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Abstract The proxy mechanism is now widely used in WWW system in order to offer low-delay data
delivery with an assistance of the "proxy server”. By applying the proxy mechanism to video transfer, we
can expect a low-delay and interactive video streaming service provided without intoroducing extra load on
the stream. In addition, if the proxy appropriately adapts the quality of cached video data to the requested
quality, video streams can be delivered to users by considering their heterogeneous QoS requirements. In this
paper, we consider mechanisms of data retrieval, prefetching and replacement for the proxy cache. Through
simulation experiments, we show that our proposed proxy caching mechanism achieves a high-quality and
low-delay video distribution which meeting user’s demand.

key words  proxy cache, video streaming, QoS, quality adaptation



1 0Oodn

gbooobobooooobobooobooboobo
gboooboboobooooobobobooboobo
gbooobobogooboboooooooboboooboo
gbooogbooboooboobobooooboooooboo
gboooboobogoooobobooobooboobo
gboooboooobooobobobbooobooon
gbooobobooboooooboboooobooboo
gboogbooobooooooboo
gogbooobooooboooboboooon
gbooobobogooobobobooooboobo
ooowwwiooooooooooooooooo
gbooobboooooooobooobobboooo
gboogbooboobobooboboboboobo
gbooobobobooooobobobooboobo
gboogoboobooboboobobooobobobo
gbooobooooobobooooboobooboo
googoboobooboooobooboboon
gboobooboobooooboboboooobooboo
gbooobooboooobobobobooooobo
gbooobobobooooobobobooboobo
gbooobobogoobooobobobooboobo
goooboooooobooboooboobo
gooboobooboobobooooboboooon
gboobooboobooooboboboooobooboo
gbooooooobobooooboobooooooboo
gboooboooobooboobooboooooo
gboogbooboooobobooooobobobo
0000000000000 ooooooo 1)oo
gbooboobooboooooboboboooboobo
gooobooooboooboooboboooboooboo
gbooobobgooboobooobooboobobo
goooooooboboooboooboboooboo
gbooboboobooooobobobooooobooboo
goobooobobobooboboboobooboo
gooooboobgoooobobobobooooon
gbooboboobooooobobobooooobooboo
gooboooobobooobboooooooobooo
gbooobobgoobooboooobobobobo
gboooboboobooooobobobooboobo
gobooooboooooboobooobobobn
gboobooboooobobooobooooobo
gooobobooobooboooobooboooo
gboogoboobooboboobobobobobo
gooobooogobooboobooboboooboo

FoulanyIy

RykD—4 IS4F vk

O 10000000000000 MPEG-20000
googooooobooooo

gbooobobgoooobobobooooobooboo
goobo-0ooooobbooobobobooooo
gbooobobogoooobobobooooobooboo
gboooboooooboboooobooobooboo
gboooobooboobooooobobooooboobo
gooboogoboooobooboooboooboooo
goboooobooobbooboooboboon
gbooboboobobooooobobooboboobo
gbooobobogoooobobobooooobooboo
gooooooon
gob200000000oobobbooooboo
gobbooboboooooooboboogoobobobooon
gbooobooboooboobbooboooooobo
gbooboboobooobooosbooooboon
goooooooooboobooboonD40b00on
googoboooboooboooooo

2 Jbob0o0poooooooobobobbo
goobooooooo

gboooobol1gboooooboboooooboooboo
gbooobobogooooboboboooobooboo
o000 MPEG2000000C0CO00O0DODOOO
gbooobobogooooboboboooobooboo
gboooboobooboboobobobooboobo
gbooobooboooboobobobooooboobo
gboooboboboooooboboooobooboo
gbooobobooooooobobooooboobo
gboooboboobooooobobooooboobo
gbooobobgoooobobooooboooboobo
gboogbobgoobooboooooooooboobo
gboobooboboobooooobo-goooogooo
gbooobobogooooboboboooobooboo



gboooboobogoooboboboboobobo
gbooobobooboooooboboooobooboo
gobboooooooboobobboooobobooooboooo
0000000 MPEG-TFRCP (TCP-Friendly Rate
Control Protocol for MPEG video transfer) [2, 3] O
TFRC (TCP Friendly Rate Control) [4/ 000000
gboobooobogbooboboooooooooboo
gboobooboobooooboboboooobooboo
gboobooobooboobooboobobbooooboo
gboooboooboooboon

21 0OO00O0O0OO0OO0OOO0OODOODOODODbOOO
googoboogon

oooooOoooO0MPEG-200000000000O
gboboobooobooboooobooobooboooooon
GoP (Group of Pictures) D00 00000000OODO
O0O00000o0O00oo00 GoPOOOODODOODO
gbobooooooooobooooooobooooboooog
goobooboooooooooooobooo-boboOodg
gbobooooobooobooboooooboboobooog
oooOO0o00O0ooO0O00000O0dTFRCO
bobodbooobooboobooboooboooog
boboooboooooooobooobooboooog
gbobooooobooooboooooobooboooog
OO0000 TFRCOOOOOOOOODOOODODOO
Oo0oooO0ooooooooooooooon MPEG-
200000000000 bO0O0bOO0OobocOobOOobOon
gboboobooboooboooooooooboooog
O0000000000o0o00oooooooo Bo

goobooboobobooooooboobooboo1l1ogon
OO0000000000OoOodo GePOOOOODOO
gboogoboobooboboboooooboooooboo
goooboooboboobooobooboooboo
goooboooobooboboobooboooo
gboooooooboobooboooobooooboo
GoPOOODOOOOOODOOODOODOOOOOODDOO
00000000 [1)0o0o0oo0o0oooooooo
gboooboboobooboooobobooooboo
googooboogon

gbooooooooooboooboooboobgoon
gboobooboobooooobobobooooobooboo
gooo-obogoboobooboobooobooboo
gboooboobooooooobobooooooooboo
gboooboobogoobooboooobbooboobo
gbooobobogooobooobobooboobo

Ul obooogbooobooooo

GoP | OODO oo oooooo
a A B
b C 0
0 0 D

goooogboboboboboobobobobo
gboooboobogoobooboooobobobooboo
gboooboobogoobooboooobobobooboo
googoooboooboooobooboobo

2.2 0JO0000OO0OO0OOOOOoObOUOOOobOOoOooa
oo
gooodooooooobooooooooooog
dodddooooboobooboobobooboobooooaod
doodobooooooooooo-boobooood
goooboodoooooooboooobooooog
goooobooobooobooboooooooood-
gooooobooooooooooooooooog
goooooboobooooooooooooooog
doooobobobooooooboobooooobooaa
gooooobooooooooooooooooog
gooooobooooooooooooooooog
oo «0oooooooooaa
a:maX(Qsp(izj),-chache(izj)) (1)
Qpc(laj)
godb:;00gbbboouoboybboobbooe«d
000000 GoPpOOQOOoOOoOOOODOODOODOOO
cJ0d0dfddfd-0ddddddoooooooog
01GoPOODOD0OO0OO0O00 GoP, 0000 Qsp(d,5)
0000QsG,)0000-00000000000
0ooooobooooooooooooooooog
googoooooooo-00ogoobooooooad
0000000 Qp(i,j) 0000000000004
0 GoP,000000000000000 Qcachel(?,d)
000000000 GoP;, 0000O0O0O0O0CBOOO
00000 GoPOOOOODOOoOOoOooooooOd
ogooodoooooooboooobooooooog
0000000000 Qeache(d,J) < Qpe(d,7) 0000
goooooboooooooooooobooog
0000000000 (e>)00D0O0O0OOOOODO
godooodoobooooobooobooooa
gobbooooobooobooobobobooooood




gb 1. 0000b00gooobooobooboboon
gboooooboboobobooboooooboo
gbooobogoobobbooobobooboboboo
000000000000000000 Qreqld,j) 00
googoooooo

QT@Q(ivj) = Qsp(ivj) (2)

gb 200 10000000-000000000
goobo-0oooobboobboboooooo
gboooooboboobooobobobooooooog
gbooobooboobooboooooooooobooboo
O00000000000000200 GoP, 0000
gbooobobgoobooboooboboobooboo
Oo00O0OO00O0000:00000000 GoPODODO
00000000000000 S0000 Qreg(d,5)
googoboooobooooo

max
keS,0<i<j

Qreqi, j) = min Quelh, 1), Qupli, ) (3)
OO0 3: 0000o0opoooooonoooooooo
000000000 GoPOOOOOOOOOOOO
Oooooooooooooooooooooooono
gogooooooooooooooo s.oooooo
goooooooooooooooooooo

Qreq(ivj) = QPC(ivj) (4)

00000000000000000000000
0000000000000 (a<1)0000000
000000000000000000000000
00000000000000001GoP 0000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
4000000000004 00000000000
000000000000000000000000
001000000000000000000000
000000000000000000000
00000000000000000000000
D0 (B< %=2d <0 <1)0000000000
0000000000000000000000000
000000000000000000000000
00 (%geld) < < g2l — 0 < 1) 00000

Qpe(i,7) = Qpe(i,g)
goboooobobooooooooooda

QT@Q(ivj) = Qsp(ivj) (5)

HSA4TFUR3 7747)#2 D934T M

h i h i \7\5\3 l M [

=) FrvialtkEhd@eRE &

BER DS GoPHLLIE
D47 DERGoP

U2000000000000000

I SEHAFERN D GoP D BEEDIELGoP

00000000000000000000000
000000000000000 (e< B)0000
000000000000000000000000
008 Qpeliyj) > Qsp(i,j) 00DODOODDDODODO
o000

Qreq(ivj) = ﬁ : QPC(ivj) (6)

2.3 00000O0000O0O00O0OO
00000000000 00000000000000
0000000000000000000000000
0000000000000000000000000
0000000 GoPOODOD ;0000000000
00 GoPOO POOOOOGOP, (j+ 1 <k <j+P)
000000000 (01)0000000000000
0000 Qeache(i, k) 0000000000 Qreci, k)
0000000000000 000000000000
00000 B8-Queli,j)00000000000000
00 GoPOODOO-00000000000O0O0O00
0D00000000000000000000000
000000000000000000000000
00000000000000000000

24 0O0O0OOO0OOOO0ODOODOODOOODOO
gbooobooobobooboobooboboooboo
gboooboboooooboboboooooboobo
gboooobooboobobooboboboooboo
gbooobogbooobooboboooooooooboo
goooboobooobooboobooboboooo
googobooobooobooogooo
gooboboobooboooobooboboon
goooboboogoobooboobooboooo
000000000 GePOOODOODOODOOODO
gboooobooboobooboooboboooooboo
0000 GoPOODOODOOOODOOODOOOOO
O GoPOOOOOOO PODO GoPOOOOO 200
gbooobobgoboobobobooo 20000
OO00oooooO00n0 GePpODODOOOOODDOOO
gboooboobgooboboooobboobobooobo



gboooboboboobooboooboboooboog
000000 GoPOOODOOOOODOOOODOO
gooobobooboobooboooooobooboo
Ooo000ooO0OooooogpooooooDoon Gop
gboobooboobooooobobobooooobooboo
gbooobobooobobooooobooboooboo
000 3)00000o0ooooooooooooo
OO00O000o0O0O0ooogGePODOOOOODODO
gboooooboobooooobobobooboobo
gOo0OO0O0OQ0OQ0OO0O GoPOOODODOOOOODO
O000000ooooooooooogon 20 GoP
goooooooooooo

3 ODhoooooboboobodd

gbooobobooobooboboboobooboooboo
gbooobobooooooobobobooboobo
gbooobobooobooooobobooboobo
gboogoobooboobobobooooboooooboo
gbooboobogobobobboobobooobooon
0000000 (o0ooo0ooD)0DooooOoooo
goobooboobooobo2000b00000gnO
ooooooboooboooooobo v2o00bOo0OnO
ooooooooboobooooooooooooooo
gboobooboobooooboboboooobooboo
gboobobogoooooooooobi1sootobooono
OoOOoOoODoDOoOoOoOoODDOOO 8.60194.5 Gbit
gooboobo-0oboboboboo-00booboo
goobbboooobbbOogd 200 ms 50 ms O
gboobooobo-ooobobooboboo-bobo
000000000000 0O0O0O0Ons2[6)000
TFRCOOOOOOOOOOOOOOOoOoOoooDO
gbooboobooboooobobobooboobo
g3000d
goobooobobooobobobobooooon
OO0000D0 GePOOOOODODOOOODDOOO
googoboooooboooboobooboobbooboo
gbooboboobooboboobboooboooobo
gboobooboobooooobobobooooboobo
gboogboobooboobobooboobon
gboobooboobooooobobooooboobo
gboooboooboobooboobooboe«bo
O000000o0o0ooD wHEODoOOoooooooo
googoboooboooooboo
W(i) = (TG, 5) = 1(i,5)) (7)

max
1<j<GoPena

00000 GoPOOOGoP.,000000000
0000 GoPOOOD0O0000OT(,5)0 GoP; O
00000000 I(G,5)0 GoP, 00000000
000000001(G,5) —I(i,j—1)=1GoP 000
I(i,1) =T(,1) 0000

000000000:0000000000000
00 SG)000000000000

1 GOPend

S(Z) _ G Qact (27 .7)

2 Quelind) ®)

0000Q.(d,j) 0000000000000 GoP,y
googoood
gooboobogboooooboo 2000000
gboooboobooboboboobooooooooboo
gbooboogobooboobooobooboooo
goloooogobobooboboboboobooboo
OO000O0DopoooooOgi1es6 GhitDOOOOO
OséGhit000000D00O0000O0OO0O0OnOnn
gbogoboobooboooooooboboooooboo
gbooobobogooobobobooooboobo
googooo
googbooooboobobooobooboon
gboooboobgooboobobobooooboobo
00oooOoooOooo (p=06)000000O0O0O0O
oOoO0O020 GhitOOOoooooO 400000000
OooooD g=10000000000D0O000
o4000000000000000DOODOODOO
000000000 (000 “raditional”) 00000
gboooboobooboboboooooboooooboo
gboooboboboobooboooboooobooDo
gooobooooboooobooboboooon
gbooobobgoooobobobooooobooboo
googooo

4 0O0O0OO

gooobooooooboooooobobboogo
gboooboobogoboobobooobooboobo
gboooboobogoobooboboooooboobo
gboooboogoboooooboooooooon
gbooobooboooobobooboboboobo
gboooboboobooboobbooboooboo
gbooobooobooboobobooboobon
gboobobooboooobobobobooboobo
gboooboobogoobooboooobobobooboo
gboooboboooooboboboooooboobo



12

) 12 )
client0 client0
clientl -------— clientl -------
client2 -~ client2 -
10 client3 10 | client3
client4 ------ client4 ------
clients ----- clients -----
client -~ client -~
—_ client7 —-- —_ client7 —--
§ clientg - § clientg -
3 client9 3 client9
o o
S S
4l
2+ 2+
0 . . . . 0 . . . .
10000 10200 10400 10600 10800 11000 10000 10200 10400 10600 10800 11000
time [sec] time [sec]
(a) DO0D-00000 () 0OODO-0000000
traditional 25 " traditional —
160 - P=0 -~ P=0 -~ 1
P=10
_ 140 | P =30 --on
z P =50
O 120} g 0.8 -
g 100 § @
B w 2 06}
5 E 8
§ 80r F @
o = =
.~ c ©
2 60r 2 o 04t
3 =
g 4or traditional
o2 H—
20 - g
o 0 o P =50
0 5000 10000 15000 20000 25000 0 1 2 3 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

time [sec]

() DOODOODOOODOODOOO

client

(b) 00O0D0O0D000

(cOOO0OODOODOODODOOO

040000 ((@02)00000000

gboooobgobooboboooobooooobo
gbooooboooobobooooboboooooboo
gboobooboobooooboboboooobooboo
gboobooboobooooboboboooobooboo
gboooobooboooobooooooboooogooboo
gbooobobgooboobooooboboboboo
gobogboboobooboooobooboooboo
gbooogoboobogobobooooboobooooooboo
goooboboobooooboobobbooboooboo
googoboooboobooboon

gooo

[1] N. Yeadon, F. Garcia, D. Hutchinson, and
D. Shepherd, “Filters: QoS support mechanisms
for multipeer communications,” IEEE Journal
on Selected Areas in Communications, vol. 14,
pp- 1245-1262, September 1996.

N. Wakamiya, M. Murata, and H. Miyahara,
“TCP-friendly video transfer,” in Proceedings of
SPIE International Symposium on Information

Technologies 2000, November 2000.

M. Miyabayashi, N. Wakamiya, M. Murata, and
H. Miyahara, “Implementation of video transfer
with TCP-friendly rate control,” in Proceedings
of International Technical Conference on Cir-
cuits/Systems, Computers and Communications
2000, vol. 1, pp. 117-120, July 2000.

S. Floyd, M. Handley, J. Padhye, and J. Wid-
mer, “Equation-based congestion control for uni-
cast applications: the extended version,” Interna-
tional Computer Science Institute technical report
TR-00-03, March 2000.

K. Fukuda, N. Wakamiya, M. Murata,
H. Miyahara, “QoS mapping between user’s pref-

and

erence and bandwidth control for video trans-
port,” in Proceedings of IFIP IWQoS ’97,
pp. 291-302, May 1997.

“UCB/LBNL/VINT Network Simulator - ns (ver-
sion 2).”  available at http://www-mash.cs.
berkeley.edu/ns/.



