
Journal of Computer Science 2 (2): xx-xx, 2005 
ISSN 1549-3636 
© 2005 Science Publications 

Corresponding Author : Surya Bahadur Kathayat, ICT Program, Asian Institute of Technology, Thailand  
1 

 
Evaluation and Comparison of Mvring and Tree Based Application Layer 

Multicast on Structured Peer-To-Peer Overlays 
 

Surya Bahadur Kathayat†, Nandana Rajatheva‡ and A. H. M. Rezaul Karim†

†Information and Communication Technologies, Asian Institute of Technology, Thailand. 
‡Telecommunications Program, Asian Institute of Technology, Thailand. 

 
Abstract: In structured peer-to-peer (p2p) networks such as CAN, Pastry, Chord and Tapestry, there 
are two general approaches of doing application layer multicast (ALM) i.e. tree building and flooding. 
In terms of latency, routing length and link stress, tree based ALM like Scribe on Pastry provides 
better performance than flooding based ALM like in CAN. In this paper, we propose Multiple-Virtual-
Rings (Mvring) based ALM as an alternative to tree based ALM on structured p2p network. We 
present mathematical analysis of Mvring, evaluation and comparison between Mvring and tree based 
ALM using NS2 simulations and internet experiments. Mvring based ALM provides equal distribution 
of node degree, significantly high fault tolerance level, comparable link stress and latency with the tree 
based ALM. 
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INTRODUCTION 

 
A number of ALM mechanisms have been 

proposed using structured peer-to-peer (p2p) overlays 
to support large number of members in a scalable 
manner e.g., Bayeux [1], CAN multicast [2] and Scribe 
[3,4]. Each uses a different p2p overlay and implements 
application-level multicast using either flooding (CAN 
multicast) or tree-building (Bayeux and Scribe). The 
structured p2p overlays (Chord [5], Pastry [6], Tapestry 
[7] and CAN [8]) provide similar high-level functionality, 
but use different underlying algorithms. The flooding 
approach creates a separate overlay network per 
multicast group and leverages the routing information 
already maintained by a group’s overlay to broadcast 
messages within the overlay. The tree approach uses a 
single overlay and builds a tree (using several possible 
ways like [1,3]) for each group to propagate multicast 
messages for that group. In paper [9], it is shown that 
multicast trees built using Pastry provide higher 
performance than ones built using CAN and tree-
building approach to multicast achieves lower delay 
and overhead than flooding over per-group overlays, 
regardless of the underlying p2p overlay. 
To the best of the knowledge, there has been no 
attempt on ring based approach for ALM using 
different structured p2p overlays. In this paper we 
examine the Mvring based approach where initially 
ring based multicast group is formed and then to 
reduce the latency and to improve the fault tolerance 
level, multiple virtual ring based concept is proposed. 
Mechanism to handle the overhead in the network is 
also in cooperated in the Mvring based approach.  

Internet experiments are based on the Pastry structured 
p2p overlay network. Results from NS2 simulation and 
Internet experiments are compared to Scribe [3], which 
is tree based approach of ALM on the Pastry overlay. 

 Section 2 provides an overview of related works 
based on CAN and Pastry p2p overlays. Multicast 
using Mvring is described in Section 3. Section 4 
explores some mathematical analysis. The evaluation 
of results and comparison between Mvring and tree 
based approach is summarized in Section 5.  

RELATED WORK 

 Bayeux [1] utilizes the prefix-based routing 
scheme that it inherits from an existing application-
layer routing protocol called Tapestry. Bayeux 
provides a simple protocol that organizes the multicast 
receivers into a distribution tree routed at the source 
i.e. each request to join a group is to the root, which 
records the identity of the new member and uses 
Tapestry to route another message back to the new 
member. Every Tapestry node along this route records 
the identity of the new member. Requests to leave the 
group are handled in a similar way.  

 Scribe [3], a large-scale, decentralized application-
level multicast infrastructure built upon Pastry [6], a 
scalable, self-organizing peer-to-peer location and 
routing substrate with good locality properties [12]. 
Scribe builds a multicast tree by joining the Pastry 
routes from each group member to a rendezvous point 
associated with a group i.e. using reverse path 
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forwarding scheme. Membership maintenance and 
message dissemination in Scribe leverage the 
robustness, self-organization, locality and reliability 
properties of Pastry. 

 CAN multicast [2] eliminate the tree formation for 
ALM on structured p2p overlay network. structured 
p2p network is represented as virtual d -dimensional 
logical Cartesian coordinate space like in CAN [8] and 
multicasting is done in two steps i.e. first  the members 
of the group first form a group-specific mini CAN and 
then multicasting is achieved by flooding over this 
mini CAN. 

MVRING BASED MULTICASTING 
 

In this section, first formation of the application 
layer ring is discussed along with ring maintenance 
mechanism and then formation of the multiple virtual 
rings and corresponding data delivery mechanism in 
Mvring are briefly explained. 

Any node, having sufficient resources and willing 
to contribute more resources, can create a group 
specifying its interest in the structured P2P substrate 
and wait for other nodes. Other interested nodes will 
join according to their own interest; the virtual ring 
topology will be maintained in the overlay network. If 
any node wants to join the pre-existing ring, it will 
request a found first peer (bootstrap node) on the ring 
and the peer on the ring replies to the requesting node 
and forward the request towards the root i.e. leader of 
the group. After getting an acknowledgement from the 
leader, bootstrap node will reply to the requesting node 
along with its neighbor information (IP address, other 
existing group information) so that requesting node can 
join the ring. Then all these nodes (bootstrap node, 
neighboring node and requesting node) will update the 
neighbor list and the leader will update group 
information. Group Leader will send periodic live 
signal, root information, number of nodes in the 
system. When the particular node leaves the group, 
then neighbor nodes will know about it from the 
regular neighbor update information and accordingly 
maintain their new neighbor list and inform to the 
group leader to maintain updated correct group 
information. 

Each peer will contain more than one (say √N/2 
where N is size of group) successor and predecessor list 
as shown in Figure 2, so virtually there will be more 
than one ring (say √N/2 rings) for multicasting the 
group message. Each peer will get size of the group 
from the group information circulated by the leader. 
Each node will also issue special request signal (node 
address, SUB-COUNT and etc) in each direction to 
maintain multiple neighbor list. The initial setting for 
SUB-COUNT value is √N/2. When the ring node get 

that special request signal, there will be two 
possibilities at the node, (i) node will reply (node 
address) to the requester if SUB-COUNT is greater 
than zero and then forward that request signal by 
decrementing the SUB-COUNT value by 1, (ii) node 
will discard and terminate the special request signal if 
SUB-COUNT is equal to or less than zero.   

Leader node may control and manage the token for 
ordered data-delivery within the group. Each node 
willing to send data has to send data to all of its 
neighbors using the multi-unicast mechanism, other 
peers will forward the message to the highest 
successor/predecessor (formation of multiple virtual 
rings). Each node in the group can forward message to 
the original ring and corresponding virtual rings.  The 
propagation of the duplicate packets (doted lines in 
Figure 2) is also blocked at every node. Preliminaries in 
section 4 and results in section 5 show that these 
mechanisms reduce the overhead (controlling the 
number of Mvrings according to size of group) in the 
node, routing delay (in terms of diameter of network 
comparable to that of tree) and fault tolerant level of the 
network. 

PRELIMINARIES 
 

In this section, definition of the related terms (tree, 
ring, Mvring, TDP scheduling, and fault tolerance 
level) is given and then corresponding propositions & 
theorems are proved. First theorem is network delay 
bound of Mvring is comparable to that of general tree 
i.e. (log )O N [10, 11] and second theorem is fault tolerant 
for Mvring is as twice as general tree. 

Definition 1: Tree: A graph G is a set of vertex 
(nodes) v connected by edges (links) e. Thus G= (v, e). 
A connected graph without a cycle is a tree. A tree has 
the same number of links than nodes plus one, i.e. if 

 is tree then,  NT

| | | | 1NV T E= +                  (1) 
If a link is removed, the graph ceases to be connected. 
If a new link between two nodes is provided, a cycle is 
created. A branch of root r is a tree where no links are 
connecting any node more than once. 
Definition 2: Ring: Ring ( ) is a graph which has 

node set (
NR

NZ ) and edge set ( ) respectively as  iE

{ }
( ){ }
1, 2,3.... 1

, 1mod
N

i N

Z N

E i i N i Z

= −

= + ∈
  (2) 

Chordal Rings are the rings where shortcut edges can 
be viewed as the chords of the ring.  Drawing of the 
Chordal rings which routes the shortcuts around the 
exterior of the ring where each chord appears like arc 
of the ring called the express rings.   
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Definition 3: Mvring: Mvring ( ) is a type of 
Chordal ring where multiple rings collectively used to 
connect all the nodes in graph in order to reduce the 
long transmission delay in a single original ring . 
VRing, which have one (always fixed) spare ring 
inside original ring, reduces the network diameter (i.e. 
number of nodes in the system) from 

NMVR

NR

( )O N  

to (O N )

}

 [12].  

Definition 4:  In time-driven priority (TDP) immediate 
forwarding, packet due at the output port of a node at 
time-frame (TF) ‘i’ will be sent out in TF ‘i+1’. If set 
of ‘b’  is allocated on the 
incoming link of the node, then 

, should be 

reserved on each of the outgoing link as one TF  is 
taken to travel on each of the following link and one 

 is spent in the output port of  each node. Figure 1 
illustrates this definition showing nodes and 
corresponding delay required.. 

{ 1 2 3, , , ,....... nTFs T t t t t=

TFs { }1 2 3' 2, 2, 2,....... 2nT t t t t= + + + +

TF

 3

 

 

 

 

 

 

 

 

 

 

 

 

Proposition 1: Using TDP, delivery of packet from 
source node to destinations traveling across E  links 
takes 2  TFs.  1E −

Proof: With reference to definition 4, one TF is taken 
to travel on each of E  links and one TF is spent in the 
output port of each of 1−E nodes. Hence total packet 
delivery time is  1 2 1E E E+ − = −

Proposition 2: Network delay bound of a ring 
having N number of nodes is of the order 

of . 
NR NRD

( )O N

Proof: From proposition 1, for E  links delay bound 
using TDP is 2 1E −  TFs. Assuming the ring having N 
number of nodes, there will be N-1 number of links. 
Hence, Network delay bound of the ring network will 
be ( ){ } ( )2N2 1 1 . 3 .NR f fD N T T= − − = − ,  

( )2 3 .NR fD N T= −                 (3) 
Hence is of the order of  NRD ( )O N
 
Proposition 3: Network delay bound of a tree T  

having N number of nodes D is of the order 

of

N

NT

( )NO . log
Proof: According to [13, 14], maximum network delay 
bound over the tree network is 

( )2 1 .NT fD H T= −     (4)  

n7
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Where, H is the diameter of the tree in terms of the 
number of links. According to [10, 11], average 
diameter of the general tree is of the order ( )NO log . 
Hence, it can be inferred as 
 

( )( )2. log 1 .NT fD O N= − T             (5) 

Hence, is of order NTD ( )log .O N  
 
Theorem 1: Network delay bound of the Mvring 
(ignoring the duplicate packets from alternative link in 
data delivery mechanism) is comparable to that of 
general tree i.e. of the order of O N  ( )log .

Proof:  The following assumptions are made.  

1. Packets in the network propagates satisfying TDP 
a. Single hop links require equal TFs 
b. Single hop links may require unequal TFs 

2. Duplicate packets are discarded as if  these packets 
arrive at a node via invalid link 

 
 

Fig. 1: Network and TDP Scheduling 

n7,8        ■ 

n4,6,9      ■   

n3,5    ■     

n2  ■       

n1 ■        

 t0 t1 t2 t3 t4 t5 t6 t7

 

With these assumptions (as done in the ring and tree 
case in propositions 1 and 3), data delivery mechanism 
(packet propagation among nodes) in the Mvring and 
that in generic tree can be shown identical in nature. 
Figure 2 shows the generation of equivalent general 
trees from quarter-part of Mvring and complete tree can 
be constructed in the similar fashion. In the Figures 
2(a) to 2(c), thick lines represent the path of the original 
packet and doted-lines represent path of the duplicate 
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)

packets. Figure 2 (a) shows the Mvring and possible 
arcs (links) partially, which can be used for 

multicasting the packet. Figure 2 (b) shows the 
equivalent general tree of the part of Mvring using the 
assumption 1(a) in theorem 1. Assumption 1(a) may not 
be always true as all paths may not have equal length. 
So using the assumption 1(b), many combinations of 

equivalent general tree can be constructed from the 
Mvring and some sample general trees (part of Mvring) 

are shown in Figure 2 (c). As Mvring (with duplicate 
data rejection mechanism) can be equivalently 
represented (in terms of data flowing network) as in 
generic tree, the diameter of the Mvring should be of 
the order of that of generic tree i.e. . Now, 
according to proposition 3, it can be inferred that 
network delay bound of the Mvring is also of the order 
of

(logO N

( )logO N . 
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Definition 5:  Fault Tolerance level of a tree, in terms 
of multiples of percentage of the nodes in the network 
which receive the delivered packet by sender in case of 
any link failure, is represented as  

( ) ( ) 1. 1 . .N av av nafterL LF L I b I N
N ∀

⎛ ⎞= −⎜ ⎟
⎝ ⎠

∑      (6) 

Where, 
avI  = Average number of input links to the nodes in 

network 
( )avb I  = 0 if 0avI = ; 1 if  0avI ≠

z LnafterL
N

∀∑  = all the nodes after the failure link 

 
This definition can be explained briefly as follows 
considering a general tree as shown in Figure 1. If the 

igure 2 (a): MVRing with duplicate data rejection

Figure 2 (b): Tree analogy of the part of
MVRing considering network struc

 and TF scheduling, assump
ture

tion 1.a 
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Fig. 2(b): Tree analogy of the part of Mvring 
considering network structure and TF 

scheduling, assumption 1.a Fig. 2(a): Mvring with duplicate data rejection 
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Figure 2 (c): Two examples of Tree analogy of the pa
of MVRing, case ‘b’ 

rt Fig. 2(c): Two examples of Tree analogy of the 
part of Mvring, assumption 1.b 
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link between ‘n1’ and ‘n2’ fails then fault tolerance 
level is  

( ) 11. 1 1. .8
9NF L ⎛ ⎞= −⎜ ⎟

⎝ ⎠
= 0.11.  

Similarly, if the link between ‘n6’ and ‘n7’ fails then 
fault tolerance level is  

( ) 11. 1 1. .1
9NF L ⎛ ⎞= −⎜ ⎟

⎝ ⎠
=0.89.  

 Fault tolerance level which represents the effect on 
minimum number of nodes on network due to the link 
failures is the minimum fault tolerance level 
( ( )Min

NF L ), ideally if no nodes on the network are 
affected (i.e. there are no link failures) 
then ( ) 0Min

NF L = . 
 
Theorem 2: Data delivery mechanism proposed 
Mvring ( ) is twice fault tolerant than that of 
general Tree ( ).  

NMVR
NT

Proof: This theorem can be proved by calculating and 
comparing the peak (minimum and maximum) values 
of the fault tolerance levels in general tree network and 
tree obtained from Mvring network. From definition 5, 
it can be noted that the value of ( )NF L  will be 

minimum ( ( )
T

Min
NF L ) if maximum numbers of nodes in 

network are affected (i.e. max LnafterL
N

∀∑ ) and value 

of ( )NF L  will be maximum ( ( )
T

Max
NF L ) if minimum 

numbers of nodes in network are affected 
(i.e. min LnafterL

N
∀∑ ). That is 

( ) ( ) 1. 1 . .max
T

Min
N av av nafterL LF L I b I N

N ∀

⎛= −⎜
⎝

∑

( ) ( )

⎞
⎟
⎠

1. 1 . .min
T

Max
N av av nafterL LF L I b I N

N ∀

⎛= −⎜
⎝

∑ ⎞
⎟
⎠

 

 
 In general Tree (as Figure 1) average number of 
input links to any node in network is one i.e. 1avI = . 
Hence in general tree network, ( )

T

Min
NF L  in case of 

failure of input link ( ) and 0avI = ( )
T

Max
NF L when there 

no input link failure ( ), can be written as, 1avI =

( ) ( )10. 1 0. . 1 0,

max 1 & 0

T

Min
N

L anafterL

F L N
N

N N I
∀

⎛ ⎞= − − =⎜ ⎟
⎝ ⎠

= − =∑Q v

       (7) 

( ) 11. 1 1. .0 1

min 1 & 1

T

Max
N

L avnafterL

F L
N

N I
∀

⎛ ⎞= − ≈⎜ ⎟
⎝ ⎠

= =∑Q

           (8) 

 
 Similarly, in the tree obtained from the proposed 
Mvring data delivery mechanism, there are at least two 
alternative input links to any node in network 
i.e. 2avI = . Hence in Mvring case, ( )

mvr

Min
NF L in case of 

both alternative input links failure and ( )
mvr

Max
NF L  when 

no links fails, can be written as, 

( ) ( )

( )

10. 1 0. . 1 02
2

min 1 & 02

mvr

Min
N

L anafterL

NF L
N

NN I
∀

⎛ ⎞
⎜ ⎟= − − =
⎜
⎝

v

⎟
⎠

= − =∑Q

      (9) 

 

( ) 12. 1 1. .1 2
2

min 1 & 2

mvr

Max
N

L avnafterL

F L
N

N I
∀

⎛ ⎞
⎜ ⎟= − ≈
⎜ ⎟
⎝ ⎠

= =∑Q

        (10) 

 
 Hence from above equations (7) to (10), it is 
straight forward that tree obtained from Mvring is 
almost twice fault tolerant that general tree network.  
This result can be observed in one of tree network 
constructed from Mvring for example Figure 2(c). 
With reference to Figure 2(c), suppose that link 
between nodes ‘n2’ and ‘n3’ fails and one possible 
alternative link, carrying duplicate packet, due to 
Mvring i.e. ‘n1’ to ‘n3’ is used as backup path. Then 
using TDP, packet delivery scheduling of general tree 
network (excluding doted lines) and tree network 
obtained from Mvring (including doted and thick lines) 
are shown in Figure 3.  From the Figure 3, it is noted 
that, if the link between nodes ‘n2’ and ‘n3’ fails in the 
Figure 2(c), then in general tree case only four nodes 
(n1, n2, n5 and n8) can receive the packet out of 9 nodes, 
however in case of the Mvring case all 9 nodes can 
receive the packet. 

 
EXPERIMENTAL RESULTS 

  
We performed experiments on the structured p2p 
Pastry substrate over the freePastry [15] platform. Java 
development kit (Jdk) 1.4.2 is used as a programming 
language and program is run on the machines all 
connected to the internet. Experiments on tree based 
Scribe [3] and Mvring are done in exactly same 
environment. Some Results are also verified using the 
NS-2 simulator using comparatively large number 
nodes in the multicast group. Results in Figure 4 shows 
the average and maximum latency profile of the 
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Mvring and Scribe along with the ring multicast 
mechanisms. Any source node is allowed to multicast 

the
the
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ob
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done for different topic varying the number of nodes in 
the group. General profile of node degree in Mvring 
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Expressing the node degree as the number of other 

des each node has to know about, experiments are 

and Scribe for different topics is as shown in Figure 5. 
Node degree in Mvring is fairly constant compared to 
unequal distribution in Scribe. 

nodes

Fig. 5: Node Degree comparisons in Mvring and SCRIBE  
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is observed that Mvring approach require better group 
joining and data-multicasting traffic. Finally, fault 
tolerance level is compared in both the systems by 
forming the identical size multicast group and then 
allowing a random node(s) to leave from the group 
without telling its neighbors or parents. Figure 7 shows 
the fault tolerance level comparison between Scribe and 
Mvring for the group size 25(due to space limitation, 
other similar results are not shown here). Since there 
are backup nodes for the packet in the Mvring, no 
packet loss is observed but in case of Scribe, certain 
numbers of packets are found to be lost in some nodes 
(refer to Figure 7) i.e. childrens of failed node (node 21 
in Mvring and node 19 in Scribe) out of 25 nodes in 
multicast group. This signifies that Mvring is quite 
more fault-tolerant compared to Scribe as proved in the 
theorem 2 of this paper. 

CONCLUSION 
 

 Mvring, a new approach for group 
communications especially in structured p2p networks 
is observed to be efficient in terms of multicast latency, 
node overhead/traffic, and node degree profile and 
significantly more reliable than tree based existing 
application layer multicast protocol like Scribe. Mvring 
mechanism can be applied to the general application-
layer multicasting scenarios. Potential application areas 
of Mvring are scalable and reliable group 
communications systems like e-Learning group 
communications and managements, battlespace group 
communications and etc. 
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