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Abstract. WDM networks using wavelength routing are considered to
be potential candidates for the next generation backbone networks. One
of the critical issues of the future network is a provision of proper QoS
guarantees for a wide variety of multimedia multicast service. This paper
concerns with the problem of optical multicast routing with QoS guar-
antees in WDM networks. Using Virtual Source (VS) nodes, we proposes
a new MCRWA method for a multicast session, combining the VS-based
tree method with Multi-Wavelength Minimum Interference Path Rout-
ing (MW-MIPR). This paper also proposes a QoS MCRWA method in
combination with QoS constraints and a recovery strategy based on the
differentiated QoS service model to provide QoS guarantee for a wide
variety of multicast application in the next generation optical networks.

1 Introduction

As the Internet traffic continues to increase exponentially, WDM networks with
terabits per second bandwidth per fiber become a natural choice as a backbone
in the next generation optical Internet. Moreover many applications such as
television broadcast, movie broadcasts from studios, and video-conferencing are
becoming increasingly popular. These applications require point-to-multipoint
connections among the nodes in a network. Multicast provides an efficient way
of disseminating data from a source to a group of destinations, so the multicast
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problem in the optical networks has been studied for years and many efficient
multicast routing protocols have been developed.

To support multicast at the WDM layer, the concept of the light-tree was
introduced in [1], which is a point-to-multipoint extension of a lightpath (i.e., an
all-optical WDM channel). The key advantage of light-tree is that only one trans-
mitter is needed for transmission and intermediate tree links can be shared by
multiple destinations. To support all-optical multicasting efficiently, some nodes
in a WDM network need to have the light splitting capability. An Multicast-
Capable(MC) node, however, is expensive to implement throughout the network,
so the concept of sparse-splitting was first introduced in [2]. With sparse split-
ting, only a small percentage of nodes in the network are MC nodes, and the rest
are Multicast Incapable (MI). An MI node can forward an input signal only to
one of the output ports; thus it cannot serve as a branching node of a light-tree.

In order to provide the multicast services, some multicast routing algorithms
to construct multicast trees were proposed[2-4]. But the previous researches had
some limitations[4].

To overcome the previous studies, we proposes a new MCRWA method for
multicast sessions, combining the VS-based tree generation method with MW-
MIPR that chooses a route that does not interfere too much with potential
future connection requests[5]. Choosing the minimum interference paths, the
new algorithm provides an efficient use of wavelength number in comparison
with VS-based tree generation method.

This paper also proposes a QoS MCRWA in combination with QoS con-
straints and a recovery strategy based on the differentiated QoS service model
to provide QoS guarantee for a wide variety of multicast applications in the next
generation optical networks.

The rest of the paper is organized as follows: in section 2, we review proper-
ties of previous multicast tree generation methods and limitations. In section 3
we define the new MCRWA algorithm, and section 4 takes into account differ-
entiated QoS MCRWA problem with QoS constraints and a recovery strategy.
Experiment results showing effects of a new algorithm and our conclusion are
presented in section 5 and 6, respectively.

2 Previous Researches

2.1 Source-Rooted Approach

A multicast tree is constructed with the source of a session as the root of the
tree. The objective here is either to minimize total cost of a tree or to minimize
individual cost of paths between the source and destinations. Depending on the
objective, there are two methods to construct a multicast tree.

In source-based tree [2], the destinations are added to the multicast tree in
a shortest path to the source of a multicast session. These algorithms provide
a computationally simpler solution to the multicast tree generation, but have
some limitations[3-4].
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In Steiner-based tree [3], the destinations are added to the existing multicast
tree one at a time in such a way that the total cost of the tree is minimized.
These algorithms are computationally expensive. Hence, heuristics are provided
to choose a node to which the present node can be connected.

But the source-rooted approach has a following limitation. In a wide area
network destinations of a session are distributed throughout the networks. Hence,
the delay incurred in constructing the tree will be very high. There should be a
simple procedure to add and delete a node from the session, because deleting or
adding destinations to the existing session may change the structure of the tree.

2.2 Virtual Source-Rooted Approach

This algorithm overcomes the limitation of source-rooted approach. In VS-based
method[4], some nodes in the network are chosen as VS nodes. Here VS nodes
have splitting and wavelength conversion capabilities and can transmit incoming
messages to any number of outgoing links on any wavelengths. These VS nodes
are interconnected in such a way that a lightpath is established between every
pair of VS nodes. These interconnectivities among the VS nodes are used when
the multicast tree is constructed.

Comparing with Source-rooted approach, VS-based approach method has
the follow advantages. Source need not know about the location of destinations.
There is a maximum of three light hop distance from a source to any destinations.
Hence, fairness among destination is achieved. And the procedure of dynamic
addition or deletion of members in the group is simple in comparison with Source-
rooted approach. Whereas VS-based tree method has a critical default such like
that as the number of VS nodes increases, the overhead due to the resources
reserved for paths between VS nodes also increases.

In order to overcome the limitation of VS-based method, it needs a strategy
to control the traffics of paths between VS nodes.

3 VS-MIPMR Algorithm

3.1 Definition

In VS-based tree method, as the number of VS nodes increase, the overhead due
to the resources reserved for paths between VS nodes also increases. Therefore
it needs an appropriate strategy to use the paths between VS nodes.

The Figure 1 illustrates the new algorithm. There are two potential source-
destination pairs such as (S1 , D11& D12) and (S2 , D21& D22). When the
segment 1 is chosen for the first multicast session, another multicast session may
share the same link that can lead to high blocking probability by inefficiently
using the resource due to the traffic concentration on the minimum-hop paths. If
the connection between (S2, D21& D22) pairs is set along segment 1 selected by
min-hop routing as demanded, then this route may block the previous path when
the capability of segment 1 is not large enough. Thus, it is better to pick segment
2 that has a minimum effect for other future connection requests, even though
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Fig. 1. Illustration of the new MCRWA algorithm

the path is longer than segment 1. Before formulation of the new algorithm, we
define some notations commonly used in this algorithm as follow.

• (s, d): A source-destinations pair to want to construct the multicast tree.
• (a, b): A VS-nodes pair to require connections when constructing multicast
trees.
• Tsd: A multicast tree constructed by minimum-hop path between the VS-nodes.
• Svv(i): The ith minimum-hop path connecting the path between the VS-nodes.
• αvv: The weight for a segment between the VS-nodes.
• Cvv: The minimum-hop paths between the VS-nodes.
• Fvv: The set of wavelengths available in Svv

• Wvv(Svv(i)): The set of wavelength available in the ith path between the VS-
nodes.
• Ψvv(Svv(i)): The set of wavelengths assigned to Svv(i).
• Rs(i): The weight for the ith path between the VS-nodes.

Based on these notations, the link weights are determined as follow:

MAX
∑

Fvv/(αvv · vi) (1)
⎧⎨
⎩

vi(S) = 1 if(s, d) : Svv(i) ∈ Cvv ∩ {Wvv(Svv(i)) − Ψ(Svv(i))} = ∅
vi(S) = 0.5 if(s, d) : Svv(i) ∈ Cvv ∩ {Wvv(Svv(i)) − Ψ(Svv(i))} �= ∅
vi(S) = 0 otherwise

(2)

Rs(i) =
∑

∀(s,d)∈S\(a,b)

αvv · vi(s) ∀S ∈ Svv (3)

Equation (1) presents the minimum interference of the wavelength path de-
cision between the VS-nodes in order to choose the optimal path according to
the present multicast session request. Equation (2) allocates the differentiated
values to the ith segment between VS nodes which were determined by the pre-
vious multicast sessions and the wavelength available, according to the degree
of effect of segments that have a minimum-hop number path requested by the
previous multicast sessions. Equation (3) presents the summation of the differen-
tiated values to the ith segment according to the given multicast session request.
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Fig. 2. Procedure of VS-MIPMR

Therefore the algorithm decides the light path that has a minimum value of seg-
ment weight Rs(i) . Figure 2 illustrates such a procedure of VS-MIPMR.

4 Differentiated QoS MCRWA and Recovery Mechanism

The explosive increase of traffic volumes and a variety of real-time multicast
applications with the rapid development in internet technologies call for the
next generation optical networks based on DWDM. One of the critical issues of
the future network is a provision of proper QoS guarantees for a wide variety
of multimedia multicast service[6]. In this section, we introduce QoS constraints
to guarantee a satisfying QoS for multicast application services and propose
differentiated QoS MCRWA with recovery schemes for each service in the next
generation optical Internet.

4.1 QoS Constraints

A general classification of Internet service may be divided into differentiated ser-
vice classes, i.e., premium service, assured service, and best-effort service based
on the level of their QoS [7].

In this section, we provide three main approaches to QoS evaluation in or-
der to provide with differentiated QoS in the next generation optical Internet.
The first one is related to the transmission quality attribute of optical signal.
In DWDM networks, optical signals passing through optical network elements
undergo many undesired transmission impairment throughout their routes. The
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Fig. 3. Differentiated multicast QoS service model in next generation optical Internet

impaired transmission signals are transmitted to another node, and accumulated
by other elements.

Therefore the optical signal can’t provide sufficient QoS services throughout
the networks. Especially in case of the multicast service, an optical signal under-
goes severe power loss due to the splitter in MC-OXC. Such an optical signal’s
impairment is determined by calculating the BER in the receiving nodes. We can
estimate the BER in an optical network by Q-factor as a new parameter evalu-
ating signal quality [9]. It measures the SNR based on assuming Gaussian noise
statistics on the eye-diagram. Thus, the QoS parameter related to the transmis-
sion quality attribute of optical signal can be determined [8-10]. The measured
SNR must strictly comply with BER, el. SNR, and OSNR constrains for each
service presented in figure 3 on all links of the selected route.

The second one is related to the resource quality attribute of optical signal.
Generally the premium service must guarantee reliability when setting up the
lightpath. Therefore we allocates wavelength of C-band that provides least at-
tenuation for the premium service, so the excellent optical quality is provided
for it. Then we allocate wavelength of L-band for the assured and best-effort
services that require less reliability in comparison with the premium service. As
a result, wavelength effectiveness and the premium service are guaranteed by
assigning the previously assignment ratios to the corresponding services[5].

The last one is related to the survivability of the lightpath. In the high-speed
network based on DWDM, a fault or an attack of optical signal will cause severe
impairments due to the tremendous transmission quantity. Therefore it is im-
portant to provide protection and restoration mechanism to guarantee the trans-
parence of lightpath against various problem such as cutting of lightpath and
impairment of wavelength. As a result, the differentiated survivability methods
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based on each service type are required in the next generation optical Internet
based on DWDM, as shown in figure 3.

4.2 Differentiated QoS MCRWA with Survivability

In this section, we provides the differentiated QoS MCRWA based on VS-MIPMR
considering the QoS attributes that include the transmission and resource quality
of optical signal and the survivability of the lightpath mentioned in section 4.1.
Also we apply FF wavelength assignment method due to its simple complexity
and implementation.

In order to provide optimal QoS MCRWA, we must estimate OSNR and BER
mentioned in section 4.1. Such QoS parameters are obtained by measuring the
power level and Q-factor on the links. Here OSNR, BER, and PLV of a link
should satisfy each theldshold in figure 3.

5 Experiment Results

We conducted simulations to evaluate the performance of VS-MIPMR and dif-
ferentiated QoS MCRWA. The network model used in the simulations is the
NSFnet which topology consists of 14 nodes and 20 links, and we assume that
the connection request arrive randomly according to the Poisson process. To
prove the efficiency of VS-MIPMR algorithm proposed in section 3, we analyzed
the wavelength numbers and the wavelength channels of VS-MIPMR and Virtual
Source-based method; here the group size (GS) that determines the number of
members to construct a multicast session is 0.3 and 0.4. Figure 4 reveals that the
proposed algorithm outperforms Virtual Source-based method due to the selec-
tion of the minimum interference routes. Therefore VS-MIPMR can accomplish
approximately 16-22% and 20-25% improvement of the wavelength numbers,
in GS 0.3 and in GS 0.4, respectively, in comparison with that of the Virtual
Source-based multicast method. Even though VS-MIPMR needs slightly more
numbers of wavelength channels due to the detour paths to avoid congestion
links, we can identify more and more decreasing loss of wavelength channels.

Fig. 4. The number of wavelengths and The loss of wavelength channels over session
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6 Conclusion

In this paper, we proposed a new MCRWA algorithm that combines the VS-
based method with MW-MIPR that chooses a route that does not interfere too
much with potential future connection requests, and presented the QoS MCRWA
mechanism with differentiated survivability based on the proposed VS-MIPMR.

Simulation results show that our new algorithm significantly improves the
utilizations of wavelength number over sessions, comparing with Virtual Source-
based method. Therefore, the proposed multicast method can be applied to
Generalized Multi-protocol Label Switching (GMPLS) in the DWDM networks
due to the provision of differentiated services and protection schemes.

As a future research, we will study VS-MIPMR based on various network
model that have more nodes than our study, and will conduct simulations to
verify the efficiency of the algorithm. In addition to verifying the efficiency, we
will expand MCRWA problem for various multicast applications in a variety of
service classes in the next generation optical networks.
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