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ABSTRACT

This paper presents a scalable caching algorithm of proxy server with the finite storage size minimizing
client’s buffer size and constant-bit-rate channel bandwidth. Under the general video traffic condition, it is
observed that the amount of decteased client’s buffer size and channel bandwidth after caching a video frame
depends on the relative frame position in the time axis as well as the frame size. Based on this fact, we
propose an effective caching algorithm to select the cached frames by using the normalized buffer size. Finally,

experimental results are provided to show the superior performance of the proposed algorithm.

I.ME qak Au)x A)F-E 9 WEY=S QoS(quality-
: of-service) S EJEF oz uhe] AFEgrh 1
HT B0} viEf Il T3 Anisel iRk Folla Z=A MBS o183l S ALK A
W a7k B8 Slekm glew, agE B 29 END £4& FMPIE 97 DUsp
* abgsdista AFel et Pelvic]e] BAlA A8 G (raibest @postech.ac.kr),
+ parEaiety AFE 23 delnlcle] A4 2] - (hwangjun@postech.ac.kr)

=EE  KICS2004-11-258, A=A} 12004 11Y 3
# o] =EL 20T TR EALL] )¢l 25te] I7E9S. (KRF-2004-041-D00468)

535



FZFEAIE3]|=FX] 05-8 Vol.30 No.8B

o] R0z i 4 aubdog maEx) Muvie Fe}
o]le7} &2} 9)+= LAN(local area network)Ad
of ix3ie, FEPdES BA AMulaE 24
o) =AM 2 84S Bkl ARle] AA
Aulart 7lest Aolls Arlxslz, Bl ¥
7A-gellie Aol F&sle] dujag QA sl ==t
Al Mol AR} FAlol| Felold Eol] )25}
v, 27 glel Sl Ed Aula & AtE 4
A =k 7 A5} FEleldES] SHARE A
o} Aol Hokg 2 4 A = dEz &
$& Z94 $ gl ek

=z Aellre] AR F7HE Ui R A
so gleuz meha] Aol ofd dlelejE AR
o} & Zol7ke F83F A7} W 2w A4
dueEEE o83t ¥AlE v 9tk

A7 Ak A dzEEFES AN
Sen o 93] A|o}E Prefix Cache Algorithm™-
VBREY 548 =" A(smooth) 3k 7]
A} A)7Kinitial latency time)& Fol7] 8] FdAt
gl e A5-1E 54 ZAA7RAE BF ALst
£ e AXElgck Wang Soll o8] Aok
Staging Algorithm™-& Az x7ke] dldZg
7] fa wlE] A AEEEc 2 d9F
& 878 BE dolelE Mgk WS AA
3tz gJch. Shen Eell 98] Agksl transcoding
-enabled proxy systems'= tfdZo] Tl WEY
A 7 G Ze)] e BRI E S
Aubds AAstz glrh. WangFell o8 ksl
the proxy-assisted transmission scheme!”-& E)7)
2Ed A7 o A7le Az FHa3l s
A Aol eElE dAES H43le s
e} ES AAska ok

2T A. Ortega 5ol 28 A3lE Scalable
Caching Algorithm!"ell4}+= Selective Caching for
QoS  network(SCQ)®}  Selective Caching for
Best-effort network(SCB)E 47ista Qlvh 3714
SCQE QoSE Al8ddke UEHIeNA FepeldE
A AHEshs dzE|Eeld, SFEy WHHAI|E
#Has) sl daElFeld). SCB daelEe Ay
A VEH S (Best effort network) o4 A-8-8}
v d3E|Eely, ZefoldEoiA w1 (buffer
underflow)S HA]8)7] $1%F dua]Zolc)

o]2]q AAdHE MG LzEEFY A5 N
s Zefidde] mviel A A BAE 7
3 gleud B =RdAe QosE Az W=

XN

536

Low cost channel Chent

.

oo progy | /] O
Server [ S Server T
N e e
. QoS Baddine e Clen
video |- " R T
Hight cost channef \

a8 1.z ol Alad 2

DREION

Q
]

Aol AT w2 olgalA Ao}
@ Zede & o mgHos Ausis HpHS A
Ashaa} gk

B =M AMy-zEAlFellde mdd
(23 1% 2ok (28 16l 2E FelelalEdy
EA 84 T AHE Ba) ads)e, T
A AW AL e 2 B9 vl dig) @
AElo] gick. SefeldEst B Aulag 238
Qe W =2 Auje] zEYde] A= 7
$ e Aur} Zege A4 FebldEn A
Sabel, A=A W A Tl A A
W AuAg $3ep) ok

B =R X2 el ZepoldE Alele
Ade AAel ulee Mgl xA Alele
Aol ulgnrt Aodos Aty s e
Auist ZeA] Alole] APE QosE Asid, ]
4o mebas} SjoldE Apole) AR} Al
o2 sty QT Tely ZeAave A
wre maolSe FeplalEe) s olF A
AZES) A ne zekAlel] Aol gl =e)
Y& FelldEel BAE 5 gt

o

I. 2 02

e

24k blolel Arle ZHdo® FAE] gl
onj, Zt =S =l R Bytes), ZAYES]
AR T (HUH221/25 sec & 1/30 sec)

2 Aojstm F3d F dele e R=
R7} =¥, e ALY ZAYE dA= A
o3t} je. —Ez(cl,cz,...,cN) agls o=
A ZHQ AR GRE dehdch o7l e
FA(1)3} 7o) Ae)gith

o [ 0~~if the™ iy, frame™is"not cached. )
1T the iy, frameTis” cached.



) 94T A AN A7 A WA 2)E o] 8T BEAL YA A daiE

ZRA) e QR YAHE APEHM)E
Mz glemz FA)E WEshet Uk

T R<M, @

A7V R=(R,, R, ..., Rp°I™ M8 45382
Fejo|dEodAM Al @A S]] AT
sl Awelid FEldEZRA] A8EHE A WHF
o] dolele ZHA] Ao Prefix 7HgE Fodof
gl olw) 27HE Prefix MY £%4E u,,,,. 2
2 Aesta o)W Prefix NPT =l sl
Cree™r 8PTE EF A'dL CBR(constant bit
rate  BWgp)° 12t 7HE 27] FAILE A
HZNE g F Feho|AEddA skt 7
ZAd 7K HE 7T dubdoz Fedal do]
B dEZS] R3sie} miwsle] o yiE
(bursnydt B4 wiiell FEie|dEelAd BA gle]
FAE AP s A HAE Bw,) =
7 x| YE(average frame rate) Rr} FHo} gl
A7\4 BF ZHUES BW,,=R/N: TOIH L
B|a Fepo|QEdlA W e wAEy| A8 5
A3)& Eslof gk

BVI]L‘ = BVVPkZBVVaUg’ (3)

471 B, Aol thelF(peak bandwidth) oI=]
St o] Aol

BWu= | Sie NRI T @
2.1 S48
Felelslzd a7HE wHzr)s) aFHE
dd%e EA6 Hejdez HAxstsb) A3 o8
Agsred o)) 2NG e 2AL Wl
e

_C)"_R?SMC‘MPW_{,@’ dsdmax’ (5)

A7 d 271 AAAZE A2 e
& e ARk wWEie, gEpldEexe 94
A A AR =0, ABlelAe] A AR
& t=—gotm WYY a8l Bw(oE ¢
7b FoizE o FER]AECM 27EE dHRo]
w, Sy AL iAo ZH S cumula-

tive frame rate)S Ul $4(6)02 hehd 5
31t

S=(h) = Z‘b(l —¢) - Ra ©)

gz gEpldEddAe] W d glo] FUE
A3 e AN E TSk Tk

31 BW=Sy(h for all =[L,NL ()

W sypE AEFE 31 BHE Hel

7h AFSE FU FeloldEald 94 dolEE
QG o vlske dolelere BUch CBR AN
Aol FRIAES vzl g1 Asi) 4
(®)% S} ek

BWH<BWepe(0) for all =[1,N,  (8)

71€7] ¥r(slope function)x= +2](9)} 22e] A9
Eii=o

LAD=S:0/t ®

$ 71%7] FE ol8sle] FrleldEdx wsa
Zo] A 7] A3 4(10) *HEsok ek

BWase( 0= | I (L~(H), t=[1, M,
adeg BW g D=L (1), te[1, M,
) (10)

o71A A WdEe] 87 He AT A
R =

tpeak: arg 121?;(1\]{[4_;}3 (11)

a2z Hd szl 27EE AR $4(12)
2 Jepd & 9ok

t max = arg

N{ ,«Zt_,,BVKa— s} (12

max
1<

[23 2]= SCQ[1] Y3e&S ajes Adwdt A
olt}y. [2® 2 (PPl E A NG Ze] AAE
vebi L glok (23 2 (Dl g kS =
d=7|7b Aeta 7PgsE, gy ok, B F oW A

537



F+EAI8}3)=8-7] 058 Vol.30 No.8B

Bits
>, BW (i) : Before
Z caching /\S, (¢) : Before
BW, (i) : After T e .
tachingl R(k,) / et caching
NS, 0 After
caching R(k)
L2
-d k. ook t
BwW
L, (t) : After
cafhing R(k)
BW
BW, | e L
L,(t):Before | /1 T
caching P

¥ ! T peak t
“h
Bits >’ BW (i) : Before
caching
3 BW (i) After caching >
R(k,) or R(k,)
B =b /,//’
b S, ()1 Aer
b, =y o e caching R(k)
/ S, (1) : After
/ caching R(k,)
L
-d ky tw kot 1

)
g 2. [11elA Ak duejEe] A5
Oh B EHIE ALUES o H9F2 72718 (D g
% g, ZAYE A7 AR | L7 ¥

<+ A= FelelAEdA SFEE HHEL 2
2 875 HEAr e tE g BodfEck

SCQ dxElFe| &gAe] ¥ SAdHe +H
= YFAo] convext 7-$olof F) AR [
3 313 #o] dvky AgeA= EAVE BAkEal
o scQ" daEiEelde ¢, ZHHE ALEHA
B AAZE ¢, ZHE AL Zlo] vz
71 dEZe] v Wo| zAsHA Hok aslEER
[23 313 & Ikl Ashellx 87 v
2719t d9ES FA A2 A=
ofel 9] Alct.

2.2 MslE HE=3oIE ol2FH MEH iy

odT2|E

[23 315 2ol S+(p7t convex3HA] AT
g, ZHYR] Z77F Z2eka s, p 2@
e ALHULY 7hisle W a9} HIFL

538

Bits > BW (i): Before
caching
Z BW (i): After caching \
R(k)or R(k,)
B, =b Pt
b, / Sz, (): After
b, [~/ / caching R(k)
. /
i/
8z, (1) After
/ caching R(k,)
]// /
—d [ S A t

2% 3. g AL A Red g ZHAUT g,
zejQle 27 AALT L7 v

ZH9E NG Re Aunt sk Rake 72
b gt O ol g TS AR AE
W Zase d9Feg p,zdde A9 e o
Aase daFe] o 27y 87se Bl
78] 7] wgolct.

S-é(kz)/kz'TS<S_2(k1)/k1'T5’ (13)

w3 E 719 ZHUS Adsls ARt 2L =2
719 =g =i ALUE o) EAE 1=
sok g}l zejze VBR FAAEHFHM A4
T 7Pt AgE =L Agste EAE g o
2=tk

o)2l3t EAE HAash] 93k Falel upgoz
AskEl w3 Z7|E olesie A4 o]F FhiE
= W¥=)S WS Solnk Ak vy =
Ve A 1% Fase s ar1g zH =)
(RYE vhe 722 FA(14)9} 2] Aejdnt

By AR — B 5 (k)

B nam(k) = R 5

(14
7 B, D% B (e AF pHA ZHYS
N A o]Fo] 87=EE ¥HAV|E Kjv) 2
#Heg 9] A pis Zele 1Byte A 3§
A9 FaEe Wy 2l il ez oy
L kol ZHEE AR BE o sk
2o ¥ A zZdde ¢,,018 ZdEHdem
Ak, B9 ZHYJES e AFskE ¥y =2
715 27| diiel] olele} 22 Wizl sy gk

Rule 1: max

= ql-}..“} Zele
1SkgkmB,,(,,,,,(k)a = 19



T2/ AT AL A Fge Aist D A=) S 047 BEAl A8A A gz

A

Rule 2: 7} T}E =e|glEo] & AR w5
37158 73 2 BWege(A)—L,
(B)7F L2 =He =ZHYS AL

2 ot Rt

ARA

Step 1. n=1(ne WHEID), ¢, T THL M=
M— M, = ARt
Step 2.t} =arg max (L—(9)E HETh

et

tlo

max
<<t Mk{B norm}

Step 4. ¢, TAYL ALIT (s )=12 ALY
ot M=M-R(t) ONE 32 7D
Step 5. M<p°ol™ FA|, oMW y=p+1

Step 3. t .= arg

V. &8 2t

Al A o A= MPEG-1®22 3% Star Wars
(240%*352 size)9} Terminator-2 (QCIF size)& A}8-
sl & =AQdeke 40,000 ZH o, FRTF-

x 10% Required Buffer Siza {Star Wars)

o

! ~-—— §CQ Algorithm 1
\ Proposed Atgorithm
i Prefix Algorithm

)

by ) ) i

»
&

>

I @
n o @

Butfer Size (Kbytes)
N
fades

- @
TN

o
n
'

o &

o 10 20 a0 40 80 60 70 80 906 100
Percentage of cached video

)

¥ 3. "l2Ed AM45014 MPEG EE) EAH 54

Minimum |Maximum Average Standard
Trace Files value value g deviation

(Bytes) | (Bytes) Bytes) (Bytes)

Star Wars 275 124816 | 9313.2 | 12902.725

Terminator-2| 312 79560 [10904.75| 10158.031

%= IBBPBBPBBPBB (i.e. 1GOPE 12Z#|9J0 8
deln 1-xAY, p-ZH Y, B-ZAYES) A3t
AGE 10, 14, 188 A8 slgien Y =ZHYe
—E— 12 252 Yol Prefix 74, SCQ}F Aok

%}J_ﬂé‘é ARS8 EE WeEar] |
°-% & [32¥ 3], [23 419 2k

[:L% 47h1%t [2® 5¢0P1E B9 ARRKE ¢z
gFold e7EE szt o8 daEEro
e AE B S 03 (29 4ehie [/ 5eh)
M= o daElEre} 87sE 3] AL
e B ook AR Eiwlﬂlolﬂzow 7
S0l F27%Y ©) SCQ Lze|Zl vl& oF 35.6%
275E wWoarl EolEdlen, AEl=dA
L] F 7.03% w SCQ dEiEd) vl 12.2%
S7E W=z FHE AS HIFE 4 ok

x 10° Required Bandwidth (Star Wars)
45 ——
\ i SCQ Algorithm
4y Proposed Algosithm | -
i - Prefix Algorithm
asp 4
3
ar .1
g 2.5 N
St N
= >
% 21 §
1.5 T -‘
1 ~
0.5 \\\

10 20 30 40 50 60 70 80 0 100
Parcentage of cached video

b

03 4. Prefix, SCQ ¥ Agtsl= dazlEo] A% vla(Star Wars AHD): (7D S7Ele we z7] (b 83 A dgE

e,

X Rlequired Bufer Sizs (Temninator)
2.5 - e - oy
[ ’7 - 8cQ Algorithm t

| Proposed Algarithm |
o L Profx Atgorihm Jl
i\ |
R i
5 18y !
£ 0 |
8 ‘ \ i
@ , i
- , ]
H i , |
osf ]
TN e I
SN o I
e ]

1

SEL-
8

N — p=ts
10 20 30 40 50 60 70 80 90
Parcentage of cached video

ch

Requited Bandwidth (Terminatar)

x
s

@

sco Algo tithm
Proposad Algor lhm |

~
o
==

~

p

o~
.

Bandwidth (bps)
-

°
&n

Prefix Algorithm
<
S|

o
O r————-

10 20 30 40 S0 60 70 80 90 100
Percentage of cached video

h

32| 5. Prefix, SCQ % Alskshe ¢uElZe| A% vli(Terminator-2 AHD): 7B L9 WH =27) (b B Ad o=,

539



§H-EA18H3]) 7] '05-8 Vol.30 No.8B

1. Star Wars°ﬂ sl SCQe} Aok abwelZo] ofs) AA=lelzl ZHql ¢4 viaL

(&R H-5-L prefix A= o|Al FHolch)

Method Sequerce of Cached Frames _1

—

0.1,2,3,4,960,948,936,924,915,912,909,906,900,897,894,891,888,885,882,879,876,873,870,867,864,861,858,85

S€Q 5,853,852,850,849,848,847,846,845,844,843,842,840,837,834,832,831,828,826,825,823,822,821, -
Proposed  10,1,2,3,4.816,852,792,828,768,864,804,612,876,840,756,780,708,744,588,576,600,636,888,624,732,696,684,55

Algorithm | 2,672,528,648,900,540,516,720,564,492,912,660,480,468,924,504,936,456,360,372,420,432,948, ------

(2% 4¢B1et (23 5¢0h1A W=7t Al
°l 3}*‘" o ZA 875+ AL CBREZ A$E o
& djgFo] a7Ey A FAle] R

1 2 wig =277} D83l otk
[E 2]¥ SCQ9} AgKE dwelEelx sNds =4
49 SAE U Aotk ¢, M) oA =3
d& AHskE Aol SCQ dmeFMet el ¢,
£ st Aurt 39l At B A& 4 b

V.4 &

& =%l VoD Au|~E $13F ZEA] AME
/‘]—%ﬂ ME dueEs *—Jﬂiﬁbﬂr QoS7} #| 4=
© vEZA dHEs) 27Es W= o
T v]g-2 i 83 Aolv], ¥ =4 ARt
dze]ZL v gGA o9} 2L H|EE A4
<= "hjelrk & EollA] AR e R AHA F
B4 dolelY MAeAE T Zom sEFTTY
271est e o =g w2 Al st
the S 7R gk

gnEd

(1) Z. Miao and A. Ortega, “Scalable proxy
caching of video under storage constraints,”
IEEE Journal of Selected Areas in Commu-
nications, Vol. 20, No. 7, Sept. 2002.

(2) Z. Zhang, Y. Wang, and D. H. C. Dy,
“Video storage: A proxy-server-based ap-
proach to end-to-end video delivery over
wide-area networks,” IEEE/ACM Tran. on
Nerworking, Vol. 8, No. 4, Aug. 2000.

(3] L. Rizzo and L. Vicisano, “Replacement
policies for a proxy cache,” IEEE/ACM Tran.
on Networking, Vol. 8, No. 4, Apr. 2000.

[4) 1. Shim, P. Scheuermann, and R. Vingralek,
“Proxy cache algorithms: design, implemen-
tation, and performance,” IEEE Trans. on

540

Knowledge and Data Engineering, Vol. 11,
No. 4, Jan. 1999,

(5] S. Sen, J. Rexford, and D. Towsley, “Proxy
prefix caching for multimedia streams,” in
Proc. IEEE Infocom. 99, New York, USA,
March 1999.

(6] Bo Shen, SJ. lee, and S. Basu, 1.
“Caching Strategies in Transcoding-Enabled
Proxy System for Streaming Media Distribu-
tion Network,” IEEE Trans. on Multimedia,
Vol. 6, No. 2, pp. 375-386, April 2004.

{7] B. Wang, S. Sen, et al, “Optimal Proxy
Cache Allocation for Efficient Streaming
Media Distribution”, IEEE Trans. on Multime-
dia, Vol. 6, No. 2, pp. 366-374, April 2004.

(8) KAIST, http://viscom kaist.ac.kr/

2 & 2} (HyungRai Oh) T3

2003+d 249 Fluista A=y
sl EAh

2005'd 29 FodEa Hupy
Rl

2005 34~ EIFIIE)
2 ZAFETSN A7)

<FAlH-oF> Caching, 44,

R E Ea

&g —-(HwangJun Song) A2
1990 29 A-EiEkE AlelA)

| SFERD

11992 29 g AoiA|

| S TEIHAEAD '

| 1999'3 59 Univ. of Southern

y  California, EE-Systems(2H:}
2000%~2005'd 29 Foldslw

A7 153
2005 24~ EFHStw AFElTET;
<A Rol FAEAIA Y, onjle] HEAAE

Ad-Hoc



