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ABSTRACT

In this paper, we provide a design of DAVIC VOD service system with proxy servers which perform caching of
video streams. Proxy servers are placed between a service provider system and service consumer systems. They pro-
vide video services to consumers on behalf of the service provider, therefore they reduce the loads of service
providers and network.

The operation of a proxy server depends on whether the requested program is in its storage. If this is the case,
the proxy server takes all the controls, but if the proxy does not have the program, it forwards the service request
to a service provider. While the service provider system provides the program to the consumer, the proxy copies and
caches the program. The proxy server executes cache replacement, if necessary. We show by simulation that the

LFU is the most efficient caching replacement algorithm among the typical algorithms such as LRU, LFU, FIFQ.
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1. ZEA| MHe| 7|&
ZEAN M o] §RF 7% ofef 9 7o}

e TEA Mu AMEAY 8AY ZTaaYe] A
o] ty&F0 ¢gg& A AWE e TPy
of Ab& R A AgFet. FAA A2 v A
AGste] A4g X2 A A ¥ " A$ 1)
E MY 28 A Fe.

e MHME FE TaaWg e B30 ALgAE B
B AMul2 39 838 woy, ZEA MY E A}
LA A Bl Z2agy A Fusz A
W2 FE A& L2 aPg dol e A4 2
o gt¥e] zraPgon Aol o) AlgAle]
F8 Ahe AMul27t 298 A 3R S5

e TEA MM ZEaYE AR o, HF FLE
grsty) fgte 712 vt =2adE Uz
e A A daelEg #39sc)

s MBlE AMEA7E 278 2P ulE YAt
A B2, ZEA A AldE @AFY

e MW7t B4 Z2ade] MAE AL BAES
7HA Z2ago] o] o) FASA ¥EE ZTEA
MujollA R, el LEA] Hu7te] dlo]
B 92 3& FA%h

e AHE ZEA MR RE gAY FF ARG

ol A gt}

2. ZBA MH ZHEHE
EEA MM 7l PR

® Proxy Stream Service: A 1
Y gt 7)5 0t}

* Proxy Session Gateway: 41} 2] Session Gateway2}
T4 7wl

» Client Profile: 43 2] Client Profile®} %<3t 7]%
o]t}

» Proxy Application Service: A} &2} 7} Aleigt =g
Hol TEA] AMujo] Zaf AR E YAsld, £ 8t
© 73§ Cache & Storage Managero| #} X 213 9)
2EHE 73tk BAEA e A4 AT A
A¥ A 2] Application Serviced|7 3ld Tz
#g a3}

¢ Cache & Storage Manager: A ¥ 2 HE] whe g2
& ZEadwg Ay Agy z=ayys
Proxy Application Serviceo| #] SR &t} 7| A} o) X)
dreFEE 7Y A T gro)

EES 53 2o
9] Stream Service?} %

3. ERAl MHE 0|88 voD MHIA AlL2|2
GEe TEA Auje] g vOD Mulxel £3

i
Harel e dgos A7 oA, 29 A4 ¥ A
of &Al, AA siAl SARE M Mua &4
© 19 20] EAE U3 ot

3.1 AF&z19) A zhe) od Z A
(D~(6) 2EA] A7 gl A9 Aluele (13
3d 9 (D~6)9F FY e}

3.2 Au el TERA) Auzre] A A

MMM & AHga} Atelote] Al AAL Aug) x
FA My, ZEA] M) ALg Ao AR A
Bt ZEA| MujelAl ALt A s e g
¥ Z2ady e dAFE.

(8) ZEA] Mul2] Proxy Application Service: 7
A HolEg o83l 2 HH 2P F7
& ZArgtet.

92 A x2 a3l Yo ZEA Mo Cache
& Storage Managerd] 7] Z21@-& 8 187,

1233



WEAERER T '98—5 Vol.23 No.s

Cache & Storage Manager+= Proxy Stream Ser-
viceZ 2E# AMuylA 893¥L 3Fht}d. Proxy
Stream Servicer= AF&2}¢] Applicationol| 2l &
Ed Aol &9 ZFRE 3o}
(10) A1 g2 2 RE A dHE wow Ax <l
2EYE H43r)
(=Ezadgo] glew A9 Application Service
oA T2 1eWE& Q733, Application Service
¥ Storage Managerol| 7] 2 1318 g 73},

33Zzad 222 A4 9 Aol ThA|
(12) ZEA] Au7 v T2 P B/ 7
£, Proxy Stream Service?} A}-8-2}o]] 71] ~EY
S e, obd AF TEA] AW M e
Stream Service® E3lo] Wt Q =R 13g
o} A ARGz} Al H F et
(13) L&A 12} Cache & Storage Manager= 4]
w7 RE we Zz2aW-S HAstaL, Proxy
Application& 74 do]&& F4 %t} o,
Cache & Storage Managerol| A v 2o A%
g 7ol ¢lg A AA A G FE ol
L3l Qx| T8y EFG M3
(1) 2E ] g Aloje ZHA] M ZEHo]
A A ZEA] AWM ey, Y 4
- AuolA AojAE dAFET
SEEA M7 MW R B E REYE e
AbEz L Wty HE-E e e Wl
7] AP 2Egel ZEA A &
Atk o] AS ZEA M e 3
2 AuoA PAF Apf A A FEE -
EYg o}, Apale) t]2Ad AR &
u2 ALE APl A] WA ZEA] M 2
299 A& A HE 24 2] NPT(Normal
Play Time) & A &3tk NPTE ~EFo]
&R AFEA 2 ALE o oo A
$3he A A eE ovl g
Auj2gt B 3 Aot dre] AAS Al
god AR =2 e] NPT 3t o] 59 M
L AEYE ol A9 vl Ao Aaatil,
NPT$} o258 & MPEG-TS HEE 13ty
WA o2 AR EE A HelEg £

y o 1*,\ :: ox

'

2

1234

“ALERTE A(2Y 3 Fx) FRAAM C FEe
Z W zi7|E gy A TR, *‘Pﬂt A
W2 NE C REE o, HAstA & vl
2 AR dAE o] F Aot Hk e
AA S &8 YriA B, CHES A

(15) ZEA] A7t Av 2 BE 2EY S e A

A AREA 7L H ) HE S 2R A g

AR MY 2EY *‘vd—:‘?‘—g‘ AlBl2 HE

wol, A gaky AR AEET AR

7F B(1 | 4 =) H-E74% Q7 718 A A

Wz e AR s B C RES B} 3}

el gane) 45 A Al A5 e

X4z
LEE

i Az
EEe r‘ 153- Az

-
5
B

U

o
0
1] o

LLE
48R

oz )
5]
Fastioward  play
<cnomal play® 2¥ > <FFE BAHE AT> <ofi4ne2 Hi>

O 3. wejk el i gk Ao
Fig. 3 Control for fast-forward function

[T
w e IR

ZEN [ A B
e :

L5 [t I '
play tewind rewint point

<nofmal play® 29> <rewind# H2l&ts 239> <g2 AEH >

a8 A =37l et Aol

Fig. 4 Control for rewind function



RN/ ZEA M § o) 48 DAVIC VOD Al £¢19] 47

3.4 AH-§Aet ZHA] Ak A A

(16 ZEA] M7t Y Z2OP & A Fste 3¢
AbSAZE A B aY3H L8 AYE
AHEAtSHe] RE A S A st Muj2g F
A3

AN ZEA Mu7t Mg P Z22adg ve
T AA HBE £, TEA MW= ALS
Aokel AA g st Mu| =g FEE T A
Hote] AL FA8tY T xR
& Agen

(18) AH8-2he] ALg 7182 F713H 02 e s
stod st AA, FF Mulx ATl AHgR
T UAES A Y@

4. ZEA| MHHe| FHA| CHE]

ZEA M 2] A e FrA R 2R En. A
A, g TEaPo| TEA Mu9 iz A&y
o] A=A AR g Zgay Aot Ex, =
2ol vt 2Ego] TEA] Mug} njxgo
EAEEA R gt o=l ol AMA thx
£ ZEA] A8 9] Cache & Storage Manager?} PPHIT
(Per-Program High Index Table)2 #tz3}lo] =83k
t}. PPHIT Hlo| B8 203 AEuls 1230
A %% t] 229 start block number, highest index
o] Fojxt} Ut o g T IYPEL MPEG-TS &
HE Hade AFHez Mo T2aye dd
9] MPEG-TSE 9] 3§ o|th Highest Indexi= & A} 7}
A ZEA] Awjol] AAE Z2 33 9] upx)wk MPEG-TS
o] W olr}.

ZaaPd dg AP HolBe ZaEay A
HE Jo & Ao 228 58 A,
Z2a¥0] Qe A% AMWE RE TEay g o}
golge] ¥l dE 2& Z2aPL FEHT}
Holgd W dE7 fle 49 Z2ad AA g%
7ol et T2aPe Hese oAt 22
#H A A Z2aPe HE AL vty 7}
FoHlE H ANE e ZEad e gxEe
LRU(Least Recently Used) ¢4 8]&, T2 19 3
o UEE v b e 2 WES e
2239 & A SE LFU(Least Frequently Used)
dRYF, 7 WA AYE Z2aYPL g e

FIFO(First In First Out) ¢322| &% o] ALt 7
Y FER ZFA Mu 9 AN 5 oh 470
A A gk

AHEA 2EY AoJE 878 A TEA Ay
£ U23eA MPEG-TSE W 2a] & 9]0} A}&-=}o
A Agdtt. 22y 47 5= MPEG-TS &7}
o] 8o A AH highest index Bt} & 7%, TFHA A
W M2 FE MPEG-TSE ol tiAze] A3
&z, A A H Ho]E 9] highest index& 44§t}
Wee M AL dutH SFAA A Wz
¢ )23 Atol #HelA] WA zb AR 2 A5}
2]+ MPEG-TS7} Wi 5 glo] HA 8 #Ho)=|o glen
RS A EEE gow tiaadA Hojx ggs
o] Sy 5 F3).

Program ID. Start Block No. Highest Index

z23Y, By, 8924100
X2y B, 1784820
Z23Y , By 78482
TR3Y , By 78482

(a) Per-Program High Index Table
(a) Per-Program High Index Table

Main Memory
1s10
1511

z23¥1

TS1k—t
IStk
1820
15821

z23Y 2

TS2k-1
I1S2k

TSn0
TSn1

Z23¥8 n

TSnk—1
TS nk

(B)MPEG-TS®| o 2 el uj g
(b) The memory array of MPEG-TS

O 5. 704 AH Holg
Fig. 5 Caching Information Table

1235



WELRESER I '98—5 Vol.23 No.5

v. o

olr
Ao

A

.2 4

Al Tz disty AlEHIME Fatd dF
Ao diaf =gt A% Hrt $Eo A °%}¥,
A stdol Qg SF A7, 2Eg Alojo] g
AlzbE el gtk Al E¥ o]l £5 SLAM II[l3]—é— o]
£33 AgE FHFE Al2%-L& Sun SPARCserver
670MPo] ).

0 2 6 TEA AME A}4-% DAVIC VOD
Al2gol A AHEAZE R sPE S FAste SEAIT
A & A% ¥4 2dg vhep (A a2 A A
28 A 3" (1)~12)9) si3g), atrib(2)o] # 4
| gre A Aolsts] skel Ao
2 A8 e wolth g 78 A Ael mE A A

=2 .9
o=

7h AAE dEdA 2EY Ao §HEAIZ g
298 depdckM 2 Sz 03 3"9
A0 ~(15)ell 3hFg). dojA dupul Qb o] A
0 715 #(Queue)E oJv|&in] TEA] Awo] HA
TAER ¥ 20 Yeute A 2dEY HEVEE
€ #2 Jehdigith sk EAE 2xe 79
A2 A ZbaE Al 2R Y] A4 A Ag vepdth
Al%éﬂomgl L MEAE QA ARE-A
% ZAAMA 9% Ze AHgAtel L, 1%
’EC]'E}XI g ARG Atet ZhA st stetdlEE
ofef o 7 cH12].
ex2 7 FHe A7) :2MbpsE ZHE 1008
312 714 8} 2Mbps/8bit =0.25Mbyteo] B. 2 0.25
Mbyte * 60sec. * 100min. = 1.5Gbyteo] t}.
o AlZb wtetlE 12 Vs AXAEEY A A7t

o $
-
©
s
T

] s Y
atrib(3)=tn nfim B
W A7
[sess
untrm(8.. 9.)
atip{2) =2 or 3

atb(2) = le
untrm{8.. '1 h

a6 A sE e FEAIZ U A

untrm(8..9.)
atrib(2) =4
nib(2) =2
ntrm{0 t amb ‘ unlrm(Z
atb(2)]=5 ‘ ~ ‘ =
g =
antimis)7)

untrm(0.5, 1 B)
+ untrm(6..7())

L
unfrm{; O 515 untrm(0.5,§

frm{25
+ JHIW
pvs(

4w

Fig. 6 The model for response time of the first frame

app\

8 7. 25" Aol S i A
Fig. 7 The model for response time of video stream controls

1236

m(l 1 5y
unhm(ﬂ 515 un!rm(ﬂ 515 uMlm(ZS
/ untrm{@.5. 1.}
styg

atrmid..9.)
dum3

SUm

w4 59



WX/ ZEA M E o] 438 DAVIC VOD A 29 9] 4A)

B Yo} M 0.5~1.5msec., AP} A ¥ HE
8~9msec., A}-8-2} 9} ZEA] A B 7HE 5~6msec., L
23 ZEA] M9} AW 7HE 6~Tmsec. B W o A
% ¥ ¥(Uniform Distribution) & 7} 3t} L3},
2} Al 2" el tas A2 AZHE 25~30msec.
AUAN F5 B¥2 7FA %

o 7131249} £:10009

o XA Q3 WIE (request rate): 7+ A3 B 3
2o 3 W 273l ¥olsd ¥ ¥(Poisson Distri-
bution)& 714 &}
24hour *3600sec/1000 request (13) * 10007 )=86.4sec.
oz of 90% wit} st} Aulz 277t WAl H
v 78 ek

ex2A Auel Hd tj23 £3F:80W *1.5Gbyte
=120Gbyte

e Aol X Bfate A Jg B4 F 10009

e XY AL NI :Yurdel vlo) e Bar
Zhe {2l Gt Ui a7t B Ao R datE
B zeayd | 2§ 2 sEs2 Ae 98
F ZA 1000 7H-e-df 80H 9] g3}rt AT
A% Z2ay [ a§L 5 K77 Ad
ANkEQl g3z 7208, Teay M 2188 o
AY g3t A 2008 A2 BT 7t 289
AMuj 2 Q7 BHg-& ofe 9} o] 71§t

12233 288 A2 a4 3§
Table 1. Service Request Rate of Program Gruops

X2 3§ 3 T;‘ AHl 2~ g B g
b |
T HA 938} 85%

il gk 93t 10%

I 23" 93 %

o o) 2 2] 2] MPEG-TS hit 3§ :0.2

A
~

2. 2

& oM e ZEAE AMEEA g A9 AL
At AZE B TEA MW E A3 9ol o)
sted Mla gtk gell Al AAG el HES 285
o LRU, LFU, FIFO 7 A] th®] @32 &) nja =
SA M oz 3719 BlEg] AAB A EH

ol sty 8 FH=). A g Az LFU
ol thE Tz W) viE S E o) & Zo
2 YEIGT VOD M| A #H Aoy 91y 22
Yol gk 8771 Frtsle EAHE 7R ER AA O
2 GuelFoA Z2aol HJAH A7tE v =3}
v ARt 22 ade] MY REE vEste Aol
o EtE e AYE o] daE F ¢ ¢ Ay =&
ZEA MW stz 23 A7t AF £5 IJES
o] Ftste AL & F UR ZEA Mo A
f2aa 83 248 $ Qvh Algae TRy
2E IR HAl F3tE g Bol Mag Aol 2w
I 2§ 1o Muls 87 o] 85%ea 71y )
ArkH S E &) 85%o THE e tl2A Alol2E
ZEA Mue] gao g AR g3

2z g-go] Wzl we} A AL FAEe &
H AZEe LFU #PHo] & F7ba] Wbyl w8 &
& Aog ety 9 Fx). Al7ER) A A
o) Aabe 229 o) hitdh 292 missd 3¢
B R5 yed i &9 AHE vERH S E S
100%%] 95 TEA Ao g 4% T2 o] ©
T EAste A9-9 9 Aztelth A W A §
OAIZFE ZEA AWM E AMSE e A9t ALEEEA]
%e AS Bk g Ajztel & Aoz e o
M HYe ZEA MHE AMESte AR ALE
2het A& A& EHE A& Ao, Ao Z&EA|
AW A AbR-ALete] A WAFER o] tigh
e et g st Vel ol

a2euh, ALg-Rbe EEA] A Alole| on| AAE
defe Al 2EY Aoj(we) ], H§37), dAAR,
el dld FHAIZHE was Y el & B 5 Ay
(18 10 ZFz). A7ER] A A g o] Ade 21
2P o| hitg A9 missd A4S 2F IS P
L5 AZEE veEhie B E o] 100%4] R $e =2
Al el @A 2EYo] B Exgts A &
o Alzbolth T EA] NWE AMgshe A$U HE
B E&o] Wolr ZHA| AW E ALE3HA] e AS
Rt 2EY Aojof g ATl FE Ao g
bt a3t Wir]e AEYe] LEA Mujd o
W OEEA M7t 2EYE AMEAAA AT, §
o MY Z E wold YAFEZ FEL O
SH Ao Apolst WAl g, ANk o7 AL R RS

1237

x o



WEE S S#AHOEE "98—5 Vol.23 Nos

2 A st gt g AR F5 AHE 8

%o ro

ZeTa B £ gleng ZEA NBE o] &3y

ALEAL A ZEY Aol @ wE S AIHE Al
Fshe Aol ARFolnh
hit rate{%)

0

80

70

60

50

a0

0

x Bl

10 FFO_

0

45G 53G 60G 68G 785G 83G G 98G 105G 113G 120G

hard disk size

12l g ste gaa a9 S ESo B
Fig. 8 Hard disk size vs Hit rate

SeAZHmsec )

£ 259 Aojel U@ ¢F Aol thate) o W

Awel Rote) AEol W 27 HA S8 A7)
#skol st} AH e ok 19 9ol A Ve R 2
of £7] W $Y A7 TN MWE A§ A
% ZS7h Wz e ALgAs 877k Fobe
A e Aol 27t FolA T Ael SXE RoiA)
A sl $9 Aztel AAE Aol wAwTh 19
HAA A2 8% NE, & 44T 3T F7 8
FONET R A AuolNe] $7 Azte] me
o2 vhebg el AH s 2% NEs AR
Nwel ezt Frkste] R A AE AHEEA %
£ Aol EEA AME Agshe ASuTh 89 A
o AR E Aoz vepton Hyszt $4E b
Ag pdE T ANE AesE e 25
g Bale Be AERE 48 4 93, HES
S42 S8 A7kl He RO et
Eq Aolo) U ¥ A7) WM E xS
A AWE ASEHE 297 ZHA ANE A8

ol

> r:}f
'UlO

|

BEAIZHmsec.)

130

128 l

126

124

122

120

118

16 §. -x -3¢ e S

114 —&—LRU
—&—LFU

112 - % FIFO
“*'nOn’D’Oly

110 —¥—hit rate =00%|

108 . " " . !

456G 583G 60G  68G

756 8G G 988G 105G 113G 120G

hard disk size

O3 9. 3k= f2A A9 A stE §E A ke #A
Fig. 9 Hard disk size vs The fist response time

Set{msec.)

[i4]
55
@ : 4
— Ty
LY i
|
kSH o — iy !
——LRU : |
0 - LFU
. FIFO
-] —H— non proxy
—‘-—‘hl ln(e ‘100%’
2 i
15 J
&5 556G 0G 686G 756 &G NG WG WG NG 1

hard disk size

J8 10. 2EY Aofo & §EA T
Fig. 10 Hard disk size vs The response time of stream controls

1238

1200
1000
800 —®—hit rate =30%

- hit rate =50%
600 ~¥-hit rate =70%

—%—non-proxy
400
200
S W - - ad
0 L A

06 08 1 12 14 16 18 2 22 24 26 28 3
MulAREHE
T MY 2 Nkl mE A Y SEA
Fig. 11 First response time of first vs Service request rate
SEAl

{msec.}
120

—&—hil rate =30%
—®--hit rate =50%
0 s« hitrate =70%
80 M= NON Proxy

U
e

06 08 1 12 14 16 18 2 22 24 26 28 3
AMula 2% el

O 12, 82 8 Nk g 2EY Ao] §HAIT
Fig. 12 Response time of stream controls with service request
rate



WX/ZEA M E o83 DAVIC VOD Al2d 9] 47

o

FE ARG §° Azhol Fuh EFA] Auje]
Egol 5255 §F Afte] 23X A8 8 Y
27 AAE &g Alde] A3 AXe AL & F
k(g 12 #=)

=

¢

v.d &

B =Fo Al DAVICAA Hisle VOD A 9}
AbgA} Alolol] ZEA] MHE Fof ALEARZYE 2}
F AN2He 2EY S d&tod MY 715 E 7HA
v ZEA MHE AAE, 2 MY Rl s
=ty 23 g £33 25 Muje] 7
2 879 Z2aYY A AR E YEhe T2
2y A Wmea ¢te] MPEG-TSS &4 o5&
Uehlle M2 Y2 o] 8 £ Utk A5 &
A AR zz2ad AL LFU 2] 458 418
ste Aol T2y eSS o AUHAA 53}
e BATh AMgAEC] MAFse TR %
S HEs gouR Ho AZEG Y W E ol
NEo R ARl ehFai el Ao A
¢ p2zs v R Aol Holx] &g A7} A
ojumg, st} 3= MPEG-TS7) #l sre) sl
¢ 7% MPEG-TS7} %% #lo]x & wxao
A gict o] o AHH MPEG-TSE st Zlo
e}l 2 2 FIFO7F A ggh wh ol )

B odof A Aloksle PRy EEA] AWE AR
O & Qzte] Auje} ALg Al A FUHAQL VHE #H
42318 ¢ Uk AMSAER HE Ao 13
Rol| ZEA| MBE Fo] AbE2I/E A G T4
B SH AR Th, M) e B4 & 32 A
2e] +4 7heAde AHE WS EAG BE
EEA] Au A" AR Al A FE Al g0
F7hgth ey Mu AlAE e ¥ FolEng
A Al2d A 8 8-g ddEhe old R Utk A&
d 73 98 &9 Hoke WE AMuA NS 37
SobE Bk 2 E EYsior st B iAo v
Flube} o] THEA] AW B4t FR7F E3H ol

FF AMuiel Abgal Zhel WIEHA B §5S e
st TEA] AW 9} 93] AA, F8E AHEas A
Aol dish vlm B4 & A7t ¥ Qs *1*117}
ALg AR 73 233 LEA AW E A stE U

i)

2

P

3 m2A AWzt U E ZBY > & AUS
o et A7t A olor & Aoz Az}

daEd

1. T.D.C. Little and D. Venkatesh, “Prospects for
Interactive Video-on-Demand,” IEEE Multimedia,
Vol. 1, No. 3, pp. 14-24, 1994.

2. D. Deloddere, W. Verbiest, H. Verhile, “Interactive
Video On Demand”, IEEE Communication Maga-
zine, Vol. 32, No. 5, pp. 82-88, May, 1994.

3. P. RangGan, H, Vin and S. Ramanathan, “Design-
ing an On-Demand Multimedis Service,” IEEE
Communications, Vol. 30, No. 7, pp. 56-64, July,
1992.

4. Digital Audio-Visua! Council, DAVIC 1.0 Specific-
ation, Geneva, 1995.

5. F.A. Tobagi et al., “Streaming RAID: A Disk Stor-
age System for Video and Audio Files,” Proc. ACM
Multimedia 93, ACM Press, New York, pp.
393-400, 1993.

6. P.B. Berra, C-Y. R, Chen, A. Ghafoor, and T. D.
C. Little, “Issues in Networking and Data Manage-
ment of Distributed Multimedia Systems,” Sympo-
sium on Hign-Perfromance Distributed Computing,
Syracuse New York, September, 1992.

7. Asit Dan, Dinkar Sitaram and Perwez Shahabud-
din, “Scheduling Policices for an On-Demand
Video Server with Batching,” ACM Multimedia 94,
pp. 15-21, October, 1994.

8. Chatschik C. Bisdikian and Baiju V. Patel, “Cost-
Based Program Allocation for Distributed Multi-
media-on-Demand Systems,” IEEE Multimedia
Fall 1996, pp. 62-72, 1996.

9. M. M. Buddhikot, G. M. Parulkar, and J. K. Cox,
“Design of a Large Scale Multimedia Storage Ser-
er,” Computer Networks and ISDN Systems, Vol.
27, No. 3, pp. 503-517, 1995.

10. L. A. Rowe, et. al. “A Distirbuted Hierachical

Video-on-Demand System,” Proceedings of the

International Conference on Image Processing,

1239



HELHERER L "985 Vol.23 No.b

=] Z(Hoon Choi) 34

19603 59 1944

1983 29 : Mgt FHFEH
583 At

19903 129 : Duke University 3
AbEraE A AL

19933 59 :Duke University A
~b8hat wpA}

Washington DC, October, 1995. htp://bmre.
berkerley.edufpapers]105/105 . himl.

11. A. Luotonen and K. Altis, “World-Wide Web
Proxies,” Computer Network and ISDN systems,
Vol. 27, No. 2, pp. 1-8, 1994.

12. F 7o}, 3 F, "ZEA MulE o] &7 DAVIC
VOD Al &de] A 247 Y REA, it

o 7 Fe] 283}, September, 1997. 19834 ~1996 : S+ A A E A A7 G EA TR
el

13. A. Alan B. Pritsker, Introduction to Simulation

B} 7 L
and SLAM II, Halsted Press, 1986. 19961 ~H A : & o Shai 7B} T o 2

e Z=BA) Fof: BAY Al 2 Fault-tolerant A 2:%, 7
F ] Y| E 9] 3, Stochastic Petri Nets
o @ OHKyung-Ah Ahn) 73 3] 4] e-mail : hchoi @comeng.chungnam.ac.kr
1965 99 204 A§
1988'd 29 : 3 X o gt FA st
ahab
198814 ~1998'3 : EH-F A A E A A
P91 SWESHITY 2
199813 ~& 2} : 2ol 8t 73F
R E R

WF A OR B4 A28, AHE W E 2

5

e-mail : kaahn @ comeng.chungnam.ac.kr

1240



