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1. a. What are the subproblems of Virtual Topology Design problem? Explain each of them shortly.
The subproblems of Virtual Topology Design Problem are: determining a good virtual topology, routing the lightpaths over the physical topology, assigning wavelengths optimally to the various lightpaths and routing packet traffic on the virtual topology.
The first subproblem, determining a good virtual topology, addresses how to properly utilize the limited number of transmitters and receivers. The second and third subproblems deal with routing and wavelength assignment problem. Therefore, these subproblems try to adjust the usage of limited number of wavelengths. The last problem, routing packet traffic on the virtual topology, deal with minimizing queueing and transmission delays at intermediate electronic hops.
b. Why do you think these subproblems are interrelated?
In fact, all of the subproblems are not independent. The virtual topology affects the lightpaths of physical topology. Moreover, routing and wavelength assignment problem is utilized in a physical topology. In addition, routing packer traffic is effected by the design and wavelength assignment. On the contrary, routing could need a better wavelength assignment with using routing parameters. Besides, RWA solutions could work better than any other virtual topology design, which is selected to be the best with its distinct equations. Therefore, the best solution of a subproblem should not be the best solution for a group of subproblems. Hence they are interrelated and the difficulty of the problem makes us merge the problem into easier ones.
2. Explain flow deviation algorithm. Where is this algorithm used, and what would be the differences between flow deviation and shortest path algorithms.
The flow deviation algorithm is used for calculating optimal routing of packet traffic on the virtual topology. With the properly adjusted link flows, it provides minimizing the average packet delays in the network.
The traffic from source to destination may be bifurcated, and in some channels there could be larger delay times. In order to decrease these delays, we use a shortest path algorithm to find the cheapest solution for the packets. After that the flow deviation algorithm, uses an iterative method to determine how much of the original flow needs to be deviated. It performs until a performance tolerance level is reached. 

As explained above, flow deviation algorithm uses shortest path algorithms to find the cheapest way and improves the system, however, the shortest path uses a static approach. In addition, since it is a dynamic approach, the load and routing could be changed according to the packets.

3. Answer the following questions, after reading the following paper:
Banerjee, D., Mukherjee, B., “Wavelength-routed optical networks: linear formulation, resource budgeting tradeoffs, and a reconfiguration study,” IEEE/ACM Transactions on Networking, V. 8, No.5, Oct. 2000, page(s):598 - 607
a. What are the objectives of the paper?
The main objective of the paper is formulating an integer linear program to solve the virtual design problem for larger networks. The method minimizes the average packet hop distance by relaxing the wavelength continuity constraints (there are enough wavelength converters). In fact, there are many researches about this issue. However, none of them could deal with larger networks with good results.
b. Explain the objective function of the ILP formulation for virtual topology design.
The objective function for ILP is: 
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This linearized objective function minimizes the average packet hop distance in the network. In the equation; 
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 calculates the total traffic flow in the network. Whereas, 
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 is the sum of average rate of traffic flows, which is a constant for the given traffic matrix.
c. What are the simplifying assumptions made for solving the ILP given in section II?
- Wavelength continuity constraints are relaxed: This simplifying assumption decreases the complexity of the problem with removing a nonlinear equation set 
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- Queueing delays are ignored: By knowing, propagation delay dominates the overall network, queueing delays are ignored to simplify the objective function. 
- The number of variables and equations in the formulation are reduced: Since the original problem formulation grows as 
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- Bifurcated routing of traffic is not used: Therefore, the calculations and the equations decrease.

d. Explain the Virtual Topology Reconfiguration method proposed in the paper.
Reconfiguring the virtual topology to adapt to changing traffic patterns has advantages in an optical network. In the ideal situation, given a small change in the traffic matrix, we could find a new virtual topology similar to the existing one in terms of the constituent lightpaths and the routes for these lightpaths. In order to reconfigure the topology with minimizing the changes, the paper gives a method described below:
· Use two close traffic matrices and generate their formulations 
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· Using the ILP, we have two optimal solutions 
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. Therefore, let the values of the objective functions are calculated as 
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· After modifying 
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Therefore, it ensures that the objective function is optimal for 
[image: image19.wmf])

2

(

'

F

. The function given above is not an objective function any more. We could choose 


[image: image20.wmf]å

å

-

j

i

n

m

ij

mn

ij

mn

p

p

Minimize

,

,

)

1

(

)

2

(

:


OR


[image: image21.wmf]å

-

j

i

ij

ij

V

V

Minimize

,

)

1

(

)

2

(

:


as an objective function to solve the formulation
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