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Abstract

In [1] a family of DHT-based infrastructures, termed
DKS(N, k, f), with a number of desirable properties is
presented. In the current paper, we show how multicast is
achieved in DKS(N, k, f) overlay networks. Each multi-
cast group is represented by an instance of DKS(N, k, f),
which is created and maintained exactly as the underly-
ing overlay network. Multicast messages are efficiently
disseminated thanks to a correcting broadcast algorithm
that allow each multicast message to be delivered exactly
once to all application layer proccesses despite the pres-
ence of erroneous routing information.

1. Introduction

Recent developments in P2P computing show that
DHT-based overlay networks scale well and can serve
as infrastructures for P2P applications [1, 7, 4, 6]. To
ease the development of large scale applications, such
as media distribution, that require one-to-many commu-
nication, these infrastructures should provide multicast
service [2, 5].

Multicast has been addressed according to two main
approaches in the context of DHT-based infrastructures.
In the first approach (see e.g. [2]), a multicast distribu-
tion rooted tree is maintained for each group, by some
nodes of the underlying infrastructure. An advantage of
this approach lies on the fact that the root of a multi-
cast tree can be used for access control. The main draw-
back of this approach is the possibility of bottlenecks
at the root node through which all multicast messages
must pass. In the second approach (see e.g. [5]), group
members self-organize into an overlay network similar
to the underlying overlay network. This approach has
the advantage that only group members (or bootstrap
nodes like in [5]) maintain information about the group.
Bottlenecks can only occur at bootstrap nodes and not
because of multicasting itself. However, access control
might be difficult in this case.

In this paper, we briefly present how multicast is
achieved in DKS(N, k, f) overlay networks. Our design
follows the second approach. The main advantage of
our design over that of [5] is that each group is tai-
lored to meet specific requirements regarding maximum
group size, degree of fault-tolerance and maintenance
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cost. Members of a multicast group self-organize in an
instance of DKS(N, k, f), which is created and main-
tained exactly as the underlying overlay network. Mul-
ticast messages are disseminated efficiently thanks to a
correcting broadcast algorithm, which ensures that each
application layer process receives each multicast message
exactly once, despite the presence of erroneous routing
information at the infrastructure level.

The rest of the paper is structured as follows. Sec-
tion 2 discusses how groups are created and managed.
Section 3 briefly describes how multicast messages are
disseminated. Finally, Section 4 summarizes the paper.

2. Group creation and management
Let O be an instance of DKS(N, k, f), which we call

the underlying overlay network. Let n be a node of O
and assume that node n wants to create a new group
identified by g. Then, node n first determines the char-
acteristics of the group g. These include, (i) kg: the arity
parameter within the group. This parameter serves for
the construction of the topology of the overlay network
representing the group g. (ii) Ng: a power of kg that de-
notes the maximum number of members that the group
g can have. This number serves to determine the logical
ring onto which group members are mapped. (iii) fg:
the fault-tolerance parameter within the group g. (iv)
Hg: the hash function used to map nodes in O onto the
logical ring of maximum size Ng. Then, once these pa-
rameters are set up, node n inserts itself as the first node
of the DKS(Ng, kg, fg) representing group g. The char-
acteristics of the group, g, and the address of node n are
made available such that other nodes of O interested in
g can join the group g.

The join, leave or failure of a group member is handled
exactly as in the underlying overlay. Note however that
due to the fact that the size of a group can be relatively
small, a policy has to be decided to handle collisions.
In our current design, we adopt the first-come-first-in
policy.

The principle of the multicast group in DKS(N, k, f)
overlay networks is illustrated in Figure 1. In this figure,
a) shows a DKS(N = 32, k = 2, f = 3) instance, serving
as the underlying overlay network, in which only nodes
with identifiers 4, 11, 15, 19, 25 and 28 are present. b)
shows a DKS(N = 16, k = 4, f = 2) representing a mul-
ticast group with identifier g = 4, in which nodes 28, 25,
19 and 15 of O are members. Note that because of the

Proceedings of the Third International Conference on Peer-to-Peer Computing (P2P’03) 

0-7695-2023-5/03 $17.00 © 2003 IEEE



Figure 1: Two groups based on a DKS(32, 2, 3).

hashing function for the multicast group g = 4, denoted
H4, each of the nodes 28, 25, 19 and 15 receive a new
identifier relative to this multicast group. For example,
node 28 receives 1 as its identifier in the multicast group
g = 4. c) shows a DKS(N = 8, k = 2, f = 1) representing
a multicast group with identifier g = 2 in which nodes
4, 11 and 15 of O are members.

3. Correcting broadcast
The main challenge in doing multicast in DKS(N, k, f)

overlay network is to achieve optimal forwarding of mul-
ticast messages. Due to the space limitation we only
sketch the principle of the correcting broadcast. A full
description can be found in [3].

In a DKS(N, k, f) network, from a node n’s perspec-
tive, the identifier space (ring) is “observable” from
logk(N) levels. At each level, node n has a restricted
view of the identifier space, which consists of k disjoint
parts. Node n is itself responsible for one part and node
n maintains information about the responsibles of the
other parts. This constitutes the routing information at
node n.

Assuming that every node has correct routing infor-
mation, the basic idea of the broadcast algorithm is as
follows. When a node n wants to broadcast a message
msg, node n sends msg to each responsible node, n′, pig-
gybacking the interval, In′ , for which node n considers
n′ responsible. Upon receipt of this message, node n′

sends msg to each responsible it knows within the inter-
val In′ , piggybacking a sub-interval of In′ . Because of
the disjointness of the intervals, there is no redundant
messages. This process is repeated until all nodes are
covered.

The above sketched algorithm works well when every
node has correct routing information. However, due to
the dynamism of the overlay network, routing informa-

tion becomes outdated. In DKS(N, k, f), this is tackled
by the correction-on-use technique (see [1, 3] for details).

4. Concluding remarks and future work

We have briefly shown how multicast is achieved in
DKS(N, k, f) overlay networks. The main idea lies on
the fact that for each group, a specific instance of
DKS(N, k, f) is created and maintained exactly as the
underlying overlay network. Within a given group, each
multicast message is delivered to all application pro-
cesses exactly once despite erroneous routing informa-
tion thanks to the correcting broadcast algorithm.
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