ME B EHrT F 2]
%? By ®

Wir%%?*
"R AL BT

TANET20070 0 0000000000000

R R FEYREGE

g\em a, ‘g'%pg b
xﬂl‘%’l% /-'
HIARE k

E-Mail: yu@tea.ntue.edu.tw, cyht@dsab.csie.ncu.edu.tw

®E

TR i O TR TI d F R
B, FIGE L ERPES B - MR
WAL S 2 H) R 4572 (Periodical Broadcasting),
FME S A H S 5B (segment), i
Bl B TR R - L
BERpehdy, TG RE T B
Fodeg o TR 2 ¢ o Greedy Disk-conserving
Broadcasting (GDB) 3% * & ¥ v/ ] 4 F T
EAR T L R Rt R ﬁn, 4o Skyscraper
Broadcasting (SkB) % Client-Centric Approach
(CCA), GDB ehig * & & s g o~ ig- 9
iz £ GDB :# g fE g /R
(buffering spaces) % -], # = Reverse GDB
(RGDB), ¥ GDB #p*, RGDB it *  ch¥ i p&
B2AE 54, B+ Bl , RGDB i i
Z B E Fv GDB > 35%3] 50% -
MétE:: R, TR F R TERR

Abstract
Data broadcasting is independent of arrivals of
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reguests, and thus it is suitable to transmit popular
videos that may interest many viewers at a particular
period of time. One broadcasting method (called
periodic broadcasting) is to divide a popular video
into segments, which are then simultaneously
broadcast on different data channels. Once clients
want to watch the video, they download the segments
the greedy
(GDB)  scheme
bandwidth. In
comparison with other similar schemes such as the

from these channels. Specidly,
broadcasting

supports a client with a small

disk-conserving

skyscraper broadcasting (SkB) and the client-centric
approach (CCA) schemes, the GDB clients have
smaller waiting time. Extending GDB, this work
designs a reverse GDB (RGDB) scheme to achieve

small buffering spaces as well as low bandwidths at
the client. Finally, an analysis shows that RGDB has
33%-50% smaller client buffer requirements than
GDB in most situations.
Keywords: Periodic broadcasting,
video-on-demand (VOD), buffer, cable TV

1 %%
Fla LB R -RRMLOBETF LN L,
i 743 AL M PRF% (Video-on-Demand, VoD) % {7
T (1] GEE g, CEEPE S (9102 20
3T rLE K 80%:enie * K F A e F L TR 4R
= 4 g P
zi%iF’“%c oo aﬁ?%‘i#@,;z (Periodical Broadcasting)
[2] S8R %~ 23 % B (segment), 1 * 7
FTHREEREEHEDRLE, B9 - BAREET
Y- B, A H B E R BEHT
Beog* FREaHVF, §3H5 - BT AR
TR - LR F B B, B
set-top boxes (STB) s & #a i 2% & JSIFE ™ §L & &%
i SR ST SR K S
FERPRIEFL R FOREER
Pyramid Broadcasting (PB) [3] #-8: % &~ = % B
SR RE T hE FRER o Fast
Broadcasting (FB) [4][5] se %8 5 S B A 2lgr g5
R PB 2k [ B FPRER e L0 T
& & #pF R, Recursive Frequency-Splitting (RFS)
(6] A #hi% vediv 5y s 0 B A gl SRR
R IEE - B ¥ E-Ba-Noy ¥ Ladner [7] & % £
doie RARE RS GALT AR AE, A P KR8
RFS 4p - 2% o [8] 73 B & 4% K RFS
PEARR FIFT L FHER DEERT,
Harmonic Broadcasting (HB) [9] £ 4% % & = 4p
xR, RUEPREDosdlk, £- BREL
& g o e BB e Yang, Juhn £ Tseng [10] 45

7 i ehig *«M&g



TrackF-00 0000

O HB R ARTHEETESE ) EERT -
Cautious Harmonic Broadcasting (CHB) [11], Quasi
Broadcasting  (QHB) [11] &
PolyHarmonic Broadcasting (PHB) [12] B %# &
v i pFvfi¥E o Harmonic-series = & en% ,EE%FE'F aE
Bl RSE

Harmonic

> Non-harmonic = /%, e & %1% 3
i [6][13] i @ T PAF A A T (T o

PP pks BILaT A W R R R 4
Varigble-Bit-Rate (VBR) #: % } e/ 3 ¢ 32
[14][15][16][17] - [18][19][20][21] 1 iz 4% B & % jc
Ve R st d i PR B e
R R A S ) ﬁ'ﬁ*; firz B o Skyscraper
Broadcasting (SkB) [22] je3¥ié * % T 4R 5 T
Wi S BAEE g f o Client Centnc Approach
(CCA) [23] # @ * ¥i5d A = 8%
#1 o Greedy D|sk-conserw ng Broadcasting (GDB) [24]
PRI i PIRER T R FMA 2 LT
TR > ko SkKB 2 CCA LLj‘r‘L GDB 7 #-]
shid Fps [ o BroadCatch [25] R jeiFit * 54
HEFFLTEREY, o A ARE DS FRF
i - &>t FB [4], Reverse Fast Broadcasting (RFB)
[26] »t& @A b 3 8 Bondhiid < T F B
o, TERRY ARV ARBL TR I i
ez RFB e FpEm e FB 4pk, =2 X *ﬁiﬁ

B o T § i R T

RFB i g 4 L [25Y/2]/2 -1y,

St
A

K 2R e el o
AL AP EREARY - BE BRI E )

FWEE R R fR 4k o dd &8 RFB Apin b G

# P I Reverse GDB (RGDB), i = & * 4 i1

Frz B2 AR 4P %2 GDB ¢ $, RGDB

TR R EREF, A A% S #FRT RGDB %
Lo 35% chig ey B o

Y Ao 4o T ke % 2§ 1 5 RGDB, %
BEAITEEER A ey B F R, B 1w
B e
2 Reverse Greedy Disk-conserving
Broadcasting (RGDB)

&5 Lwjf GDB, £ %/ % RGDB -
2.1GDB-j # 4

kv v K % FIREAMFEE - GDB [24]
g ras K B2 RApRPE, S,
Sy S AT cBRR*FRGF ] ([>3) B
HE SR, PR S a3, vak R ERE

= Az

27 ifi<j

f,0)=
(Zf(p) fiA—j+3 [<f; (- j+Diifi>j
pei-j+l

Vi J:4 Lo, PEREREBEDAEFEL 2 4S8, 14,

24, 40, 70, 120, 200, 350, 600 % % -
el 19w, PIRE Y C 1 2R
FEROS oMY e TRAERIA AT
PR AEBE G, AT - BHER LT
;t:;:—fﬁ&*ﬂ&,l’ﬁfﬁ&??g'“f # A fe 3]
15 B GDB $ 4 % FREF E Y 1 5 R

k
LR (% L/Zfl-(i)), KR TR S
i=1

joEaE, htagwrrg Ry fi(k-1 B

F1BSRER [24] -

Video length L |

m

Hotvideoisl‘ S, ‘ S, ‘

o s [sls|[s|s[s]|s[s |-

ol s [s ] s |

CIienthayout‘Sl‘ S ‘ S | S,

B 1.GDB = { ¥ & iy i,

g¢ k=5 j=4



TANET20070 0 0000000000000

I« Video length L gl

‘ hot video iT
\GLAA G2 e G3 NP G“ N < G‘ N \Ae Gk N
. . . L L d <
15.05]5/5/8 8]9S % 9099/ /SulSs| o [Sifid e SidS ] o [SidSid e [SidSe] 0
@
o[sis[s[s|s|s|s|s|s|s[s[s[s[s]s
¢[s|s[s|s[s|s|s|s|s|s|s|s|s[s b
o[s|s|sls|s|[s[s/s|s|s]s[s[s|s]p
S| S S/ S/ S S| S| S S S S S8 & [ 8 o -+
¢ |s,/s S 0,484 S S0 SuASq b ee
&[Sn 514 SudSdS[Sid . Sl b
(b) (not to scale)
B 2. RGDB s’v’ﬂﬁiﬁﬁaﬁ
2.2 RGDB-j i
& RGDB IR Estfh el ¥ pF g & 7 7 if 2@ =m e W 2@, P
=1

# 2
1 #E e sk e N BEFE, )
El

IJ S.L , Sz s SN %‘\, 7‘|_ , _;EIT 9 m,:ﬁ»l

hey
ASY

K e G P EEEE N, b4, #FE
N:ij(i), fi) w44 (D) o Gy Az, f,60=ng=14 * ¢ 5%

= £ Sy Tl Sy o (LA:GDB & # iz p
ke GDB et g+ ] & gHa Edi-BE- YR S, F4Y R
RGDB 1+ ] 8. T, ig &A= 2 oW 2-(b)sg74pE C d <31 F BA
ARDF PR - o L RAESER, e G @ik ews & GDB &
F]pt RGDB ¢ % fient [ & LIN, # RGDB ¥ - % — e = o
L BERLIBETE SN EBER - ¥ RGDB B3k ¢ * # :h§ K59 chig ey B 443
hE - AT TR @RS B EE TR R R F 1" 2 RFB[26] Ap i1
DRI EEoeS

1. B 3%r% k=5, j=4 2 N=29

SERT, R F Ao TR PR e R

2 Lt F A, R f()=n,

T,=1T,, =x=2 Toe = X+N =2+14 T =Y=26
R v v t

s[s[s[s[s[s[s[s[s[s[s[s]s]s] ...
s|s[s[sls|s|s[s|s[s|s[s]s[s] .-
s|slslsls[slsls[sls|s]s[s]s] ..
Sl Sul oS [SulSolS TS [SeSulSlSe suls0[ S [ S [Si[S] -

Cs

Cl

G,

Cs

ot o [§][ ] S 5:18[5[5]9[5)[S010185S0] Sl S| e[ S S S| S0 91| o[ S S| S/ e[ S0 S

S S

¥ 3. RGDB-4 * i\ T R



TrackF-00 0000

10000

1000 t

g

5 100 || =S

2 FB (RFB)
E % «%B

© 10|

g —%— CCA-4
‘®

=

—e— GDB-4 (RGDB-4)
1 ||—+— GDB-5 (RGDB-5)
—o— GDB-6 (RGDB-6)

—5— GDB-7 (RGDB-7)
01 T T
1 2 3 4 5 6 7 8 9 10

Number of channels, k

WA 7 FHERFEA R EBEF(L=120 »4)

) S H AT R . BPFR [ !
PR Ee TRAMRAG 2R, T, PR s AR o REEE R

o BEEBE, #* 47 fHhREE S,
RS AR LR LS N A

LR B AN (T ¥ - BRERE )e EE L EFHE T NI o Glde, B3¢,

;;:fé*—gé_fﬁﬁ-" Toow B #— X BAFE ¥ ?*Jﬁaa— g G gIlv K
: e ¢ 4E i e B

C Frl3& S, #2 PR Tg ¥ oo BT Toou, WERE Gy ooh

B Sy TAEEHM), @ KA E
;\: (2) \;\-:_, 2+14S26' b’l-i-qugg,\l;
BRE g K EY 16 BERE (T
y=26) < R R T EIE Ty # Te)AIT-BEE S, H3 am
| S T S S N 2 4 =
Tusep?ff%”vi;’fﬁ; Sx v Sy o P EEH | e 2B A , ER ) e
16+14>26, i * %‘&}ET?‘H’E‘f’

5 T STy, % ¥ 72 3 & AR
next = luse » ! R B 2. hpER Tp = fé*—%"_l‘l S.,S,,.., Sy

Tow TEFE S, 727 7 & P

oM To=y PRFHERE, T, =X & 3. % AT P BT, R F iR

FE e Ta=Tewth & » AL o

Toex < Ty, 241 18 3

X+m sy - @ 3scit A B iR

FLUEAENLE, PR FAF TS BT ELEsERY SR S B, §OR
SHEF 5, HENYER S SuERER,

=
BS,, BRI T T ol ,
Fls ¢ GDB [4] - # - % RGDB & 3,
LRREFRE N BEFEEERGY ’
S=LIN=L/Y (i) - 34 %% s 3
i=1

® Sy - =, T de sk R Sy IR



70%

TANET20070 0 0000000000000

60%

50%

40%

30%

20%

Buffer requirements in percentage of video size

10%

0%

— e CCA-4
BroadCatch

1 2 3 4 5 6
Number of channels, k

WS FROEHFEIFVR

[3][4][6][22][24][25][26], 7 ' i¥ | o' PR B 4E T 42
% FEF b %, 4oB 4 #77 -GDB #2 RGDB %
RO Y FE R R P (T SKkB, CCA,
GDB ¢ RGDB)} #/ th% @ « &% A 15 i@
PEEEZF G R EL AR
[31[4][6][22][25][26], # = +* & “ % FF @ PR BAR B
TARRBRIFENTOEEIF(WRY AR
WAoT), 4B 59w o P A, RGDB & f i iR
ZREed R Y GDB o By BT At
T, RGDB } t4f* 2 # = # a 3 #o] chig e
ER R S

4 B3

1% B f hRe R e S
Hi#e+% 4"~ GDB, %3 RGDB, £} i
Y EMEZ O BB o A ki A EE R,
RGDB i be% ¥ .7 & *° GDB- it~ #
GDB - CCA -~ BroadCatch ~ PB ~ FB ~ RFS it #it, +
B+ RGDB 7 if Pl#iscnig e B 3 & o

342

[1] Asit Dan, Dinkar Sitaram, Perwez Shahabuddin,
“Dynamic batching policies for an on-demand
video server, ” Multimedia Systems, vol. 4, no.
3, pp. 112-121, June 1996.

[2] D. Saparilla, K. Ross, M. Reisslein, “Periodic
broadcasting with VBRencoded video, ” |IEEE
INFOCOM 1999, pp. 464-471, 1999.

[3] S Viswanathan and T.  Imielinski,
“Metropolitan area video-on-demand service

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

using pyramid broadcasting, ” Multimedia
Systems, vol. 4, pp. 197-208, 1996.

L-S. Juhn and L.-M. Tseng, “Fast data
broadcasting and receiving scheme for popular
video services, ” |EEE Transactions on
Broadcasting, vol. 44, no. 1, pp. 100-105,
March 1998.

L.-S. Juhn, and L.-M. Tseng, “Adaptive fast
data broadcasting scheme for video-on-demand
services, ” |EEE Transactions on Broadcasting,
vol. 44, no. 2, pp. 182-185, June 1998.

Y u-Chee Tseng, Ming-Hour Yang, and Chi-He
Chang, “A recursive frequency-splitting
scheme for broadcasting hot videos in VOD
service, ” IEEE  Transactions  on
Communications, vol. 50, no. 8, pp. 1348-1355,
August 2002.

Amotz Bar-Noy, and Richard E. Ladner,
“Windows Scheduling Problems for Broadcast
Systems, ” SSAM Journal on Computing, vol.
32, no. 4, pp. 1091-1113, 2003.

J.-P. Sheu, H.-L. Wang, C.-H. Chang, and Y .-C.
Tseng, "A Fast Video-on-Demand
Broadcasting Scheme for Popular Videos, "
IEEE Transactions on Broadcasting, vol. 50,
no. 2, pp. 120-125, June 2004.

L.-S. Juhn and L.-M. Tseng, “Harmonic
broadcasting for video-on-demand service, ”
IEEE Transactions on Broadcasting, vol. 43,
no. 3, pp. 268-271, September 1997.
Z.-Y.Yang, L.-S. Juhn, and L.-M. Tseng, “On
Optimal Broadcasting Scheme for Popular
Video Service, ” IEEE Transactions on
Broadcasting, vol. 45, no. 3, pp. 318-322,
September 1999.

J.-F. Paris, S. W. Carter, and D.D. E. Long,
“Efficient broadcasting protocols for video on
demand, ” in Proceedings of the 6"



TrackF-00 0000

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

International  Symposium on  Modeling,
Analysis and Smulation of Computer and
Telecommunication Systems, Montreal, Canada,
pp. 127-132, July 1998.

J.-F. Paris, S. W. Carter and D. D. E. Long, “A
Low Bandwidth Broadcasting Protocol for
Video on Demand, > in Proceedings of the 7"
International  Conference on  Computer
Communications and Networks (IC3N'98),
Lafayette, LA, pp. 690-697, October 1998.

J-F. Paris, “A simple low-bandwidth
broadcasting protocol for video-on-demand, ”
in Proceedings of International Conference on
Computer Communications and Networks, pp.
118-123, 1999.

Hsiang-Fu Yu, Hung-Chang Yang, Yi-Ming
Chen, Li-Ming Tseng, and Chen-Yi Kuo,
“Smooth  Fast Broadcasting (SFB) for
Compressed Videos, ” Lecture Notes in
Computer Science, 2957, pp. 272-283, Jan.
2004.

Boris Nikolaus, Jorg Ott, Carsten Bormann,
and Ute Bormann, “Generalized Greedy
Broadcasting for Efficient Media-on-Demand
Transmissions, ” |EEE Transactions on
Broadcasting, vol. 51, no. 3, pp. 354-359, 2005.
Hsiang-Fu Yu, Hung-Chang Yang, Li-Ming
Tseng, and Yi-Ming Chen, “Simple VBR
Staircase Broadcasting (SVSB), ” Computer
Communications, vol. 28, no. 17, pp.
1903-1909, Oct. 2005.

Hsiang-Fu Yu, Hung-Chang Yang, Pin-Han Ho,
Li-Ming Tseng, and Yi-Ming Chen, “A Smooth
Broadcasting Scheme for VBR-encoded Hot
Videos, ” Computer Communications, vol. 29,
no. 15, pp. 2904-2916, 5 September 2006.
Yu-Chee Tseng, Ming-Hour Yang, Chi-Ming
Hsieh, Wen-Hwa Liao, and Jang-Ping Sheu,
“Data broadcasting and seamless channel
transition for highly demanded videos, ” |EEE
Transactions on Communications, vol. 49, no.
5, pp. 863-874, May 2001.

Yang Guo, Lixin Gao, Don Towsey, and
Subhabrata Sen, “Smooth Workload Adaptive
Broadcast, ” |EEE Transactions on Multimedia,
vol. 6, no. 2, pp. 387-395, April 2004.

Y.-C. Tseng, Y.-C. Chueh, and J.-P. Sheu,
"Seamless Channel Transition for the Staircase
Video Broadcasting Scheme, " |EEE
Transactions on Networking, vol. 12, no. 3, pp.
559-571, June 2004,

Wei-De Chien, Yuan-Shiang Yeh, and
Jia-Shung Wang, “Practical Channel Transition
for Near-VOD Services, ” |IEEE Transactions
on Broadcasting, vol. 51, no. 3, pp. 360-365,
2005.

K.A. Hua and S Sheu, “Skyscraper
broadcasting: A new broadcasting scheme for
metropolitan video-on-demand systems, ” ACM
S GCOMM, Sept. 1997.

(23]

[24]

[25]

[26]

Y. Cai, A. Hua and S. Sheu, “Leverage client
bandwidth to improve service latency of
distributed multimedia applications, » Journal
of Applied Systems Sudies, 2(3), 2001.

Lixin Gao, Jm Kurose, and Don Towsley,
“Efficient schemes for broadcasting popular
videos, ” Multimedia Systems, vol. 8, pp.
284-294, 2002.

Mounir A. Tantaoui, Kien A. Hua, Tai T. Do,
“BroadCatch: A Periodic Broadcast Technique
for Heterogeneous Video-on-Demand, ” |EEE
Transactions on Broadcasting, vol. 50, no. 3,
pp. 289-301, 2004.

Hsiang-Fu Yu, Hung-Chang Yang, and Li-Ming
Tseng, “Reverse Fast Broadcasting (RFB) for
Video-on-Demand Applications, » |IEEE
Transactions on Broadcasting, vol. 53, no. 1,
pp. 103-111, March 2007.





