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Abstract Congestion control is a key task in reliable multicast along with error control. However,
existing tree-based congestion control schemes such as MTCP and TRAMCC are designed for
one-to-many reliable multicast and have some drawbacks when they are used for many-to-many
reliable multicast. We propose an efficient congestion control mechanism, TMRCC, for tree-based
many-to-many reliable multicast protocols. The proposed scheme is based on the congestion
windowing mechanism and a rate controller is used in addition. The feedback for error recovery is
exploited for congestion control as well to minimize the overhead at the receivers. The ACK timer and
the NACK timers are set dynamically reflecting the network condition changes. The rate regulation
algorithm in the proposed scheme is designed to help the flows sharing the same link to achieve the
fair share quickly. The performance of the proposed scheme is evaluated using ns-2. The simulation
results show that the proposed scheme outperforms TRAMCC in terms of intra-session fairmess and
shows good level of responsiveness, TCP-friendliness, and scalability. In addition, we implemented the
proposed scheme by integrating with GAM that is one of many-to-many reliable multicast protocols
and evaluated the performance in a laboratory-wide testbed.
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void ReceiveCallback {char* data, int size);
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API
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int join {GAMAddress localcore, GAMAddress group);

J L

1T TT

Message Handlers

void handleDATA (...);
void handleACK (...):

void handleTimeout (...);

GAMUnicastChannel

I

Channel Thread ) [\ "%

L[ 1]

31 C

GAMMulticastChannet 1

Multicast

r— Channel Thread B
GAMPacketWindow u
Timer Thread
GAMStream
[ GAMSITeam
[ GAMSiream
GAMSocket

¥ 6 GAMSocket E# 29 &

mission 5& $3] 43 E EolHr}t HEHAJYERNE A
A}, GAMMulticastChannel 2 HjoJgF 28 421
7Y GAMTimerd M glgolx G| o|WlET} Wiy
e A9, A 2¥se AAE 29 FE 43y
AFEE oHEE X dE Eol, Holg HAL
A% AS$ handleData()7} 2%E®, ACK AL
A8 handleACK()©), Bgol oHlES} s
handleTimeout()o] 242t A3y €r}

olgA F4¥ GAMSocket Ed2o TMRCCE 6t
9371 8 o 2L 7)5e] W AR, F7)
Hog HN4ES AFAsHe GAMRateCtir 2# =7}
2gE. 4, GAMPacketWindow 28z 3 ¢
=90 dFshe W RS #9sr] 948 WEv
&t AR, GAMTimer 2#| =] A4 ACK 2%
AIZE NACK §% Al 332 93 Wdrt £33,
handleACK()\ X GAMTimerolAl ACK 441 2 A
F AR e BAY 5 AES ok A, $4 F
9 send()8 & UES9 HALE Aord I3 =

dg8 AFEA wet gAg ALIIEE ok oA,
ACK# NACK #Zlo] EF 9% AR(W 3 WpE
w7l #Hel] Frlic

5.2 Alg HES3 oM &Y 2o}

I8 72 A34Y W FEE AP dEYE 839
EEZAE Holn ot H4 A 87 Zwer)
A3}, Routerl™ Router2, 2#)3l Routerl™ Router3
Atol9] 3 H9Fg T1 M siF3l= 1.544 Mbps
2 ARRP AF EYIANE T A9 GAM T
vl A AA ForA EAsHE, 2ol A4 F
e GAMS R BAEHJT GAM Zolw As
g 2 ETE JAgske 98E 939, z2 Rou-
terl®] XY WE =9 Router2®} Routerde] A ]
Eda J 7SS Mgt P QEAAE 2%
2 #4389 PIM-SMeo] A2 93 Routerl & RPE
A3 R

AEHe] AFE A9 A v THAYL e
AES TCP Asg FAste 48l &850 A



666 HEADFH =R FEHEL A 0 A A 5 3200310

100 Mbps

7T
"GAM2" -
*GAM3" -
“GAM4® ——
200 |
g 150
100 |
ol
o
650
200
180 |
160
140
120 |
£
S 100
o
a
wl
»|
o
2800

sec

1Y 9 TCP 234 43 Ay

AW FRYEL 2Ashe 2PN, GAM/TMRCC A
A9 2 ANAEE 5M w9 HolehE A%
29 8ol 4% ARNE BRI e, 2 AT

o] FAI3 AFEE FX3HAA dlolglE A4k

TCP sdE A3y A% AgdlM, GAM/
TMRCC A48 Z+ I7IHEL 15M ulo|E9] wloje}
£ ALss, GAM/TMRCC A9 £31ld] 8M H}o|E
9] uloletE Mgshs TCP MMl AlZdch TCP A
Ao $AA FARY fAE 2Y 7904 BE uig
#31, GAMI, GAM2¢} EY W2 toely} Ag
"ok TCP #3kd 43 ddge 28 99 veht gle
o, GAM1# GAM27F TCP &89 ALEH FASHA
HAE o] 2AHE RE BATY 4 ok

6. 2 ¥ gF o7

E =RBdAE Ed 7hie ddtk 223 JEsx
E ZZEZS 9% 52849 EF Ao rige=z
TMRCCE Attt Agshe 7HoAMe 8 9=
$- 7Eke] JlHeg FrlHow AEE AorE AL
gt £ Alolg 98 FriHe ARy A e
F28sl7] Aste] o B7E g Azdg 3 A
olo] Al AMEsEH, YEYZ Aeje] #alE wgsle
SHoz Haldle= ACK Elol ¥ NACK Eolms),
oy =4 A AFE M YEYI ZFuE Wy
g FAld 4% A4E HIE IXE==E go=
A vzl 2 QARG e £H aFHoz PATH
ok Adse EF A9 71HY 45 ns-2F o83
o A4 W F84, MEY= EJY Hsl o ¢
A, TCP & uigt B3, A4 Zrkxl 5o o
Fgdolgls BAAA stk Wy dxe Agd
1ol A Wl FBANA 71E Luitt AL 93
EF Aol 71¥<) TRAMCCRY Ve A% S RAF
oo, $94 % TCP 334, FF4ME w5
wE A%5e BYFy vk =3, TMRCCE A3 4
T A AHF HEArE T2EZ GAMI 33}
o 7o, AF VEYI M 2P T}
o AlgdeldoMe] Autel fARE AHE QY &
Adch.

88 A3zE, A A AeAe FHEL 1w
o, && Fore] a7 w At g HevEE
& AFo R AHSAFE S AFEicr & Aod, B
o 2 7ro AAdAe TMRCCS #dAdd g A
2% @A olFoiAor & Aotk zelx, AT FE
2] Ag WEAZ B ofye} #g WEYT #AENAM
o] g 2 AYS FAY Atk

o8

[1] S. Floyd, V. Jacobson, C.-G. Liu, S. McCanne,
and L. Zhang, "A reliable multicast framework for



[3]

[4]

[5]

[6]

{71

[8]

[9]

[10]

[11]

[12]

[131

[14]

Ee] 71 St A8 E BeslaE

light-weight sessions and application level fram-
ing,” IEEE/ACM Transactions on Networking,
Vol.6, No.5, pp.784-803, 1997.

B. N. Levine, D. B. Lavo, and J. ]J. Garcia-
Luna-Aceves, "The case for reliable concurrent
multicasting using shared ack trees,” Proc. of
ACM Multimedia, pp.365-376, ACM Press, New
York, 1997.

W. Yoon, D. Lee, and S. Lee, "A combined group/
tree approach for many-to-many reliable multicast,”
Proc. of IEEE INFOCOM 02, pp.1336-1345, New
York, 2002.

W. Yoon, D. Lee, and HY. Youn, "On the
Scalability of Many-to-many Reliable Multicast
Sessions,” Proc. of IEEE International Parallel and
Distributed Processing Symposium, pp.255-262,
2002.

B. Whetten, L. Vicisano, R. Kermode, M. Handley,
S. Floyd, M. Luby, Reliable Multicast Transport
Building Blocks for One-to-Many Bulk-Data
Transfer, Internet RFC 3048, 2001.

S. Floyd and K. Fall, "Promoting the use of
end-to-end congestion control in the internet,”
IEEE/ACM Transaction on Networking, Vol7,
No.4, pp.458-472, 1999.

I. Rhee, N. Balaguru, and G. N. Rouskas, "MTCP:
Scalable TCP-like congestion control for reliable
multicast,” Proc. of IEEE INFOCOM'99, Vol3,
pp.1265-1273, New York, 1999.

D. M. Chiu, M. Kadansky, J. Provino, J. Wesley,
H.-P. Bischof, and H. Zhu, "A congestion control
algorithm for tree-based reliable multicast
protocols,” Proc. of INFOCOM ‘02, pp.1209-1217,
2002.

V. Jacobson, "Congestion avoidance and control,”
Proc. of ACM SIGCOMM'88, pp.314-329, ACM
Press, Stanford, 1988.

W. Yoon, D. Lee, H. Y. Youn, and S. J. Koh,
"Throughput analysis of tree-based protocols for
many-to-many reliable multicast,” Proc. of ICC
2002, Vol.4, pp.2523-2527, 2002.

S. Bajaj, L. Breslau, D. Estrin, K. Fall, S. Floyd,
P. Haldar, M. Handley, A. Helmy, J. Heidemann,
P. Huang, S. Kumar, S. McCanne, R. Rejaie, P.
Sharma, K. Varadhan, Y. Xu, H. Yu, and D.

Zappala, "Improving simulation for network
research,” Technical Report 99-02b, USC, 1999.
D.-M. Chiu, S. Hurst, M. Kadansky, and J.

Wesley, "TRAM : A tree-based reliable multicast
protocol,” Technical Report TR-98-66, Sun Micro-
systems, 1998.

M. Allman, "A web server's view of the transport
layer,” ACM Computer Communication Review,
Vol. 30, No.5, pp.10-20, 2000.

M. Luby, V. K. Goyal, S. Skaria, G. B. Horn,
"Wave and Equation Based Rate Control using

[15]

EE A 583 EF Al ¥ 667
Multicast Round Trip Time,” Proc. of ACM
SIGCOMM'02, pp.191-204, ACM Press, New
York, 2002.

D. Estrin, D. Farinacci, A. Helmy, D. Thaler, S.
Deering, M. Handley, V. Jacobson, C. Liu, P.
Sharma, L..Wei, Protocol Independent Multicast-
Sparse Mode (PIM-SM): Protocol Specification,
Internet RFC 2362, 1998.

% A 9

1908 29 BEUNE AFETHD o
A 20039 29 BFPREAU G AN
o3 AL 20034 28~99 (F)30]
Az FUENZ ALY FYITY
20033 9U~AA (FHgRAS 79
79, BYRRE DEAl2E, FE

43, fHFELFY

R

19924 2¥ MeUistn AMEA S g
AL 1994 29 d=EEbvled A4
19993 29 @=sly& vl 1999
W~2000d = AAEAATY YA
T4, 20009 ~2002¢ (A g o8
HAATY, 20029 ~HA) PTHREN

gEaisty A7 Ensy, B4R okE multicast, real-time
collaboration, mobility

gt Fag FAECRS  multicast

o § g

19829 Medista AFHIG o)
19349 BEAYIEd BA A4
19874 gEelrled Aus e

19873 ~1988d =75l )1eq WALE
23, 19883 ~1997'3 Hewlett-Packard
AJATY. 19979 ~8A IZAHARZFA
protocol,

group communication, distributed virtual environment,
pervasive computing



