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Abstract—The delivery of high quality video to multiple
viewers accessing the content from various devices and networks
with varying conditions is a challenging task. Transferring the
same content (often with large volume) to multiple viewers drives
unicast transmission inefficient. Furthermore, traditional multi-
casting is not an optimal solution for heterogeneous networks
since it either overwhelms slow receivers or starves the fast ones.
Hence, new delivery solutions with the goal of reducing the output
rate of the source and tailored to heterogeneous networks is
necessary. In this paper, we present a novel scheme for layered
video multicasting to viewers with the flexibility to access the
content from various devices (in a heterogeneous network) and
loss/erasure prone networks. In this scheme, the source node
uses Scalable Video Coding (SVC) to obtain scalability together
with modern elastic Forward Error Correction (FEC) for loss
protection. There exists a non-trivial advantage in using elastic
FEC in conjunction with SVC which enables us to introduce
a new architecture that brings considerable savings in required
source output bandwidth. Our solution adapts to the specific
needs of viewers, shows resilience against packet loss, e.g. less
than 5dB drop in Peak Signal-to-Noise Ratio (PSNR) for up to
30% loss rate, and especially, can reduce the source output rate
by half for typical 3-layer SVC.

Index Terms—Rateless codes, scalable video, multilevel diver-
sity, video multicast, heterogeneous networks.

I. INTRODUCTION

THE convergence of multimedia delivery technologies to
an all-IP infrastructure has enabled video providers to

serve a broad range of video services to a variety of client
devices ranging from high definition TVs to laptops and hand-
held devices. Delivering high quality video, tailored to each
screen, can result in explosive bandwidth requirements.

In this paper, we propose a novel solution to address the
challenges in video delivery to heterogeneous devices. We
adopt SVC as a promising video coding that enables adapta-
tion of the video quality to each device [1]. A traditional solu-
tion for video source coding is to prepare separate pre-encoded
video streams according to the capability of each targeted
device such as screen size, computational power, and available
bandwidth. However, this approach results in relatively large
storage requirements at the server as well as a significant band-
width adaptation problem in the wireless network. Another
more advanced solution is transcoding technology with down-
sampling. By transcoding, one high resolution and high bitrate
video is adapted to targeted screen sizes and bitrates of clients.

Manuscript received December 19, 2012. The associate editor coordinating
the review of this letter and approving it for publication was M. Xiao.

M. Sardari and F. Fekri were partly supported by a gift from the Cisco
University Research Fund.

M. Sardari, F. Fekri, and N. Jayant are with the School of Electrical
and Computer Engineering, Georgia Institute of Technology, Atlanta, GA,
30332. E.-S. Ryu was with the Georgia Institute of Technology at the
time of completing this project (e-mail: {sardari, esryu, jayant}@gatech.edu;
fekri@ece.gatech.edu).

Digital Object Identifier 10.1109/LCOMM.2013.031913.122838

Transcoding solution is able to reduce storage requirements
and adapt to bandwidth fluctuations. But, this technology has
a computational complexity problem which makes it hard to
apply in a real-time system. However, the SVC approach we
are taking is very appropriate for supporting multiple clients
since it can provide a one-source multi-use method using its
multiple layered bitstreams [1], [2].

Further, our solution applies modern elastic FEC to SVC at
the source in a new architecture involving multiple gateways.
This new architecture for multi-rate and scalable multicast is
inspired by a non-trivial advantage in using elastic FEC in
conjunction with the scalable video stream that we aspire
to in this paper. Recent research activities [3] have been
mainly focused on the adaptation of network coding for multi-
resolution multicast. However, multi-gateway association is a
feature of our work that has not been investigated. Also, in
many solutions each layer is associated with a multicast group
and coding is performed within each layer, i.e., intra-session
coding. But, there is much to be gained by extending the
coding strategy across layers, i.e., inter-session coding. Our
solution investigates this opportunity and we provide a prac-
tical solution that forms new multicast groups by combining
coded packets from all layers which achieves the minimum
output rate at the source.

Devices today are typically equipped with multiple wireless
interfaces or are capable of associating with multiple gateways
with a single interface [4]. The multi-gateway connection,
FEC coding and SVC combined together offer numerous
advantages that solves the issue of packet loss and especially,
requires less bandwidth for the same quality in multicast.
Utilizing the SVC in conjunction with rateless coding and
multi-gateway association distinguishes our approach. In short,
our objective for multicast video delivery is to introduce a
solution that 1) adapts to the specific needs of heterogeneous
viewers and is robust against varying network dynamics (e.g.,
packet loss), and 2) requires less bandwidth compared to
conventional multicast.

II. BACKGROUND AND RELATED WORK

A. Scalable Video Coding (SVC)

Today many investigations address the distribution of high-
quality video over an error-prone network. Video coding tech-
niques include algorithms for efficient transmission and meth-
ods resilient to errors that may occur during transmission such
as resync markers, reversible variable length codes (RVLC),
arbitrary slice order (ASO), flexible macro block ordering
(FMO), and redundant slice. Among them, the H.264/SVC is
in particular of importance because it envisions methods for
controlling video characteristics such as resolution, quality,
and frame rate according to the network condition. For this
purpose, SVC uses a layered coding approach to provide
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Fig. 1. The layered structure of SVC technology.

Fig. 2. Rateless encoding process.

combined spatial, temporal, and quality scalabilities, as shown
in Fig. 1. Due to the layered feature, SVC coding offers several
advantages. First, it enables service providers to reduce total
BW, storage, and computational complexity for transcoding
by supporting many clients with a single video content file.
Second, it lends itself well to FEC and unequal error protec-
tion methods [5]. Third, its layer switching method enables
adapting to variable bandwidth by extracting and playing
appropriate layers from several spatial/temporal/quality layers
of SVC bitstream according to the bandwidth [2].

B. Rateless Coding

These codes, unlike conventional algebraic codes do not
possess any fixed rate. From a finite set of data packets, the
encoder can generate an infinite stream of encoded packets.
In [6], it was shown that for k data packets, on the average,
the destination requires kΓk encoded packets, where Γk =
1 + O(k−1/2 log k

δ ) is the overhead, to decode all the k data
packets with a probability of 1 − δ. Moreover, the encoding
and decoding processes introduce very low computational
complexity and are performed in the following manner. A
parameter that is key in the design of rateless codes is the
degree distribution polynomial Ω(x) =

∑
1≤x≤k Ω(i)xi where

Ω(i) ∈ [0, 1] for i = 1, . . . , k. This degree distribution
induces a probability distribution on the set of data packets
{p1, . . . , pk} in the following manner. For any subset V of
packets, PΩ(V ) = Ω(|V |)/( k

|V |
)
. To generate a packet, the

encoder generates an instance of a random variable Z that
selects each subset V of packets with the aforementioned
probability. Such a selection can be effected by equivalently
selecting the weight |V | of the selection using the distribution
Ω and then selecting |V | packets uniformly at random from
set of d data packets. To generate the encoded packet, the
encoder does a packet-level XOR of the selected packets and
appends each packet with the IDs of all the packets XORed
to generate the encoded packet. Fig. 2 illustrates the encoding
process.

To decode the data packets from the received packets ei,
the decoder employs iterative message passing algorithm. To
decode k data packets, at least k encoded packets must be
collected at the receiver. However, in practical coding schemes
with small k (of the order of 103), more than k packets are
needed for successful decoding with high probability.

Fig. 3. Multi-gateway Association: clients in different coverage regions can
connect to a number of gateways (top). Association of each client to more
gateways result in higher quality (bottom).

III. MULTI-GATEWAY OPTIMIZATION

Unlike the short-lived connections for delivery of web
pages, for large media content a long-duration connection is
required. Maintaining a connection to a single gateway can be
challenging, as changing network conditions or a failure can
result in a poor viewer experience. A natural solution to this
problem is to enable devices to associate with multiple gate-
ways. Multi-gateway association can also offer other benefits
such as reducing the load on the backbone network. This load
reduction is an important feature, especially for multimedia
applications.

In this section, we explore multi-gateway association and
take a theoretical approach to study the efficient use of multi-
gateway multicast for transmission of the scalable video. We
formulate our problem as an optimization problem with the ob-
jective of minimizing the total bandwidth of the video delivery.
We first introduce an abstract model and describe the optimal
solution for multi-gateway multicast of scalable content and
demonstrate that traditional multicast, which requires all the
gateways in the network fully deliver all the layers of a SVC
content, is not optimal. Our model captures all the essential
elements we need to construct the optimal solution. We then
describe the rateless-based optimal coding scheme.

The main idea is that having access to more gateways
should result in receiving more layers and hence higher
video quality. The layers are incrementally combined at each
client to provide progressive refinement for the heterogeneous
clients. Therefore, for every client the quality of video is
correlated with the number of gateways it can connect to. For
example, consider a network with three gateways illustrated
for three nodes A1, A2, A3, as shown in Fig. 3. We can
distinguish three different regions with regard to the number of
gateways a client can connect to. In the following, we state the
multi-gateway association problem and show its connection
to multilevel diversity coding [7], [8] in Information Theory
literature.
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A. Problem Statement

Consider a source node S which provides scalable video
with L layers l1, . . . , lL. The source streams the layered video
to the gateways. Each client can connect to a number of
gateways. We optimize for the total output rate of the S
such that connection to any Nα number of gateways (out
of N ) should enable the client to successfully receive layers
{l1, . . . , lα}. We always assume α ≤ L and L ≤ N .

Denote the N gateways by A1, . . . , AN , and consider all
the possible client varieties in terms of gateway connections.
Without loss of generality, from this point on, we assume
Nα = α and L ≤ N . As an example, for the special case
of N = 3, every client connecting to one gateway recovers l1,
every client connecting to any two gateways recovers l1 and
l2 and every client with access to all three recovers l1, l2, l3.
We further assume that packets from different layers are not
combined with each other at any gateways. Our problem
setup in this paper is related to Multilevel Diversity Coding
introduced in [7], [8]. Roche et al. in [8], prove that for
our problem setup the optimal solution minimizing the total
output rate of the source does not require coding packets
from different layers together. However, each gateway should
receive packets from all layers from S. Hence, we should
focus on finding the optimal rate of each layer sent by S to
different gateways.

With slight abuse of the notation, let li also stand for the
rate of i-th video layer. Now, consider the n-th gateway and let
r1n, r

2
n, . . . , r

L
n be the rate of the layers 1 through L provided

by S to the n-th gateway, correspondingly. Define

Rn =

L∑
α=1

rαn ,

as the total rate sent to n-th gateway.
Let [N ] be the set of integers {1, 2, . . . , N} and A[N ] be

the set of all gateways. Further, let

rαA⊆A[N ]
= {rαn : An ∈ A}.

To successfully recover a layer α, the sum of the rates rα ≥
0 received by a client from all the gateways should be lα.
Therefore, constraints on successful recovery of layers result
in the following optimization problem:

minimize
∑N

n=1 Rn

subject to
∑

A⊆A[N ]

|A|=α

rαA = lα. (1)

The solution of the optimization problem (1) has an inter-
esting structure which we discuss below.

Proposition 1 The solution of the optimization problem (1) is

rαn =
lα
α

α ∈ [L], n ∈ [N ]. (2)

Proof: The optimization problem (1) is an LP problem in
canonical form [9]. The set of constraints in (1), considering
the symmetry in the structure of the problem (Fig. 3), can
equivalently be written as

r1n = l1 ∀n
r2n + r2n′ = l2 n < n′

r3n + r3n′ + r3n′′ = l3 n < n′ < n′′
...

. (3)
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Fig. 4. Relative gain of the proposed solution to traditional multicast for
different SVC layer size growths.

Thus, the dual problem of (1) with variables p1, . . . , pL, is

maximize
L∑

α=1

(
N

α

)
lαpα

subject to

(
N − 1

α− 1

)
pα ≤ 1 α ∈ [L].

Using the combinatorial identity
(
N
i

)
= N

i

(
N−1
i−1

)
, and the

duality theorem in [9], we have

L∑
α=1

(
N

α

)
lαpα ≤

L∑
α=1

N

α
lα ≤

N∑
n=1

Rn. (4)

Now, by replacing (2) in (4), we would arrive at

N∑
n=1

Rn =
L∑

α=1

N∑
n=1

rαn =
L∑

α=1

N

α
lα.

Therefore, we conclude that (2) is an optimal solution of (1).

There is an interesting connection between (2) and recent
results in distributed storage. In [10], it is shown that given
enough budget for storing a file in a distributed network,
spreading of the budget similar to (2) maximizes the recovery
probability for a collector with random access to a set of
storage nodes.

B. Achieving the Optimal Solution with Rateless Coding

In short, the result of Proposition 1 indicates that the source
should provide every gateway the whole of layer 1, and 1/i
of the layer i. While the case of layer l1 is clear, achieving
the optimal solution for li, i > 1 is not so obvious since the
simple splitting of the layers is not sufficient. For example,
for the case of N = L = 3 shown in Fig. 3, if we simply split
l2 into two parts (e.g., separating even and odd packets) and
send each half to a gateway, there is always a starved client.

As discussed earlier, rateless coding provides the flexibility
to encode every block of k packets into an infinite number of
packets such that every subset of size k of those packets are
independent. This property proves to be useful in achieving
the optimal solution. We break the SVC bitstream into blocks
of size k such that each block contain corresponding packets
from all layers with hierarchical dependencies. Let κi be the
number of packets corresponding to layer li in a block of
size k. According to the optimal solution in (2), the source
node generates Nκi

i encoding packets out of κi packets. Each
gateway then provides κi

i packets to viewers. By encoding the
layers separately, the hierarchical and temporal dependencies
of the packets remain intact which is crucial for playing SVC.
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Fig. 5. Performance evaluation: (a) performance of the rateless code with optimal layer rates as in (2) vs. PLR, for a three layer SVC; (b) PSNR vs. PLR
for layer switching enabled and layer switching disabled cases.

Comparison of the Optimal Solution with Simple Multicast:
It is of interest to compare the benefits of the proposed solution
in terms of bandwidth with simple multicast solution. We
define a gain parameter G which is the relative gain of the
proposed solution to the case where we have to send all layers
of the SVC video stream to all gateways. From (2), we have

G =
N

∑L
i=1 li∑N

n=1 Rn

=

∑L
i=1 li∑L
i=1

li
i

. (5)

Fig. 4 depicts the gain G for various layer growths. The relative
size of layers in SVC can vary according to the technology
used. We considered constant size (li = l ∀i), linear growth
(li = il), and exponential growth (li = 2il).

IV. PERFORMANCE EVALUATION

Here, we describe the performance evaluation of the pro-
posed multicast architecture that consists of SVC and multi-
gateway association solution combined with rateless coding.
The rateless codes that are used are inspired from the Raptor
code design [11], i.e., we used a fixed rate erasure code as
outer-code. The encoded packets of the outer-code are then
input to an inner-code as described in Sec. II-B. The total
coding overhead introduced is 12%.

To mimic the source operation in Fig. 3, we first packetize
the SVC layers and consider blocks of 8000 packets within
each layer. The rateless code is applied on each block and a
large number of encoding packets is produced. Then, source
creates three separate streams with rates R1, R2, and R3

using the encoded packets of all layers according to the rates
obtained in (2).

The performance of the rateless code is depicted in Fig. 5(a).
PLR ranges from 6% to 50% and the performance of the
rateless code is averaged over 10 runs of the simulation. The
rateless code shows resilience against packet loss and viewers,
in region c, with less than 10% loss can recover all three layers
and viewers with less than 35% loss can always recover the
first two layers successfully. Viewers with more than 35% loss
are still able to recover the base layer which demonstrates a
natural unequal error protection in the design. Our simulation
results show that viewers in region b can recover the first two
layers and viewers in region a can recover the base layer for
PLR less than 10%.

The other quantity of interest is PSNR against PLR. The
PSNR is measured from the output of the rateless decoder us-
ing a SVC decoder and playback module. Our implementation

provides a single player for all viewers independent of their
channel quality. Hence, we have to actively detect the optimal
setting for playback. As such, we have implemented a layer
switching module that can actively tune the number of layers
used for SVC decoding and playback upon reaching a loss rate
intolerable by our SVC player. The PSNR of the output of the
player is depicted in Fig. 5(b). The layer switching technique
shows its importance as when we disable layer switching the
output PSNR degrades drastically because if we do not change
SVC layers, the decoder may suffer severe quality degradation.

Our layer switching module switches from three layers to
two layers when the loss rate exceeds 14% and switches from
2 layers to 1 layer when the loss rate exceeds 40%. As shown
in Fig. 5, if layer switching is not employed, the playback
quality suffers greatly from packet loss.

Discussion on Complexity: The complexity of the proposed
scheme is comparable to [2] as we use similar SVC and
FEC schemes. The complexity of generating rateless encoded
packets and the decoding complexity are both linear in k.

REFERENCES

[1] H. Schwarz, D. Marpe, and T. Wiegand, “Overview of the scalable video
coding extension of the H.264/AVC standard,” vol. 17, no. 9, pp. 1103–
1120, 2007.

[2] E.-S. Ryu and N. Jayant, “Home gateway for three-screen TV using
H. 264 SVC and raptor FEC,” IEEE Trans. Consum. Electron., vol. 57,
no. 4, pp. 1652–1660, 2011.

[3] J. Widmer, A. Capalbo, A. Anta, and A. Banchs, “Rate allocation for
layered multicast streaming with inter-layer network coding,” in Proc.
2012 IEEE INFOCOM, pp. 2796–2800.

[4] L. Keller, A. Le, B. Cici, H. Seferoglu, C. Fragouli, and
A. Markopoulou, “Demo: microcast: cooperative video streaming on
smartphones,” in Proc. 2012 International Conference on Mobile Sys-
tems, Applications, and Services, pp. 463–464.

[5] N. Rahnavard, B. N. Vellambi, and F. Fekri, “Rateless codes with
unequal error protection property,” IEEE Trans. Inf. Theory, vol. 53,
no. 4, pp. 1521–1532, 2007.

[6] M. Luby, “LT codes,” in Proc. 2002 IEEE Symp. Foundations of
Computer Science, pp. 271–280.

[7] R. W. Yeung, “Multilevel diversity coding with distortion,” IEEE Trans.
Inf. Theory, vol. 41, pp. 412–422, 1995.

[8] J. R. Roche, R. W. Yeung, and K. P. Hau, “Symmetrical multilevel
diversity coding,” IEEE Trans. Inf. Theory, vol. 43, no. 3, pp. 1059–
1064, 1997.

[9] D. Bertsimas and J. Tsitklis, Introduction to Linear Optimization. Athena
Acientific, 1997.

[10] D. Leong, A. Dimakis, and T. Ho, “Distributed storage allocations,”
IEEE Trans. Inf. Theory, vol. 58, no. 7, pp. 4733–4752, July 2012.

[11] A. Shokrollahi, “Raptor codes,” IEEE Trans. Inf. Theory, vol. 52, pp.
2551–2567, 2006.



<<
  /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


