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ABSTRACT

This paper proposes an interactive VOD system to serve truly interactive VCR services using multicast delivery, client buffer and web-
caching technique which implements the distributed proxy in Head-End-Network(HNET). This technique adopts some caches in the HNET that
consists of a Switching Agent(SA), some Head-End-Nodes(HENs) and many clients. In this model, HENs distributively store the requested
video under the control of SA. Also, client buffer dynamically expands to support various VCR playback rate. Thus, interactive services are
offered with transmitting video streams from network, HENs and stored streams on buffer. Therefore this technique makes the load of network

occur in the limited area, minimizes the additional channel allocation from server and restricts the transmission of duplicated video contents

F|1/IE : VOD, Cache, ¥4l (Webcaching), CHE3 MH[A(Interactive Services), HEIHAE (Multicast), HEN, Heae- End Network

(HNET)

M E

ARPANET .2 Al4gt AU A AANAN 7 &
& Atgred 9ste] AMRHL e B4 Y& FY =R
ARE RS AR 71ER Ao A gHste TV 9 o]F &
A ger] F3 22 g A E B3t AEAENA o
%3 Au g AT ok FaVed AR s @
Ae a4 MEYAY FEE 7hestA e Add =
o dugEe deutio] dojge] &3] B & 74
g ¢ UEE shar Yrill oled ™ sedde do)
Ele] 1 A 9 At A& AMEE sl sk

¥ ¥ QTE BRAAG A4 A¥sn Depide] AT Aol
sle Ak
EEGREEC T LT FERE
1 F 8 o QAT o ALENT
ttt 4 3 9 clduisin ARENTY wg
S 20039 69 4Y, AAEE 12004 49 239

o der|dgoe] dolgrt WEYAE Fsle] &44 A%
g4 JxE 39ty 53 FF¥(on-demand) HEI P T
Azl gAY EXFE AR Al2dY 974 18 974 I3

8 EoF 54 22 93 & EoklA T2 7le=

5

FEE Al2" F VODE AHAZT MERAE St &
A HTeE dte Altel AT F YRS e HHoR
A BH 8.9 AAZE Au) A gl e e} o] AE et

AEAE ML 229 FAe waselol dvhs 54

AgAEA A A VCR Aul2g Agas] fake] @
EAIZE A5, FeholdE M Alxgs ZAE A
gott A4 %ol AXHAG. BEALE ASYNe 5
g W ADZE AR ASAS A¥ LS v A
A A B aFEsel MuaE AT Yoz



362 HEMe|stsli=aXl B AM11-BT M3z (2004.6)

AFIHE F FDAR o] FoAE Zlo] Antyo|ni4, 5] 17
U 9jo] AL MH e 735 FaNTH MEHAY BeF
A AHE-E THsEHA SHAIRE AREA) M| 2E ASET %’4311
ME GAARRE ti7lstedof 8t d42<] VCR AH|2E A
F3717F Bl EAEES 23 d4l6, 7).

olg|g EAIZ A3ty Adte] Zeo|AE wF Ajxgo
A ATHE]. 22t VCR M| 23] Bize] 835 =
Fate] A&He A9, v dSHA MB|&E AF8
Aste] 2L AdE Fgstoiof Ak g ez vESA
£F AT QU] AT MEE AdE I F fle
3974 EAEA S o] B¢ Aulae GEHA o

zZgAE AH 9 ZEoAE Aojd EAste dF A
B2x HEYT e M + slow Mue F&

ZaAZd F Ao debAg 2] 71 A7) 9 MY

& Adxg A A= ZFA Y ZAF e ZAg
Hlmate] Fjdoz 2 F3& 24 v T8 vy
ddzrt $E3o2 AFHs EAHS 22 209, 101

£ =82 Z2HA2E HF 7IHE AHEsHE HNET @
7oA BISME Ag3ls ZeoldE H¥ X293 dF
g = E

2t A ARG TEE ARESt AREAECNA
¥ VOD AZ="g At}
BISM2 4418 dolge& A&, & HENXE I1F
o2 A4HE vy ~EY 9 HENso| A%d dHojHE
& AgEte A3 VCR AMul2g A3 AgE ¢
A4 71€& HENO| 7418 T3] ANZYH HAFHE
Bt e 2EYE AAsie, Feho|AEd st TAHE
RE Hu2E2 HENE %3t A¥Z A%t HEN
o &5t AMujet FaetA AFETh VOD *Mh a3
e AdxE ZHo|AEEC] 24 3 A HS &
wet A4sA Hy A Aqus @ 3E2 HENY A%
g dojeE AHgste] AFEh =3 HEN A= v
e ZAdlzE SAY Aold 3te F4E HENEAA &
AHor B AgEo] FUdS Azl o7 HENEA
5 AZHE Ae HPXIé}‘H&‘ﬂ 7} HENE9| #3171 &
datA @EAE o] 54 HEN| F37t A LAsE &4
He A3
E =72 23dAE B 9d-=2 58 ASE HNET

o 7z & g 71, 3T FoldE HAHY
2285 BISME A, 48X E ALE 71ed A
oAt A5 LS vt v gog 53dAME 28

% FF A7 s Vet

2. th3# Video-on-Demand AlA &

Agtd VOD Al2¥L VOD Ald|, Bel/2E A4 E
4=, SA% thre) HENZ T4 5+ HNET ¥ Z8old

9 47goz At A¥ F4 Ak drye W
A2E AEe AHLFS HUSe AEFS A4d7] 98 =
AdE “51111 Zk e vhe. g w3

L

g & ok MY Ade Yur f2e F
A 2 A, Ad Ao, Yy Auxg 9
& S8t ASEY Awe FeoldEd 93
Adz7}t Ages e3HE A% @ 4
S8 A%, 9F 239 vt ddzrl AEFol
of A%=o] HEN AFE A% |7 Bes A
=9 "o AdzE HEHNAE 2§
NM A]zhw }U} tg& dEAAE IDE A ddE,
ol #F vy ZHel=e NM A7t #ole] REEe] &
£Ho2 YEYT A HAEHE g gueth AHE
HAETY EEAN2E A7l vire A= IDCID : Con-
tents ID), BEIAAE 2§ IDMID : Multicast ID) 2 2+
2EZY AZIAE YEllE 2ZA4 ZHCV : Consecutive
Value)Z 3oiF2o] H7tst & SAZ HAFshe] Faold
E7t 89 HEALEE Ao FHASA FolAd ALY
& A o AW EE HNET £& ZEo|AE Al2d
o029 dojg A& ETRY HHAZE 4L AHE
&9 YEHNI AHLEES TONIEE o 3E
Ed=a 9 HENAE H9EHER ST

M ot

L o

ot Lo
(R °¥>

£ 40 8 % o > u
m r2 m
o
=3
8 o
}o

=3

2.1 Switching Agent

SAE E#olJdET AFoz A HHL AUxE
& A¢ FeholdES MW ddE HANE 988
ok whep g ¥E e A=) ojn ZM:—EM HNET
Z+e] HENO| AAs o] gl A4 Abla 23]
9} Zg}o]dE Alojg] e Az AAGAE }\]%‘;"..

VOD AW el R@sA FEY MH|AE Eo|AENA
AFstr] A3k, wE 4FE DEAN2E OF
TY dAde Ad2E 8 AT FEJEES H3Hd
HE vve AEYES HENCZXE HAHE
of wiel e 2yl W0 Z 3§ HENe Al A43te
& #Yor) gelq g2 HENEO dstd 239 59 H
de Adzys HEALE IF e 8 2EFL
AB 2RE d4En, SAd st #apH s BAF A%
o] &g HENe] A=A drt mahs SAv 710 4
o9 A d}e] HENA AAse A& @A s HEN
Atolo] FEHoz AFHE AL WAY F UAA 4.

(138 1)& 53 vge # diste HENEZHH A% &
Aol ¥rAd 73$ 9 Multimedia Content Table(MCT)& X
&3 ¢tk & 23] HEN 13 HEN 3e2%E 24
7% SA¥E WA HEN 19 R WA 2EY 1% #$3s o
S0 2 HEN 39 7 W 2EYS A5t 129 t4 Aol
A HEN 7l 93t 9% vv)e7t @39 29 HEN 1%

>,
=
off
e 2xoofy (2

fo
o
R e



Head-End-NetworkOllAl CHEIE MHIAE 2

ot HEIGHAE VOD AIAH 363

HEN 3of olojA] A4 ~EGS g weis 5 v ol MW 2 RE e AWS S HA4dsr) Y5t HENS o
Qo g ao] WAsE 4¢ 24 +A19 Node Iden- & Aa719 AMHAE At of gttt VODAIH 7} Al E 8= o]
tification(NID) =X ol upzt x| &5 oz dgg dgstA 5 te. Az 7} S7HE4E HENe] #a 2 3h= 7}]-.4 o]
th q1719)E vl e 9] 4§ vl HENO. R YE 2 o] w 271 5 ASA F7HHA 8k HEN A A& & 714 9
A8t (dense mode), 9171 §1& HH 2.9l A9 EA HEN A7E Fol7] fat & =&dAe 4 A+E SAd
2RE 2o WA Al HM(sparse mode) 7} 7ol W THq §Y HHe =g aHshe UL-r"il 9} &} o
S MCTE (219 2)ollA] BHo]Fa gk AA e AV =(Dpop)el WE A 49 e E A4E
F Qe sy
Consecutive Value (CV) on the Video
HEN
| 2‘3]4 316|7(8]910[11[12]13[14(15{16{17[18[19[20}21{22{23 24|?5|‘26 27128|29|30
1 . - E . e Algorithm ; SA main routine
2 i ; 1 HENS 2 %E g ¥o| BT A% £4% g8 24
; INENEAE 2 ok 240 4802 WA Fold (CV wol 0
— - AEE HE g 42
6 - A% £49 A71E Dpops A
’ T_j_‘ i - MHERE Y uUeE $A% 49, 2@ HENOR
; T - A4, MCT A4
i e - 971% Dpopel whet A9 MHeE A%
time | v i m @ = 3. SAd] AAAE e HYLE 8T A$ i v g Af
MCT 734
(3 1) |2 #off thst SAcAMSl MCT diagram 4, SAZF AAE T QA e PYes a3 AL vz 9
-, 5—}]% a]r,]ga A8 74_?_ Q43 HENe 2 A4
Consecutive Value (CV) on the Video : ; — . MCT 73 Al
HEN (1, - \_d]6 (:\/; gt?oﬁ]dlz HENA Consecutive Value (CV) on the Video _ 0] 7]5 Dpopoﬂ fq'a]' /\]Qt H] ':]9 = X‘l—ﬂ'
Se0ERo: ITRRRRIRERE |5 2ones 5% 0and oS Wk 2E HENEA
I 11 2 N A
2 12 3
4 1113 17 4 o
o CHER 5 (3 3) Switching Agent Z2[E
¢ 35 al | 6
7 6
: N m ; SA7} HENS 2 HH request packet& 413 7% initial
;u 117 > Py 2 9 = ﬁ) ] ] KU state, normal state ¥ hot state®] 37}% HFAE= Fo 3
time 10 5 no time |10 5 it Ifl'i 52}3}7_” 5]\:]— Imnal state—~ E_Zi H]q9_7} %E]—C)]?j
(a) Dense Mode (b) Sparse Mode Eo] ot 4eos aHH ASon SAE AW
(718 2) HIt| 280 et 2% 2Z0| W2 MCT diagram HT| Q& @ Asie, o] 4{0}0:1 s HENO.2 A4},

Normal state®} Hot statet= HENo] X ¥ 2 5-¢ o|u] H 45
o7 ¥ AH=xE 23 AS BA=, 7 state™ SA
7 AlE HY e =9 A% {57 wet 24|80 Nor-
mal State= 83 € HURE SA7 AAsn YR %4 F
f-ojm, SA¥ aF HTLE AW 243A doh 2
Hot state: SAZ} A%3stx 9\17] ol g HENS.2 A
Hel FasA FA MUAE AFd geA o] Aee

Y vdert AWERy ZH{%Q—E g AT + AL
o, M7t Q2 & EYAZ d9ZS 29 & YA fdh

SAE NIDo| 9]3le] F-Z ¥ 0= 7} HENe| AZFo|A
G Agseld e Adae] g 4ug e o
A= HENo] &9 ®ltje Avlxe 7z REZo] o
HENell 7o} gleds A% & e Aus AT
o A3kl WA SAL BEALE 1§ QAFL FY v
o Adzel gE a9 AUsel L3 2Ad B A%
—c/"l% 2R F olg AF HolEol AFdTh F WAR,

boAwel elgtel AEEE AAE RS CIDS CV
%k% F&3to] 549 CIDel gt MCTE wHeEY. vpAHo s

Z HEAN~E 0F HEvi SAY d2" EE HENE 29 Head-End-Node
A MCT 422 #1387] Asho] Multimedia Content Pac- HEN®S SAsH ZeloldE Abolo] §1Aahw, SA T the
ketMCP)& A3 F o]& AFdoh webd &9 HNET HENCZ A4 A8 dAste god vyos A4 £
ol EAshe BE HENES 1280 Fog AFstn e FAHTY YEYD gGZo] AT LS ZAATY T}
AL ok oAl Ho] A wYe Ad2E FHY £ A wo ZalolAed ] BT oS AEss] 9t ZaloldE
. she] AALA L HEAAE Wgae AR,

HENe| %74l dloleli= HENO| 7849 7419 2718 = HEN®S SAE %3te) 1t) o Aju|o] ,; Al v, SAZ
k= A% Atalslofof gt o] A= HENe] VOD M4 e AasE Hge AEIS AFS F SAY Aol
ZRE g vne AR2E AdE wolof &k A o] ol2 ZglolAEdA T3t w3 thE HENe| A2d u|



364 FEXMe/SR=EXR B M11-BH KI3Z(20046)

AN=E £4357] 93t4 3|2 HENe| H&3HA ot
< @A A4le A dele] g FEE SAAA AF
gt} HENo] 925 ZeojdEZNE 838 ¥ Y,
83 S EATY. vk Aale] AFstR gle HYLLE
SAT A v NuAE AFsd, A%ty YA g
YL E 23T B3¢ SAZRE $£48 MCTE A3
AF YL Pz RES s Y thE HENSE
2384 Fvt U HENC 2R HHQ AEHS A3
t 3% TEAGE ¥As) 98t HENS 4 HolHE
A3&A Feoh

HENZ ¥9% Htvj2d dig4 (CID7F 5Y) MID$} CV
#& SAZRH FA5HE MCPE AH43t9 Content Con-
figuration Packet(CCP)E A4l %th. MCP= SAd 93ty
R4 5E MCPAE HEF|2E 1§2Evt eo]dEd
A A4d CCPE ZtoldEdA dNAA, n&A448 2
& GARH T2 sy Mu2E AT A3t WA
g CVe 5¢ vded) ARAF 2R D vt
Adz7t duht Hojx JEAE Yeple o2 74 ¥
EAAE IFNE Nyelth 2713 136 14 Frlete g2
Ztet) gEtA ZtoldEE Zlo] A2 i g1+ HiY
Q0] it ojd REEo] ALEHAEAE & ¢ A E
o T A LR QS HT L 2ERo] AEFO|H, &
Zo]QEE HENo|Y} Auet FastA CCPEFE F&¢
MIDE AH&3te 8| HEIN2E 2§02 24 5 I

f. o = WA Fe|AETL AT YE RE
CV oA Aul2 w71S 98k RE3e] ARE 2

2E 1§ 37 9N Adse 4T 2EYY CV AL F
£% ¥ CCPERH o% CIDS CV & ZE MIDE 2o}
FeoldEst EAH s BEA2E 2FA 2A) BE
o 7bsshA |k e Aske CVR B AB7t CCP
of EARA e AE 928 HENS2RH #3 259
of Aol ge Aeold, FooldEE CIDY CVEE
I 24 ANS HENOZ Wodto] AuAE 432

Algorithm ; HEN main routine
1. MCPE #4138 3%, MCPE A48t CCPE AA
2. ZgolAET MU AE A3 e 4, F£28 84 H3s 84
3 AEo2 23T A$ (CV @l O
- SAZ 9 weE 2%, SARRH wHoEHI} £AHE
A4 A A7
4. A AT Qe dlolHE a3 A, FFeldEGH
Mujx AF
5 A YA % voEE 235 3%, MCTE &4}
- & HENY} AFHo gle 4%, #F HEN2z d3,
HolE & AFaA %e
- 42 HENe| M=o gl & 34, SAR 43, =4
HE dHolHE A%
6. YEI/IZE 1EF v dZ2" 2E FHoldEA CCPE
‘A%

(32! 4) Head-End-Node 12|18

Al doh HEN2 ¢41€9 84 dAlesfy CIDS CVaE
F&3oto| Ao MCTERH &% ddas AFsta ds
HENE 27 gtk 79 o2 HENe| A 5ol de B¢e
3% HEN3 gdZ@sto] Mujag Algsty 45 E dolH
= AA gevh ek o HENe| AAEo A &2
¢ SAZ 243t Mu|2=E AT SAZRRE FAH
dlo|e & A%er)

e o rl

2.3 Cache Management

g A4 EE EolAEY 2aH o me} Au|art AF
He 59 89 v #dex2xg AFsta givk vk HEN
d FdE AHY ZNE 23sto dolglE AAstaal st
E A% A4 AA dFe] oty Fgo]dEES MY
e et a5 AHE dste AoAE ddslr] 38t
Ht]Qe A} RRS dutxow AHL @t} uhek HENY
3F videe A FEo] HAHY gt Feto|dE A
Ad g Ab2g AT A Aok g Eeteld
EdA Ad ge Aul2E AT dstd 2 vgee A
BE(CVEol 002 wA gt AN AAHEE stgTh

Algorithm ; Cache Replacement main routine

L Yutd o2 Htje s HERERE AAZL

. 23S A A(LFU) Bt e AEES AA

. 7HE 2@ Ao Hul2E@LRU) ¥t 2EHS AA
. Ht e AREd tisle LFU 43

. HY) 2.9 AEEel tj3te] LRU 43

Do W N =

(38 5) Cache Replacement 2|5
3. BISM

A7l e vig e A bl ALgAE st &
=7 o HEHZ Fo dLFHoz HFE FE0
FtEg, 445 ood "EALE vge 2EY
TN Fd3toq AgdTd VEHI AdAE 58
WA7E A FIE ZAANZD F Ut EgoldE H
e 78 1Y §3F e Adoly @A gl VCR
Mul2g ATE 5 Aok Wk VCR Adlz 83 Azhe]
W &3 2= e dE5HA d3F AusE
fste] vl A2 dHolHE BAstoiol Aot o0& 4
3t FEto]AdEE SARTE F4" CCPE AMEstd F
d CIDE 2zt 129 CV7t ¢jojAl= MIDE et o
A FetoldEE FRF HYe Adzst ofd HEAX
E 2§22 HAEHI JY=AE ¢ 5 slon, wef dite

=

HEALE OF9|

l

o
=

=
S

m o

EA3A ¥E A= CID CVe X@skes 84 HAE
Agstd Azg HEPIAE d$ Efs AYES do.



olef e

Al
stof Fehol

o7 A% JAEAAE dolEl= BISMd 9
AE wH o] AAso] ARSI

3.1 YA HX|(Pause)

AN AR (Puase)s Fato]AEd BHE ALgate] gola}
Al FE =9 ALgEE Mo e Y94 EFirst_n First_Out)
b o2 St Zeto|dEF AIAA AHl2E 23S
CHITS A AASAT HE HEANAE 1S
of Btje. 2EYL d&Hom FAHT e dAA
JH) 27 HENAE 28 74E NuS 238t x&5=
%, Zelold e} 1A% HEAXE TFAAH Ny THE
A A4HE HEN2E 2807 MEA HYS 9
Ao FAE 435 dolye dAHE FA

ol 9jste] AAAA 7]7ke] A€ A g (Threshold)&
23 9, BHojdEE Yo Reg A4dA RE F
sttel B2 F2E oA drh e BEe FEoldE

ol

oit o
» Ao x|

N

!

oX.

4a,

d7Ho] gl HENC2RY &9 HE/|2E ~EHo| T}
B HolQEE dsto A ALHI e B9, 2l
AE= £4¥ CCPE T8t 9 HEAXE OF9) F4
g ¢a gleng dY F42 I5S WA HENOR
TE W AMRke dd ARAREEE §F HE A
E O§Fo] 49 HENC 2 RE A$H1 A o 92
Zeo]dE= CIDY CV gk A FAHE dEALE &
Ede @& TdshA dAsted HEN2Z 8% HA& A%
gt} HENZ SAZRE $208 MCPE B3t 33 vit]e
Alz7t A 8 HENSZ 1§ 74 248 dgsto
HEHAE AE FRE ALAs ] Feo|ABgA Au]x
g A&Hor fAE & A=F 30, ZPodE: ad
YENZE aF o2 WA Auig AEAZH. A
ZeoIREE st HEALE £A Qs dEA2ED
Z Ny 2719 wsehe ga 2 vk <F 1>& INAA

(B 1) LAIZA 225

Zololde ¥ndE

1. AFRA7 8 3E ANE SE A

2. 748 CCPEYE CID7 22m CV gho] 94449 Salg
MIDE ZA

4 &4 sy MIDE 2§ 719, 2484 god
HENOo 2 874 H71& S/ A4

4 S H3le 48 ]

5 8d HALRNE g HENAE 2FoE WA

6. Mol s dolelE AAale] A4

HEN ¢ xe8&

B dERZRE aAdHACID, CV) F4

. MCP2EH CID¢} CVel A st HENAEESE FA}

. thE HENO| AFso] glow g HENe2 1§ 719
833 F A 52

4 NMRRE J2E 4L 93t SAZ 2% HFCID,
V) #E

E FAEE HEMAEE o9 SeloldEdA W

€. CCP A1 7341

.

00 B

32 &MY ¥ 159N M(Fast-Forward and Fast-
Rewind)

SAR 2 1EGAN AulAE Y HHARE
HE F8t AFET 3t vYe Az YE
3 Aol HEAN2E OF 14 Ny vt d&202 A%
Od 2472 CIDe 598 ¢€ 2om CVE Ny mhot 1
A F7HE @& Zet oHd HERE AMEFEH SAR
MCP AE=Z A4$=HM, SAE o] R E HNETY TAE
HENEA A dgdch =3 7z HENE2 2 CIDel i@
MID& CVES AFA st CCPE AMEsle 2| Egtol
AESAA AFIch kA AHRREH AFF) ZE 2
E|Fl2E HH+= HNETY FA 9 SA9 HENEo]

N

AuE Tl 8o FeeldE: 144 R uEdA
42 Astol BT Wl 2EYe AEVE U F 9o
o MIDE ol &3] HENo| WE2E 1§ /€ 233
D2 HENS| ¥318 7444 4 itk <E 2>& 1474

2 s YuAES RelFn gk

(E 2) METY Y TR

==
0=

YL

Zdo|dE s

—_

AR 83 AQE SE A

2. 419 CCPEERH CID7F 2o CV ol 448 S
MIDE ZA}

3. #4849 &9 MID2 2§ 71, &A8R o
HENSZ 84 #7& S/ A4

4. &5 AR 38 W7

5 @ HAoZHY 9 HEFAE 2Fog ¥A

6. Mol sF do|elE Agsted A4

HEN ¢x8%

1. SgeldEZRE 23HACD, CV) 4

2. MCPZ%-¥| CID¢} CVol dX3e HEPIAES XA}

3. ©& HENd| A#4s5o] ¢god sid HENS.Z 18 719
243 F 9A 52

4 AHREE A2 A4S dsto SAZ 8% HA(CD,
Ccv) A

5 FAHE HEANEER 7 SeloldedA A

6. CCP X A

4. NEeolM % Ha B4M

Atd HNET# BISM$E AF8-3te] ojstd VOD A 2~¥
< TSI g 2& B AEHHE 53
stk HEIFIAE 2517 NME 1o R dgoen, A
W7t ATE 4 d= NAY Adx D 7hd 84 w8

£ A9 52 737 S8t Zipf BEE AL
9 skew factor 0.85% AM&3tglom 4 (DolAd HojFm
ATH12-15). Zipf B3*& AMgEste] iwlA 7Adlzo An|A
QABEL A, = Ap0lL, o714 p, = Z/i°]l™ Poisson #3E



366 BEXMeISts=2X B M11-BT F3=(2004.6)

g A3t

P(i) = -——1—1 o))

! /; i
(E 3 Al2dolM &
Parameter Default Range

e § 100 100~200
vt e Ao(&) 100 N/A
A QYgZ(2EY F) 100 80~120
HNET dgE(2EY F) 500 100~3,000
geoldE 4 5,000 N/A
SHE(QAF/E) 50 10~50
SAdA AFEE vde & 0% 0%~70%
HENY A4 271(%) 100 100~1,000
HEN 4 10 2~10
VCR 3 AHE) 5 NA
VCR R E(VCR 844/AA 83%F) 10% N/A

(29 6)2 HENF SAAS] Ha 74 hit ratiod B
F3 g o] A4 "t & 100, HENY & 10,
HEN 7 Z#o|AdE F= 500, AH9 d4 g F2 100,
HENT® e Z2 500, £F Avl2 23 & 5022 3%

o HENY| 789 79 2717} 100019 SAl A7 7+

454 e A5 AA vhe 8% F9 10%E HENo| A
st Xk A hit ratior oF 23% AEE UEUZ gl
th oA A7) A vt Lol i AMulx 230 A7) ¢
£ oYL H3te Jjdoes 52 =S Yehly] dE
oitt. (¥ 7N FUMEE AFWAE Agst= A &
Muls @ g diste] Z HENJAM Y A% A &
BAFI givh. 2 HENelM e A% Ade] #71 39 ¥
A& Bole AL U7l Qe HYLE 2A3e EToldE
7t %A @71 WME % v o] dig A$o] WA HEN
oA o]FolA & Ao] ohyzt 2ol WAH HEN| M3
P57 Qo

100%
90%
80%
70% F
£ [ —+— SAT70%
60% -
= —@— SA60%
T 50% —-3— SA 50%
) —>6— SA 40%
% L —&— SA30%
—m— SA20%
0% " —o—SA0%
20% L

100 200 300 400 500 600 700 800 900 1000
Cache Size per HEN

(3% 6) HENS| 783 3710 w2 HENZE SAUA{2|
704 hit ratio

1200

—H— =50 —H—1r=40 —A—A=30 —W—1=20 —e—A=10

1000 | Ry Ny X

g so0 | T e e
2
c
@«
2

O 600 | A—d— , L e A4,
o

'E 00 | I W g
=]
=

200 | o oo o oo .

0
1 2 3 4 5 6 7 8 9 10
HEN Number

(28 7) 280 W2 2 HENOIMS| M& x| £

140

120 |
100 | —a— 100 —%—200
80

60

Number of Channels

40

20

. —— >——

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Number of Reauests

(38 8) HIE|2 0| WE HENOA) &

op

T AL
Heid &

80-+2 —a—4
é.,o_—a—s ——8
gso_—l—m ]
§50-
240t
g 4
Z 30

20

10

0

0 50 100 150 200 250 300 350 400 450 500
Number of Requests per HEN

(33 9) HENS| $0f M2 Hg Teid

(29 9% (1Y 9= HEF2E A5 WS Agse
7% BISM w43 HNETS A3 359 32 A4 Ad
o 42 HaZ: vk (1Y 8)& shthe] SAsh 10749
HENZ 74¥ HNETolN AsE 1038 20079 #de
AMxE AAsn glom ZF HENS 10328 200714 HE
A2E v 2EPS AFsE Ao BE A& F
2 BoF3 gk HNETS TAF 4% shde) wde A
gzl Mz RE @uw A4 §u HNETS 2z HENe|

B AZEd. 2449 Ade 5 4 HENSAA Ag

AHEEHE Ade HEAE 73 Aotk AHEREC] 233
Bt e e 7 107058 2002 713184 Agd) Yo
& Ade & vdey SRR FA FUHEE A 2
47} Q1. (¥ 9= HNETO| 743 HENEd 739 7
Ho AA Z71E 20002 1A ¥, 4 HENoIAM 9 A%



A £& BoF1 9lvd HEN 47} 29 4% zZ+ HENS
1000709 HEIAAE 2EFS AT & &= AH €58
zZtom HEN %7} 1081 2%+ 7t HEN©] 200719 dEjAl ~
E 2EHS AFY & Aok 2FHE A4 Had [dy

Fiz AWM AFHE MO ANz Fo 2PYL B
of2m gtk o] e FeholAE 2ol glom AY HEN
SolA HoleZh $4 AFH 22 TYH HENES ¥87}
5 © HENS| 47} 2

A wA=E AL ma
g 2 HENe| 4455 e
AEAES s WE2E 1
Fol A% Adel 27h gas Ak 2ed o] Z9 HEN
o 47h ge A9o vele Ao Be 23S Azl

stelo a7) Mol 2 ¥alE 2% BARE 23 Uk

74
Adz7} $7hete] el
o= 45% 4 97 o

54 2

VOD Al2gld ugFo] it Ad2E tho] A8
Sl HAH g HAgsteor dt7] Wi & WEHA
yqEE a2 st vk opeks diFy VCR Aulae
AEAde {7t Ae AL AFIAY G FAY
Ha&H] AU~ AFsA "grh gty 2 =FoA e
e Ao AHEE FHAsE] st SAS HENSZE +
A= HNET 2 Zfo]dE w5 A& BISME A<t
ot Aok WAL AW ERE A4E i3] 4
o] ME4HE HY e ~EYS HENSO A B4 AAstd
ALgste], "EFol Ay HENO A" wte Awlzo]
et 4RE SA, HEN 23z EHo|EEC] M2 F&
gkl Aul2 gi7|A7HE #HA3EtEE Stk HENTS A
H2E g Aste Sgo|AEY Fov FHEA MHZEH
Hue 7 & 7o Adurg A}%é}ﬂ 2EYE df W)
ol M) el BW dhte] HENTS 2t vtje
o g stte] Eo|AER UFHBE FA] ALEALY £
T 7 HNETY T4 ¥ Zete|dEEe] g8 Fdd
k. E=3 Hge A= HENE Atolo] 24 235 o]
AH4E7] mEol Z- HEN9| $8 2 WYz el 7%
A AEHEZ EdEe] JF3 @4 NG 5 Sl

#1024

(1! B. Amin-Saggglehi, G. D. Flinchbaugh, L. R. Pate, “Impli-
cations of New Network Services on BISDN Capabilities,”
In Proc IEEE INFOCOM, pp. 1038-1045, San Francisco,
CA, 1990.

[z T. Little, D. Vnekatesh, “Prospects for Interactive Video-
on-Demand,” IEEE Multimedia, pp.14-23, Fall, 1994.

[3] K. Almeroth, M. Ammar, “An Alternative Paradigm for
Scalable On-Demand Applications : Evaluating and De-

Fead-End-NetworkGll A CHSIE MEIAZE 25 &

EIZHAE VOD AIAE 367

ploying the Interactive Multimedia Jukebox,” IEEE Trans-
actions on Knowledge and data Engineering Special Issue
on Web Technologies, April, 1999.

[4] Kien A. Hua, Ying Cai, Simon Sheu, “Patching : A Multi-
cast Technique for True Video-on-Demand Services,”
ACM Mutimedia '98, Bristol, UK, pp.191-200, 1998.

[51 S. Sheu, Kien. A. Hua, W. Tavanapong, “Chaining : A
Generalized Batching Technique for Video-on-Demand,”
In Proc. Of the Int'l Conf. On Multimedia Computing and
System, Ottawa, Ontario, Canada, pp.110-117, June, 1997.

[6) J. Pasquale, G. Polyzos, G. Xylomenos, “The Multimedia
Multicasting Problem,” ACM Multimedia Systems, Vol.§,
No.1, 1998.

[7] K. Almeroth, M. Ammar, “Providing a scalable, inter-
active Video-on-Demand Service using multicast com-
munication,” In ICCCN '94, San Francisco, CA, September,
1994,

8] H. J. Chen, A. Krishnamruthy, D. Venkatesh, T.D.C.
Little, “A Scalable Video-on-Demand Service for the
Provision of VCR-like Functions,” Proc. 2nd IEEE Intll
Conf. On Multimedia Computing and System, Washington
D.C, pp.65-72, May, 1995.

[9] A. Mahanti, C. Williamson, “Web Proxy Workload Char-
acterization,” Technical Report Univ. of Saskatchewan,
Feb., 1999.

[10} R. Rajaie, M. Handley, H. Yu, D. Estrin, “Proxy caching
mechanism for multimedia playback streams in Internet,”
in 4th Int'l WWW Caching Workshop, Mar., 1999.

{11] Backhyun Kim, Seungchan Moon, lksoo Kim, Yoseop
Woo, “A Buffering Algorithm for Providing The Truly
Interactive Video~on-Demand Services,” Proceeding of
International Conference on Paraliel and Distributed Proc-
essing Technology and Applications(PDPTA ’99), pp.211-
217, June, 1999.

[12] M. Arlitt, C. Williamson, “Trace-driven simulation of doc-
ument caching strategies for Internet Web Server,” Simu-
lation Journal 68, pp.23-33, Jan., 1997.

[13} Carey Williamson, “On Filter Effects in Web Caching Hi-
erarchies,” ACM Transactions on Internet Technology,
Vol2, No.l, pp.47-77, Feb., 2002,

[14] L. Breslau, P. Cao, L. Fan, G. Phillips, S. Shenker, “Web
Caching and Zipf-like Distributions : Evidence and Impli-
cations,” in Proceeding of the Conference on Computer
Communications(IEEE Infocom), New York, Mar., 1999.

[15]1 P. Cao, S. Irani, “Cost-aware WWW Proxy Caching
Algorithms,” In Proceeding of the 1997 USENIX Sympo-
sium on Internet Technology and Systems, pp.193-296,
Dec., 1997.



368 FEMeIEz==EX B X11-BT H3z=(2004.6)

2 o &
e-mail : hidesky24@incheon.ac.kr
1993 A st G HEFANFTEAIF A
19939 ~1997d AR AYdT4
20014 A distn FREAFet g
(F4Ah
2000 ~2002d PNPHIEY A AddT4
20039~ @A QA FRFAFE gighd At
FAEoF : Multicast, QoS, £k, HE Rt

gEf =

e-mail : tjhwang@incheon.ac.kr

19979 AN AAA G T AL

1999 A HAAA NG g
(F84A})

19991 ~20019 At FRENF S
detd WA Fa

480k - Multicast, VOD, Webcaching, Hoj€lsjo]2, HE[n|

gel

2 of &
e-mail : iskim@incheon.ac kr
19774 FxUgan AT EIHFEAD
19814 Eadga AR T ojstel

(FsHAAD
19854 SRS AR e
(Fspabap)

1988 ~dA AU ARFNFTETH B

199313 ~1994'a North Carolina State Univ. 2 9x 4

20043 ~ 20053 California State University Sacramento?] 314
AA & oF : Multicast, Network, VOD, Webcaching



