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Introduction

In this paper we propose:

• A mathematical model for the global design problem of WDM 
networks including the traffic grooming. This problem consists 
in

• finding the number of fibers between each pair of nodes 
(i.e., the physical topology);

• finding the number of transponders to install at each node;

• choosing the set of lightpaths (i.e., the virtual topology);

• routing these lightpaths over the physical topology; 

• grooming and routing the traffic over the lightpaths.

• A heuristic algorithm to find “good” feasible solutions.

• Finally, numerical results are presented and analyzed.
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Introduction (cont’d)

• Traffic grooming is a well known traffic engineering technique 
which packs low-speed traffic streams into high-capacity 
optical channels.

• The traffic streams are composed of connections and each 
connection is a traffic flow of a certain rate (e.g., OC-3 and 
OC-12) between two nodes.

• The traffic grooming permits grouping several connections, 
possibly of different origin-destination node pairs into the same 
lightpath.
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Introduction (cont’d)

Traffic grooming example.
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Introduction (cont’d)
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Introduction (cont’d)
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Assumptions

The following information is considered known:

1. The location of the optical nodes.

2. The origin-destination connection demand (i.e., the number of 
OC-3, OC-12, etc.) between each pair of nodes. 

3. The maximum number of optical fibers that can be installed 
between each pair of nodes.

4. The maximum number of wavelengths that can be used into a 
fiber.

5. The cost of the links between each pair of nodes as a function of 
the number of fibers including the installation cost (for the patch 
panels, the patch cords, the labor, etc.).

6. The cost the transponders including the installation cost.
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We make the following assumptions about the network organization: 

1. A link (one or more fibers) can be installed between each pair of 
nodes. 

2. The number of fibers installed between two nodes cannot exceed 
the maximum allowed.

3. The number of wavelengths used into a fiber cannot exceed the 
maximum allowed.

4. Each node have full grooming facilities.

5. There is no wavelength conversion in the network.

6. A connection can use more than one lightpath (multi-hop). 

Assumptions (cont’d)
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The global WDM network design problem consists in finding

• the number of optical fibers between each pair of nodes (i.e., the 
physical topology);

• the number of transponders to install at each node;

• the set of lightpaths (i.e., the virtual topology);

as well as

• routing the lightpaths over the physical topology;

• grooming the traffic and finally,

• routing the traffic over the virtual topology.

The objective is to minimize the cost of the network.

The network design problem
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The model

P: Minimize

Subject to :

Cost of the network (i.e., the cost of the links 
and the cost of the transponders)

Physical topology constraints

Intergrality constraints

Virtual topology constraints

Virtual topology over physical topology 
constraints

Traffic constraints
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Exact solution with CPLEX

• A Sun Java workstation under Linux with an AMD Opteron 150 
CPU and 2GB of RAM was used for the tests.

• CPLEX 9.0 is used to solve the model.

(Vancouver)
(Calgary)
(Winnipeg)
(Toronto)
(Montreal)
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Exact solution with CPLEX (cont’d)
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Exact solution with CPLEX (cont’d)

• The capacity of each wavelength is OC-12.

• The demand is uniform and four scenarios are considered.
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Exact solution with CPLEX (cont’d)
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Exact solution with CPLEX (cont’d)

(Quebec)
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A tabu search algorithm

• For the tabu search (TS) algorithm, blocking is allowed.

• The objective function used included a penalty factor for the 
blocked connections. 

+

• Starting solution: Complete network.

• Moves: Single fiber add/drop.

• Tabu moves: The chosen link is tabu for a number of iterations 
randomly selected on the interval [1,5]. 

• Stop criteria: The number of iterations (1000).

Cost of the network
Cost of the blocked 

connections
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A tabu search algorithm (cont’d)

• When the physical topology is fixed, two heuristics (H1 and H2) 
can be used to find the virtual topology and routing the 
connections.

• The main steps of the heuristics H1 and H2 are

• construct a virtual topology;

• route the requests in single hop over the virtual topology and, 

• route the remaining requests in multi-hop.

• The heuristic H2 builds a lightpath on each wavelength into each
fiber.
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Numerical results

• The capacity of each wavelength is OC-48.

• Four demand scenarios are considered.

• The demand between each pair of nodes is given below for each 
scenario. The notation 4/2/0.1 means that between two nodes 
there is a connection demand of up to four OC-3, up to two OC-
12 and a probability of 0.1 to have a demand for an OC-48.
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Numerical results (cont’d)
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Conclusions

• In this paper, we have proposed: 
• A mathematical model for the design problem of WDM 

networks including the traffic grooming.
• A heuristic algorithm based on the tabu search principle. 

• It was found that it is difficult to find the optimal solution 
even for small-size instances of the problem (i.e., with six 
nodes).

• For the test problems considered, the tabu search algorithm 
can find solutions for real-size instance of the problem.

• The solutions found can be up to 20% better than those found 
with local search.

• Further works: 
• Improve the heuristic algorithms.
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Questions

abderraouf.bahri@polymtl.ca


