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A Selection Algorithm for Replicated Video Servers
on IP Multicast

AKIHITO HIROMORI,* HIROZUMI YAMAGUCHI,t KEIICHI YASUMOTO, it
TERUO HIGASHINO' and KENICHI TANIGUCHTI!

In this paper, under the assumption that there exist replicated servers on an IP multicast
network, each of which encodes the same video into the ones of different quality levels and
continuously transmits them as different multicast streams, we propose a new technique for
each receiver to select a suitable stream that possibly provides the high quality of the video
to the receiver. In our selection algorithm, receivers periodically collect the packet count
information (the numbers of arrival packets) of each multicast stream at the routers between
its sender and the receiver, using an IGMP facility. Then each receiver migrates to a new
stream to obtain the better quality, depending on the quality of the current stream at the
receiver and the collected packet count information. Although each receiver’s behavior is fully
independent of the others, our server selection algorithm autonomously dissolves congestion
states so that the totally achieved quality at all the receivers can be as high as possible. Our
experimental results using the network simulator have shown that our method could achieve
the much higher quality and stability at each receiver in average than a general selection
algorithm where the packet count information is not used.
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Fig.3 Stream selection algorithm.

000000200000 POP,O0000OR; O

00O (1) “00000000070(2) “00000

070(3)“0000000/000070 300000

0000 3MO000P, 000000000000

0000000000000 00000000000

000000000000 000000000000

O00000O0R O0O0O0O0OOOOOOOOOOO

000000000000000000000000

0ooooO0oooo

(1) 0000000 s, 000O00DOO0O0OO0
P (0<P <1)00000000 R0 “O0
0000000070000000000R,; 00
00000 (+10000000 sty 00
00000 greuey,; 0000000000
000000 P, 0000000000000C0
grwasn,; 00 R; 000000000000
000000000000000000000
00000000000 R; O st 0000
oooooo
00000000000000000000
S; 00 grausn,; 0000000000
grwasn,; 00 R; 000000000000
00000800 grargy,; 00000000
000000000000000000000
000 Ogrey, 00 R; 00000000
000000000000000000000
0000000000000000000000
000000000000000000000
000000000000 000000000
ooooo

(2) 0000000 s, 000000000 P
(0O<P,<P)00 P 00000000 R;
0 “0000007”0000000000R,; O
st;, 0000000000

(3) 0000000 s, 000000000 P,
00000000 R; 0 “0000000/0

Feb. 2002

O00”0000000000R; 00000
0!V <i)oo00ooooooooooag
o0o0ooooopoOooooo0 R,OOOOOO
ooooooooboooboooooobooooo
oOooooooobooooboooboooon
O0Ooo0O0OO0oO00OR; 000000000 Ry
gobooooboooooooooooo
00 P, 000 100%0 000000000000
goooboooooobobooooooooooooo
gooboooooooooooooooooooan
obooobooocbooooooboooooooooboo
gooooboooooobooobooooobocoooo
goooooboooobooooooobooooooon
goooooboooooooobobooooboobooboboo
gboboooocooooooooooooooobooboo
gooooobobOoooooooboooboo
gooooooobooooooooobooooboo
ooboooooooooboooob ROOOOOOO
goboooobooooooooboboooboooooo
100%000000000000000000000
ooooooop, OO0ODODOOOOR OOCOOODO
ocooboooooooOO0OO0OpR,R 0000000000
ooooooOooOoooOooOoooOooO0O00 AOPR,
obobooooobo 4000000
3.2 O0OOO0OO0DOOOOOOOOOOOOO0O0
od
gooooobooooooooboooooooo
oobooboooodooooooooobooooon
gooooooobooboooooooooooon
goboooooocoooboooboooooooboooon
ooboooooooooooooooboooboooo
ooooooooooboobooooooobooooo
gboooooooobooobooooooo
ooooooo r0000O00D000 P,ODOOO
goooooboooobooooooog ~0D0DDO
goooboobooooooboobooooooooboboDboo
ooOo sroooosTooooooocooog ro
ooooooo0o0o0o0o R,OoOOOObObOOoOOO
oooboooooo ROOOOODOOOODOOOO
0 R;0 ‘000000 /00000000O00DOO
R; 0 STOOOODOOOOODOOOOODO rOOO
goooooooooooooooobooboooboboo
sty 0000000 W,;,, 000000000000
000oooooooooO0O0O0OR; 0000000
o0ooo 0000 STO0O0OO0OO0O0O0O0OC0DOO
oooooo . ObOO0ODODO



Vol. 43 No. 2

B.= Y

sty m€ST

count (g, m)@r b
— 7 xbw
count (i,m) @Sy kim

00 RrR;0 B, OOO »r000000000STOO
000 ST'00000o0o0oon

> bwem <B,

sty €ST'

00000 ST 0000000o0oooooooog
gooobobooooooooooboboOooooDboboo
gooooobooobor-0o0obOo0cobboboooo
gooooobooboOoooboobooOooooooood
oooooooo roobboOobOooboOoboooo
godbo0ooOoo0O0oooooooooooboooo
oood

00000000000 R;000 ST"0000
00000000000 0000oo0oooooo
0000ooOosST-ST'0000000000oon
000oooosST 0000000 ooooooon
3100 (3)0000000D0O0OO0O0O0O ST — ST
goooobooooooooooooooooooo
goooobooobcobDOoooOoOooooooobogo
ST-ST'0000000000 rO0000O000O0
goooodooo rOobO0OD0OOO0O0oobOOoOoooo
00000 s7T'0000000000000DOO0
goooOooOoooooooogoooog

4. J0O0ooooooo

00000000000000000000000
0000000000000 00000000000
000000000000 000000000000
00D000000000000 IPO0OOOOOOO
000 mtrace 0000000000000 OOOO
000000000000 s 0000000

0003000000000 AROR, 00000
00000000000 0000000000000
0000000000 00000000000000
000000000000 000000000000
000000000000 D000000000000
0000 90%00000000000000000
000000000 0000D00D000000000n
00 70%0000000000000000000
00 ,=09000P 000000000000
0P =090000000000000000000
ooooog

000000000 00000000000000
000000 050000000000000000

IpOO0O00O0O00OOOOO0OCOOOO0OO0O0O0O0O0O000000O0 413

000000000000000000000000
00000000000000000000000
0000 RTTO Round Trip TimeO O 000000
000000000000000000

00000000000000000000000
020000000 TupOTuw. 000000000
000000 !00000000000000000
00 !+10000000000000000000
0000000000000n0 7,,0000 2000
000000000000000000000000
000000000 (0000000000000
000000000000000000000000
00000000007, =2T., 00000000
000000000000 200000000 Tuown
000000000000000000000000
000000000000000500000000
000000000000000000000000
000000000000009 00000000
000

41 000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
st;,, 00000000¢00000000¢0000
0000000 +000000000 p, 00000
00000000000000000000 10 p
D00DO00 [*Ixpdt000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 IPO0O0OOOOOOOO
0000000D00000000000000000
000000000000000000000000
000000000000 000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000

00000000000 100150200250000
0000000000000 20000000000



414 goooooooo

BE+07

78407 i

BE+07

SE407
3

ity Val

4E407

Qual

2E407

26407

16407

QE+00

[ Optimal method M Proposed Method M Random Method

04 0O0OO0OO
Fig.4 Total sum of quality values.

PUO0O0D00D0ODOOO0ODLOOODOYDoOOooOOoon
0000 10000000000000 0280kbpsO
560kbpsd 1.1 Mbps O OO OO OO DOOOODOOODO
do0oboOobOooo 3oooooooooooo
00000o00000ooooooooo 102030 3
goobobobboobobobbooobooooa
00 256kbpsd 512kbps0 1Mbps 00 000000
000o000o00obo0o0obDO0oOo bVMRPOO OO
040000000000 0000000DOOO
gooooobooboobooooobobooboo
00000000000 boOoooooooooooo
goooopoboob0ooobooooooboono
000000001000 20000000 15000
0210004000000 0 200000 41000 60
0o0oog20000 61000 80O0OOOOOO
00000000 Proposed MethodOO OO OO OO
0000000000000 Random MethodO O O
0000000000000 0000O000d Optimal
MethodOOOOOOOOOOOOOOOOOO 79%0O
0000000 49% 0000000000000 oo
gooo0dobOo0DO0o0obOOooooboooboooono
gooooooooooooooooboooooon
Jdddb0oDO0o00obOoooobooobooooaoo
goooooa
000000000 DOO0OO0O0bOOoOoOooooOon
googooool1goboobbobooobooooo
go0 IpO000O0O0OO0OOODODOODDOO
ooooboobboo1100b0bobooobobooboo
gdoddoboodoooooooboboobobooobo
gOoobOo0oooboobobOoooobobobboo
0Jooooooooooo MPEGODOOOOODOO
gooooooooooooooobooooboobo
go0o0o0o0o000ObO000ooobOoooooooo
00o00o0D00o004000000000DO00O00OO

Feb. 2002

e

78007 - —

a7 —

« SEHT
g

ag7

ility Value

@ 307

28407

18007

000
135 7 9111315171921 2325 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73
Simulation Cases

[=Ogimal Method B Proposed Method B Random Method |

05 00000000000 ODDOODODOOOOO(A)DOODOD
ooooooOoOooooooo
Fig.5 Total sum of quality values (case (A)).

sEr

707 - —

a7 —

57

agsar

ality Values

9 s

207

18007

EE

135 7 9111315171021 2325 27 20 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73

Simulation Cases

[ Optimal Method ® Proposed Method B Random Method |

06 0D00000O0DDOODOODOODOOOOO(B)OOOO
goooooooooooo
Fig.6 Total sum of quality values (case (B)).

goooooooobooobO0oooooooooobooo
gbooooooooooooooooooooooa
goooooooobooboooobobobooooboooo

gbooooooooboobooobooboooboooobobooo

000000000000000000000000
000000000000000000000000
0000D00000000000000000000
0000D0000000000000000000(A)
0000000000000 (B)00O000D000
000000000000000000000000
000000000000 10256kbpsd 00000
20 512kbps MO 0000 31 1 MbpsO0O 00 000
00000 20040080000000 10000
000000000000000000000000
0000008000000 D0D0000000O 10
0000000000000000 70000000
000000000000000000000000
00 (A)D(B)0000000000D000 500 6
oooo

00000000000 40000000000



Vol. 43 No. 2

28405

1E403 L

18403

L]
g 160 . = B,
4 ] e Wt s o
3 E e m e W M
= sed
K] ¢ DUV [] ." o
& - « * n
L e e I S e e —
] .

4E404 e +

26404

0E+00

Simulation Cases

# Proposed Method M Random Method

07 DOOOOoOOO
Fig. 7 Total sum of lost packets.

gooooooooboooboooooooooogn
goboooooooobooooooooooobo
gooboobooooooooooooooooooo
gooooooobooobooobobooDbboobooo
goooobooooooboboooooboobooo
gbooooooooooooobooooooooan
gooooobooooooooboooooonoooa
goobooooooooobooboooboodoobooo
goooobooboboboooobo

4.2 00O0O0O0ODO
410000000000000O0C000000
gooobooooobOooboobobbOooobOooann
goooooooooooboooboooooboooon
goooooo
gooooooooooooobooooooooon
goboboooooboobooooooboooooon
gooboobobooooooooooooooooooao
gbobobcobooouoooooooooooooooa
gobooooooboboooobooooooooon
goboobooooooboooboooooooooboo
gboboooooooooooooooooboobooo
goooooboooboobooooboooobooooo
oo0000b0o0o0o0o0ooo0v0obobOo0ObD 400
goooobDooobO0oobooboobooobooOnoOo
gooooooooooooooobo soboDO bs100
goobooobooobooooobooooooooon
0000000000000 0000O 9%% 000
gobooobooooooboocooooboooboo
gooobooooooooooooboooboooo
gobooboooooooooooooooo
goooooooobooobooboooooboooo
goboooocoooooooooobobooo 80o
oooooobobooooooooobooboobooooo
goooooooooooobooooobooboDbo

IpOO0O00O0O00OOOOO0OCOOOO0OO0O0O0O0O0O000000O0 415

1035 7 9 11131517 192123 2527 20 31 33 33 37 30 41 43 49 47 49 51 53 55 57 59 61 63 63 67 60 71 73
Simulation Cases

M Random Method M Proposed Method

08 000000000

Fig.8 Number of stream selections.

TTRMHNMNIN

1.2e+06

i

)

i
!

1e+06 H
800000 H

600000

bps

400000

200000

receiving rate
expected rate ———

12 14

0

0 é 6 8
second

09 0O0O0OOOOOOOODOOOOOOOOOOOCOBOOO

Fig.9 Receiving rate at a receiver in proposed method.

obooooooooooooobooooooboono
000 65%000000000000000000
gooooooooooobooooooooooon
gooooooooboooooooooooobon
oooooooooboobooooon
goboooobooooooobooboooooboooon
gooobooooooooooobooooooboooo
goooobooooooboooboooooooobooboo
gbooooooooooooooooobbooboooo
gooooooooobooooooooobooooon
o0o0o0ooooog souosoooooooon
gboooboobooobooboooooooobooobo
goooboooooboobooboooboooobooboo
gobooboooooooooooboodooetd 10
gbooooboooooboooooooooobooooo
gbobodooooboootbooboOoobooooooooo
goboocooboooobooobooooboooobooo
gboobooooooooooooboooooboo
gboooboooooooobooooooooooo
gooooobooooboooooooooobobo
ooooooboooooooooobooooooo



416 goooooooo

1.2e+06

T T
receiving rate ——
expected rate -------

1e+06 H

800000 H

600000

bps

m
nnnnnnnnnnnnnnnnnnn

400000

200000

0

0 ; 1‘1 6 8 10 1‘2 1‘A
second
010 ODO000O0OOOOO0DOOOOO0OOOObOOOOOoObDOoOO

Fig. 10 Receiving rate at a receiver in random method.

gboboooooooooboooboooboboooooo
deO000000oooooboooooooooan
goooooboooooboobooboooooobooDo
goooboooen0O0OO0OO0OODOOOODOODDOO
doooooooooboboooooooooaoo
gboobooooooooooobooooooooan
goooobooooooboooooooboooa
goboooobooooboooobooobOobooOoOobOoon
gboboooboodoobooooboooOoooobooon

5. 0 OO0

O00oo00ooIpO0000D0O00O0O0O0O0O0O00OO
oooobooboooooobobobOoooobono
gooboboooooooooooobooooooobo
goboooboooooooooboobooobooooo
gobobooooooobobooooooooboboog
oooodooouooooboooooooboooboooo
gobooboboooooboooooooobooboooo
ooboooobobooobOooooboooooooooboo
goooooooooboobooooooooboooo
goooooooooboooboooooooooo
oooooooooo

gooobooooboooooooooooooo
goooobooooooboooooooboobboon
ooooooooooobooboooooobooobod
goood

o o o o

1) Carter, R. and Crovella, M.: On the Network
Impact of Dynamic Server Selection, Com-
puter Networks, Vol.31, No.23-24, pp.2529-
2558 (1999).

2) Diot, C., Crowcroft, J. and Dabbous, W.: Mul-

Feb. 2002

tipoint Communication: A Survey of Protocols,
Functions, and Mechanisms, IFEE Journal
on Selected Areas in Communications, Vol.15,
No.3, pp.277-290 (1997).

3) Fei, Z., Ammar, M.H. and Zegura, E.-W.: Op-
timal Allocation of Clients to Replicated Mul-
ticast Servers, Proc. 1999 Int. Conf. on Network
Protocols (ICNP ’99), pp.69-76 (1999).

4) Fei, Z., Bhattacharjee, S., Zegura, E-W. and
Ammar, M.H.: A Novel Server Selection Tech-
nique for Improving the Response Time of
a Replicated Service, Proc. INFOCOM 98
(1998).

5) Fenner, B.: IP Multicast Extensions for BSD-
Derived Unix Systems Multicast Routing Dae-
mon (1998). ftp://parcftp.xerox.com/pub/net-
research/ipmulti/

6) Fenner, W.: Internet Group Management Pro-
tocol, Version 2, Request for Comments: 2236
(REC 2256) (1997).

7) Fenner, W. and Casner, S.: A “traceroute” fa-
cility for IP Multicast, Internet Draft (2000).

8) Hiromori, A., Yamaguchi, H., Yasumoto, K.,
Higashino, T. and Taniguchi, K.: Fast and
Optimal Multicast-Server Selection Based on
Receiver’ Preference, Proc. 7th Int. Workshop
on Interactive Distributed Multimedia Systems
&  Telecommunication Service (IDMS2000)
(LNCS 1905), pp.40-52 (2000).

9) Jacobson, V., McCanne, S. and Vetterli, M.:
Receiver-driven Layered Multicast, Proc. ACM
SIGCOMM 96, pp.117-130 (1996).

10) Li, X., Ammar, M.H. and Paul, S.: Video Mul-
ticast over the Internet, IEEE Network Maga-
zine, Vol.12, No.2, pp.46-60 (1999).

11) MASH Research Group University of Califor-
nia, B.: The Network Simulator ns-2 (2000).
http://www-mash.cs.berkeley.edu/ns/

12) Riley, G., Ammar, M. and Clay, L.: Receiver-
Based Multicast Scoping: A New Cost-
Conscious Join/Leave Paradigm, Proc. 1998
Int. Conf. on Network Protocols (ICNP’98),
pp.254-261 (1998).

13) Shimokawa, T., Yoshida, N. and Ushijima, K.:
DNS-based Mechanism for Policy-added Server
Selection, Int’l Conf.on Advances in Infrastruc-
ture for Electronic Business, Science, and Ed-
ucation on the Internet (SSGRR2000) (2000).

14) Waitzman, D., Partridge, C. and Deering, S.:
Distance Vector Multicast Routing Protocol.,
Request For Comments 1075 (1988).

15) 000000000 oO0oo0ooOooooooo
00000o0ooooooooOooooooogo
ooooooopoOooooooooooooo



Vol. 43 No. 2

00000000000 62000000000

pp.3-419-3-420 (7T-04) (2001).
(00130 60 700D0)
(00 130 120 18000)

o0 ooooooo

obi1ooo0ooooocoooon
ooooooooo 1200000
oooooooooooooooon
gooooooooooooooo
gooooooooooooooon
000 QoeSODOOOOODO

\

'm}i\m
—-
goooo
o0 0ObOoDbOoDbo
gbe000D00O0DOODOO
A

gooooodoo1oooooon
gooooooooooooooon

goobooocooboooooo 11

ﬂ ooooooooooooooon

gboooobooooooobooooboooobooooo
gooooooooon

IpOO0O00O0O00OOOOO0OCOOOO0OO0O0O0O0O0O000000O0 417

00 0000000
003000000000000
00000000 70000000
i D000000000000000
W) 0000000000000000
WA ,.00090000000000
000000000000000000000000
00000000000000000

36«

' ¢

00 Oooooooo
0000000000000

= 1 goooooooo sooooo

y Jo000OOoboOooOoooobooooo
@“ \ ogd220600000000000

do0oodoooboooooooo
goboodobooboboobobboobooooo
000000000000 00DoOoooooOoACM
0 00O UOIEEE Senior Member[

o0 ooodoooo
ob4000000000000
_ 0000000 40000000
- oooooooocooooooo
‘gm ooboooooooooooooon
g goooOoooooooooooo
gboooooobooooooboobooooooobooo
gooooooooobooooooooooooboooboo
goobooooooobobobooooooobooobobo

gooooooood




