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An Application Layer Multicast Protocol
for Stable Streaming and Its Evaluation on PlanetLab

KazusHI IKeEDA,™! THILMEE M. BADUGE, !
AxiHITo HiIrRoMoORL Tt HiRozZUMI YAMAGUCHIT!
and TERUO HiGAsSHINO!

In this manuscript, we propose a new protocol designed for interactive multi-
media streaming applications. The protocol considers the heterogeneity of P2P
multicast end-hosts and tries to minimize the negative impact (data outage)

of end-hosts’ un-announced departures. For this purpose, it concentrates on
end-hosts’ reliability (lifetime for instance) and constructs a shared tree called
ms-DDBMSST (multiple-source Degree and Delay Bounded Maximum Stabil-
ity Spanning Tree) as an overlay network that involves all the participants of
the application, in a distributed manner. For a given set of nodes where some
of them are senders, ms-DDBMSST is a spanning tree where the receive path
stability of the entire tree is maximized while satisfying the delay-from-source
constraint and degree constraint for each node. We believe that this is the
first approach that defines ms-DDBMSST construction problem and presents
a distributed protocol for the purpose. Our performance evaluation is based
on experiments in both simulated networks and PlanetLab that strongly shows
the efficiency and usefulness of the proposed protocol.
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Fig.1 Two simple methods that construct DBMSST: (a) stability-first (s-first) and (b) stability-
degree product-first (s - d-first).
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Fig.2 Node replacement: (a) the initial tree, (b) the tree swapping u for w (d(w) > d(u)), (c) the
tree swapping u for w (d(w) < d(u)).
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Fig.3 Improving RefT, k (a) before swapping (b) after swapping.
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Fig.4 Dealing with multiple sources: Exchanging nodes on paths between source nodes. (a) before
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exchange, (b) after exchange.

gobooooooooooooooobobobo400000000000 non O0ODO
goooooooooooooobooooooboOoobo0ooooooooooooooDbono
00000000000000D0000000000 Anym, D0O0DO0OO0OODOODODOO

Ang,n, = stabr, — stabr, (13)

stabr, = Z ZstabTa (Sk,T) (14)

0<k<4r€ER

Z stabr, (s0,7) = sc(so) - sc(n2) - se(n1) - se(no)

reR
- (stabsuvry, + sc(ny) - (stabsupry + stabsubry)) (15)

ZTGRStabTa(Si7T)Di =1,230000000000000000 stabr, ODOODOO
staby, 0000000000000 0O00000000 Apgn, 0000 nedn, OO0OO
gopoooobooooooooboooobbOo0 I,Ooooooooboooooooooo
gdooooooooooooooooooooooooood depth(Tswr, )0 k=0,1,2,30
Onn, OOOO0OODOO0ODODOO0OODOOODODOOO

gooobooboobooboboboobooboobOooboobooDboooboboo
goobodobOoobooboooobDboobOo0obDOoOobOoobDooboobooDooooo
goodoooooOoboooooooobbooooooooobbobooooooooooDbo
JoodooooboObOo0oo0oo0ooooDoobooooooDoobOboooooooooo

000oooooog Vol 50 No. 6 1549-1560 (June 2009)

gboboboboboooboboboboboboooobbobboooooobobobbo
gboobboobooogoboooobooboboooboooboobobooboboboobo
000000000000 000000000000000000000000000*'0

5. 0 Oogno

00000D00000000000000 PlanetLab0 00000 200000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000PlanetLab0000000000000000000
00 PlanetLab0 00000000000 000000000000000000000
0000000000000 200000000000000000000000000
5.1 0000000000
0000000000000000000000000000000000000000
000000000000000000000000 stebr 0000000000000
00000000000000000000000000000000000000000
000000000000000 1,00000000000000000000000000
0000000000000000000000000000000000000000
100[ms]000 20[ms] 00 0000000000000 000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000CGNUODDOODODO000GSLOGNU Scientific Library
00000p(z) = (axb*)/z*T0z >p0000000000000000000a = 0.60
b=20000000000000000000000000 1400000000000
0000000000000 000000000000O0e=120b=10000000
00000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000000000000000000000000000 10000
00000000000000050000000000000000000000000

x1 00000000000000000C0O000000C0O000O00O00O0O00O0O0O0O0B0OO0AO0

(© 2009 Information Processing Society of Japan



1556 00000000 0O0COOO0COCOO0OO0O0COO0O00O0OCO00000COO00 PlanetLabOO0OO0O00OO

01 0000O0OOO0OOoOooooooobooboooo
Table 1 Protocol Performance at various delay bounds.

gooo 100 200 500 1,000
Doz = depthr [ms] 480 472 481 463
500 [ms] stabr 0.46 0.46 0.38 0.34
Dimas = | depthr [ms] | 751 | 879 | 901 | 934
1[s] stabr 0.55 0.53 0.48 0.43
Dimas = | depthy [ms] | 1,207 | 1,324 | 1,372 | 1,402
1.5[s] stabr 062 | 062 | 058 | 052

02 0000000O0OO0O0O0O0OO0OOODOOODOOD
Table 2 Protocol Performance with different number of source nodes.

0ooo 1 2 3 4 5
stabr 065 | 063 | 0.62 | 0.58 | 0.56
depthr [ms] | 1,427 | 1,398 | 1,390 | 1,452 | 1,421
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Table 3 Protocol Performance with different swapping policies.

Ooo00 100ms 00 20ms0 Oooo000 100ms OO 50ms0

stabp | depthp [ms] | 00000000 | stabp | depthp[ms] | 00000000
oo 0.64 1,238 843 0.64 1,348 932
s-d00 0.62 1,165 818 0.55 1,283 917
s 0o 0.61 1,330 827 0.52 1,324 923
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Fig.7 Average bandwidth vs. number of nodes.
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