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Abstract: Optical communication provides large bandwidth for the transfer of data. This large bandwidth 1s in
Tbps and the requirements of the users are small. To use this large amount of bandwidth availability in an
efficient manner one has to use the WDM technique. The optical network provides routing, multiplexing and
wavelength assignment for the grooming of traftic. Traffic grooming in optical WDM mesh network 1s a topic
of interest. The traffic grooming 1s either a full grooming or sparse grooming. Sparse traffic grooming is
important to use as it reduces the cost of the network. In sparse traffic grooming most important is grooming
node (G-node) selection. The proposed Genetic algorithm is used for the selection of G-nodes. Once
the G-nodes are selected then sparse traffic grooming will be performed on the virtual topology created. Also,
if any fault occurs on the network then we are providing the survivability model. This model reduces the loss
of data. The proposed Genetic algorithm improves the performance for Survivable Sparse Traffic Grooming
(S8TG) and shows that the throughput is nearly equal to sparse traffic grooming.
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INTRODUCTION

Optical backbone has moved from ring to mesh. This
optical network provides huge bandwidth approximately
in Thps. Each such an optical fiber is divided into small
optical channels having different capacity. The capacity
of optical fiber is measured m OC-n (Optical Chammel-n)
where n 1s variable showing the capacity of the channel.
OC-1 18 STS-1 (51.4 Mbps), OC-12, OC-48 and OC-152
(192x51.4 =10 Gbps) are some examples of these varying
capacity (Keyao et af., 2006). Due to such a high
bandwidth channels, it needs to divide these charmels
into small wavelength bands. Therefore, Wavelength
Division Multiplexing (WDM) is used for the multiplexing
of wavelengths in the backbone network. This WDM
helps us to divide the channel capacity appropriate to
user requirements, avoids wastage of bandwidth.

The optical network uses Optical cross Connects
(OXC) at the groomOing node. The use of Add-Drop
Multiplexers (ADM) and Optical ADM (OADM) 1s also
important at these nodes. The switching techniques are
used at the nodes where connection requests are
switched. At these nodes, we need to have traffic
grooming capabilities. Traffic grooming means the transfer
of multiple low-speed connections onto high-speed
channels (Keyao et al., 2006). There is a requirement of

specific hardware and software at a node to be grooming.
The increase in the requirements of such a hardware and
software increases the cost. The mcreased cost of the
network may reduce the users of the network. To reduce
these requirements a special technique which reduces the
use of hardware as well as software is traffic grooming. In
the traffic grooming, every node is having grooming
devices and mn sparse traffic grooming only a few nodes
with grooming devices. The node with grooming devices
15 called Grooming nodes (G-node). Increase m the
number of nongrooming nodes mn the network decreases
the cost of the network In sparse traffic grooming,
the G-node selection must be done on performance
criteria. There are various methods for G-node selection.
Random G-nede, maximum nodal degree, maximum
total traffic and sequential minmimize blocking probability.
Random G-node is the method in which any node is
selected at random and made grooming. This random
method selects few nodes as G-node. Random selection
of G-node does not guarantee the performance and
reduction in blocking probability. The second method is
based on graph theory where the number of edges of each
vertex will be considered as a measure to select one of the
nodes as G-node. The node having a maximum nodal
degree will be selected. Tt will be considered as the
best G-node on the assumption that the maximum number
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of the request will arrive at this node. The third method is
based on maximum total traffic. The counters are there at
every node to count the requests. The node with
maximum traffic will be selected as G-node. The last
method is based on blocking probability. When G-nodes
are selected based on performance of the networlk then
thus performance may affect by link or node failures in the
network.

Link or node failure leads to loss of connection
requests and loss of data. This affects the cost of
networks and performance of that network. Survivability
1s important aspect at the point where any kind of failure
has occurred. Service which is affected must be recovered
in an instance of time. To recover the system we have
fault management schemes. Among the two methods of
fault management, protection method gives two solutions.
In protection, one can provide dedicated or shared
backups. These solutions in the protection method
consider the path for data transfer and also the link for
data transfer. We can provide either path protection or
link protection. The restoration method is also for the path
or the link.

To address the problem of traffic grooming many
researchers has put their efforts and various methods are
brought into literature. This literature has studied in depth
in the next section of this study.

Study of existing methods: The traffic grooming problem
was investigated by Zhu and Mulkherjee (2002). Networlk
performance improvement was one of the objectives of
thus study. Integer Linear Programming (ILP) formulation
was done with two new heuristic algorithms. Grooming,
Routing and Wavelength Assignment (GRWA) is
formulated as ILP formulation by Hu and Leida (2004).
They divided GRWA problem into two subproblems. One
15 GR and other 13 WA, Different approaches for traffic
grooming are proposed by few other researchers (Hu and
Leida, 2004, Zhu et al, 2003; Yao and Ramamurthy,
2005, Yoon et al., 2005, Konda and Chow, 2001). A
Genetic algonithm for traffic grooming 18 proposed by
Lee and Park (2002). The cost optimization was the main
objective of this study. Mukhopadhyay et al. (2004)
proposed a Genetic algorithm for traffic grooming. This
Genetic algorithm 1s for wmidirectional SONET/ WDM ring
network.

A Genetic algorithm for sparse traffic grooming was
proposed by Awwad et al. (2006). The focus was GRWA
problem using a Genetic algorithm. The objective of this
paper is to minimize cost and number of equipment for
wavelength conversion. Der-Rong (2009) proposed
Genetic algorithms to solve minimal cost multicast routing
problem. The objective 1s to find light paths and minimize

the cost. To represent the routing path a path oriented
encoding chromosome 1s used. Tammay et al. (2008)
proposed traffic grooming techmque using a Genetic
algorithm based approach. This Genetic algorithm based
approach solve the GRWA problem 1n the optical mesh
network. The researchers clamm that the network
throughput has increased by use of Genetic algorithms.
Shinde and Patil (2015) a heuristics algorithm proposed
which results in improved network performance and
reduced cost. Modified multiobjective metaheuristics
proposed by Shinde et al. (2015) solve the traffic
grooming problem in a different manner.

Most of the work specified focus on sparse traffic
grooming either by a Genetic algorithm or by heuristics
methods. But when a fault occurs m the given sparse
traffic grooming network then the solution 1s proposed by
research by Shinde ef ol (2016). The fault tolerant
network gives good performance
survivability.  These failures are addressed using a
Genetic algorithm in this study.

with  disaster

Problem formulation: Consider an optical network with N
nodes connected by E number of edges forms a directed
connected graph, E (N G STG). Each edge is a link
between two nodes represented by e€E is bidirectional.
Then, the problem of survivable sparse traffic grooming
15 defined as.

Problem: For any given network topology at any node N
if the number of transceivers 1s known, the capacity of
each fiber channel is known. Also a number of the
wavelength at fiber link and varying capacity connection
request 18 known. Then, we need to establish a light
path with path protection and wavelength multiplexing
low-speed traffic connections on high-speed line. For the
above problem statement, we are using a Genetic
algorithm with the following assumptions:

*  Traffic demands known m advance at each node
before establishing the path

*  G-node has wavelength conversion capability.
Nongrooming nodes do not have wavelength
conversion capability

¢ Traffic multiplexing from low to high is possible
at G-nodes

¢ All the channels are having the capacity of OC-192

»  Each channel will be divided into varying capacity of
wavelengths

¢+ Multiplexing and demultiplexing are allowed at all
nodes

»  Call switching 1s dynamic at G-node
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MATERIALS AND METHODS

Here we are presenting Genetic algorithm approach
to solve traffic grooming problem. First, we are
considering an NSFNET topology for simulating the
environment. When traffic grooming problem is addressed
we need to solve it by virtual topology design. When the
G-nodes are selected Genetic algorithm is applied for the
selection. Next step is to multiplex/demultiplex the data of
low-speed connection to high-speed comnection. The
virtual link will be created from start node of backbone
network to last node. If the G-node is on the way of the
above virtual link then the link i1s a divided into sub links,
1e., from start to G-node and G-nede to G-node
and/or G-node to last node.

Fitness function and chromosome: The fitness function
is useful to decide whether the given node is fit to survive
for the next generation traffic. Tt is important to know the
traffic in advance to establish the path and for allocation
of resources. We are applying statistical models to
determine percentage of the increase in traffic. The
analysis shows that the future traffic increases by 22-67%.
When we modeled genetic algorithm we also increased
traffic gradually in the given range. The node is said to be
fit as G-node if the throughput of networl increases. As
more number of calls is served due to increased
throughput of the network there is a decrease in the
blocking probability. Chromosomes will be formed by a
number of wavelengths at that node, a nodal degree of
that node and maximum total traffic at that node. The node
will be selected at random with maximum nodal degree is
given by:
PG, = P(G, and Max_,)
P(Max_,)

Where:
P(3G) = The Probability of ith node to be grooming
P(Max ) = Total Probability of Maximum nodal degree

for that node

The probability of meximum total traffic at given node
18!

PG, )= P(G, and Max, )
P(Max,)
Where:
P(Max,) = The overall Probability of Maxiunum total
traffic
P(G,) = Total traffic at the given node

If P(G,,) and P(G,,) 1s acceptable for the given node
then the node 1s selected as G-node.

Genetic operators: The Genetic algorithm performs
following steps.

Initial population: All the nodes in the network will be
considered as an imtial population to find few best fittest
as G-node. Tn every generation one node whose
probability to be selected are less than all other will be
rejected. Also, the node whose probability 15 high as to
become G-node is duplicated in the population.

Selection: We need to select best to fit n the next
generation. We are selecting based on the fitness
function. One more parameter which is important is a
number of wavelengths when maximum total traffic will be
calculated the available wavelengths will be counted at
each node. Initially, WDM divides wavelengths in equal
capacity till G-node selection will not be done. At the
service time, WDM has a varying division of band The
node with maximum wavelength availability is selected.
This selection is from the nodes with the highest
probability.

Crossover: When the wavelength counts are considered
1in chromosomes then at a node with maximum probability
of fitness the small wavelength requests are combined on
one large and more wavelengths are made available. This
crossover is giving us the node with maximum wavelength
availability so that we can serve a number of requests.

Mutation: Due to randomness and wavelength
multiplexing sometimes it may happen that node with
maximum fitness has less number of wavelengths
available and will be removed from the population. This
type of nodes will be converted to be fit population by
mutation. This selection of G-node 15 based on reduced
blocking probability and the network performance. The
selected G-node with given topology is used for SSTG.
The system architecture 1s as shown in Fig. 1.

Sparse traffic grooming: With the selected number
of G-nodes poisson traffic i1s generated at every node.
Each such a request will give us the source-destination
pair in advance. Based on the routing table information
shortest route is selected to serve that request. The
Dijkstra’s shortest path routing algorithm is used. The
WDM method divides the channel into unequal
wavelength bands equals to some OC-n. When a G-node
falls on the route R then divide route R into Rland R2.
Here, R1 and R2 are the routes from the source node
to G-node on the path and G-node to that destination.
Both R1 and R2 hold the principle of optimality. The route
R2 may also divide into two or more routes in a similar
manner if there 1s more than one G-node on the shortest
path. This route also follows the principle of optimality.
At each G-node requests are groomed, routed and
wavelength assignment is done. When a request is not
served due to unavailability of wavelength band then the
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Fig. 1: Architecture of SSTG using Genetic algorithm

request 15 counted as blocked request. The blocking
probability 1s calculated. After blocking probability the
throughput of the network is measured and also the
network performance is calculated. If there is any fault in
the network may be of node failure or link failure we apply
survivability principles on the sparse traffic grooming
network.

Survivability model: Survivability 1s applied only if there
is either a link failure type of fault, path failure fault or
node failure has occurred. When a link or path fails the
route of the request broke down and the probability of
data loss increases. To avoid this path protection and
path restoration mechanism 1s recommended. We have
provided path protection mechanism. Shared path
protection mechanism is provided. This will avoid the loss
of data. If the node
mechanism 18 applied for survivability. After the
survivability methods, the performance of the networlk is
evaluated (Fig. 1).

failure occurs then restoration

RESULTS AND DISCUSSION

The NSFNET topology is used for experimental worlk.
The simulation for 14 node network uses OC-192. Initially
to update the routing table and count the maximum total
traffic static WDM technique is used. Static WDM gives
each wavelength is of equal capacity. Once the maximum

Is G-node selected?
Is link or node fails?

( Apply sparse traffic grooming )

( Apply survivability model ]

v
——————>{  Analyze the performance of n/w

)

(

Finalize the output

)

total traffic 1s calculated at each node the vectors for
maximum total traffic, maximum nodal degree and
wavelength counts available according to traffic at each
node is created. These parameters are used to form the
chromosomes.

According to the fitness function, the fittest nodes
are selected. The selected best fittest nodes will be
considered as G-nodes. Other than these G-nodes all
other nodes are nongrooming node in the network. This
will help to create the virtual topology design. To evaluate
the performance of the network Poisson traffic is
generated at all nodes. The generated request randomly
defines the destination for that request. At each node,
dynamic WDM 1s used so that varying size wavelength 1s
available for service of varying sized requests. When
traffic grooming is performed at G-nodes the numbers of
wavelengths are made available for the usage. A virtual
path through the virtual link on the given physical
topology is created from start node to the last node. This
link is optimal path for that call. Due to sparse grooming
route may get divided into n links. The wavelength
assigrmment 1s based on best fit method.

When the experimentation is performed then we
created an instance, so that, a link failure will occur. For
this type of failure, we have momtored the network. The
observations are that performance has not degraded due
to path protection mechanism. The throughput of the
network has decreased a bit but the loss of data has
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Fig. 3: Throughput vs. traffic requests

avolded and the decrease in the performance in not
measurable. So, we can say the system is robust for link
failure.

We have compared the blocking probability when we
have used full grooming with regular sparse traffic
grooming and Survivable Sparse Traffic Grooming using
GA (S3TG). These comparative results are as shown in
Fig. 2. This graph shows that there is no variation in the
blocking probability when used STG and SSTG using
GA.

The throughput is shown in Fig. 3 for all the three
methods. In full grooming, all the requests will get served.
STG and SSTG using GA throughput are compared. There
is a small deviation in the throughput of these two
methods.

CONCLUSION

Survivability is the major problem in any network.
This study gives direction about the use of fault tolerant
mechamsm for failures if any occurred in the sparse traffic
grooming problems. The Genetic algorithm gives best
G-nodes and the performance of the networl improved
in considerable amount. Also, there is considerable
unprovement in the throughput of the network by use of

the proposed methodology. Blocking of requests is
reduced due to the selection of best G-node. The
comparison of blocking probability in all methods proves
the variation.
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