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ABSTRACT 

 

 We investigated the problem of Survivable Virtual Topology Routing [SVTR] under 

single fiber failure in WDM weighted mesh networks. They have proved necessary and 
sufficient conditions for the existence of survivable routes. Using that condition, they have 
proposed a polynomial algorithm that establishes survivable routes using a single 

wavelength. After creating this survivable ring virtual topology, they have assigned 
additional light paths using the available wavelengths at the various links to increase the one 

hop traffic mainly, giving priority on traffic and wavelength, respectively.  
       This paper proposes a new distributed priority based routing algorithm which is 
intended for a variety of traffic classes. Their algorithm employs the concept of load 

balancing to establish the primary and backup light paths. Their algorithm calculates the 
cost metric on the basis of the load on the links. According to their algorithm the dynamic 
traffic can be classified into high and low priority. Here, the routing of high priority traffic 

is performed over the lightly loaded links, in such a manner that the links with lighter loads 
are chosen instead of links with heavier-loads whilst routing the primary and backup paths. 

Based on the simulation results, it has been shown that the distributed priority based routing 
algorithm reduces the blocking probability and latency by means of increased throughput 
and channel utilization. 
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INTRODUCTION 
 

Wavelength Division Multiplexing (WDM) Networks 
 

A WDM optical network consists of a set of wavelength cross-connects (WXCs) 
interconnected by fiber links in an arbitrary topology. Wavelength Division Multiplexing 
(WDM) divides the tremendous bandwidth of a fiber into many non overlapping 

wavelengths (WDM channels) which can be operated at any desirable speed, e.g., peak 
electronic speed of a few gigabytes per second.  
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Architecture of WDM Networks 

 
A WDM optical network consists of a set of wavelength cross-connects (WXCs) 

interconnected by fiber links in an arbitrary topology. In all-optical WDM networks, end  
users communicate with each other via all-optical channels that are referred to as light 
paths. There are two kinds of WXCRouting in WDM  

 
WDM technology has enabled wavelength routing, which provides the benefits of reduced 
switching costs as compared to high-speed electronic switches and more transparency than 

electronics could provide. In a wavelength-routed network, a connection between a source 
node and a destination node is called a light path. A light path is an optical channel that may 

span multiple fiber links to provide an all-optical connection between two nodes.  
 

Survivable routing in WDM 
 
Survivability of a network refers to the network’s capability to provide continuous service 
in the presence of failure. Survivability is becoming an important issue in optical networks 

due to the huge bandwidth offered by optical technology. Network survivability 
mechanisms may be classified according to two main categories: restoration and protection.  

 Protection 

Protection is a pro-active approach in which the backup path is reserved at the same time 

with the working path setup. Protection is the key mechanism used to ensure survivability in 
optical networks. 

 Restoration 

Restoration is a reactive approach in which a backup path is computed and established after 
a failure in the working path. Survivable routing in Wavelength Division Multiplexing 

(WDM) networks focuses on designing light path routing strategies to improve 
survivability. The primary goal is to route the light paths that constitute the logical topology 
over the fiber network so that fiber failures will not disconnect the logical topology.  
 
 
Problem Identification and Solution 
 
In the literature, ant colony optimization (ACO) based works like have already been 
published that considered RWA problem in WDM. But, there is no complete ant based 

solution to provide backup paths for survivable routing.  
 
Apart from this, we have more works in the literature for survivable routing in WDM 

networks. All these works generate backup paths using basic scheduling and routing 
mechanisms. In addition to this, the backup paths created by these mechanisms are static 
paths, which are unaware of impairments in links.  
 
To overcome aforementioned problems, we propose to develop an ant based approach for 
survivable routing in WDM networks. This approach makes use of Ant Colony 

Optimization (ACO) to provide survivable routing.  
 

Ant Colony Optimization 
 
Ant Colony Optimization (ACO) comprises a set of algorithms used for the optimization of 

several problems. In essence, ACO algorithms try to emulate the biological behavior of ant 
colonies on their task of foraging for food. Due to ACO’s distributed nature, it can be a 
complete solution to support dynamic networks. ACO can run continuously, thus it can 

provide dynamic paths for survivable routing.  
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Primary and Backup Path Computation 
 
    Initially, in the path, a major part of the bandwidth is allocated for primary path and this 
part cannot be shared by other paths. Fraction of the bandwidth is allocated for backup path 

and this can be shared by other disjoint paths. The disjoint path can be primary or backup 
path. The residual bandwidth is used for future primary and backup paths computations.  
        When the connection request arrives to the source, it looks in its pheromone and load 

table and send connection request (CNREQ) message to the destination along with 
feasibility and load values of paths. Upon receiving the CNREQ, the path that has higher 

feasibility value and the load value lesser than ThLOAD  can be selected by the destination for 
further processing. 
The backup path can be triggered in two scenarios.  

(i) Failure Detection 
(ii) Congestion Detection 

When any intermediate node detects node failure or fiber failure, then it sends FAILURE 
warning message to the source node along the alternate light path. To detect congestion, the 
value of path load should not exceed the ThLOAD. If the load value exceeds beyond ThLOAD, 

then it will lead the network to congestion and consequently to the blocking of services. 
Thus, to prevent these, we let the intermediate node to send a CONGESTION warning 

message to the source before it exceeds ThLOAD. 
     If the source node receives either FAILURE or CONGESTION warning message from 
the intermediate nodes, it triggers the backup path protection and establishes back up light 

path from the estimated set of light paths (from the ant agents). The source node looks its 
pheromone and load table and select the path that has low load value and higher feas ibility 

value as next hop and precedes the transmission. During the transmission, if the load value 
exceeds the ThLOAD ,  then backup path can be triggered by the corresponding node.  
 

A. Computing Primary Path 

We will adopt the general link cost function to compute the low priority traffic’s primary 

path. 
General Link Cost Function. 

 We will define the link cost function in the following which will be used for computing the 

primary and backup paths to implement the wavelengths sharing. 
 

The capacity of link Li, i = 1,2,3,.... can be divided into three types: 
1. Free capacity (fi): the free capacities that can be used by the following primary or backup 
paths. 

 
2. Reserved capacity  (RCi): the reserved capacities of some backup paths. 

 
3. Working capacity  (Wi ): the working capacities of some primary paths and can not be 
used for any other purpose until the corresponding primary path is released.  

 
The link cost function C(Li)for finding a primary path with requested bandwidth (RB) is 

calculated as 
           C(Li) = ∞   if fi < RB 
                     = ci , if fi > RB                      (1) 

 
Where ci is the basic cost of link Li that is decided by physical length of the fiber link, the 

expense of fiber link installation, and so on. 
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B. Computing Backup Path 

Because the high priority traffic’s backup path can share resources with low priority traffic, 
so we must consider the factor into the link cost function for low priority traffic’s backup 

path. With the requested bandwidth (RB) and the found low priority traffic’s primary path, 
the reserved capacity  Rc(Li ) along link Li can be further divided 
into three types: 

 
(a) Non-sharable capacity  (Nc (L i )): the capacities reserved by some protected path(s) and 

is not shared by  FHPPs , where the “high priority traffic’s protected  path(s)” should not be 
link-disjoint with  FHPPs . 
 

(b) High priority traffic’s capacity  Hc(Li) : the capacity reserved by high priority traffic’s 
backup path(s) and is shared by low priority traffic’s backup path(s).  

The link cost function  C(Li) for finding a backup path for low priority traffic’s primary path 
with requested bandwidth ) (RB is calculated as 
 

= ∞ if  Hc(Li)+Nc(Li)<RB 
 

𝐶 𝐿𝑖 =
RB−Hc  Li −Nc  Li 

𝑓𝑖
 ,if 

                     Hc(Li)+Nc(Li)≥RB                             (2) 

 
Distributed Algorithm 

Step1: Wait for a request, 

1.1 if the request is high priority traffic, then 
1.1.1 go to step 2; 

1.2 if the request is low priority traffic, then 
1.2.1 go to step4; 
1.3 otherwise, update the network state.  

Step2: Compute the primary path for this high priority 
connection according to (1), 

2.1 If the primary path is found, then 
2.1.1 record routes information and 
wavelength assignment. 

2.1.2 Update the network state and link 
cost function, 

2.1.3 goto step 3. 
2.2 If either the primary path or available 
wavelengths is not found, then 

2.2.1 go to step 5. 
Step3: Compute the backup path for this high priority 

connection according to (4), 
3.1 If the backup path is found, then r 
3.1.1 record routes information and 

wavelength assignment. 
3.1.2 Update the network state and link 

cost function, 
3.1. 3 go to step 1. 
3.2 If either the backup path or available 
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wavelengths is not found, then 
3.2.1 go to step 5. 

Step4: Compute the working path for this low priority 
connection according to (3), 

4.1 If the working path is found, then 
4.1.1 record routes information and 
wavelength assignment. 

4.1.2 Update the network state and link 
cost function, 

4.1.3 go to step 1. 
4.2 If either the working path or 
available wavelengths is not found, then 

4.2.1 go to step 5. 
Step5: block this request and go to step 1. 

 
 
SIMULATION RESULTS 

A. Simulation Model and Parameters 
 
In this section, we examine the performance of our Routing and Wavelength Assignment 

algorithm (RWA) with an extensive simulation study based upon the ns-2 network 
simulator. We use the Optical WDM network simulator (OWNs) patch in ns2. In our 
simulation, we simulate a 10-Node topology (as given in table-1) which can be extended to 

any number of nodes. Various simulation parameters are given in table 

    In our experiments, we use a dynamic traffic model in which connection requests arrive 

at the network according to an exponential process with an arrival rate r (call/seconds). The 
session holding time is exponentially distributed with mean holding time s (seconds). The 
connection requests are distributed randomly on all the network nodes. In all the 

experiments, we compare the results of RWA with DLA scheme. 

Table 1: Simulation Parameters 

                               Topology                            Mesh 

Total no. of nodes  

Link Wavelength Number  
Link Delay  
Wavelength Conversion Factor  

Wavelength Conversion Distance 
Wavelength Conversion Time  

Link Utilization sample Interval 
Traffic Arrival Rate  
Traffic Holding Time  

Packet Size  
No. of Receivers  

Max Requests Number 
Rate 

14 

8 
10ms 
1 

8 
0.024 

0.5 
0.5 
0.2 

200 
4 

50 
2,4,6 and 8Mb 

 

In our experiments, we use a dynamic traffic model in which connection requests arrive at 
the network according to an exponential process with an arrival rate r (call/seconds). The 
session holding time is exponentially distributed with mean holding time s (seconds). The 
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connection requests are distributed randomly on all the network nodes. In all the 
experiments, we compare the results of RWA with DLA [10] scheme. 
 
B. Performance Metrics 
 
We measure the following metrics in all the simulation experiments:  
• Blocking Probability 
• Throughput in terms of Packets Received  

• Channel Utilization 
 
In the initial experiment, we vary the traffic rate as 2Mb, 4Mb….8Mb and measure the 

throughput, end-to-end delay and bandwidth utilization.  
 

 Comparisons between new Ant-based algorithm and Normal routing algorithm.  
 

 

Fig1: Rate Vs utilization 
 

Fig.1 shows the channel utilization obtained for various rate. It shows that Ant-base has 
better utilization than the Normal scheme.  

 

Fig2 : Rate Vs throughput 
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Fig. 2 shows the throughput occurred for various failures. As we can see from the figure, the 
throughput is more in the case of Ant when compared to Normal scheme 

 

Fig3 : Rate Vs Blocking Probability 
 

Fig.3 shows the blocking probability obtained with our Ant algorithm compared with 
Normal scheme. It shows that the blocking probability is significantly less than the Normal, 

as rate increases. 
 

 

Fig4: Traffic Vs Utilization 
 

Fig.4 shows the channel utilization obtained for different traffic. It shows that Ant-base has 

better utilization than the Normal scheme even though traffic increases.  
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Fig5: Traffic Vs Throughput 

Fig5 shows about the Traffic Vs Throughput in Normal & Ant-based routing algorithms. If 
traffic is more have moreThroughput  

 

 

Fig6: Traffic Vs Blocking Probability 

 
Fig6 shows low traffic & less blocking probability in Ant –based algorithm 
 

CONCLUSION 

In this paper we have designed in an Ant Based Survivable Routing and Wavelength 

Allocation in WDM Networks for establishing primary and backup paths in optical WDM 
networks. In order to establish the primary path, this algorithm uses load balancing in which 
link cost metrics are estimated based on the current load of the links. The traffic is routed 

over the lightly loaded links. Therefore the links with the lighter loads are selected instead 
of links with the heavier loads. In backup path setup, the source sends a small fraction of 

probe packets along the existing paths. It can monitor and identify the requests that are 
rejected at the network based on the received positive and negative feedback from the 
destinations. The source then calculates the blocking probability from the received feedback 

and selects the optimal light path with the lowest blocking probability. Based on the 
simulation results, we have shown that ant based routing algorithm reduces the blocking 

probability and latency while increasing the throughput and channel utilization. As a future 
work, we will concentrate on designing wavelength allocation technique in WDM networks.  
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