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Transport Efficient and Loss Resilient Heterogeneous Multilayer Multimedia
Multicasting

John K. Zao (NCTU), Wen-Hsiao Peng (NCTU), Chung-Hsuan Wang (NCTU) and Robert S.Y. Li (CUHK)

l. INTRODUCTION

This technical report described the results of on-going research on heterogeneous multicasting of
H.264 Scalable Video Bitstreams performed by an NCTU project team consisting of Prof. John K.
Zao (NCTU CS, PI), Prof. Wen-Hsiao Peng (NCTU CS, Co-PI), Prof. Chung-Hsuan Wang (NCTU
EE, Co-PI) and Chair Prof. Robert S.Y. Li (CUHK IE, Adjunct-PI) supported by the NSC grant 98-
2221-E-009-103.

Prof. John K. Zao (NCTU CS, PI) and Prof. Wen-Hsiao Peng (NCTU CS, Co-PI) began their
collaborated research on SVC multicasting since early 2007. Their work was focused initially on the
adaptation of SVC inter-layer dependence relations and bitstream extraction orders so as to attain
rate-distortion optimized playback for different viewing devices. After receiving their first NSC
grant, they invited Prof. Chung-Hsuan Wang (NCTU EE, Co-PI) and Chair Prof. Robert S.Y. Li
(CUHK IE, Adjunct-PI) to join the project team and started exploring the benefit of employing
unequal erasure correction and networking coding techniques to enhance the performance of SVC
streaming over wireless LANs and the public Internet.

In the past four years, the project team has produced significant results in the following research
topics. Only the underlined ones are summarized in this section. Reviewers are referred to the cited
publication for details.

/7

% Video Multicasting among Peers with Asymmetric Network Connectivity [1]

» Rate-Distortion Optimized SVC Interlayer Dependency and Bitstream Extraction [2, 3,4]
Bandwidth Allocation for SVC Multipath Multicasting [5]

Rate-Distortion Optimized RTP-based SVC Internet Streaming [6]

Unequal Erasure Protection (UEP) of Scalable Video Multicasting using Randomized
Linear Network Codes [7.8]

+»» Joint Source-Channel Coding for Rateless Unequal Erasure Protection of Wireless H.264
SVC Broadcasting [9]

1. VIDEO MULTICASTING AMONG PEERS WITH ASYMMETRIC NETWORK CONNECTIVITY

>
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I1.1  Obijectives

Our first work on video multicasting tried to confront two issues that often arise when peer-to-peer
application layer multicast (ALM) is used to provide video streaming to household users:

1. Peers with asymmetric connectivity for up/down links such as ADSL, VDSL or Cable modem
usually have narrower upstream bandwidth. The capacity of peer’s upstream bandwidth will
influent on how many topological children it can support.

2. Peers, especially the mobile ones that use wireless links, may be disconnected from the network
at any time, and thus cause the ALM services they render with unexpected performance
degradation.
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112 Approach

We devised a resilient application layer multicasting (ALM) mechanism, which has several desirable
properties. (1) Peers can tolerate a small number of packet delay or loss and they still can receive
complete message in time. (2) A sudden breakdown of some peers or links won’t disrupt the
reception of downstream peers. (3) Streaming data can be retrieved only by the peers subscribing to
the ALM service, but not by the peers helping to provide the service.

ALM service
Source peer
Subscriber
Helper

ldle peer

Q’@D.O

Figure 1 : Application Layer Multicast (ALM) System

We solve the asymmetric connectivity issue by making full use of peers’ upstream bandwidth and
increasing the total upstream bandwidth of the service. To reach the purpose we described, we use
three approaches, which are described in the following paragraphs.

(A)  Information Dispersion

Rabin’s Information Dispersal Algorithm (IDA) is used to process the message generated from
source peer and a message will be divided into several stripes. The peers can’t know any content
without receiving sufficient number of stripes. There are two meanings. First, it means you can’t
know any content of the message from one or few stripes. Therefore, if some peers have no authority
to read the message, we only need to make sure not to let them receive too many different stripes of
the message. Second, it means peers don’t need to receive whole stripes of a message and they can
still know the complete message. By this characteristic, we can improve the fault tolerance and
robustness of data transmission.

(B)  Multiple Path Transport

Each message transported from source peer that provide streaming data will be divided into several
stripes. In the multicasting tree formation, we not only construct one tree, we construct as many
different trees as the number of stripes that one message is divided into. And each tree transmits
different stripe of the message. This approach will lead to two advantages. First, each stripe will pass
through different path. When one peer leaves or crashed, descendants of the peer will only lose one
stripes and they still can receive other stripes. Furthermore, when a hop of the path is congested, it
only influences on the reception of one stripe. Second, a stripe is much smaller than a message. The
advantage is that a peer with low upstream bandwidth can also support several children because the

data it needs to retransmit is small enough. Therefore, every peer can fully utilize their upstream
bandwidth.

(C)  Helper Recruitment

Because the lack of upstream bandwidth, even we use multiple stripes approach to fully utilize every
peer’s upstream bandwidth; it is still possible that new peers cannot find the parent in the tree that
can provide them smooth streaming data. Therefore, the service will request some peers called helper
that still have unnecessary bandwidth to join and share their bandwidth to increase the total upstream
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bandwidth of the service. With the aid of the helpers,
the service can accept more peers and each peer can
receive the streaming data smoothly.

11.3  Simulation Results

We combined the three approaches mentioned above
and produced a new application layer multicast
syste:m1 as shown in Figure 1. In an ALM system,
there are many ALM services and each service
provides different streaming data. Every ALM
service uses information dispersal algorithm, -
multiple stripes, and helper approach to operate T Sl
independently. Each user who joins the system is  Figure 4: Network topology of Trickle simulations
called a peer. The peer who provides streaming data

is called source peer. The peer who wants to receive the streaming data of the service and join it is
called subscriber in that service. And for other services, it is a helper. The peer who doesn’t join any
service of the ALM system is called idle peer. And the idle peer is also a helper for all services in the
system.

1. RATE-DISTORTION OPTIMIZED RTP-BASED SVC INTERNET STREAMING

In this thesis [6], we aimed at building a rate-distortion estimation model. The expected rate and
distortion can be calculated through our estimation model with a given packet loss rate and a
transmission policy under certain transmission scenario.

Many details need to be tackled when streaming via RTP over the wired Internet are taken into
account in our estimation model. This model is

built for SVC video streaming under receiver- Figure 3: Recovered frame counts at the same two sub-
driven  retransmission and  receiver-driven scribers

aggressive retransmission.

The results show that the difference of RD points
between different transmission policies become
larger when the packet loss rate increase. As the
maximum retransmission times increase, the
improvement of distortion becomes less obvious.

We also propose transmission policy optimization
algorithms. For a given bit rate, we can find the
optimal transmission policy with minimum
expected distortion through our optimization
algorithms.

1.1 Rate-distortion Estimation Model Figure 2: Packet latencies at two dispersed subscribers

In this research, our Rate-Distortion Estimation as more subscribers and helpers were introduced
Model is based on Chou’s model. First at all, we ' " ‘
consider two kinds of retransmission mechanism.
¢ Receiver-driven Retransmission

! The ALM simulation network consists of 380 routers and 101\
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The retransmission is controlled by receiver. When receiver wants to receive a multimedia data
unit, receiver will send a request message to sender ask for the data unit. If in next time slot,
receiver dose not receive the data unit, receiver will decide whether resend a request message to
sender or not depends on the transmission policy.

% Receiver-driven Aggressive Retransmission

The different with Receiver-driven Retransmission is that sender will send the data unit
continuously until receiver sends an ACK message which represents receiver received the data
unit.

% Rate-distortion Estimation
Expected Distortion Value
D(L,T)(Tl') = Do — Z AD(L’,T') 1_[ (1 - En:(L",T")) +Cum
R (L, TeS(LT) Re(' T<R(L',T")
Expected Transmission Cost Value
Rym(m) = Z (B(L’,T’) +H- N(L’,T’)) Pr(L',r")
Re (L', TES(L,T)

I11.2  Transmission Policy Optimization

+ Optimization Algorithm 1

We used Greedy algorithm to find next possible policies according to extraction path. And then
compute the expected rate and distortion choose the optimal improvement from these policies as
our next policy. Find out the next policy step by step. Finally, we can get the optimized policy.

+ Optimization Algorithm 2

Algorithm 2 is also greedy but it did not take the extraction paths into account. When we tried to
find the next policy, the algorithm will regard all possible policies as candidates even if some of
them do not have any dependency with the data units that receiver has already received. Use this
algorithm we find out another possible optimized solution.

111.3 Estimation Results
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Figure 5: (a) RD Trellis of Different Policies, Packet Loss Rate = 0.2 in Receiver-driven Retransmission. (b) Policy 1,
Different Packet Loss Rate in Receiver-driven Aggressive Retransmission
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Figure 7: (a) Optimization Algorithm 2 RD Curve of optimal policies. (b) Compare Algorithm 1 to Algorithm 2 Min
MSE at Different Bit Rate
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Prof. John K. Zao was invited to pay a visit to Prof. Jens-Rainer Ohm ohm@ient.rwth-aachen.de of
Institut fir Nachrichtentechnik, RWTH, Aachen [cf. attached email messages] as a collaborator and the
graduate advisor of summer internship student, Mr. Chih-Ming Chiu (% & p* ). The following schedules
of a two-day visit (as a detour from Frankfurt after attending the Microsoft Imagine Cup Final in
Warsaw, Poland) provided a brief and yet valuable chance to interact with a world-renowned
multimedia research team.

7/11 (Sun) Schedules Activities
2PM (14:00) - 4PM (16:00) Warsaw -> Frankfurt
5PM (17:00) — 10PM (18:00) Frankfurt -> Aachen
Night Stay in Aachen
7/12 (Mon) Schedules Activities
9AM (09:00) — 11AM (11:00) Meeting with Chih-Ming Chiu and
his colleagues
11AM (11:00) — 12NN (12:00) Meeting with Prof. Ohm
12NN (12:00) — 1PM (13:00) Lunch with Chih-Ming Chiu and
his colleagues
1PM (13:00) - 6PM (18:00) Aachen -> Frankfurt
7:45PM (19:45) Frankfurt -> Hong Kong
S e

Meetings with Prof. Ohm, his colleague (Dr. Mathias Wien) and PhD students (Bing Zhang) have
proven to be most fruitful. Not only we learned of their most recent work on High Efficiency Video
Coding (HEVC) but also started co-working relation with Mr. Bing Zhang. My student, Chih-Ming
Chiu (8 & 1), has been following up this line of work.
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Ce=ar Fro. Ohme

THANE ¥O S0 MUCH for your reply! 'mi SORRY o bother you while you must e busy preparing for the upoming
H.2E3 Standard Mesting,

If possitie, | would like to have a short mestins with you ot L1AM on Monday (7,/12) as you suggested. W can
disriess MesERrth iSFUes Of Dur Commen interests, expecinlly those of heteropenecus muticasting wsing H.269 SVC
el UEF Cocling. Exfione or after our mesting, | hope to mest withi Bin Zhang, Chit-Ming Chily s wedl as others who
are inkerested in those research issues.

| pian to s ok Aachen in Sundey evening and ke on Mondsy oF Tuesdey aftemoon. Chih-Ming and Bin are
heiping e to rmales: the necessary traved and lodging amangements.

THANE ¥OU for agresing to neosiving mein short notice! Look fonsard o mesting with you on Monday!

Wikh wermm regands,

John K. Zn0

From: Jens-Rainer Ohm [ malio:ohm lent reti-aachen de)

Sent: Thursday, July 08, 10 1206 FM
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Hi Frof. Zna,

Mext week, the best poss bilfty for me would be on Fridey 167, Otherwise, | could reszrae only & short time siot
Moncay 12" betwssn 11 and 12

Best negands,

Jers Ohm
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‘Subjsct Regardng your summer intem shadent, Mr. Chih-Ming Chie.

‘Greetings, Frof. Dhm.
My marre i John Ze0. | am a feculty member of the Mational Chiso-Tung University (NCTU] in Taiwan, who is the

research advisor of your surmmers inbesn student, M. Chib-Ming Thiu, and a coliaborstor with Prof. Wen-Hsino Peng.
and Prof. Housh-Ming Hang.

Imm 5o e thart Chih-Ring will have the chance of working in your sb curing this summer. His thesis work is on the
Joint Design of Eror-resilient H 254 5 Coding and Rateless LUEP Channel Coding for Wirsless Video Broadossting. |
wm sure: Chilt-Ming will benefit a ot from his int=rmship in your ab.

I'wonder whether it would be possible st all for me to peya vist to you while ChitrMing is working in your lab. Fm
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il trawed theough Frankfurt on ey returm trip, | would like to explone the possibility of making & detour o Aschen
N [Py OU A your tesm & brief visit in the week of July 12,

mvmm@mlmmm:|mmhm“mwmm"m
frarmes. Would you kindly advise me whether you would be masilabie in that week and whether mvy inkended visit
gt be feasibie™ Al rmy travel expenses will D covered Dy TR 0w Nes=anch [Srank and | am planning for 8 brisf sty
iniAachen.

Lok Torward ho heanng from o
Sincerely,

John . Zao (SRR ). PRD (Harard) SMIEEE
Compurter Scienace, Mational (hiso Teng UnbversEy, Heinchs, Talsan
Email:
Tek: W) +E35-3-513 1470
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Prof. John K. Zao and his co-advised PhD student, Mr. Kuo-Kuang Yen (g & =& ),were invited by Prof.
Shu-Yen Robert Li (% #7 p #- A& % #%) to visit CUHK Institute of Network Coding (INC) and discuss
the prospect of developing Randomized Linear Network Codes (RLNCs) with Unequal Error/Erasure
Protection (UEP) capability. The invitation letter was attached below.

Mr. Yen was also invited to stay and work as a full-time research assistant (RA) in the institute.

T %
During this visit, Prof. Zao gave a talk on “Scalable Video (SVC) Multicasting Using UEP Ran-
domized Linear Network Codes (RLNCs)” at the CUHK-INC. The talk was followed by a series of

intensive discussions of potential collaboration.
The two papers published at the NetCod 2011 conference in July 2011 are the direct products of the

collaboration.
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Prof. John K. Zao was invited to attend the flagship conference of IEEE Engineering in Medicine and Biology
Society (EMBS) as the corresponding author of the published paper. The official invitations were included in
this report as Attachment #2. The certificate of attendance was included as Attachment #1. Prof. Tzyy-Ping
Jung (UCSD) and Mr. Chun-Shu Wei (NCTU, BRC) were in his company at the conference [photo, below
left]. During the conference, Prof. Zao attended the activities listed in the attached program sheet [Attachment
#3]. In addition, he also attended the “Engineering Global Health” workshop on September 1, 2010. Prof. Zao
presented his paper in the morning of Friday (September 3rd) at the poster session [photo, below right]. He
returned from the conference on the following day, September 4.

\b"?g:q,,,

The exchanges of opinions at the poster sessions and the “Engineering Global Health” workshop were most
informative and fruitful. A lot of insight was also gathered by listening to the keynote speeches.
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Dear John K. Zao,

Ynumumﬂiaﬂymuimdmjnmusatﬂmﬂﬂﬂmnml[memaﬁuﬂﬂﬂmfmmmnfthem
Engineening in Medicme and Biology Soeciety, EMBC2010. This prestigious event, the world’s largest
annual Biomedical Engineering forum, to be held in Buenos Aires, Arpentina from August 31- September
4, 2010 http://embe2010.embs org.

The theme of EMBC2010, "Merging Medical Humanism and Technology.” cowvers a broad spectrum of
topics, from engineering and physical sciences to medical and clinical applications. Acceptance of your
paper for presentation does not, in any way, financially obligate either EMBC2010 or the IEEE
Engineering in Medicine and Biclogy Society (EMBS) for the expenses you incur for travel and
conference attendance, and all conference participants are expected to pay the registration fees according
to conference policy.

We would like to extend you a cordial invitation to join us m this prestigious event should your time and
schedule permit. Detailed information regarding the conference can be found at the Conference website,
embe2010 embs.org. We look forward to your participation in EMBC 2010 and welcoming vou in Buenos
Arres!

Smeerely yours,
!
" '0| r -

Jorge E. Monzon, PhD Ricardo L. Armentanos

Program Chair Conference Chair
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{ James L. Patton Donna Hudson
Program Co-Chair Conference Co-Chair

Hosted by Favalors University

o Bedgranda 1773 (C10038A5], Busrcs Ales, Srgeiliig
[ W11 24 FHI1T 7 Fax S48

hibpc Meeww Javalonoedu arf




My program for EMBC 10 Page 1ofl
“".
sce| EMB
— —
IFH- Fnnine e in Mdecics: and B bome Soecachy
<Jahn Kar-in Zac's Program for EMBC10
“Fimial varsion sof etaived o 1, 040
Dy Tune Paper Tide or Ausilvity Aunbes Setsles Lt
Wit sy, 7301800 | Englisaring Ohebal Healh® WaZ14.1 | Pusl LaSars Enginisariag Clobal Hush® - | Audltariim
rl. WisE 14
28001895 ruqrun-:m 'I'.l;mula I-II'%- w:mlrrﬂmlﬂ R i Plaln
[EED Peswar Sgaetiim WaE12 3 LI-'I'HI'JI.TH.I—UHEH.I.I. Chin-Tang Micsalisaps - WaE1Z
03000 | Schenes asd Papse® Wish3L1.1 Rberto Fasalomn &hml‘-lm— Litarisdo ABC
m!- 7301800 m‘?.u?-ﬁh 1 Fafrich Flandris m'ﬂh . Aguilm
. ' Adanted asal
Appheatons - ThEZMA
Friatary, . BA5A1T05 ““!ﬂﬂ:ﬂ'm WH“M:ME:;} m_ﬂmll W
ﬂ B bl i Flakd Polenfials | Hain-Yi Lad, YU
FeEPolG.S Ku2, Wan-Ting Zhao, Ye<Skun Tasg,
Eheng-Yean 2, You-¥in Chan
S045A1295 | Wirselst Trarakotim and Creds- Clwidis Cristing Bofero, Enic Tllemonl | Eig - FrEfods CatabnasOolden
o lalion As Tosls for Seleise Fenofl, Anblisis Cariea Hemi
Predicton FrEFeDEE Ealbesbar, Frafcsoss S foamine-
Famibsdez, Mar Musor
451295 wﬂ:m mﬂlﬁjﬁdnﬁnmg;‘ml’q- iy - FrEPfods w
Bagad on Wavelet and Chliplet
|Disthoaaris FrEFC55
BOA5ATEE | RedusSen of rekeyasd and Luis Dereid Avundano-Vakensia, J D Eing B - FrEPols CalalinasiOolden
Redundant Data from TFRs fer EEG Edwmrde Sirakin, Ham
‘Blgnal Clrss e wllos FrEFPoDS 4 i Ciailiod i re 8- Do N i
WEASATES Mu“ﬁﬂ'lm& Cingfasg Mesg, Weaidong Thou Eig i~ FriFails w
TEISALES | Multwawe Imaging® FrRLELA1 Wirtias Fink mu.u:-nlrrw— Litariadn A5
18301445 | Ewlsseriion of Aleriness Level with | Stchar Asusan, Dirash Karl | Impained &Tosiicn Poncho
s Dbl Seabe T Jang et s and Wi
= EEQ Dial- = Frc11
Task Simulation of AudHony Sonad
Taiget Detectisn Frsil 4
1 :ﬂﬂ_ﬁq'mm e Eﬂfll'_ﬂmm I:r:ar-uﬂlla_p
M.'EMFE'HH
https://embs_papercept_net/oonferences/scripts/ myprogram. pl *ConfiD=1 1&PrinterFriendhy=0M 9/1,/2010



RAL gt pmd g SR T4

P #:2011/04/28

B €At

VE A AR OEF R ey L B KSR IR (1D

FRAEA L RREE

% e 98-2221-E-009-103- BT R R R e

R A RHR TR




WEREHFAF ISR EL

g3

R

33 s 0 98-2221-E-009-103-

PELACAEF BRI a4 2 BF Sk S5 BREIEIRI(ID)

£ i

FE O R

T Pl B b
SR REeds |\ gpues | FERE | g |70
B (s |k(z 7% AL - | B S
pegg) | E2HE) o & ¥ ...
%)
R 0 0 100%
e PiEBREL |0 0 100% #
¥ E T
it g 0 0 100%
P 0 0 100%
o : ﬁ%ﬂ g 0 0 100% .
S 9 0 0 100%
B e 0 0 100% n
R I
B4 & 0 0 100% + A
L4 0 0 100%
g A4 (e 0 0 100% o
=X
(2R BLuersE |0 0 100%
LiEen 0 0 100%
L 0 0 100%
o e PALARRBATED |0 0 100% F
¥~ EE
it g 3 3 100%
L1 0 0 100% Y
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
O 0 0 100%
1 ?P
" i 0 0 100% “
A I
#1142 0 0 100% + A
L4 6 6 100%
P e 0 0 100%
A =
(H“RA) [BLimgh 0 0 100% '
LiEmm 0 0 100%




H A%
(i Bt iigz &
5 hoyE B s d S
WEn L ER%EE
AT A R R
SRR N S R £
B2 E M E R
EE G F A

}ljo)

g

’i X538 P

freks

—

R E(FFHEEEN)

i/ e

Re|grga g A1 8

21

Fi

Byr A0 iR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ S (BR) Ak

OO O OO O o (o







ap %\L

™

%

Rl gt mm 325454 pi=d

= 1
“M&ﬁ

PP FERFENGRERE CERATFHIRFR T AR F S R §
,Av +%\5=ET:*%~,&3‘I%‘IE‘§%KE\ - HBELT B LF
TFELAAY FE AR FERAE B HBER - FETR

(4
X Wi

=

> Flg :

FRATMFERFEMBRR  EFIFH PRGN FEFR
W= p ik
[JxE=p i (P > 7100 F 5 12)
[ % % bz
[JFe R % @ 47
[J# & R %]

2.

e Rk 7 R RS TRy

H~ P B E D#\’%Z\'iv%@? [(E/° &
B4 O E® Y 57 Ee

B[] fE Dzmi“’ __Ed

Hi (2100 % 52)

LWFI‘*‘FF &’y—r"-ﬁ;"

3.

FriEFATE R BATAIAT AR RFE S G R
B (R AR R TR AR A e
500 % ")

f2008 &% ok BIHCR R R ARURS L/ PRGAE S G FLEE LR O
B e 4 2 3 F 1L 264-SVC #H4EIRGR - é_fé.:'({ﬂi‘g_l.% Y T
SVC z ig7e*% 2 (graceful degradation) i+ o &3 31 q MmN T =B P&

1. #E- f;ﬁ_#%h % H.264 - SVC ARt B jim 2% 2t 2 4@ & rateless Lf;;{#,f e
(UEP) %0 » 3% 2 2 i i H 264-SVC @ 0% 58 4 2V 35 38 e SR (AR U R PR enife e
2. HWE- ARG APIHFVL 2 TPRIE R NE (RLNC) > i soplg B sk R
. i N RO b R kR

i@
3. BE-EgE 2 kil gdemi E T R iEr A e MGS %48 > & SVC-MGS ARzt 8 /i t¥
" e rateless 9% HRIF VT A N R LM 0 T2 T EIRTIS AR OB EE e
ER I U
APFLI R ERMT PR POREFNERTS 0 4 WA AR RS Z AN NG

(Network Coding) % @ﬁ%(Scalable Video Coding and Transport)ﬁﬂéﬁié




