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A Cluster-Based Transmission Scheme for Large Séale

Conferencing

ADbstract

VolIP conferencing is becoming more and more popuolarodern life, especially for long

distance conferences. It can save a great dealsbfaad traveling time. However, the increasing
number of online users not only induces an expogrowth of bandwidth demand, but also
reduces the quality of voice. Traditional multi4yaconferencing systems select those computers
that have larger capacity to combine the voiceagtiefrom all participants and to distribute the
aggregated voice stream back to all participantgdsypus multicasting schemes. Although these
solutions can alleviate the burden of network badtiwdemand, the extended long service time

remains the biggest obstacle to the improvemenbike quality.

This research proposes a Cluster Multicasting T@&T) aiming to increase the size of
VoIP conferencing with acceptable voice qualitysésing that there is only one speaker in the
conferencing for most of the time, CMT applieslarsie suppression mechanism to block non-
speech voice streams to reduce the number of gtieams injected into the network. CMT
employs a special multicasting tree allowing eaatigpant broadcast his/her voice directly to
all other participants. By eliminating the needrofce aggregation (mixing), the service delay
can be greatly reduces. Furthermore, CMT reduaegitizag effect existing in the transmission
paths by dividing the participants into clustersading to their physical distances. Each
member of a cluster can broadcast its voice stidiegntly to all others members in the same
cluster. CMT then employs a multicasting tree caNLDST (Minimum Loss-Diameter
Spanning Tree) allowing the head of each clustéoriward and multicast the voice streams
generated by cluster members to all other cluskk£ ST is able to control the transmission

time as well as loss rate.
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We evaluate the performance of CMT on the Planeteatibed against a few existing VolP
conferencing schemes. The experimental results shathe service delay can be effectively
controlled under 350ms when there is no more 20ggaannts in a VolP conference. With the
assistance of Google cloud service system, theageatelay can be reduced by 50ms to 70ms. In
reality, the performance of the computing devicesh® PlanetLab testbed is generally far
behind their counter parts in the real world. Thaenes we anticipate our transmission scheme

will be able to allow more participants in a reand VolP conference.
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2.1.2 Full Mesh Broadcasting
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@ 8 : VolP Conferencing By Full Mesh Broadcasting

2.1.3 Coupled Distributed Processing
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2.1.4 P2P Multicasting
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P2P Maintain a large number of multicasting trees for all
Multicasting participants.
Overloaded by processing many audio streams
concurrently.
Centralized Has a large overhead.
Server
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» Hard-controlled delay.

* Less scalability.

peerTalk e Mixing phase.

* Delay Time.
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@] 15: Cluster Multicasting Tree
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3.2CMT & #tin iz

NASEREIREE Ko AR BN &iE 4 Cluster Head # * MLDST
(Minimum Loss Diameter Spanning Treg)# i7 #- Cluster Head# # » I fie & # 3 i}’ T R
PRLp A rgtaE 2 - AR o FAldte BH BT e 4 5 o 0T 5 CMT R

AR o

size bound is the allowed largest size of a cluster
For each participant P
Join a cluster in accordance with the RTT time leetvP and login
server
End
For each cluster C
Divide cluster C into smaller ones according to Rifife among users
Employ full mesh broadcasting
If cluster size > size bound
Then divide cluster C into smaller one
End
Execute cluster header election procedure
Build MLDST Tree.

3.2.1. A s
AR S EWH P FRANS N R - RN T G ARG R S Fe

i & * Full Mesh Networkd 4% » 3 2 /B £ 7 - B 4F fe & $) 2 multicasting treeg 4% - &

28



A% F r PIRE G D& (landmark) - § F & Bk » gt R o I RIE & 2T
%~ PIREBaRTT # s network distance #- network distancep i1 2. mﬂé&ﬁ? L - e

(Cluster) » 4-® 16 -

] 16 : Initial Clustering

LAk R S S0y e gliat TR R R i AR U o s
Wi o FEAR- BRI WRL6Y 0 R F o FpEEY B AR LT R RS
BRTT > ot ]840 3 FFRE4E2 33T > AT & 2L R =07 Bl 2 o] cpdle o Fle o %
Full Meshis#id 3 » § ¥ lep T- = B B /j*uﬁ FRI[pLEETHESR > R HE
e GEA B B R SEF S P 2 IR EHET o WEPNINE B RA g
% (node degreg 5 K> FAZEP| L - X menr g o

29



322 ¥y &E

AERRE o Fep Rkt ¥ g &:E (header election procedure: 1 iE# 1 - B

e

B enghi i 34 (Cluster Head - # 4 > login server#>t i3 e v g5 34 iE & 2 »

o4

| SRR H AR ORTTER > ofl 17 W 179 > FES @ » FRE5p ¢ &4

-

s Fle g —‘ﬂkéﬁRTT%é » Rk R RTT RiE#H AT & s decnig # —‘ﬂk B 1T7¢ EF —‘ﬁ:&’ia‘&

RTT & 250ms:hig * & i s i 4t 4 -

.
Cd e

il T 1

B A7: $5 ¥ -

18 ¢ #3iE 0 = iF AELIT o login serverd-iE 3 RTT S| 2 BT -2 3 S BR S g o 7
Bl 187 i biM-E & 200mske Tcha 9 S5 HE o S SFIER NHF L8 HE K

ERE- A TALEHEP AT FRL R e B LD

30



e
.......

3.2.3. ## = Multicasting Tree

spanning tree! & £ kT 42 5 diameter # # £ % delay time> PRI 5 delay

diameter #i# & % loss rate?| f i loss diameter @ MLDST & - i delay diameteg % &

gLchdegreeic *i4] > @ loss diametel: & | 2 spanning tree
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kLR H B e AT EE 0 50 &1 2 MLDST 2t 4p# % # > 2 1 12 Single Source
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' > 22 4 Constrained Dijkstrer 5 i+ > #it &7 - & MLDST eh=x & ji#

Constrained Dijkstraf & ;2 & - f:¢ 21§ 0 Bellman-Ford & i » 5 43X < delay
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g o At S B2 T 3 F 5 - B loss diametes. -] < spanning tree [7] i i 4t
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1T % Constrained Dijkstra’s Algorithm

d[v] is the length of the shortest path from ratd nodev

wu,v) is the weight of the link between nodeandw

delay bound is the allowed maximum service delay

degree bound is the allowed maximum number of ongplinks of each
intermediate node in the MLDST

degree[v] is the current number of outgoing links of nadi@ the MLDST

Initialize —Single —Sourdg&, s)
forie 1to|V(G)| —1
do for each edgéu,v) € E[G]
dORELAX(u,v, w)
for each edglu,v) € E[G]
do ifd[v] = d[u] + w{u,v)
then return FALSE
do ifd[v] = delay bound
then return FALSE

An if r']nrl'v'nnr1:l'-| = Aamras hannd
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%] % Single Source Shortest Pagh¥ /# + ¥ s & /7 2 ¢ Minimum Spanning Tree
% e/ > F]p MLDST i # Single Source Shortest Paghy ;2 & fazcie » T % 4§ i

ORGP L IL o

Given a grapheé = (V,E). T, is a spanning tree &, rooted at, andP(s, u),
denotes the path fromto u of T, and|P(s,u), | is the length oP(s,u),. The

longest path oT, is defined agcc(s),.

Theorem: If T;is a spanning tree generated by Dijkstra algoriémah its source

node iss. Thenece(s); < ecc(s), , for all T, belong toG.

33232
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431 %P &
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T R AR FM AR ERERUES AT IR ES 2R F o RS
+H & ¢h service delay (one-stream service delay) % ¥ % f 78 H B cnifdk gh o gt o ~F
e 2y ;;iﬁ Iy ok iﬁ en-I 35 service delay (aggregated average service delay)st
32 packet loss rate(aggregated average packet l@s-rat gLz &+ A R BFF €3¢ o

peerTalk:- P2P Multicast Centralized Servet & 7 “74% @ﬁiﬁ#&%ﬁfl}i Py & IR e
432 RAERRFE A

262 F231 255437 FiF5 G REEREY P PENI 2R KA R
¢ X #cT o service delay

% 6: 9 % .2 % One-Stream Service Delay

Number of CMT peerTalk Multicast Centralized
Participants

= 5 186 308 255 372
g & 10 264 486 450 475
53 15 331 470 490 580
=00 20 415 538 643 712
= 5 157 260 218 311
3 § 10 218 348 342 401
cgd 15 265 390 419 472
=00 20 344 492 532 614
3 5 159 265 220 317
oz 3 10 224 363 348 416
<0 o 15 272 396 424 494
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%72 R 301 32433 FiEs PR AEN LIRS AKTOEEF ISR
¢ = f T 12 service delay (aggregated average service délagacket loss rate(aggregated
average packet loss rate)

+ 7§ %% % Aggregated Average Service Delay

Number of CMT peerTalk Multicast Centralized
Participants
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