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Abstract VoD(Video-on-Demand) servers have to provide timely processing guarantees
for continuous media and reduce the storage and bandwidth requirements for continuous
media. The compression techniques make the bit rates of compressed video data
significantly variable from frame to frame. A VoD system should be able to provide the
client with interactive operations such as fast forward and fast rewind in addition to normal
playback of movie. However, interactive operations require additional resources such as
storage space, disk bandwidth, memory and network bandwidth. In a stored video
application such as VoD system, it is possible that a priori disk access patterns can be
used to reserve the system resources in advance. In addition, clients of VoD server spend
most of their time in playback mode and the period of time spent in interactive mode is
relatively small. In this paper, I present the new buffer management scheme that provides
efficient support for interactive operations in a VoD server using variable bit rate
continuous media. Simulation results show that our strategy achieves 349 increase of the
number of accepted clients over the LRU strategy.

Key Words : Video-on-Demand System, Interactive Operation, Variable Bit Rate, Buffer
Management

_31_



.M 2 k= VoD Alz=dlol A Au o] WuE o]&ate] Al
25l o] GEES wolil AMEAENA A~y
AFE AYr)e A% FF Bl 7% waz & g3 $3AS A4 5 de AR vH #e
ATl Aol A IPTV(Internet Protocol TeleVision), 71H& Altgth
314 3] 9l(video conferencing), VoIP(Voice over Inter oY AL e 2ok 2%eA e A A
net Protocol), F%& H]t] & (Video-on-Demand, Vo  TE°l el 7]&3dhlaL 38X = VoD Al=de] 7
) I e AN S8E Aol shsatA =L Aol Ha AR 48l VoD Alsglo A T sk
tH1-3l. &5 Ada7] 9wy By 7IHES AAE A,
VoD Azglel A% ulte Ave] AFE gaE  SYAAE RANY ARE B Az Wy B
ol AHEAL % OPL gste =gt eHsA Hd 7MY EEAS dFeklon, 68 AEs He
Ade Gyt 15 FAYS Fo AHEA Ax" o
of Agso] FFHrh VoD Al=glolA Fsts 4
= ZZo

s orjest e HelHEe tE FRY ol
Hol sl thegols] go] o]5e A, e, A% 2.
g el Awrow 4% JEe Agw ere

e
[
¥
4

_l

o} Bt 9] ¢= EFQ MPEGY 4% dolHE <& st 52 = 1 A (bst orvard® 145 F
=3k u] AEES Eol7] 98 =AY W ZWGntra-f A(hést rewindS AL3H7] A3 22 d7E0] AA
rame coding)® ZAY 3V I Unter-frame coding) U, ©]Ed AFEL IA AN % HY =2 H|

S AgET Gk old UE WU B GHEL 22 dolHE A4S P ¥ Y =9 A

o
=<
Qe 4 QAT 4% rﬂw A Aol gl W A A Y 8 S Ad eEel
O

stol = 71 SACom Qlste] JPEAS Ar]e]  WRe HolHE AAsk=
(Variable Bit Rate, VBR) Z#dE°] A3t 7. 3 HA BH A9, n HHQEQ] g Ao 1
VoD A|&8/2 AREAR Al dpH o dHolHe d & 333 fsids A S=9 n e ZedEol
gy = WE 2y dHoly dE =3l AFEAe & Fska ofF M taa WoE ving, S
= AT Sl "y s2s AL slol di9gE 5 F7e AdEo] Bt dolHe] A
of k. oE 5ol AFgAbECl & oldiatx Rt 3 AE BHAS] f& A T AFE s F
AUl gste] FES v 2o AstE e s ZAS 98 wE gra & ¢ vk T oA IR
o A GBS WEE AYES T g ol AS, n S 1E AL v p AA Zdde AT
gy, ojgh 2 tiskA Fabol ofF "oy el o2A FEd g vk 2y tiHEe] VoD AlAE
Hehs gad g%, S g E, vxeet 22 oAM= dHeolHel td =2 d5Es 271 s MPE
Alzgl Ao #elE offA vk 9, sk & G AeAd Zdd ol 45 7MW okde =z ¢l
AL Ak ARG o B2 AlA" ZAdS eqtehe P oS VIR I ARSsta Stk webd o WA
Aol giiHom g2 ARbEt aqdlrk VoD A Zeds Ads] HaiAs Zdd 3t e de
sE 22 7] A HolHE ARk EEVY o i ZeYd= A AAdsor & s Ytk o] W
o F&A= Al F AesfoF & dHolH e e W A A WA WyEGgs AAT A S A
o g Ad 5 g7] wiEel olF ol&ste]  AEUE= B Ads a7 vk Al wA e
dlolele] Aduksl(prefetching)°] 7bssith. wheba o dishy &S Adsr] fe] =z a9 vlolH
3Ha TS 8 Ash= /‘FQ“XV} A& A, 7IE A B olgFeEN Hia dgfi $AY dgEe
SAHE2 AH <] ‘ﬂ«ﬂ"ﬂ = dlolH %%2i Ao Ed ey, AR w3to]l FrkE Fdasit & =
Ll et R Eee A ﬂ]ﬂﬂ AE S A %O] %3}0104‘5—/\13% E‘”‘)ﬂ/ﬂ e B3 E o] &8}



3. VoD Al2H

3.1 VoD Al2® 74

High Speed Network

HY Q. AuolM J3Ee AY 7t A Al
N9 &S Fol7] S8 d4=sHo vxzm w22
a&o] gi&F A FAo] AHE HrQ Aue}
o] AREAE Al 2~EIZke] AAS o] BAgoR
o] Fof Rtk AFEAF A|2ElE 3de] B AZAst
7] $1gk dEFo]x FEY ARSAZEE Q] Jgld
et 22 gE(dste] Ae, QA % 1, sk
3 B)E wolsol= oY A9 J5E Kol F7)
et F9 A, 45H vgQ doHE Bdshes &
33p7] 2 W2 AR <2y 2>F VoD AlxE

Client
torage Devi or High Speed Network
sssss e === e
{ } | 1 [T
| | \-I\_/\/,J l

<19 2> VoD Al2="le] Holy &%

AFEREZE @ A3 HlolHES VoD Al&H"e] 7} @
A HYQ AWoA AREAF A AT
<a¥ 2>olA HiE vRel o] VoD A4S Al

o
AES

2EE el WnE AHn 9o, ve
S g Azde
AR 7 axe] WS Fa AYEL VoD

EoTEe AZEe B4 3 A
3} olele] 793t P
o), W37} AHgEE B

& Hola gtk Wy AHel AE AL A=
Ad A AHolM ARt ol eI Ee 1
a4 24, BE g Al shsd gske] 27]

T GBelth. vt MujelM 3te A%str] 4l
M= = TBO A% &Fol dasitt webA HiY

[
N,
N

o AWAAE oF dEEe A% S8 v
g vza gd HolT A% FAU 3 A% FA
e A% g A4 INE WA Ageks A
7wk AHgAEC] AF AR 9BES 49l A
A T2 AN 957 Ae JRES H9 A
4 Be BoRA A% AAE A A%
89 29 5 A

High Speed

""" Network

Video-On-Demand Server

<% 3> VoD A +A4

<Y 4> VoD Al='loA ALgap AlzxEle] T
4 2rES Bol: Ytk ASA 2FE 9Y AXE
Eaf urle A AgHi ure AuE Add
Al s —‘61171(_],

w0l whe gse] A, A, 1% A,
42 2450 G



High Speed
Network

O

Video Output Device

— Data Flow

Buffer - --p Control Flow

Set-Top Box

<aY 4> AgA Azxde] T4

Audio Output Device

32 ¢4= 7Y

HEHto] dioly ZFolA Sr]ou vt e HolH
ARl AIZE Ul AHglEoof sk Al B4
7HA AL Qh7) wioll A% Wi Al (continuous media)
o gt g wiAE AARE ol AglekA] X
dlolefe] A Aoz Qg AMujx FHe A
o] WAYsLY] wiitel dloly g AR Aol A
ALE(Hg7], vz g ve gAY
S)S doFsto A dolHe AHAZE A&

O
r,rﬁ_{
ﬂ_‘o‘?:

oX 12 fo

e 4o 10 o ot 2 fo fr L opE Qb oy T oglo rfr
U
S

SRS

g 4 ootk A& wiAlY E e 542 dlolH
7b i &=Zolek= Aotk wepA VoD Al2Hl
A dE wAE AYE W 45 VIS WE T8
Adgs gty 4F VHE g A% wAE A
7] 98 28 A e 2 F A, AE
A% AA7E A4 iAE AA] AE5E wy
3 FAT Q9EE ol&ste] A% wAE AF

o 2835k
MPEG 79| 45 HITlS dHolHE 45T o &
FES 2ol & ZHd Ul 39 ZHE) 3 =
G Ao EN 7 v ES ] dolHE AN gt
<719 5>+ MPEG 7[Ho® o554 Alve Zodds

1 Intracoded
P (Forward) predictive coded

B Bidirectionally predicted,
Interpolative coded

<a¥ 5> MPEG H|t] 2 Ze el 4

GOP(Group Of Pictures)

K
kv
0o
=
fu
ofl
|o
fetl
1=}
o
Y
o
K
=
aled
hv)

o
©

kel 3L

gha s Qle] ot 9 3 U)o} B A ]
zgddoz NYHTh [ Zgde b Zydy =9
Ao gt wxoR Ko rheeh whd e
Z o] digk Fx §lo] Fastslr] wiel ¢
dloJele] A7|7} Atk ZYQd F IYOE QtEE =
A o= Wl P Ze93 B Z o=
Uwth P 292 P HY 1 2 dojy P 2
Ae Fxsle] old =Y dnt dA ZH g Aolgk
TS Foglste] AAsty] wite] 1 Tyt A7
7b Zth B 2ol A4 ZY g vy Zds F
z3te] P o Fo R ShEaly] Wit P ZYdn
t} ¢FE°] Eh MPEG 7IHo2 ¢54d HyQ o
ol = 5 4ol HE dloly uge wslet 4
7IHe] EAow Qlste] g ZpHA A7]9 =y
AEZ Tk

Ao Htoldh £4E 3l 5HHoE Ho] 7t
S = 9] Fg& MPEGONA = GOP(Group Of

o
E[O
o

el MPEGOZ ¢&® Ht)e doleled] ois
n WA ZHAE ATz p g udk AN
ALE o A" I ZE oyt P ZY glo] B =
dgntegs S Lrbssitt 54

n WA Zede] B Zedlo] 43}A|

Q5L AHToRA fatd B48 AU 5
Stk et o e vlel 2R Lol s
Hska Bl sbssha dlolelg AEEAY el

g o g2 Ads et
VoD A|AEE AFEAIEd A AT of )



3.3 VoD Al&HI9l HuE 22| 7Y

VoD Azwel A nAE] aFshe delet 945
gelz A%Em web A 9 Aeslor & o
Hyn spadelt. AN AUE B3] 9%
NgE AHgsHE g A huAel dole g
A91e] ol g8 "ol A ek VoD A28l

o flo & 0O i
7

5, doly Fx sjdo] vl FapAo]7] wiid
deolge] AnkglS o] &8 A5 oy dielHe 7t
WS EY F Atk RIS Fol7] 9% vy
1M HTQ AW WHE o]§ste WY 17
of & o]&at= WO E o] AZte ¢ itk
a7l W& AHgshe t9E B8 bandwidth sm
oothing) 7149l 75 17¢] HH7t &5 IS 3
of A Fx|et FalgelA AR dolH dES
7bestA stk AW Mo E o] 8T A9 AW wu7t
4% AES st A G dFEFS Hog AE
g ot <39 6>3 <Y 7> 747 a4 B
Aol Au S 0|43 doly HAyY Rdg HoF

i .

— CcBR cBR VBR
Storage | - -p{ ServerBuffer } - - -»{ Network Buffer } - - -»{ ClientBuffer } - - -
Device

Display Device

<IaE 6> A By S o] g% Hely Hd

Display Device

<2E 7> MW HEE o] &3 Heoly e

VoD A2EE TAe: arEe el wWig

3 gov, vue dole 2EFS Awel 4%

AN RE AHgA Azdle] B8 AR 7 &

a9 WE Fa) g duk LAANA ALg
Eul

b B
O~

2
AA o] w230} 3]

>,
29
2
=
z 9
&
=
o
N
i)
s L

=
o,
v
rir
d
[
ox,
o

f= BAT + dok 7P HEES] "Y<L ©
A&

i
jales
|o
fr
%,
N
N
jin)
o,
v
A
Bl
o
>
>

011:}.

AR AIZE el =
of vlolee] dd A= A
AQEe) A woto Pk T A

=

A

Z=
=
22 ANFomd A SRS v Zog

S2 pAsEY £%9 a7t 2
oJEE T ogEet Mslo] fAsok ohul, £F

-

L

|

o 2N AL5E 52 AolE A AnelFel 2
ot F7ka,

wiol vy

ik
N,
i
flo
=
ik
s
inh
™
=
o
o

4. VoD A AHEIOAM of &t S2fo| X3

Mo o)y oft mu K

4 2 o 4T

VoD A7t @A n e AHEAES £85I 9

3

&

=

d gy

o T

0]
AN

/\]—%-X}— C; 1 <7< ]])7]’ Aii T;]'% Oépjl— M,

AT Qe W, 4 AgA G B da EF ¢
AFHoloF & vlolE B2 52 (e

~
offl
2
3u!
(i
>
op
>
n
2,
1o
:oll_,(
B
=
i
(r
=
o
a4

cw=Yc (M

H
HE5 1o AR A Ao el A

So) FE gl ge Hoz Y



B(t+1)= B(t)+ Pit)— C(t), B(0)=0 (2)
A4 F85a Y AIEAES 98 npAu &3
S o T o BE AMEAEY Q7E A9 glo|
Mu|2=3l7] SlEiM e BE E£EEd AHEAEe] 8
sk dloly &550] &5 Al Alfde HEA
Hojol] A= o] lojof g} oled o FAL
&3 2ol vERd 4 vk

B(t) = C(t) Vit €{1,2,3,...,0} (3)

oo A AQkskE Wy el 71 AW H
H7F 7 HIE&S] vt e doly a7 dieiA ¢
= %8s toan AY FXZEE o]y B=S&
Hojgk Adnkiste] AW el W ¥ ﬂzﬂ’é‘}ﬂl #t o
23 9 ES Dypolel 3t AW F HHTE B,
Ol FE &3 ¢ Soke] A% ﬂx]iTEi A uiel H

HEZ A d& F U= vy EF9 e vy
3 e},
Pmax(t): mln( Bmaxi B(t)7Dmin) (4)

Prald A o] W37} 385
go gxa ggEos
A ol W IS dole] EE 4 el
8250 Favt £AYR 93

wl0F o183t 2t £% ) 1
@ o) HolE 25 F Buulob
o= vk & gtk

r%rﬁ

B . (t+1)=B

max max

(t)+Pmax(t)_C(t)7Bn1ax(0):0 (5)

&% o Az ARl Wsle] AAE vy BEE
t

o &% B A8 dolE BEEW &% £ oF
of AHe dolH 2E5w PAHD. &% ) A%
Aol Aol Wzl AueE BEe] ft e
20,

Bt} g Be A2d" YL Qe wido AgA
o7 AL A7Eel e FHY duiyog EX AH

H
AHgAE] FA s

o @& s QA
Beth ARG (1 < /< 7t €% 119 g8
A a9skal 1 Auls T)gke] § o 544
22 Addsr] Hel FtR e ol &5
o] FE I'(1,8)etaL o, & w=ielA Agkste B
¥ #el Ve AREE AT v Aol vEE A%
AEAE Gl tistA] a4 88 Atk
0(r) = I;(r.6) 7
{8 Hlte deolgd g =9 7|3 H4A
71l wep AR AIHE 7S o] &ato] o
3 B2S AT AL T(16)E g1 o] A4t

@ % gk

7V £F 1194 n wiE9 1d& ANE 973 E I
¢ A2 A2 2y o= ggy Zo] A2AH AT

Fig A C8
W AgH AN

S|
dole a7 OA1,6) th&3 Zth

S/—1p—1

7 = F‘((H’i#»k*n)j
k=0 1i=0

kA AIHE 7)Y
&% 11 AH|2 7)7to) 5
S o dstd 275 48] 9% 2de oy
2,

& s



6(r) = Pj(ﬂé)— Oj(T,é)

<29 8> Y2z 9 F Dyl 4013 F
Buna©l 14019 C()9] %ol 2,1, 2,4, 6,3, 1,2, 5
oF o] Wig w v wWFH| AMES
Elfa 9lew, C(H 9 D() ¥
3 o] AeojHt
(12)

(13)

(14)

BUFFER

“ ‘ R — — ‘ ‘ LU

36

<Y 8> A M) ALS AT

<18 8>A =A T s =24 DD Arolel

aAol M wye A7 vendh X A A
el = C(e+ D) — C() WHF9] Holy 554
2HEH Prgls) WHFO] ElolH E5E glolEdTh
=X o] A Al Ae e Bl A =59
T o0e T A P, (O3 C(t+1) Aeld] 3t
ZAow ®AE

7 #e 7HY diFEe] EGAAA AFEEE LR
U ¥y &g 7|HES sk A B
2+ VoD A¥7F 583

7b 89+ dishy] 2o 88

@ rjza des) o
v

A ol
¥ Fold E¥E(poisson distribution)E whE
g AL AZEE 3} Aged Al H]
woll 3 &% <ol EdS 7tk
Ayl FAHE 7 HESS] fo
=3 7}@@5}. xSt
&ttt

af - &) of
hil

A 7k

Bodge AHgE vt HolHELS 4 sHdino,
mrbean, lambs, starwars, terminator), 2~3*(atp, rac
e, soccerWM), Fr2=(news, talkl, talk?), "F3} < 3H(as
terix, simpsons) 5 ©¥d FRZ FAEACHS]. 2

Ht] ¢ dlo|E] 52 IBBPBBPBBPBB ¢ GOP #€&
THAH 27 24 ZY o] Atk <F DoAE B
ool AMES HIH Q. HolHEY o8 EAES
Hol i gt

<E 1> Hte ~Eg EA
Hoe | o5 | A& | FHd A [ FHd/
~E¥ E | (bits) | (bits) | (bits) | HF
asterix 119| 30576| 1079040| 268212| 4.02
atp 121| 26528| 933176| 262705| 3.55
dino 203| 49808| 644208| 156954| 4.10
lambs 363| 26656| 457032 87747| 5.21
mrbean 150| 58400 862432| 211786| 4.07
mtv 134| 40120| 1276504| 295280| 4.32
news 173| 20440| 1128792| 184311| 6.12
race 86| 120840/ 1332496| 369026| 3.61
simpsons 143| 27680| 860048| 222929| 3.86
soccerWM | 106| 82688| 1153008| 301345| 3.83
starwars 130| 18712 442792| 111770 3.96
talki 183| 73136 539240| 174459| 3.09
talk2 148| 91672| 673096| 215001| 3.13
terminator | 243| 26632| 430088| 130870| 3.29




I oA Ha AU, E 352> 747 454
vt ~EF] GOPOl widh HAig, Hdigt, Hat
S HE @92 HAFa glon EES FFH7
oldel dlolg] Av|o] uigh 9t dlolEe A7]e H]
E YeRfa ok wellA & F %ol ZF vte b
O 5L Rl wel O g5 7paAS

<% 9>+ LRU 7[WH¥} & =&eA Agkste o
7 #eE 7IHE AMEESS w vt AW H e
A7) W3] wE gk Ao FEES HAFI

2 = < gst A ATt

o} 2= o)

=2 T A

B2 St ke ot o e ga 528
#8435 9t

100 //__A_—.’—"‘,.
S 80
. 7
0
<F 60
Jo
~ 40 7
Ir
1A
2! 20

0

5 10 | 15[ 20 25 30 35 | 40 |

~LRU 375 71.88 71.88 71.88 71.88 71.88 |71.88 71.88
=-PROPOSED 57.81 79.69 | 92.19 95.31 95.75 96.31 98.44 100

Buffer Size (MB)

<a¥ 9> Wy Ao mE FEE

<Y 10> WYe AW Tops RIE mEi
gL 500e] Hit 3029 FASR Aol w3
g u i) 27 wael e g AR o W
52 wolx gtk £§ A £ W =277 2
OMB ool Al Z7bekA ghi=dl 1 ol i o
23 g Ee] AR Mol 2707k FAIE o o
Aol Bloe B5 glofolx e o]tk

500

= 400
& 300 //
i
0
> 200
o
<k 100

0

5 [ 10 15 | 20 25 30 | 35 | 40

-=-PROPOSED 158 | 377 | 428 | 437 442 | 447 @449 | 450
Buffer Size (MB)

<% 10> M3 27)e] G2 58 A

~LRU 132 ‘ 335 | 335 ‘ 335 | 335 ‘ 335 | 335 ‘ 335

6. &2 &

VoD Al8ls) o] jgael Hlole g #deluA
dlolElel tid 27t A4 % Azsgel e 7]
2o LAAANA e w3 B sEng &
B9 Ww pelrh e B =Rele s v

Ego] ujte HolHE Ashs VoD AuelA ¥
7 o 4 Qe dolH REo g % He o
sl dolg BEe Auwklgowms 1% Aol
0% FA3 2L g 242 Adae W B
e Aekerad. B =gelA A wu v )
He moldg Ad gEa 4 +88014 LRU 7]
ol wal of 39%e] A% FAe mol: Y wH
G AHA SN oF 31% o B AHEAE 48
& 5 9

[1] A. Lie, and J. Klaue, “Evalvid-RA: Trace Driven
Simulation of Rate Adaptive MPEG-4 VBR
Video,” Multimedia Systems, Volume 14,
Number 1, 13. November 2007.

[2] Palumbo, P.A.: Broadband
viewer metrics and market growth analysis
2000-2004.  Accustream Research, Technical
Report, 2004.

[3] UNINETT: Digital brytningstid uninett 10ar.
UNINETT, Technical Report, 2003.

[4] C. W. Lin, J. Zhou, J. Youn, and M. T. Sun,
“MPEG with VCR
functionality,” IEEE Transactions on Circuits

streaming  video:

video streaming
and Systems for Video Technology, vol. 11, no.
3, pp. 415-425, March. 2001.

[5] M.-S. Chen, D. D. Kandlur, “Stream Conversion
to Support Interactive Video Playout,” IEEE
MultiMedia, Vol. 3, No. 2, pp. 51-58, Summer
1996.

[6] Wu-chi Feng, F. Jahanian and S. Sechrest.
“Providing VCR Functionality in a Constant

Quality Video—On-Demand Transportation

_38_



[7]

(8]

Service,” IEEE Multimedia 1996, pages 127-135,
June 1996.

Xin Wang, Changyi Zheng, Zhenyuan Zhang,
Hong Lu, Xiangyang Xue, "The design of video
segmentation-aided VCR support for P2P VoD
systems”, IEEE Transactions on Consumer
Electronics, Vol. 54, No. 2., pp. 531-537, May
2008.

Oliver Rose. Statistical properties of MPEG
video traffic and their impact on traffic modeling
in ATM systems, Technical Report No. 101,
University of Wuerzburg, February 1995.

A & A (Soon-Cheol Kim)

-
APt 20

B

-y

- 434

19984 84 :

s} (334D
Agrist A5E 3

38} 5}
+ 1998 99 ~1999d 2 : A&t AFEHA7|EA
T4 SEATY
« 20001 3¢ ~2006%1 2¢ : University of Massachusetts
Ambherst 2} al
+ 1999 3¢~ : ikl F5FH - ITe 8H: Fals
« BAEOR 1 FGAA, HEMH oA 28

= A 4 2109 03¢ 1Y
12 gkmd 0 20100 039 289
22 R 1 20109 03€ 30
A A g g 2010d 039 30

_39_



