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Traffic Grooming based on Light-trail in
Wavelength Routed Optical Network
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channel/lightpath has tremendous data transfer rate (in the
order of gigabytes per second) or bandwidth (in the order of
several gigabytes), but in reality we observe that the most of
the applications or individual connection requests have
bandwidth requirement far less compared to the capacity of
single wavelength channel/lightpath. Hence, in order to utilize
the lightpath or wavelength channel capacity efficiently
multiple low bandwidth traffic requests are multiplexed or
groomed into a single lightpath is known as traffic grooming.
In a lightpath intermediate nodes do not have the grooming
facility, this lead to underutilization of optical fiber
bandwidth. We can overcome this drawback by allowing the
intermediate nodes of a lightpath for adding and dropping of
traffic, i.e. replacing lightpath with a light-trail. Similar to a
lightpath, a light-trail is an all optical connection. The
light-trail concept in optical networks was first proposed in
[14]-[15]. A light-trail can be considered as a generalization
of a lightpath leading to multiple users being able to access an
optical path resulting in excellent provisioning and resource
utilization. Since, a light-trail allows the nodes (other than the
source and the destination) on the optical connection to access
the optical path by either inserting or receiving data through
the light-trail, which makes possible finer bandwidth
granularity control and more efficient utilization of the optical
bandwidth. An example [17] of a light-trail with four nodes is
shown in Fig.1, where node S is called the convener node and
node D is called the end node, nodes A and B are called the
intermediate node of a light-trail. Here, node S, A and B can
add traffic, and similarly node A, node B, and node D can
drop traffic. Light-trail can be viewed as an optical bus
between the convener and end nodes, with the characteristic
that intermediate nodes can also access this bus, in contrast to
a conventional lightpath.
The traffic grooming is a process of multiplexing or
grouping of several low bandwidth traffic into a high capacity
lightpath or light-trail. In order to nature of traffic pattern, the
traffic grooming problem is classified into static traffic
grooming and dynamic traffic grooming. The information
about each traffic stream i.e., source, destination, and
bandwidth requirement is known in advance. In case of
dynamic traffic grooming, client traffic is dynamic in nature
i.e., traffic (source, destination, and bandwidth requirement,
call duration) arrive to the network and depart from the
network following some manner.

Abstract—In wavelength routed optical networks, the number of
wavelength channels is limited due to technological limitation and
each wavelength channel as well as each lightpath support traffic in
the Gbps range. In reality, we observe that the majority of individual
connection request require a bandwidth in the Mbps range.
Therefore, to utilize the network resources like bandwidth,
transceivers effectively, we need to be efficiently groomed or
multiplexed several low speed traffic requests into a high
speed/capacity lightpath. The entire wavelength channel of this
lightpath is used exclusively by the source-destination node pair.
Data cannot be transmitted or received by the intermediate nodes
along the lightpath. Therefore, the wavelength capacity again may
be underutilized. To overcome this drawback a novel technique
known as light-trail came into existence. The light-trail is a
generalized version of the lightpath to avoid the inability of
intermediate nodes to use a wavelength connection. In this work, we
have investigated the static traffic grooming problem for wavelength
routed optical networks. The work proposed a traffic grooming
algorithm to maximize the network throughput for wavelength
routed mesh optical networks using static light-trail. The
effectiveness of the proposed approach has been established through
extensive extensive simulation on different sets of traffic demands
with different bandwidth granularities for different network
topologies and compared the approach with existing algorithms.
Index Terms—lightpath, light-trail, traffic grooming,
wavelength
channel,
transceiver,
wavelength
division
multiplexing(WDM).

I. INTRODUCTION
The rapid increase of the Internet traffic demands large
volume of bandwidth. The Wavelength Division Multiplexing
(WDM) is an emerging technology that leads to support
tremendous bandwidth of the optical fiber to meet this need
by allowing simultaneous transmission of traffic on many
nonoverlapping wavelength channels. In WDM network, a
lightpath may be established to carry traffic from source node
to a destination node, i.e. to support unicast communication.
A lightpath is an all optical communication channel that
passes through intermediate nodes between a source and
single
destination
without
optical-electronic-optical
conversion. A lightpath is implemented by selecting a path of
physical links between the source and destination nodes, and
reserving a particular wavelength on each of these links for
the path. A lightpath must use the same wavelength on its
entire links of the route if there is no wavelength converter at
intermediate nodes, and this is known as wavelength
continuity constraint [1]-[2]. Each of these wavelength
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Fig. 1 An example of a light-trail
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number of transceivers used for wavelength-routed mesh
networks. They used dynamic path selection strategy for
routing requests which selects the path such that the load on
the network gets distributed throughout. They claimed that the
dynamic path selection based traffic grooming algorithm
performs better than MST algorithm. In [6], Lee et al.
proposed a traffic grooming algorithm that calculates every
available shortest edge disjoint paths (EDPs) for each
source-destination pair, and store in a table called EDPT. It
then calculates the resource utilization rate per hop for each
connection request and finally, considers a request with the
largest value of the resource utilization rate, and if sufficient
resources are available on any one of the path in EDPT
corresponding to the selected request, then a lightpath is set
up. If there are not enough resources to set up a lightpath, the
algorithm tries the next connection request in the list. They
claimed that EDP based static traffic algorithm performs
better than MRU algorithm. In [7], De et al. studied the
problem of static multi-hop traffic grooming problem with the
objective of maximizing the network throughput for
wavelength routed mesh networks. They mapped the traffic
grooming problem into the clique partitioning problem and
proposed a heuristic algorithm Traffic Grooming based on
Clique Partitioning (TGCP), to handle the general multi-hop
static traffic grooming problem. The algorithm TGCP
performs better than the existing traffic grooming algorithms
MST and MRU.
The dynamic traffic grooming problem using lightpath for
wavelength routed WDM networks is considered in [8]-[10].
The problem of logical topology design using minimum
network resource for dynamic traffic grooming to meet the
given traffic blocking probability requirements is studied in
[8]. They formulated this problem into an ILP and proposed a
heuristic to obtain near optimal solution. Zhu et al. in [9],
presented an auxiliary graph model and proposed an
integrated grooming algorithm based on auxiliary graph
model to solve the traffic grooming problem. They proposed
several grooming policies and traffic selection methods based
on this model and evaluated their performance for different
network topologies. Yao et al. addressed the two-layered
dynamic traffic grooming problem under resource utilization
constraint and generalized wavelength continuity constraint
i.e. use wavelength conversion facility in [10]. Authors
introduced a link bundled auxiliary graph (LBAG) model and
proposed the simplified auxiliary graph with link bundling
(SAG-LB) method to find path and assign wavelength for a
new lightpath. They proposed constrained integrated
grooming algorithm (CIGA) based on LBAG model and
showed that the grooming policy influences the resource
utilization by determining the weight of the auxiliary graph.
The dynamic traffic grooming under distributed environment
is considered in [11]-[13]. Crouser et al. [11] provided
distributed traffic grooming algorithm for path topology and a
static virtual topology to support it. De et al. [12] presented a
distributed algorithm for dynamic traffic grooming problem
that allocates resources and perform grooming operation
based on local information available on each node. Coimbra
et al. [13] proposed a distributed algorithm for dynamic traffic
grooming problem and explored the benefits of sparse
grooming (i.e., only a subset of the network nodes have
grooming capability). They used the non-grooming nodes
with higher call blocking to be select the next grooming node.

The work proposed in this paper is based on light-trail
concept for the static traffic grooming problem in wavelength
routed WDM mesh networks with a limited number of
wavelengths per fiber link and transceivers per node. The
proposed approach Longest Light-trail Maximum Load
(LLTML) tries to tightly pack the traffic on light-trails and
allows single-hop grooming. The objective of this work is to
maximize the network throughput in terms of total
successfully routed traffic. The results show that the proposed
approach gives significantly better performance with respect
to the existing traffic grooming algorithms, Maximizing
Single-Hop Traffic (MST)[3] and Shortest-path First Traffic
Grooming (SFT) [4].
The rest of the paper is organized as follows: Section II
focuses on some of the previous work related to this field.
Problem formulation is presented in Section III. Our proposed
approach is described in Section IV, where we explained our
proposed algorithm with the corresponding pseudocode and
analysis the complexity of the algorithm. In Section V, we
compared our algorithm with an existing traffic grooming
algorithm. A conclusion is drawn in Section VI.
II. PREVIOUS WORK
The traffic grooming is one of the important and practical
problem to design wavelength routed optical network and it is
receive significant research attention in today. The work in
[3]-[7] investigated the static traffic grooming problem using
lightpath concept with the objective of maximizing the
network throughput in terms of total successfully routed
low-speed traffic. The dynamic traffic grooming problem is
considered using lightpath [8]-[13] and using light-trail
approach [14]-[17] for wavelength routed WDM networks.
Zhu and Mukherjee in [3] investigated the node architecture
for WDM optical networks to support traffic grooming
capability and presented an integer linear programming (ILP)
formulation of the traffic grooming problem. They partitioned
the traffic grooming problem into four independent
subproblems: (i) determine the virtual topology, (ii) route the
lightpaths over the physical topology, (iii) optimally assign
wavelength to the lightpaths, and (iv) route the low-speed
traffic on the virtual topology. They proposed two heuristics
namely, Maximizing Single-Hop Traffic (MST) and
Maximizing Resource Utilization (MRU), to solve the traffic
grooming problem with the objective of improving the
network throughput in terms of total successfully routed
traffic. The MST attempts to establish the lightpaths between
source-destination pairs with the largest traffic demand
subject to the availability of transceivers at the two end nodes
and the availability of wavelength in the path connecting two
end nodes. The MRU attempts to construct the lightpaths
according to maximum resource utilization value which is a
ratio between node-pair traffic and its hop-count. Yoon et al.
[4] proposed static traffic grooming algorithm called
Shortest-path First Traffic Grooming (SFT) in WDM mesh
networks that improves performance compared to the
previous MST algorithm. The SFT algorithm uses both fixed
routing based on shortest path and adaptive routing. The
algorithm first creates lightpaths for connection requests
using shortest paths, and adaptive routing is used for those
connection requests which are not established by shortest
paths. Bhattacharya et al. in [5] proposed a traffic grooming
algorithm to maximize the network throughput and reduce the
http://dx.doi.org/10.15242/IAE.IAE0415004
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9) Sxkl is the number of OC-x traffic requested from node
k to node l that are successfully routed.
10) If there exists a light-trail between node i to node j
then b(i, j) = 1; otherwise it is zero.
11) If the wavelength k has been assigned to the light-trail
originating from node i and terminating at node j then
Wkij = 1; otherwise it is zero.
12) Each node is capable of multiplexing/demultiplexing
as many low-speed traffic streams as possible, without
exceeding the capacity of a wavelength.

At present, the traffic grooming problem using light-trail
concept is an important research area for wavelength routed
WDM networks and very few related work available
[14]-[17]. The light-trail concept in optical networks was first
proposed by Gumaste et al. in [14, 15]. The work presents
details about different node architecture to support light-trail
concept and procedure to setup light-trail for connection of
dynamic in nature and the out-of-band control protocol does
the task of connection management, i.e. out-of-band protocol
arbitrates communication The protocol has also the
responsibility of light-trail management for dynamic traffic
grooming problem. Bhattacharya et al. in [16] proposed a
traffic grooming algorithm to maximize the network
throughput for wavelength-routed mesh networks using static
light-trail. Zhang et al. in [17] study dynamic light-trail
routing algorithm for WDM optical network. They present an
efficient algorithm for establishing a light trail routing for a
new connection request by using minimum network
resources. Authors also study survivable network routing
using the proposed light trail technology and present an
efficient heuristic for computing a pair of working and
protection light trails for a dynamic incoming connection
request.

Objective:
Maximize the total successfully routed traffic.

Where, k and l are any node between convener node and end
including source and destination nodes, l lies in the
downstream of k.
Constraints:
1) ∑ki,j Wkij ≤ b(i, j); i.e. using a single wavelength at most
one light-trail between a node pair can be setup.
2) The total demand of all the connections that can be
satisfied using all the light-trail cannot exceed the total
capacity all the light-trail.
3) Traffic addition at any intermediate node of a light-trail
is possible if transmitter is available on that node and
traffic drop at any intermediate node of a light-trail is
possible if receiver is available on that node.
4) Number of light-trails starting at node i is at most equal
to the number of transmitters at node i and number of
light-trails ending at node j is at most equal to the
number of receivers at node

III. PROBLEM FORMULATION
The traffic grooming problem based on light-trail is
defined as follows: Given a network topology which is a
directed connected graph G(V,E), where V and E are the sets
of optical nodes and bi-directional links (edges) of the optical
network, respectively, a number of transceivers at each node,
a number of wavelengths on each fiber, the capacity of each
wavelength and a set of connection requests with different
bandwidth granularities, our objective is to set up light-trails
and multiplex low-speed connection requests on the
light-trails such that the network throughput is maximized in
terms of total successfully routed low speed traffic.
Assumptions:

IV. PROPOSED APPROACH

We use the following assumptions and notations in this work.

The traffic grooming problem in unicast communication
can be solve either using lightpath or light-trail concept in
wavelength routed optical networks. The Longest Light-trail
Maximum Load (LLTML) algorithm proposed here is based
on light-trail concept to solve the static traffic grooming
problem in wavelength routed optical networks. The basic
idea of this approach is to setup light-trail for a node pair
which has the longest distance (more number of physical
hops) and larger amount of traffic requirement. The longer
light-trail may satisfy traffic for other node pairs along the
downstream path of this light-trail. So, the proposed
algorithm LLTML try to satisfy our main objective i.e.,
maximize the total successfully routed traffic. At first,
algorithm LLTML constructs a list L for node pair (having
nonzero traffic) in descending order of their physical hop
distance. If more than one node pair’s having same hop
distance then sort them in descending order of traffic
bandwidth requirement. Now, setup the light-trail for the first
node pair in the list L i.e., longest light-trail depending upon
the availability of optical network resources like wavelength,
transceivers and update the traffic matrix, network resources

1) Traffic demand is static, i.e., traffic requests are known
a-priori.
2) A lightpath/light-trail must use the same wavelength
on all the links along its path from the source node to
the destination node.
3) All lightpaths/light-trail using the same link (fiber)
must be allocated distinct wavelengths.
4) Each network node can work both as an access node
and a routing node.
5) A connection request cannot be split into different
low-speed connections and routed separately.
6) Granularity of low-speed traffic requests is x.
7) Each network node i is equipped with a fixed number
of tunable transmitters (Ti) and receivers (Ri) such that
Ti ≥ 1 and Ri ≥ 1 ∀ i.
8) N, W, and C are the number of optical nodes, number
of wavelength per fiber link, and capacity of each
wavelength channel, respectively.
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accordingly. The traffic (for those node pairs along the
downstream path of this light-trail) is routed over the
light-trail depending on the availability of wavelength
channel capacity of the light-trail and transceivers. Finally,
the process is repeated until the list L is empty or
unavailability of resources or no leftover request can be
satisfied. The steps of the proposed algorithm are as follows:
Algorithm Longest Light-trail Maximum Load (LLTML)
Begin
(a) A small network with 6-nodes and 8-links

1. Find out the shortest path of each of the node pair having
nonzero traffic in traffic matrix T and store it in list L.
2. Sort the list L according to descending order of their
physical hop distance. If more than one node pair’s
having same hop distance then sort them in descending
order of traffic bandwidth requirement.
3. Try to construct the light-trail (LTsd) for the first node
pair (s,d) from list L without violating wavelength,
wavelength channel capacity and transceiver
constraints. Use the First-Fit wavelength assignment for
this light-trail.

(b)NSFNET with 14-nodes and 20-links

4. If light-trail (LTsd) setup is possible then

Fig. 2 Network topologies used

4.1 Route as much as traffic possible for traffic tsd
over the light-trail LTsd without violating
wavelength channel capacity.

Complexity Analysis:

4.2 Update the traffic matrix T by tsd =max{ tsd - C, 0}

Let us assume N is the total number of nodes in the optical
network and M is the total number of node pair having
nonzero traffic requested. Let W is the total number of
wavelength supported by a single fiber link. In step1 of this
algorithm need to compute the shortest path for all the node
pair having nonzero traffic requested using Dijkstra’s
algorithm takes time in worst case order of O(MN2). To sort
the list L in step2 need in worst case order of O(M log2M). The
light-trail (LTsd) setup in step3 takes time in order of O(NW).
Since, every node pair having nonzero traffic along the
downstream path of the light-trail (LTsd) is checked in step4,
so this step takes time at most order of O(N2). Finally, step2,
step3 and step4 are repeated M times in worst case. Actually,
in average case these steps are repeated far less than M,
because most of the cases more than one node pair having
nonzero traffic are satisfied over a single light-trail, so the size
of the list L is decremented by more than one instead of one.
Therefore, the worst case time complexity of the LLTML
algorithm is O(MN2) + O(M2 log2M) + O(MNW).

4.3 Update the transmitter of node s and receiver of
node d.
4.4 Update the wavelength channel
throughout the path of light-trail LTsd.

capacity

4.5 If traffic tsd is fully routed over the light-trail LTsd
then delete (s,d) pair from list L.
4.6 For every nonzero traffic node pair (tij) belongs to
the downstream path of light-trail LTsd
4.6.1 Route as much as traffic possible for traffic
tij over the light-trail LTsd without violating
the wavelength channel capacity and
transceiver constraints.
4.6.2 Update the traffic matrix, transceiver, and
wavelength channel capacity along the path
of light-trail LTsd.
4.6.3 If traffic tij is fully routed over the light-trail
LTsd then delete (i,j) pair from list L.

V. EXPERIMENTAL RESULTS

5. Repeat step2 to step4 until unavailability of resources
(like wavelength, transmitter, receiver, etc.) OR List L is
empty, i.e. all requests are satisfied.

We have evaluated the performance of our proposed
algorithm LLTML for the traffic grooming problem using
simulation and compare the results with the well-known
algorithms MST [3] and SFT [4].The experiments are
conducted on the 6-node small network shown in Fig. 2(a) and
14-node NSF network shown in Fig. 2(b). We assume that
each physical link is bidirectional with equal length. In this
simulation, the capacity of each wavelength is assumed to be
OC-48 and allowed traffic bandwidth requests were assumed
to be OC-1, OC-3, and OC-12. The traffic matrices are

End of algorithm LLTML.
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randomly generated (approach used in [7]) such that the
number of connection requests on OC-1, OC-3, and OC-12
for all possible node pairs, are generated as random numbers
between 0 and 2r, between 0 and 2(r-1), and between 0 and 2(r-3),
respectively, where r is a suitable integer value. In this
simulation, we have assumed r = 5 and r = 4 to generate traffic
matrices for the 6-node network and NSF network,
respectively. All the simulations are performed 100 times to
generate each result.
Fig. 3 and Fig. 4 shows the relationship between the
network throughput and the number of wavelengths per link
for the proposed algorithm LLTML and the existing
algorithms MST and SFT under 6-node network and 14-node
NSF network, respectively. We observed that the network
throughput increases with the increase of wavelengths per link
and there is no significant change in network throughput after
the number of wavelength per link reaches a certain limit for
all the algorithms. The reason behind that is the transceiver
constraint, there may be wavelength is available, but
transceivers get exhausted. The proposed algorithm LLTML
provides significantly higher network throughput than the
existing algorithms, because the algorithm LLTML allows to
adding traffic between the intermediate node pairs towards
the downstream path of a light-trail in an efficient manner.
The relationship between the network throughput and the
number of transceivers per node for the proposed and existing
algorithms is shown in Fig. 5 and Fig. 6. We observed from
both the figures that initially the network throughput increases
with the number of transceivers and there is significant change
in network when the number of transceivers increased beyond
certain value, due to wavelength and/or capacity of
wavelength is exhausted. The result shows that the proposed
LLTML algorithm significantly improves the network
throughput than existing algorithms MST and SFT.
The performance of the network throughput with respect to
total requested bandwidth under 6-node network and 14-node
NSF network is shown in Fig. 7 and Fig. 8, respectively for
the proposed algorithm LLTML and the existing algorithms
MST and SFT. We observed that the algorithm LLTML
returns much better network throughput than existing
algorithm MST and SFT.

Fig. 3 Relationship between throughput and number of
wavelength per link for 6-node network

Fig. 4 Relationship between throughput and number of
wavelength per link for14-node NSF network

VI. CONCLUSION
The problem of static traffic grooming problem with the
objective of maximizing the network throughput based on
lightpath and light-trail concepts in wavelength routed optical
network is studied in this paper. We have proposed an
algorithm Longest Light-trail Maximum Load (LLTML)
using single hop grooming in static traffic grooming problem.
The performance of the proposed algorithm is evaluated
through extensive simulation on different sets of traffic
matrices with different bandwidth granularities under
different network topologies. From the simulation results it
has been established that the proposed approach LLTML
significantly improve the network throughput (with respect to
wavelengths per link, transceivers per node, and total
requested bandwidth) than the existing well-known static
traffic grooming algorithms MST and SFT.

http://dx.doi.org/10.15242/IAE.IAE0415004

Fig. 5 Relationship between throughput and number of
transceivers per node for 6-node network

5

2015 International Conference on Computer Science and Information Systems (ICCSIS-15) April 24-25, 2015 Pattaya (Thailand)

REFERENCES
[1]

[2]
[3]

[4]

[5]

[6]

Fig. 6 Relationship between throughput and number of
transceivers per node for 14-node NSF network

[7]

[8]

[9]

[10]

[11]

[12]

Fig. 7 Relationship between throughput and number of
requests in OC-1 unit for 6-node network

[13]

[14]

[15]

[16]

[17]

Fig. 8 Relationship between throughput and number of
requests in OC-1 unit for 14-node NSF network

http://dx.doi.org/10.15242/IAE.IAE0415004

6

H. Zang, J.P. Jue, and B. Mukherjee, “ A Review of Routing and
Wavelength Assignment Approaches for Wavelength-Routed Optical
WDM Networks,” SPIE Optical Networks Magazine, vol. 1, no. 1,
pp.47–60, 2000.
M. Guruswamy and C.S Murthy, WDM optical networks: concepts,
design and algorithms; Prentice Hall, India (2001).
K. Zhu and B. Mukherjee, “Traffic grooming in an optical WDM mesh
network,” IEEE Journal of Selected Areas Communication, vol. 20, no.
1, pp. 122–133, 2002.
http://dx.doi.org/10.1109/49.974667
Y.R. Yoon, T.J. Lee, M.Y. Chung and H. Choo, ”Traffic grooming
based on shortest path in optical WDM mesh networks,” In Proc. ICCS
2005, LNCS 3516, pp. 1120-1124, 2005.
S. Bhattacharya, T. De and A. Pal, “An Algorithm for Traffic
Grooming in WDM Mesh Networks Using Dynamic Path Selection
Strategy,” In Proc. International Conference on Distributed Computing
And Networking (ICDCN 2011), LNCS 6522, pp. 263–268, 2011
S. Lee, T.J. Lee, M.Y. Chung and H. Choo, ” Traffic Grooming
Algorithm using Shortest EDPs Table in WDM Mesh Networks,” In
Proc. ICCS 2005, LNCS 3516, pp. 559-567, 2005.
T. De, A. Pal, and I. Sengupta, “A Traffic grooming, routing, and
wavelength assignment in an optical WDM mesh networks based on
clique partitioning,” Journal of Photonic Network Communications,
vol. 20, no. 2, pp. 101-112, 2010.
http://dx.doi.org/10.1007/s11107-010-0250-6
C, Xin and B. Wang, “Logical topology design for dynamic traffic
grooming in mesh WDM optical networks,” In Proc IEEE ICC 2005,
pp. 1792–1796, 2005.
H. Zhu, H. Zang, K. Zhu, and B. Mukherjee, “ A novel generic graph
model for traffic grooming in heterogeneous WDM mesh networks,”
IEEE/ACM Transactions of Networking, vol. 11, no. 2, pp. 285–299,
2003.
http://dx.doi.org/10.1109/TNET.2003.810310
W. Yao and B. Ramamurthy, “A link bundled auxiliary graph model
for constrained dynamic traffic grooming in WDM mesh networks,”
IEEE Journal of Selected Areas Communication, vol. 23, no. 8, pp.
1542–1555, 2005.
http://dx.doi.org/10.1109/JSAC.2005.851792
J.R. Crouser, B. Rice, and Sampson, “A. On-line Distributed Traffic
Grooming,” In Proc. IEEE International Conference on
Communications (ICC ’08), pp. 5239-5245, 2008.
T. De, P. Jain and A. Pal, “Distributed Dynamic Grooming Routing
and Wavelength Assignment in WDM Optical Mesh Networks,”
Journal of Photonic Network Communications, vol. 21, no. 2, pp.
117-126, 2011.
http://dx.doi.org/10.1007/s11107-010-0286-7
J. Coimbra, N.S.C. Correia, and M.C.R. Medeiros, “Distributed
Algorithm for Traffic Grooming in IP-over-WDM Network,” In Proc.
IEEE EUROCON 2007, pp. 2144–2149,2007.
http://dx.doi.org/10.1109/EURCON.2007.4400590
I. Chlamtac and A. Gumaste, “Light-trails: A Solution to IP Centric
Communication over Optical Networks,” In Proc. IEEE 2nd Quality of
Service in IP Networks QoS IP, 2003.
A. Gumaste and I. Chlamtac, “Light-trails: a novel conceptual
framework for conducting optical communications,” In Proc. IEEE
High Performance Switching and Routing, pp. 251–256, 2003.
http://dx.doi.org/10.1109/HPSR.2003.1226714
S. Bhattacharya, P. Jain, T. De and A. Pal, “Traffic Grooming in
WDM Mesh Networks: A Light Trail Implementation,” Journal of
Advanced Materials Research, Vol. 433-440, pp. 3905-3909, 2012
W. Zhang, F. Kandah, C. Wang and H. Li, “Dynamic light trail routing
in WDM optical networks,” Journal of Photonic Network
Communications, vol. 21, no. 1, pp. 78-89, 2011.
http://dx.doi.org/10.1007/s11107-010-0282-y

2015 International Conference on Computer Science and Information Systems (ICCSIS-15) April 24-25, 2015 Pattaya (Thailand)

Tanmay De received his BTech in Computer Science
and Engineering from University of Calcutta, India, in
1996, MTech in Computer Science and Engineering
from the Jadavpur University, India, in 1998, and PhD
degree in Department of Computer Science and
Engineering, Indian Institute of Technology (IIT),
Kharagpur, India, in 2010. Since 1998, he has been a
faculty member of National Institute of Technology
(NIT), Durgapur, India. Tanmay De is presently an
Associate Professor in the Department of Computer Science and
Engineering at National Institute of Technology (NIT), Durgapur, India. His
research interests include optical WDM networks, mobile ad hoc networks,
and delay tolerant networks. He has published several research papers in
various international journals and conference proceedings. He is a member
of the IEEE, USA.

http://dx.doi.org/10.15242/IAE.IAE0415004

7

