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ABSTRACT 
The average increment and the increasing variability of the traffic to be carried by ASON/GMPLS transport 
networks will require on-demand bandwidth provisioning in the near future. In this scenario dynamic routing 
based on traffic engineering techniques is a key issue. 

This paper deals with dynamic routing in ASON/GMPLS networks based on using network failures 
information. We define three routing strategies which differ in the use of failure information. Their performance 
is evaluated by simulation in terms of request blocking probability and availability. 
Keywords: diverse routing, network availability, ASON/GMPLS, segment protection. 

1. INTRODUCTION 
The introduction of intelligence in Automatically Switched Optical Networks (ASON) [1] using a GMPLS 
control plane [2] allows provisioning of lightpaths (or paths) in seconds. Client network layers (IP, SDH, etc) 
can request optical connections to the optical network through the User Network Interface (UNI) [3].  

Switched connections are more sensible to failures in the network than permanent connections because they 
are on-demand requested when they are really needed and often will require the highest level of availability. In 
a dynamic routing scenario it is necessary to periodically update routing tables to avoid congestion and failures 
for new path requests, allowing dynamic routing based on traffic engineering techniques to find the best route. 

This paper compares three different routing strategies based on a general diverse routing algorithm. The 
strategies differ as to whether failure information is taken into account for diverse routing or not. The 
performance is evaluated through simulation in terms of request blocking probability and availability. Two 
different network topologies are used in order to compare the performance. The difference lies in the degree of 
meshedness. These two topologies have been chosen based on the study presented in [4]. 

The rest of the paper is organized as follows. Section 2 provides background on segment protection and the 
influence of failure information on diverse routing. In Section 3 we present the performance evaluation of the 
three strategies. Section 4 draws some conclusions. 

2. FAILURE AWARE DIVERSE ROUTING 

2.1. End to end protection vs. segment protection 
A survivable network [5] has to be based on a biconnected graph where at least two node-disjoint routes between 
every pair of nodes exist. In such networks, a 1+1 protected path consists on two fully disjoint routes between 
origin and destination nodes (end-to-end protection). Sometimes, either when the network is not fully deployed 
in an area or the utilization of some spans in the network is high or there are failed spans, it is not possible to find 
a fully disjoint path pair. In these cases, the best protection option is protecting where possible (i.e., segment 
protection). Figure 1a, 1b illustrates both concepts. 

(b) Segment protection

(a) End-to-end protection

A6
A4

A5
A1

A2

A3

B4B3B1 B2

1

2

3

4 5

7

8

9

Articulation
points

7
8

9

1
2

3

4
5

3

3
7

Biconnected
components

(c) Breaking down the network graph  
Figure 1. End-to-end vs. segment protection. 

In order to implement segment protection the graph representing the network has to be broken down in its 
biconnected components finding the nodes whose single failure would partition the graph into two separate 
subgraphs. These nodes are called articulation points (Fig. 1c). 
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2.2. Influence of failure information on Diverse Routing 
In a dynamic network scenario, the computation of protected paths has to take into account the global status of 
the network in order to know which resources are available to be used. Besides the availability of network 
resources (resources which are not being used by any path in the network) we suggest to take into account also 
its failure state. 

Figure 2a illustrates a network with a failed span between nodes 2 and 3. Let us suppose that a request comes 
at node 1 to establish a protected path towards node 4. One option at the routing phase is to choose the route 
without taking into account the failures in the network (The failure on the link between node 2 and 3 is not taken 
into account). We called it as Failure Independent Routing (FIR) algorithm (Fig. 2b). In this option if the failed 
span is repaired but the span connecting nodes 4 and 5 fails, the protected path will continue working. 
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Figure 2. Influence of failure information on diverse routing. 
In this paper we define the Failure Driven Routing (FDR) algorithm (Fig. 2c). The routing algorithm takes into 
account the failures in the network at the moment the request is triggered. If the failed span is repaired but the 
span connecting nodes 4 and 5 fails, the protected path will be down with only one failed resource.  

If the holding time of the switched lightpath is very short the probability of having two consecutive failures 
affecting the path is very low, so taking into account failures guarantees the path will be working once 
established. On the other hand, if the holding time of the lightpath is very long the probability that the path will 
be affected by two consecutive failures is higher, but paths have no guarantee of being in the working state at the 
time of establishment. 

FIR strategy will use the same resources independently of the failures in the network. However, FDR strategy 
can use more resources than FDR looking for a route without failed spans, or fewer resources than FDR if a 
disjoint route can not be found. 

In Figure 2d there are three available disjoint routes between source and destination. Route 2 uses more 
resources than Route 1 but fewer resources than Route 3. Some failures impact the routes in the time. In this 
scenario depending on the moment the diverse path is requested (ta,..,tg) FIR and FDR diverse routing strategies 
will choose different routes. We have designed a new diverse routing strategy selecting the best of FIR and FDR 
strategies or choosing a better combination of routes. We call this new strategy Failure Aware Routing (FAR). 
We will describe FAR strategy using the scenario described in Figure 2d. 
• Incoming request in ta and in tf will result in the same routes using whatever strategy (paths a and f). Routes 

chosen are 1 and 2 as both are available and use fewer resources. In fact FIR will always use routes 1 and 2. 
• Incoming requests in tb and in td will use different routes depending on the strategy. FDR will choose routes 2 

and 3. Comparing the result of both strategies, path chosen by FDR present the same period of unavailability 
than the path chosen by FIR, but the unavailability of FDR’s path is some time after FIR’s path unavailability 
period. Therefore, short duration paths will present a better availability using FDR strategy. 

• Incoming requests in tc will use different routes depending on the strategy. FDR strategy will use only the 
route 3, as is the only route available at this moment, resulting in an unprotected path. On the other hand, 
FIR’s path is unavailable when is establish. In this case the results of FIR and FDR strategies can be 
improved choosing routes 3 and 1. The same situation appears for incoming requests in te. 

Our new strategy Failure Aware Routing (FAR) will use the best of FIR and FDR strategies improving in same 
cases both, as explained above. In the next Section, the three routing strategies are described in detail. 
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2.3. Routing algorithms 

2.3.1. Failure Independent Routing (FIR) 
Failure Independent Routing compute path route taking into account only the occupation of the spans in the 
network. Each time a path request arrives to a node FIR strategy creates a new network view locating the 
biconnected components of the network. For each biconnected component it constructs a new shortest path tree 
based on the min-hop criterion executing Modified Dijkstra algorithm. To compute the route of a disjoint path, 
Shortest Disjoint Path Pair Algorithm [5] is used to calculate the disjoint path pair in each biconnected 
component. Connecting the segments the complete segment disjoint path pair is calculated. A more detailed 
description of the algorithms used here can be found in [5].  

2.3.2. Failure Driven Routing (FDR) 
The difference with the previously explained strategy is that Failure Driven Routing strategy includes span 
failure state in order to construct the network view. This way, incoming path requests will be routed through 
working spans avoiding failed spans. 

2.3.3. Failure Aware Routing (FAR) 
Listing 1 contains FAR pseudocode. In this strategy the working path is forced to use working spans while 
allowing the protecting path to use failed spans. This way, all paths are guaranteed to be working when 
established and choose the shortest route for the protecting path in order to assure the best route when the 
failures in the network will be repaired. If the resulting path (path a) use some in failure span, this strategy try to 
find another disjoint path (path b) not using in failure spans. Path with less number of segments will present the 
best protection.  

Listing 1. FAR pseudocode. 
Create Network View (Failure Aware)
Look for single path to destination (p1_a)
Create Network View (not Failure Aware)
For each subnetwork in p1_a

Look for disjoint path in the biconnected component
disjoint end-to-end path_a += segment disjoint path
segments in disjoint end-to-end path_a ++

If disjoint path is not failure impacted
Use disjoint end-to-end path_a

Else
Create Network View (Failure Aware)
Look for single path to destination (p1_b)
For each segment in p1_b

Look for a disjoint path in the biconnected component
disjoint end-to-end path_b += segment disjoint path
segments in disjoint end-to-end path_a ++

If segments in disjoint end-to-end path_a <
segments in disjoint end-to-end path_b
Use disjoint end-to-end path_a

Else
Use disjoint end-to-end path_b

 
In order to develop this strategy it is important to review Modified Dijkstra algorithm to avoid cycles on the 
graph with net negative cost. Such cycles can appear when using Shortest Disjoint Path Pair Algorithm with a 
path (p1) built from a network view that had taken into account the failures in the network, to obtain a path (p2) 
from a network view that does not have taken into account the failures in the network. The modification 
implemented first check rescanned nodes to detect a possible cycle with net negative cost. 

3. PERFORMANCE EVALUATION 
In order to compare the three different routing strategies, we have built an event-driven ad-hoc network 
simulator. The simulation scenario consists of two reference networks, in which events are being executed. 
These two topologies have been chosen based on a study for a pan-European fiber-optic backbone network [4]. 
The topology called Ring Topology (RT) is a sparse topology, while the Triangular Topology is highly meshed. 

In the simulation model we assume that each node maintains global network state information for routing and 
this information is periodically updated. In the following subsections we describe in detail the simulation 
scenario we adopted. The results presented hereafter are the average of 10 simulation executions. Each execution 
ends when both more than 200,000 Set up Path events and more than 20,000 Cable cut events have been 
simulated. A detailed description of the network simulator can be found in [6]. 

Fig. 3 shows the network availability for the three routing strategies over the Ring Topology. The graph on 
the top represents the evolution with the holding time of the paths for a traffic intensity of 2 Erlangs. To illustrate 
the two opposite effects explained above, the graph is divided into three zones. 

For long holding times (>20*MTTR; Zone I) not taking into account failures in the network for routing (FIR 
strategy) results in better availability as the best disjoint path pair can be found by diverse routing algorithm. 
However, for short holding times (20*MTTR ≥ mean holding time ≥ MTTR/2; Zone II) eliminating failed 
resources for routing (FDR strategy) results in a much higher availability, as paths are guaranteed to be working 
when they are established. Failure Aware Routing (FAR), as it is a kind of mixture of both strategies, provides 
the best availability both for long and for short holding times. For very short holding times (<MTTR/2; Zone III) 
the effect of simultaneous failures is higher than consecutive failures. So, looking for working and protecting 
routes with no failed spans make FDR as the best strategy. Graphs on the bottom strengthen this conclusion. 
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They represent the evolution with the traffic intensity for paths with a mean holding time of 120 days and 24 
hours. To appreciate relative positions a zoom is performed. 
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 Figure 3. Availability in RT. 
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Figure 4. Blocking probability in RT. 

Fig. 4 shows the evolution of the blocking probability for the three routing strategies over the sparse Ring 
Topology. The graph on the top represents the evolution with the holding time of the paths for a traffic intensity 
of 2 Erlangs. As shown blocking probability remains at the same level for FDR and FAR strategies, presenting a 
slightly higher probability over FIR strategy. This is due to the fact that both strategies first search for a route 
without failures and both fail if it does not exist resulting in a higher blocking probability. FIR strategy presents 
a near 0% blocking probability as there are enough available resources in the network. Graphs on the bottom 
represent the evolution with the traffic intensity for paths with a mean holding time of 120 days and 24 hours. As 
expected, blocking probability increases when traffic intensity increases but the three strategies present 
equivalent figures. 

The three routing strategies present similar effects over the highly meshed Triangular Topology for network 
availability and blocking probability. 

4. CONCLUSIONS 
In this paper we have presented the influence of failure information over diverse routing. Three strategies have 
been evaluated through simulation experiments. 

For long holding times (e.g., order of days) the FIR strategy provides better availability as the best disjoint 
path pair can be found by diverse routing algorithm. On the other hand, for shorter holding times using FDR 
strategy results in a much higher availability, as paths are guaranteed to be working when they are established. 
The new strategy Failure Aware Routing (FAR) we propose (working path is forced to use not in failure 
resources while allowing the protecting path to use in failure resources) provides the best availability for both 
long and short holding times and over both topologies. 

Regarding blocking probability, the three strategies present mainly the same figures with FDR and FAR 
strategies presenting a slightly higher probability over FIR strategy. This is due to the fact that both strategies 
first search for a route without failures and if it does not exist both fail. 

According to these results we propose the general use of FAR strategy for routing when path protection 
mechanism is used for on-demand path provisioning. 
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