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1.SUMMARY:
1. BASIC DEFINITIONS:
WDM (Wavelength Division Multiplexing) is a mechanism in which data is transmitted simultaneously along non-overlapping wavelengths over a single fiber.

Fault Tolerance in Networks is the ability of a network to withstand failures. Failures may result from node failure or link failure. When a link fails all its constituent fibers fail. All the connections using these fibers are to be rerouted and assigned a wavelength. In the case of a node failure all the links going through the node fails. Node adjacent to the failures detects the failure by monitoring the power levels.

A lightpath is a point-to-point all-optical wavelength channel that connects a transmitter at a source node to a receiver at a destination node. Using OXCs (Optical Cross-connects) at intermediate nodes and by appropriate routing and wavelength assignment’ a lightpath can create virtual neighbors out of nodes that are geographically far apart in the network (refer to Figure 1).
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Figure 1: Physical Topology and Virtual topology; below physical and virtual topology figures there is the figure for virtual topology mapped over the physical topology.

Lightpath that carries traffic during normal operation is called Primary Lightpath. The lightpath to which traffic is routed in case of a failure is called Backup Lightpath.

Wavelength Multiplexers are used to couple transmissions on different wavelengths into a single fiber.

An Optical Crossconnect (OXC) can switch the optical signal from an input port to an output node without requiring the signal to undergo any optoelectronic conversion. If an OXC is equipped with wavelength converters then OXC can also change the wavelength of an incoming optical signal as it passes through the switch. 
A lightpath can create virtual (logical) neighbours out of nodes that are physically far apart using OXC at intermediate nodes, via appropriate routing and wavelength assignment. Thus a set of lightpaths embeds a virtual topology in the network.

In the virtual topology, a lightpath carries not only the direct traffic between nodes it interconnects but also nodes that are not directly connected in the virtual topology by employing “multihop approach”. (electronic packet switching at intermediate nodes in the virtual topology.) Electronic packet packet switching functionality can be provided by IP routers, leading to IP-over-WDM network.

2.FAULT MANAGEMENT TECHNIQUES in IP over WDM NETWORKS.

WDM Protection provides protection at the WDM Layer by setting up a backup lightpath for each primary lightpath during call setup. There are two types of WDM Protection Techniques:

· Dedicated Path Protection: For each primary path a fiber-disjoint backup back-up path and a wavelength are reserved.(see Figure 2)

· Shared Path Protection: Backup wavelength reserved on the links of the backup path can be shared with another backup path as long as the corresponding primary lightpaths are fiber disjoint.(see Figure 3) Compared to Dedicated Path Protection, Shared Path Protection is more capacity efficient, thus in the presentation of this report evaluations are done for shared path protection. 

IP Restoration provides to overprovision the network so that it can carry all the traffic it was carrying before the fiber failure.
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Figure 2: The WDM shared path protection solution.
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Figure 3: The IP restoration solution.

2.1. EVALUATION of MAXIMUM GUARANTEED NETWORK CAPACITY in an IP over WDM NETWORK

In the evaluations of an upper bound for the guaranteed network capacity, the following assumptions are made:

· As network failures single link fiber failures are considered. Since each lightpath is expected to operate at a rate of a few gigabytes per second, a single fiber failure can cause a significant loss in bandwidth and revenue. As well as this single fiber failures are predominant type of fiber failures in optical networks.

· Since calculating an upper bound for guaranteed network capacity is equivalent to calculating an upper bound for load factor of the Traffic Matrix, an upper bound for load factor will be calculated.

Given:

G: Topology of the network.

(: Traffic Matrix

(:  Load Factor of Traffic Matrix.

C:  Cutset that partitions the topology G into two components whose node sets are V1 and V2.

(c: Congestion with a single link fiber failure. Here, congestion is defined as the average traffic over the   cutset links under the assumption that one of the links failed.

(c*: Maximum value of congestion taken all over the possible cutsets.

      B: 
Capacity of a lightpath.

      Congestion with a single link fiber failure is calculated as:
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and the first upper bound for load factor can be calculated as:
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Given:

ti: number of transmitters at node i

ri: number of receivers at node i
ti * B: maximum amount of traffic that can be sourced at node i

ri * B: maximum amount of traffic that can be sinked at node i.
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the second  and third upper bound for load factor are:
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2.1.1. MAXIMUM GUARANTEED CAPACITY for WDM SHARED PATH PROTECTION
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2.1.2. MAXIMUM GUARANTEED CAPACITY for IP RESTORATION
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3.ILP FORMULATIONS:

3.1. ILP FORMULATION FOR WDM SHARED PATH PROTECTION:

       Formulation has 3 parts which are objective function, constraints for setting up primary and backup lightpaths and constraints for routing packet traffic over primary lightpaths.

3. HEURISTIC ALGORITHMS for VIRTUA L TOPOLOGY COMPUTATION and TRAFFIC FLOW ASSIGNMENT

3.1. WDM PROTECTION:


3.1.1. Summary of the Algorithm:



 1st Phase:


The heuristic attempts to tear down as many lightpaths as possible without increasing the load on the maximally loaded link. The heuristic tears down lightpaths in increasing order of their loads. Thus the least loaded lightpath is removed first.

2nd Phase:


The heuristic attempts to decrease the load of maximally loaded link by setting up as many lightpaths as possible by employing the lightpaths torn down in the 1st phase. The algorithm chooses the most effective lightpath among all of the possible lightpaths that can be setup.

The heuristic iterates between 1st and 2nd phases until either it finds a stable Virtual Topology or user-specified maximum number of iterations is reached. Stabilization of Virtual Topology means that the lightpaths that are torn down in the first phase are the same as the lightpaths that are set up in the 2nd phase.



  3.1.2. Detailed Pseudocode:



Initialize Virtual Topology (VT)



Distribute Traffic over shortest paths and return MAXLOAD



while VT is not stabilized and maximum # of iterations is not reached




%PHASE#1:




Form a list of lightpaths in VT and sort according to their load in ascending order.

           

while Lightpath list is not empty





remove first item in the list





tear down corresponding primary and backup lightpaths in VT





Distribute traffic over shortest paths and evaluate maximum load





if the evaluated maximum load is greater than MAXLOAD








Restore the primary and backup lightpaths





else






Sort Lightpath list according to their loads in ascending order





end




 end



             %PHASE#2:

 


 Sort Newlightpath list according to their loads in ascending order

    

 for all node pairs ij





if backup and primary lightpaths can be setup given node pair ij & VT

                                         Distribute traffic over shortest paths and evaluate maximum load MAXLOAD 

                                         Add MAXLOAD& node pair ij to NewLightpath list.

                             Tear down corresponding primary and backup lightpaths

                        end

                        end

while NewLightpath list is not empty    

                                   Sort NewLightpath list according to the loads in ascending order

                                   Remove first lightpath in the NewLightpath list 

                                   if backup and primary lightpaths can be setup given NewLightpath list & VT

                                 for all  node pairs ij





 
if backup and primary lightpaths can be setup given node pair ij & VT

                                          
Distribute traffic over shortest paths and evaluate maximum load MAXLOAD 

                                             Add MAXLOAD& node pair ij to NewLightpath list.

                                 Tear down corresponding primary and backup lightpaths

                                   end

                                     end

                             end

                  end

        end

3.2. IP RESTORATION:

IP heuristic is similiar to WDM heuristic algorithm except for the following two differences:

    1) Instead of primary lightpath and corresponding backup lightpath, only primary lightpath is set up.

    2) The subroutine used for routing traffic over shortest paths, sorting the lightpaths according to their traffic loads in ascending order and returning the MAXLOAD computes all “bottleneck lightpaths” by finding max. value of MAXLOAD over all fiber failure scenarios.

4. RECOVERY TIME ANALYSIS:

       4.1. WDM SHARED PATH PROTECTION:

   
Assumptions:

1) Fiber failure is detected by the adjacent nodes to the fiber.

    F=100 µs. (F:time it takes to detect a fiber failure.)

2) Nodes adjacent to the failed fiber send alarm signals over an out of band reliable control network.

3) Transmission time for the alarm signals can be neglected in comparison to the propagation delay P

4) D: Message processing time at a node; queueing delays of control messages in a node are assumed to be included in D.  D=100µs.

5) P: Propagation delay in each fiber. P=400 µs. (fiber length=80 km.)

            6) C:Time to configure and test a cross-connect. C=5 ms.

7) hs: The number of hops from the node adjacent to the failed fiber to the source node of the connection.  

            8) hb: The number of nodes in the backup route from the source node to the destination node.        

            Total Time for Shared Path Protection:

 F + hs x P + ( hs + 1 ) x D + ( hb + 1 ) x C + 2 x hb x P + 2 x ( hb + 1 ) x D

           STEPS TAKEN TO RECOVER FROM A FIBER FAILURE in WDM SHARED PATH PROTECTION
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End-nodes of failed fiber send fiber-fail messages
to the lightpath-source and the lightpath-destination.




[image: image13.png]Lightpath-source sends a setup message along the backup route via an out-of-band
control channel. Cross-connects along the backup router are configured.
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Lightpath-destination node detects the lightpath failure and broadcasts
a link-state update message to all the nodes in the network.
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All the nodes in the network receive the link-state update
message and change their routing tables accordingly.







       4.2. IP  RESTORATION:

   Assumptions:

   1) Fiber failure is detected by the destination nodes of all failed   lightpaths.WDM hardware is tightly  coupled with IP layer . Thus the time to detect a fiber failure is dominated by the time it takes for the service interrupt. F=10 ms.

2) The destination nodes of all the failed lightpaths broadcast link-state update message over the network.     
3) The routing tables stabilize after all the nodes in the network receive all the link-state update messages.

   4) Transmission time for the link-state update messages can be neglected in comparison to the  propagation delay.

   5)  The processing time for the link state update messages is dominated by the time it tales to run the broadcast algorithm. D=1 ms.

 
   6) The propagation delay on a fiber P=400 µs. 

   7) R: The time required to recompute the routing table at a node. R=200 ms.(representative of the time   for recomputing the routing  tables of the IP routers.

               8) hd: The number of hops from the failed fiber to the destination node of the failed lightpath.

               9) n: The number of hops from the destination node of the failed lightpath to the most distant node in the network.

Total Time for IP Restoration:            

           F + hd x P + n x P + ( n + 1 ) x D + R 

         STEPS TAKEN TO RECOVER FROM A FIBER FAILURE in IP RESTORATION:
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