relay (SR) and relay-to-destination (RD). As a result,
the MMRS protocol achieves a higher performance gain
than can be achieved with a non-buffered relaying proto-
col. Additionally, the max-link protocol [5], [6] eliminates
the pre-scheduled link selection limitation imposed by the
MMRS scheme. More specifically, since the strongest avail-
able link is selected at each time slot in the max-link protocol,
a maximum achievable diversity gain that is twice as high as
the non-buffered and max-max relaying protocols is ensured.
The buffer-state-based (BSB) relaying protocol was proposed
in [7]–[11]. Here, the relay selection is carried out in a manner
that prevents either full- or empty buffer states from occurring.

Most previous studies involving buffer-aided cooperative
protocols focused on the decode-and-forward (DF) strategies,
the only exceptions to which are the buffer-aided amplify-and-
forward (AF) relaying protocols of [12] and [13]. In the AF
protocol of [12], a single relay node is activated for either
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packet reception or transmission at each time slot, similar
to the DF max-link protocol [5], while the packet received
at the AF relay node is stored after the quantization of its
DF counterpart.1 In [13], the recent spatial modulation tech-
nique is applied to a single-relay buffer-aided AF cooperative
network. This strategy allows us to maintain a higher security
level, since the relay nodes do not decode the received packets.
However, due to the broadcast nature of wireless channels, it
may be possible to simultaneously exploit multiple SR links
in a manner similar to the buffer-aided DF relaying protocol
of [2], which would allow us to increase additional design
degrees of freedom. Another potential drawback imposed on
the AF max-link scheme is that, since the relay node is not
allowed to check the reliability of a stored packet, error prop-
agation from the relay node to the destination node cannot
be detected. Furthermore, the above-mentioned BSB relay
selection [7], [10] has not been used in the AF context.

Motivated by the recent generalized buffer-aided DF relying
protocol of [2], we propose a novel buffer-aided AF relay-
ing protocol that outperforms the conventional scheme [12].
In our proposed AF scheme, a single RD link is activated
for packet transmission from the relay node, while for packet
reception at the relay nodes, multiple SR links are simul-
taneously exploited due to the broadcast nature of wireless
channels. Furthermore, the BSB relay selection concept, where
the buffer states are taken into account for relay node packet
transmission/reception, is introduced in our proposed proto-
col. This allows us to avoid full- and empty-buffer states,
thereby enabling us to achieve full attainable diversity order.
Additionally, in order to reduce noise-propagation effects, we
introduce a thresholding technique for packet reception of
relay and destination nodes. This is especially beneficial for
our generalized AF scheme, which utilizes the broadcast SR
links, since the broadcast links may include an unreliable links
that could reduce the end-to-end signal-to-noise ratio (SNR).
Because the previous buffer-aided AF protocol [12] did not
rely on these three concepts, which are specific to the proposed
AF scheme, the proposed protocol exhibits an improved end-
to-end packet delay and a lower outage probability, which
are achieved with the explicit benefits of the increased design
degree of freedom provided by our system.

II. SYSTEM MODEL

Consider a two-hop relaying network, consisting of a single
source node S , K relay nodes R ∈ {R1, . . . , RK}, and a single

1In this letter, the buffer-aided AF scheme of [12] is referred to as the AF
max-link scheme.
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destination node D , where each relay node is equipped with
a buffer of a finite size L. Here, the number of packets stored
at the kth relay node is represented by �k (0 ≤ �k ≤ L).
It is assumed that no direct link exists between the source
and destination nodes due to obstacle blockage and that all of
the relay nodes operate in a half-duplex mode under the AF
principle. The transmission rate for each node is maintained at
2r0 bps/Hz in order to impose an upper bound to the end-to-
end transmission rate of r0 bps/Hz. Additionally, we assume
that the destination node sends an acknowledge (ACK) packet
to the relay nodes via stable low-rate feedback channels, while
simultaneously assuming that the destination node acts as a
central coordinator similar to [2], [4], [5], [12], [14]. This
ACK packet is transmitted in a piggyback manner with other
control packets. Hence, no substantial overhead is imposed by
these actions. Note that each activated relay node transmits
the queued packets in a first-come, first-served manner.

Note that, in this letter, independent and identically dis-
tributed (IID) Rayleigh fading channels are considered for all
the SR and RD links, having the average SNR values of γSR
and γRD, respectively. It should also be noted that while this
simplified assumption of symmetric channels has been typi-
cally employed in previous studies, it can readily be extended
to asymmetric counterparts. Here, the frequency-flat channel
coefficient of the kth SR channel is given by hSRk , and that of
the kth RD channel is given by hRDk .

A. Conventional Buffer-Aided AF Max-Link Protocol [12]

In the conventional AF max-link protocol, the single best
available link is selected each time slot. More specifically, the
SR links associated with the full-buffer relays and the RD
links associated with empty-buffer relays are excluded as can-
didates, and the protocol simply selects the link associated
with the highest channel coefficient.When assuming that the
kth relay node is selected as a receiving node at the time
instance t, the associated received packet may be written by

ySRk(t) = √
EshSRk(t)s(t) + nRk(t), (1)

where Es is the transmit power, and s(t) is a source packet,
while nRk(t) is the additive white Gaussian noise (AWGN)
component. The received packet is stored in the buffer of the
kth relay node after quantization.

Now, let us assume that after τ packet duration, the packet
of (1) is relayed to the destination node. The correspond-
ing packet yRDk(t + τ) received at the destination node is
expressed as

yRDk(t+τ) =√
Pk(t + τ)hRDk(t+τ)ySRk(t) + nD(t + τ),

(2)

where Pk(t+τ) is the scaling factor that normalizes the trans-
mission power of the relay node to Es, which is represented by
Pk(t+τ) = Es/(Es|hSRk(t)|2 + N0), where N0 is the noise vari-
ance and nD(t+τ) is the AWGN component at the destination
node.

TABLE I
PRIORITY CLASSIFICATIONS OF AVAILABLE SR LINKS

TABLE II
PRIORITY CLASSIFICATIONS OF AVAILABLE RD LINKS

Finally, based on (1) and (2), the equivalent end-to-end
system model is expressed as

yRDk(t + τ) = √
Es

√
Pk(t + τ)hRDk(t + τ)hSRk(t)s(t)

+ nD(t + τ)+√
Pk(t+τ)hRDk(t+τ)nRk(t).

(3)

B. Proposed Generalized BSB AF Protocol

The goal of our proposed scheme is to minimize a packet
delay, while attaining a good reliability performance, which
is comparable to those attainable by the existing schemes,
in a similar manner to the DF BSB scheme [7]. As men-
tioned above, the conventional AF max-link scheme [12]
does not allows the simultaneous activation of multiple SR
links. By contrast, in our proposed scheme, the source node
is allowed to broadcast a packet to the maximum K relay
nodes. For the sake of simplicity, the assumption of L ≥ 3 is
made throughout in this letter. In our proposed scheme, we
employ BSB relay selections that are similar to the protocol
of [7] and [10], while the activations of the multiple SR links
are introduced simultaneously. The buffer and link states for
the relay nodes are periodically collected at the destination
node (central coordinator).2 The number of available SR and
RD links that are not in outage is defined by NSR and NRD
(0 ≤ NSR, NRD ≤ K), respectively. After collecting the relay
node buffer states �k (k = 1, . . . , K), the central coordina-
tor activates either a single SR link, multiple SR links, or a
single RD link, based on the proposed criterion, which will
be explained below. First, depending on the buffer states, the
central coordinator evaluates the priority of SR and RD links
according to Tables I and II, respectively. More specifically,
the NSR available SR links are classified into three categories:
low-, high-, and highest-priority SR links. The number of SR
links having the low, high, and highest priorities is given by
Nlow

SR , Nhigh
SR , and Nhighest

SR , respectively. Hence, we have the
relationship of NSR = Nlow

SR + Nhigh
SR + Nhighest

SR . Here, the kth
SR link priority is low when the number of packets stored at
the associated relay buffer is �k = L − 1, while the priority
is high for 1 < �k < L − 1. Furthermore, the priority of the

2In the conventional buffer-aided relaying schemes, it is typically assumed
that a central coordinator periodically collects channel state information and
buffer states, similar to the proposed scheme. More specifically, most of the
conventional buffer-aided relaying schemes [5]–[7], [10], [12] are imposed by
the overhead, which is comparable to that of the proposed scheme. By contrast,
the DF MMRS [4] and the DF G-MMRS schemes [2] tend to exhibit a lower
overhead than the proposed scheme, which is achieved at the expense of a
reduced diversity gain. The further detailed discussion may be found in [2].
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TABLE III
DECISION ALGORITHMS FOR LINK ACTIVATION

SR links is the highest when the number of stored packets is
�k = 0 or 1. Note that when the priority of an SR link is low,
the buffer state of the associated relay node is close to full,
which is undesirable in terms of maximizing the number of
available links.

As listed in Table II, the available NRD RD links that are
not in outage are categorized into low- and high-priority RD
links based on the buffer states for the relay nodes, where the
number of links of each category is denoted by Nlow

RD and Nhigh
RD ,

respectively. When the buffer for a relay node is �k = 1, the
priority of the associated RD link is determined to be low.
Also, the priority is high for �k ≥ 2.

Having attained the priorities of the available SR and RD
links, the link activation process is carried out according to
the decision classification algorithms listed in Table III. The
decisions are categorized into Cases 1–7. When there is at least
one highest-priority SR link, which corresponds to Case 1, all
of the Nhighest

SR + Nhigh
SR highest- and high-priority SR links are

activated and a source packet is copied at the buffers of all
associated relay nodes. In Case 2, where there is no highest-
priority SR link, but at least one high-priority RD link exists, a
single high-priority RD link is activated. After the destination
node successfully decodes the packet relayed from the selected
relay node, the destination node transmits an ACK packet to all
of the relay nodes via the stable feedback channels, after which
the corresponding packet that was copied at the relay nodes is
deleted from the buffers. As for Case 3, where there are neither
any highest-priority SR nor high-priority RD links, but there
are Nhigh

SR high-priority SR links, all of the Nhigh
SR high-priority

SR links are activated. In Cases 4–6, we have only low-priority
SR and RD links. When there are both low-priority SR and RD
links, which corresponds to Case 4, the link having the highest
channel coefficient is selected. Note that when the selected
link is an SR link, the single strongest one out of the Nlow

SR
low-priority SR links is activated. Case 5 corresponds to the
scenario, where there are only Nlow

SR low-priority SR links. In
this case, the one strongest low-priority SR link is activated.
Case 6 corresponds to a scenario where there are only low-
priority RD links, in which a single strongest low-priority RD
link is activated. Finally, Case 7 corresponds to an outage
event, since there are no available links.

Moreover, we introduce our relay node thresholding tech-
nique, which allows us to avoid the noise-enhancement effects
of relaying. First, let us assume that a source packet s(t) is
transmitted to the destination node through the kth relay node
at the time instance (t + τ), where the buffer states of the

SR- and RD-link selections are si and sj, respectively. Then,
from (3), the instantaneous end-to-end SNR of both the con-
ventional and proposed buffer-aided AF schemes are given
by [12]

γ
(si,sj)

SD (t + τ) = γSRk(t)γRDk(t + τ)

γSRk(t) + γRDk(t + τ) + 1
, (4)

where we have γSRk(t) = Es|hSRk(t)|2/N0 and γRDk(t +
τ) = Es|hRDk(t + τ)|2/N0. Furthermore, by making sim-
plified assumptions of γSRk(t) = γRDk(t + τ) = γ̄ and

γ
(si,sj)

SD (t + τ) = 22r0 − 1, we may have the thresholding SNR
of γ̄ = 22r0 − 1 + √

22r0(22r0 − 1), where r0 is the target
transmission rate. Hence, in the proposed scheme, when the
SNR for a specific instantaneous SR link is below this thresh-
olding SNR γ̄ , the associated relay node does not store the
received packet. Similarly, we introduce the same threshold-
ing technique to the packet reception process at the destination
node.3

III. PERFORMANCE RESULTS

In this section, we provide our simulation results, in order to
characterize the proposed scheme. The conventional AF max-
link protocol [12] was considered as the benchmark scheme.
In our simulations, we assumed an independently identical dis-
tributed (IID) Rayleigh fading scenario, where the channel
coefficients were randomly generated in each time slot. For
each scheme, the transmission rate at each node was 2r0 = 2
bps/Hz, while targeting the end-to-end rate of r0 = 1 bps/Hz.

Fig. 1 show a comparison between the outage performance
of the conventional AF max-link scheme and the proposed
generalized AF scheme, where the system parameters were
given by (K, L) = (3, 3) and (4, 3). In Fig. 1, it can be
seen that the proposed scheme outperformed the conventional
scheme in each scenario, and that the proposed scheme achieved
the maximum attainable diversity gain because of the explicit
benefits provided by the BSB relay selection and thresholding.4

Furthermore, Fig. 2 shows the delay profiles for the con-
ventional and proposed buffer-aided AF schemes, where the

3While in this letter we focused our attention on the single-source and
single-destination scenario, the extension of our protocol to the multi-flow
scenario [15] is left for the future study.

4We note, for example, that in Fig. 1 the diversity order of the proposed
scheme of (K, L) = (3, 3) was approximately five, which is lower than the
number of available links, i.e., six. This performance gap was mainly due to
the noise-propagation effects, which are specific to AF protocols, although
our thresholding technique achieved the explicit performance improvement
over the existing AF scheme [12].
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Fig. 1. Comparison of outage performance between the conventional AF
max-link scheme and the proposed generalized AF scheme where the system
parameters were given by (K, L) = (3, 3) and (4, 3).

Fig. 2. Delay comparisons between the conventional and proposed buffer-
aided AF schemes, where the number of relay nodes was varied from K = 2
to 10, while maintaining a buffer of L = 6. The SNR was (a) 20 dB and
(b) 10 dB.

Fig. 3. Distributions of packets stored at each relay node buffer, where the
number of relay nodes was K = 3, each having a buffer size of L = 5. The
SNR was (a) 20 dB and (b) 10 dB.

number of relay nodes was varied from K = 2 to 10, while
maintaining a buffer of L = 6. The average SNR was 20 dB
and 10 dB in Figs. 2(a) and 2(b), respectively. Regardless of
the average SNR, it can be seen that the packet delay for the
proposed scheme remained low, while that for the conventional
AF scheme increased linearly with the number of relay nodes.

In Fig. 3, we plotted the distributions of packets stored at
each relay node buffer, where the number of relay nodes was
K = 3, each having a buffer size of L = 5. The SNR was
20 dB and 10 dB in Figs. 3(a) and 3(b), respectively. As
can be seen in both Figs. 3(a) and 3(b), the proposed scheme
successfully avoided the full- and empty-buffer states, while

the conventional AF scheme relay buffers were uniformly dis-
tributed. This allowed the proposed scheme to achieve the
maximum attainable diversity gain, as demonstrated by the
results of Fig. 1. More specifically, in the proposed scheme,
the amount of packets stored at the relay nodes is kept as
low as possible, while avoiding empty buffers. Since the num-
ber of packets stored at relay nodes is directly related to the
delay profile, as demonstrated in [2], this also contributes to
the proposed scheme’s delay reductions over the conventional
protocol, as clarified by the results of Fig. 2.

IV. CONCLUSION

In this letter, we proposed a novel generalized AF BSB
relaying protocol that simultaneously exploits multiple SR
links while introducing buffer-state-and-thresholding-based
relay selection. Due to the increased number of simultane-
ously activated links, the proposed scheme outperforms the
conventional buffer-aided amplify-and-forward protocol. Our
simulation results demonstrated that the proposed protocol
achieves significantly lower packet delay, while maintain-
ing a lower outage probability than that of the existing AF
buffer-aided scheme.

REFERENCES

[1] N. Zlatanov, A. Ikhlef, T. Islam, and R. Schober, “Buffer-aided coop-
erative communications: Opportunities and challenges,” IEEE Commun.
Mag., vol. 52, no. 4, pp. 146–153, Apr. 2014.

[2] M. Oiwa and S. Sugiura, “Reduced-packet-delay generalized buffer-
aided relaying protocol: Simultaneous activation of multiple source-to-
relay links,” IEEE Access, vol. 4, pp. 3632–3646, 2016.

[3] N. Nomikos et al., “A survey on buffer-aided relay selection,” IEEE
Commun. Surveys Tuts., vol. 18, no. 2, pp. 1073–1097, 2nd Quart., 2016.

[4] A. Ikhlef, D. S. Michalopoulos, and R. Schober, “Max-max relay selec-
tion for relays with buffers,” IEEE Trans. Wireless Commun., vol. 11,
no. 3, pp. 1124–1135, Mar. 2012.

[5] I. Krikidis, T. Charalambous, and J. S. Thompson, “Buffer-aided
relay selection for cooperative diversity systems without delay con-
straints,” IEEE Trans. Wireless Commun., vol. 11, no. 5, pp. 1957–1967,
May 2012.

[6] C. Dong, L.-L. Yang, and L. Hanzo, “Performance analysis of multihop-
diversity-aided multihop links,” IEEE Trans. Veh. Technol., vol. 61, no. 6,
pp. 2504–2516, Jul. 2012.

[7] S. Luo and K. C. Teh, “Buffer state based relay selection for buffer-aided
cooperative relaying systems,” IEEE Trans. Wireless Commun., vol. 14,
no. 10, pp. 5430–5439, Oct. 2015.

[8] D. Poulimeneas et al., “Delay- and diversity-aware buffer-aided relay
selection policies in cooperative networks,” in Proc. IEEE Wireless
Commun. Netw. Conf., Doha, Qatar, Apr. 2016, pp. 1–6.

[9] S.-L. Lin and K.-H. Liu, “Relay selection for cooperative relaying
networks with small buffers,” IEEE Trans. Veh. Technol., vol. 65, no. 8,
pp. 6562–6572, Aug. 2016.

[10] R. Nakai, M. Oiwa, and S. Sugiura, “Generalized buffer-state-based
relay selection for fixed-rate buffer-aided cooperative systems,” in Proc.
IEEE Veh. Technol. Conf., Sydney, NSW, Australia, Jun. 2017, pp. 1–5.

[11] A. Siddig and M. F. M. Salleh, “Balancing buffer-aided relay selec-
tion for cooperative relaying systems,” IEEE Trans. Veh. Technol., to be
published.

[12] Z. Tian, G. Chen, Y. Gong, Z. Chen, and J. A. Chambers, “Buffer-aided
max-link relay selection in amplify-and-forward cooperative networks,”
IEEE Trans. Veh. Technol., vol. 64, no. 2, pp. 553–565, Feb. 2015.

[13] K. C. Teh and S. Luo, “Performance of space-shift keying with buffer-
aided amplify-and-forward relaying,” IEEE Trans. Veh. Technol., to be
published.

[14] M. Oiwa, C. Tosa, and S. Sugiura, “Theoretical analysis of hybrid
buffer–aided cooperative protocol based on max–max and max–
link relay selections,” IEEE Trans. Veh. Technol., vol. 65, no. 11,
pp. 9236–9246, Nov. 2016.

[15] B. B. Bai, W. Chen, K. B. Letaief, and Z. Cao, “A unified matching
framework for multi-flow decode-and-forward cooperative networks,”
IEEE J. Sel. Areas Commun., vol. 30, no. 2, pp. 397–406, Feb. 2012.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


