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Abstract: We attend to the difficulty of designing and provisioning of WDM networks to sustain many-to-many traffic 
grooming. Our purpose is to diminish the generally network cost, which is dominated by the cost of elevated level electronic 
ports (i.e., transceivers) and the integer of wavelengths used. Based on dissimilar WDM node architectures, we use four 
different WDM networks for many-to-many traffic grooming. For each network, we evaluate the many-to-many traffic 
grooming problem and supply an most favorable as well as a heuristic resolution. A comprehensive appraisal among the four 
networks reveals to every of the networks is the most cost-effective choice for a certain range of traffic granularities. We 
address the traffic grooming difficulty in WDM mesh networks with dynamic multicast traffic. We expand a grooming 
algorithm in which light-trees can dynamically be re-configured when a new route is established. 
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I. INTRODUCTION 
 
In existing paper, we address the difficulty of many-
to-many traffic grooming in WDM mesh networks. 
This difficulty can be formulated as follows. Given 
an random WDM network topology and a set of sub-
wave length many-to-many traffic demands, 
determine: 
1) The position of visual channels (light paths and 
light-trees) to found; 
2) How to direction and groom every one of the sub-
wave extent many-to-many transfer demands on these 
visual channels; and  
3) The direction and the wavelength to allocate to 
each of the visual channels on the WDM network. 
The first two parts of the difficulty are referred to as 
the Virtual Topology and Traffic Routing (VTTR) 
difficulty, while the third part of the difficulty is 
referred to as the Routing and Wavelength 
Assignment (RWA) difficulty. The rate of an visual 
network is conquered by the cost of higher layer 
electronic ports such as IP router ports, MPLS Label 
Switching Router (LSR) ports, and SONET ADM 
ports (we will refer to these ports as transceivers). A 
transceiver is wanted for each beginning g or 
extinction of a visual channel. For illustration, a light 
path requires two transceivers, whereas a light-tree 
with N endpoints requires transceivers.  
 
The number of wavelengths used also adds to the 
overall network cost. Consequently, our objective in 
the many-to-many traffic grooming difficulty is to 
reduce the number of transceivers used (R) and the 
numeral of wavelengths used. In this paper, we 
address the multicast traffic grooming problem in 
WDM mesh networks with dynamic multicast traffic. 
Our study is based on employing a multicast-capable 

node architecture in which an incoming light-tree can 
be terminated, split, or unlimited to the next node, 
optically. Under this statement, we initiate a new 
grooming algorithm called re-configurable light-tree, 
ReLT. The basic underlying principle in ReLT is that 
established light-trees can energetically be 
reconfigured in organize to attain new destinations 
and hence, convince new requests. The replication 
consequences designate that, under a multicast traffic 
situation, ReLT has improved performance than 
constructing entity light paths while transceivers are 
partial due to cost constraints. 
 
II. TRANSFER STEERING TROUBLE 
 
In this division, we examine the VTTR difficulty in 
each of the four WDM networks planned. The 
subsequent are the assumptions and notations used in 
the paper. The optical WDM network has an arbitrary 
topology represented by an undirected graph 

 with a set of nodes and a set of physical 

relations, where each physical link is 
collected of two unidirectional fibers in 
contradictory instructions. 
The numeral of wavelengths per fiber is the same 

among all fibers and is denoted by  while the 
capacity of a wavelength channel is units of traffic 
(the unit of traffic may be, e.g., an OC-3 circuit). 
There is a total of K many-to-many session requests, 

where each session  has a set of 
members  with cardinality

 We suppose consistency of traffic 
within the same meeting, that is, each member in 
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has the same traffic demand where 

 
 
III. JOINT ARCHITECTURE 
 
Fig. 1(a) shows a multicast-capable grooming optical 
cross connect (MCG-OXC) with drop and branch 
capability. In this architecture, traffic grooming 
ability is accessible by the electronic layer, which 
allows the multiplexing of low speed traffic into high-
speed channels as well as the de-multiplexing of 
incoming high-speed traffic. The de-multiplexed 
traffic can be fully dropped and switched to local 
clients or incompletely aggregated with other 
incoming and local traffic to be retransmitted 
optically to the next hop. Multicast-capable optical 
cross-connects, residing in the photonic layer of the 
MCG-OXC, achieve visual power splitting and 
optical switching. One approach to realize the 
multicasting ability is to employ a splitter-and-
delivery (SaD) switch architecture [3], shown in Fig. 
1(b). In SaD-based cross connects, each incoming 
wavelength goes through an optical power splitter 
and can be sent to any number of output ports. The 
severely non-blocking characteristic of SaD-based 
cross-connects ensures that no existing connection 
will be interrupted as light-trees change energetically. 

 
Fig. 1. (a) The MCG-OXC node architecture; (b) The SaD 

switch. 
 
IV. DIFFICULTY FORMULATIONS AND 

NARRATIVE OF GROOMING 
ALGORITHMS 

 
The universal multicast grooming problem can be 
formulated as follows. Given the network physical 
topology, the number of wavelengths in each fiber, 
the number of transmitters and receivers at each node, 
the existing established light-trees and light paths, the 
existing traffic on light-trees and light paths, and an 
received multicast traffic demand with a specified 
source, set of destinations, and bandwidth condition, 
find the direction-finding for the arriving request in 
order to minimize the request blocking probability. 
We assume that each node is an MCG-OXC with full 
splitting and full grooming capability with no 
wavelength converters and that requests are multicast 
with sub-wavelength bandwidth demand. Under our 
unspoken network, the direction-finding of a request 

could be single-hop over a single new or obtainable 
light tree, or could be multi hop over several new or 
obtainable light-trees. 
The basic idea in ReLT is that initial multicast 
requirements are satisfied by establishing a shortest-
path light-tree between a source and several 
destinations. Once a light-tree is established, it can be 
shared and re-configured by other new low-speed 
multicast requests. For example, the leaves of the 
light-tree can be extensive beyond the original ending 
nodes or new leaves can be established on the 
existing light-tree. Furthermore, new multicast 
requests can utilize an existing light-tree and be 
dropped on one of the intermediate nodes on the 
light-tree. Fig. 2 demonstrates these concepts. Fig. 
2(a) shows a case in which a new request sharing an 
obtainable light-tree is dropped on transitional nodes, 
b and c, on the light-tree. Fig. 2(b) shows the case 
where the obtainable light-tree is split in order to 
reach new destination nodes, d and f. Finally, Fig. 
2(c) shows the case when the existing light-tree is re-
configured and extended beyond its ending node, g. 
In order to realize the ReLT grooming algorithm, we 
use an auxiliary graph model representing the state of 
the network. Details of this graph model can be found 
in [4]. The basic concept of the graph model is as 
follow.  
The physical network can be represented by

There are w wavelengths on each 
fiber. We will produce an auxiliary graph GG = (V; 
E), which has w + 1 layers: w wavelength layers and 
one grooming layer. Wavelength layers are used to 
map the network state on each wavelength. 
We define three types of vertices to conceptual the 
ability of an MCG-OXC: Grooming Vertex (GVT): 
representing the grooming capability of an MCG-
OXC; Transmitting Vertex (TVT): abstracting a 
transmitting port for a specific wavelength on an 
MCG-OXC; Receiving Vertex (RVT): abstracting a 
receiving port for a specific wavelength on an MCG-
OXC. The RVT is connected to a remote TVT on a 
neighbor node according to the physical network 
topology. There are w RVTs in GG for each receiving 
port on a node, one for each wavelength. 
The auxiliary graph GG is initially generated as 
follows. Step 1: Generate a wavelength layer for each 
wavelength. This involves three basic operations. (1) 
For each node on , add a TVT and a RVT to the 
layer for each transmitting and receiving port, 
respectively. (2) For each node on  add a pass-
through edge from each RVT to each TVT within the 
node. (3) For each fiber link on  add a 
wavelength link edge from the TVT at a node to the 
RVT at the adjacent node. Step 2: produce the 
grooming layer. For each node on  , add a GVT 
to the layer. Note that there are no limits between 
GVTs. Step 3: Connect wavelength layers and the 
grooming layer. Within each node, add an Adding 
Edge from the GVT to the TVTs at each layer. Also, 
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add a Dropping Edge from the RVTs at each layer to 
the GVT. 
In our graph model, an edge is either used by a light-
tree or is freely available. Each edge has an 
associated weight, capacity, and residual capacity. 
The weight will be assigned according to the routing 
policy (e.g. minimizing the number of physical hops 
on the light-tree). The capacity is the maximum 
traffic an edge can carry. All edges, except the 
wavelength link edge, have unlimited capacity. The 
residual capacity is the available ability of an edge 
which can be used to carry new traffic. The 
wavelength connection is the only edge type that has 
limited remaining capacity which is initially equal to 
the channel capacity and changes dynamically. 
After the initial construction of the auxiliary graph, 
GG, is completed, the ReqSetup routine in the ReLT 
is executed each time a new request arrives. We 
describe the basic steps of Req-Setup for a new 
request, Req(s; M; B), where s is the source, M is the 
set of target nodes in the multicast group, and B is the 
bandwidth demand of the request. Step 1: Check the 
residual capacity of each wavelength link on each 
layer and delete it if its residual capacity is less than 
B. Step 2: Search the shortest-path tree on GG from 
the GVT at the source node to the all GVTs 
corresponding to the destination nodes in multicast 
group M. If no such a tree exists, discard the request. 
Otherwise, continue. Step 3:Iterate through each edge 
on the shortest path tree to establish the route for all 
nodes in M. That is, for each optical hop (starting 
with and ending at a GVT), if none of TVTs and 
RVTs is on any light-tree, set up a new light-tree 
along the vertices on the optical hop. On the other 
hand, if some of TVTs and RVTs are on a light-tree, 
extend the existing light-tree to cover the residual 
vertices. 
In the ReLT algorithm, selecting the shortest-path 
tree in order to reach all destination nodes in a 
multicast group depends on the weight assignment of 
edges in the auxiliary graph. Such weight assignment 
in turn depends on the routing policy. A routing 
policy is a criterion used to select the best possible 
route. In this paper we only consider minimizing the 
total number of physical hops on the light-tree. 
Hence, the weight for all edges on the light-tree is the 
same as the sum of all physical hops on the light-tree. 

 
Fig. 2. Basic operations supported by the ReLT algorithm. 

 
A clear advantage of ReLT algorithm is its ability to 
reduce average number of logical hops that each 
request must go through. This is due to the fact that 
light-trees can be reconfigured to optically reach new 
destinations. However, allowing light-trees to reach 

too many destination nodes can result in blocking 
many intermediate nodes from directly accessing the 
wavelength channel. One way to minimize such cases 
is to impose a hop restraint in terms of the number of 
nodes that can lie on a light-tree. Another important 
issue in implementing the ReLT is that a light-tree 
can go through many splitters and hence, experience 
excessive power loss. One way to address this 
problem is by impressive a constraint on the number 
of times a light-tree can be tearing in order to satisfy 
new multicast requests. 
 
V. PERFORMANCE EVALUATIONS 
 
We have chosen the NSFNet backbone with 14 nodes 
as our test network. We assume traffic arrival is 
Poisson process and all received requirements have 
the same multicast group size, MCS. We also assume 
the number of transmitters and receivers per node are 
3 and 6, respectively. 
 

 
(3a). compared to the lightpath-based approach; 

 

 
(3b) for various multicast group sizes; 

 
(3c) using different number of receivers per node. 
Fig. 3. ReLT performance in terms of blocking 
probability. 
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Fig. 3(a) shows the presentation of the ReLT 
algorithm in terms of satisfying the number of 
multicast requests, compared the light path based 
approach for when MCS is set to 3 and 6. Note that 
the blocking improvement decreases from 10 to 6 
percent, as the multicast group size becomes larger. 
This is due to the fact that when MCS is reasonably 
large, more resources are utilized. This figure also 
suggests that, in general, the ReLT algorithm utilizes 
transmitters more efficiently, and therefore, when a 
limited number of transmitters are used, better 
performance can be expected compared to the 
lightpath approach. Fig. 3(b) shows the performance 
of the ReLT when the size of the multicast group 
increases from 2 to 6. Fig. 3(c) examines the 
performance of the ReLT as the number of receivers 
per node changes between 4 and 10. This plot 
indicates that as the number of receivers per node 
increases, the blocking prospect improves. Such 
development becomes less obvious as the number of 
receivers continues to increase beyond 8. 
 
CONCLUSION 
 
In existing system, we mean to tackle the asymmetric 
many-to-many traffic grooming problem where 
members within the same session may have different 
traffic strain. This difficulty is more demanding, and 
it makes the study more difficult. Also, it introduces 

new challenges to the application of network coding 
in the SHWDM network since the traffic united at the 
hub from different members within the same 
assembly may not have the same granularity. 
In this paper, we have obtainable a grooming 
algorithm, ReLT, for the traffic grooming problem in 
WDM mesh networks supporting multicast requests. 
This algorithm adopts dynamically re-configurable 
light-trees as its building block. Simulation results 
indicate that under a multicast traffic senario, ReLT 
outperforms the lightpath-based approach in terms of 
blocking probability. 
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