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ABSTRACT 

Ant colony optimization (ACO) based works like have already been published that considered 

routing and wavelength allocation (RWA) problem in WDM. But, there is no complete ant based 

solution to provide survivable routing and wavelength. The typical constraints for wavelength 

allocation problem are the limited wavelength number on each link and the wavelength 

continuity constraint for all WDM networks. To overcome aforementioned problems, we 

propose to develop an ant based approach for survivable routing and wavelength allocation in 

WDM networks. This approach makes use of Ant Colony Optimization (ACO) to provide 

survivable routing. The interconnected multilayer-graph model (IMG) is used for the wavelength 

allocation. We consider that part of the nodes have wavelength conversion.  For nodes without 

wavelength conversion capability, the wavelength continuity constraint is checked while 

establishing the light paths. Using NS-2 simualtion we show that the proposed ant based routing 

and wavelength allocation technique achives better channel utilization and throughput with 

reduced delay, and blocking probability when compared with the normal routing. 

Keywords: Wavelength Division Multiplexing (WDM), Ant colony optimization, 

Interconnected Multi -Layer Graph Model, Wavelength Continuity Constraints, wavelength 

assignment algorithm.  
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1. INTRODUCTION 

         Wavelength Division Multiplexing (WDM),  Recent Advances in networking—

particularly high-capacity optical networking employing wavelength-division- multiplexing 

(WDM) technology have made bandwidth-intensive multicast applications such as high-

definition television, video conferencing, interactive distance learning, live auctions, distributed 

games, and movie broadcasts from studios widely popular. Hence, there is an emerging need to 

efficiently protect critical multicast sessions against link failures such as fiber cuts. In the event 

of a fiber cut, all connections going in either direction of a fiber are disrupted, and the affected 

destinations have to be reached on alternate routes. Because single fiber failures are the 

predominant form of failures in communication networks, we focus on protecting multicast 

connections from any single fiber cut. Fiber cuts in an optical network occur often enough to 

cause service disruption, and they may lead to significant information loss in the absence of 

adequate backup mechanisms. The loss could be heavy when the failed link in a light-tree carries 

traffic for multiple destinations. Although significant work has been done for protecting and 

restoring unicast connections in a WDM mesh network in which several schemes [1]. 

Thus, the basic premise of the subject on optical wavelength division multiplexing 

(WDM) networks is that, as more and more users start to use our data networks, and as their 
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usage patterns evolve to include more and more bandwidth-intensive networking applications 

such as data browsing on the worldwide Fig.1 shows the past and projected future growth of data 

and voice traffic reported by most telecom carriers. Although voice traffic continues to 

experience a healthy growth of approximately 7% per year (which would be considered to be 

very strong growth in most business sectors), it is the data-traffic growth that is drawing people’s 

attention. Most carriers report that data traffic has just recently overtaken or will soon overtake 

the voice traffic in their fiber links and networks [2]. 

To overcome blocking probability, time delay problems, we propose to develop an ant based 

approach for survivable routing and wavelength allocation in WDM networks. This approach 

makes use of Ant Colony Optimization (ACO) to provide survivable routing. This approach 

makes use of Ant Colony Optimization (ACO) to provide survivable routing. The interconnected 

multilayer-graph model (IMG) is used for the wavelength allocation. We consider that part of the 

nodes have wavelength conversion.  For nodes without wavelength conversion capability, the 

wavelength continuity constraint is checked while establishing the light paths. The RWA 

problem can be classified into the static RWA and dynamic RWA problems. In the static RWA 

problem, the connection requests are given in advance. In contrast, the dynamic RWA considers 

the case where the connection requests arrive randomly. The dynamic RWA is more challenging; 

therefore, heuristic algorithms are usually employed in resolving this problem. Without 

wavelength converters, the same wavelength must be assigned on every link of a lightpath, this 

referred to as the wavelength-continuity constraint. The main advantage of alternate shortest-path 

routing is its simplicity, in the sense it has a small setup time and low control overhead while 

providing a significantly lower blocking probability than the shortest path routing. Adaptive 

routing approaches, such as adaptive-unconstraint routing using exhaustive search or least-

loaded routing are more efficient than the static routing methods in terms of blocking probability. 

The main problems of these adaptive routing methods are their longer setup delay and higher 

control overhead, including the requirement of global network’s state on each node [3]. Network 

a communication network can now be defined as a collection of switches (nodes) interconnected 

by transmission media (links/branches) carrying information bearing signals (entity) in 

electrical/optical form.  So the nodes, links and the transmission of information are the 

fundamental attributes of any network [4]. In a wavelength-routed network, a connection 

between a source node and a destination node is called a lightpath. A lightpath is an optical 

channel that may span multiple fiber links to provide an all-optical connection between two 

nodes [5]. A WDM network consists of wavelength cross-connects (WXCs) interconnected by 

fiber links. A wavelength selective cross-connect (WSXC) routes a message arriving at an 

incoming Fiber on some wavelength to an outgoing fiber on the same wavelength. An alternative 

is to use a wavelength interchanging cross-connect (WIXC) which employs Wavelength 

conversion. Wavelength interchange (convertible) networks yield better performance than 

wavelength selective networks. However, wavelength converters are very expensive. WDM 

networks are prone to failures of components such as links, nodes, and wavelength 

multiplexers/demultiplexers. Since these networks carry high volumes of traffic, failures may 

have severe consequences [6]. Survivable Topology design is determines the survivable virtual 

topology to be imposed on the physical topology based on the traffic demands.  Virtual Topology 

Routing – computes a physical path for each logical link in the virtual topology.  Wavelength 

Assignment – deals with assigning a free wavelength along the computed physical path 

corresponding to each virtual link in the virtual topology.  Traffic Routing – computes a virtual 

path to route traffic between source and destination nodes in the virtual topology [7].  
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In this paper we are over come the problem which is blocking probability, delay 

bandwidth utilization etc. Inspired from the behaviors of natural ant system, a new class of ant-

based algorithms for network routing is currently being developed. Previous work has shown the 

potential success of ant-based routing for both packet switching networks and circuit switching 

telephone networks. Due to dynamic RWA being a NP-complete combinatorial problem, it is 

usually approximately separated into a routing and wavelength assignment sub-problem for 

reducing complexity. In these solutions, the routing strategies usually are Shortest Routing and 

Least-loaded Routing, and the wavelength assignment strategies are First Fit, Least Influence, 

etc. But it is impossible to get overall optimization because of routing and wavelength 

assignment being an inseparable entity in fact. In stead of separated processing of the routing and 

wavelength assignment sub-problems, we consider the dynamic RWA problem as a whole. Thus, 

a new model called the multilayer-graph model is put forward. Based on it, route selecting and 

wavelength assignment is completed simultaneously using the previous mentioned routing 

strategies for light-path requests. But it brings some problems: Most of the heuristic algorithms 

need global network status information and it must be refreshed frequently so that each node can 

maintain global network status information. Otherwise, the latest change of the network status 

cannot be reflected correctly. So the quantity of communication overhead cost and the source-

node computation increase in large scale networks while dealing with more constraints. In WDM 

networks without wavelength conversion, situations can occur where there still exist a significant 

total number of free channels, but one common free wavelength throughout a path cannot be 

found. Changing the wavelength along the lightpath can prevent this blocking phenomenon. The 

deployment of wavelength converters thus increases flexibility. However, it also adds high 

hardware costs [8]. 

2. ANT-COLONY OPTIMIZATION 

ACO heuristic on multilayer-graph model Inspired by the behavior of real ants searching for 

food, the main idea is to utilize both local information (visibility) as well as information about 

good solutions obtained in the past (pheromone), when constructing new solutions. Another 

approach to the RWA problem incorporates Ant-Colony Optimization, a relatively new category 

of meta-heuristics. The ACO algorithm developed by Dorigo, et al. [9] mimics the abilities of a 

colony of ants to find the shortest path to a food source and to re-route that path to 

circumnavigate obstacles placed in the path. Ants in nature accomplish these relatively complex 

tasks by depositing small amounts of pheromone wherever they travel. Subsequent ants are 

attracted to this pheromone and follow the path. If an obstacle is placed in the path and the ants 

are faced with two alternatives to circumnavigate the obstacle, an equal number of ants will 

initially follow the longer and shorter Paths. The longer path has a greater distance between each 

ant, and thus gets less pheromone per unit distance. This makes the shorter path more attractive, 

and as more ants travel the shorter path, it is reinforced with more pheromone. When an ant 

completes a route from source to destination, a global update adds pheromone to the entire path, 

often in inverse proportion to the length of the path, to reinforce shorter routes. ACO is well-

suited to path-following, and has been tested on many problems [10].  

3. MULTILAYER-GRAPH MODEL  
In stead of separated processing of the routing and wavelength assignment sub-problems, we 

consider the dynamic RWA problem as a whole. Thus, a new model called the multilayer-graph 

model is put forward. Based on it, route selecting and wavelength assignment is completed 

simultaneously using the previous mentioned routing strategies for light-path requests Based on 

the multilayer-graph model in [11], a lightpath must occupy the same wavelength on all links of 
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the path used, a property known as the wavelength continuity constraint. Previous work has 

shown that wavelength conversion can considerably improve the performance in all optical 

networks. But it will cost much if all nodes in the WDM network have wavelength conversion. 

So we consider that part of the nodes have wavelength conversion. In this paper, we present an 

extended multilayer-graph model called the interconnected multilayer-graph model (IMG) [11]. 
 

 

 

Fig 1 multi-layer graph model 
 

So the quantity of communication overhead cost and the source-node computation increase in 

large scale networks while dealing with more constraints. In WDM networks without wavelength 

conversion, situations can occur where there still exist a significant total number of free 

channels, but one common free wavelength throughout a path cannot be found. Changing the 

wavelength along the lightpath can prevent this blocking phenomenon. The deployment of 

wavelength converters thus increases flexibility However; it also adds high hardware costs. 

 

Fig 2 interconnected multi layer graph model 
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4. WAVELENGTH CONTINUITY CONSTRAINT 

Wavelength without Conversion 

In WDM networks without wavelength conversion, situations can occur where there still 

exist a significant total number of free channels, but one common free wavelength throughout a 

path cannot be found. a lightpath must occupy the same wavelength on all links of the path used, 

a property known as the wavelength continuity constraint. 

Wavelength Conversion 

Changing the wavelength along the lightpath can prevent this blocking phenomenon. The 

deployment of wavelength converters thus increases flexibility. However, it also adds high 

hardware costs.  

Ant based routing and wavelength assignment 

(Ant generation) 

Start  

For each node in network 

Select a random destination; 

Launch ants to this destination with a probability ρ 

End for 

Increase time by a time-step for ants’ generation 

Until (end of simulation) 

{Ant foraging} 

For each ant from source s to destination d do (in parallel) 

While current node i <> d and TTL > 0 

Smart-update routing table elements 

Push trip’s state into stack 

If (found a next hop) 

Move to next hop and decrease TTL 

Else 

Kill ant 

End if 

End while 

End for 

{Routing and Wavelength Assignment} 

For each connection request do (in parallel) 

Select a path based on first-highest-probability lookup 

Select the first available wavelength on path 

If (found) 

Setup a lightpath 

Else 

Select another path based on second highest probability 

Select the first available wavelength on path 

If (found) 

Setup a lightpath 

Else 

Consider a blocking case 

End if 

End if 
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End for 

Network model and routing table structure 

In this paper, we propose to study the following planning problem, given the physical 

topology of an optical network G(N, E,W) together with link capacities. Given a set of 

aggregated traffic flows, the aim of the algorithm is to establish as many light-paths as possible 

for the set of aggregated traffic flows in the corresponding interconnected multilayer graph IMG 

(V, L) in order to minimize the blocking rate. Given the number of all ants that are placed at the 

source node  

 

 
Step 1  

1. Data Collected by Ants 

An Ant collects two kinds of data along their trips: path length and congestion information. Each 

ant carries a binary mask Mant that indicates the available wavelengths on its path; this mask has 

W bits corresponds to the number of wavelengths. The bit value 1 corresponds to a free 

wavelength while the bit value 0 corresponds to a busy wavelength. Under the wavelength 

continuity constraint, a wavelength can be assigned only if it is free on all links of the path. Thus, 

at each node, the wavelength mask is updated as follow 

 

Mant = Mant AND Mlink 

 

Where: Mant is the actual mask carried by the ant Mlink is the mask for available wavelengths 

on next selected link 

Step 2  

2. Routing Table Updating 

Whenever an ant visits a node, it updates the routing table (pheromone updating). Suppose an ant 

moves from the source node s to destination node d following the route (s,…, i-1, i,…, d), it will 

update the entry corresponding to the source node s in the routing table of node i as follows: the 

probability of selecting neighbor i-1 is increased while the probabilities of selecting other 

neighbors are decreased More formally, suppose that an ant visits node i at time t, so the values 

for routing entry in time t+1 are determined by the following formula (remember that the sum of 

selecting probabilities for all neighbors is always 1): 

 

 
 

The factor ðl is derived from the length of the path that the ant has moved along. The 

shorter the path length, the bigger the ðl value, and vice versa. Note that the length l of a path 

between a source destination node pair is always greater than or equal to the length of the 

shortest path between the source and the destination (denoted by lmin hereafter), and as a 

reinforcement parameter, ðl must be small and 0<ðl<1 [14]. Thus, we compute ðl as follows: 

 

 



International journal of advanced scientific and technical research                          Issue 2 volume 6, December 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 

 Page 499 
 

Step3  

3. Ant Movement 

When an ant moves from a source to a destination, its next hop is determined 

stochastically: a neighbor is selected according to its selection probabilities in the routing table. 

This is the basic principle of ant colony optimization. As a result, an ant colony tends to discover 

the better path between a node pair in terms of path length and the degree of congestion along 

this path. In our algorithm, an ant is killed when it reaches its destination node or when it cannot 

find a path with a free wavelength to which to move. An ant is also killed if its lifetime exceeds a 

predefined value TTL (Time-to-Live), or if it detects a loop on its path (by searching the visited 

nodes in the ant’s stack). Ant-based algorithms usually suffer from stagnation, in which an 

optimal path is found by ants so the pheromone for this path is recursively increased. In this case, 

too many ants concentrate on this  In this case, too many ants concentrate on this optimal path, 

which prevents them from discovering other, better paths when the network state changes. To 

avoid this ―frozen‖ situation, a random scheme with a ―exploration‖ factor Pnoise is introduced: 

at each node; the ant selects its next hop randomly with an exploiting probability Pnoise and 

selects its next hop according to the routing table with probability 1-Pnoise. The using of Pnoise 

allows ants to keep exploring for a better solution to a lightpath request. 

Step4 

4. Smart Updating 

 Agents supplemented with dynamic programming capacity, or smart agents, are efficient in 

improving the performance of ant-based routing systems. With the idea of smart agents， the 

pheromone updating affects not only the entry corresponding to the source node, but also all the 

entries corresponding to previous nodes the ant has visited. In order to facilitate the smart 

updating, an ant must push into its stack the node identification and a binary mask that 

determines the states of wavelengths on all the links it has traversed. Under the wavelength 

continuity constraint, this wavelength mask is determined in a same way. This stack also serves 

for loop detection and backtracking, to ensure that ants will not move forever on the network. 

C. Selection of Path and Wavelength 

With support from the routing table and the ant’s foraging, path selection can be performed in a 

straight forward manner as described in our previous work on ant-based algorithms when a will 

be determined by the node with the highest selection probability among all its neighboring 

entries. The visited nodes will never be selected as the next hop. This principle is applied from 

the source node to the destination node. We call this the First-Highest scheme. With this scheme, 

the route is already determined upon the arrival of a connection request. 

After determining the route for a connection request, any wavelength assignment scheme cans be 

applied. Our work in this paper does not focus on ant-based wavelength assignment heuristics, so 

we use First-Fit- a simple yet efficient heuristic for wavelength assignment. In the First Fit 

heuristic call wavelengths are considered and the first available one is selected. 

As explained in, ant-based algorithms adopting the First-Highest scheme have a stagnation state 

problem. When the network state changes, e.g., when a light path is established or released, ants 

may not be able to quickly find a better path for a new request. This phenomenon greatly affects 

the performance of ant-based dynamic RWA algorithms with a wavelength continuity constraint, 

since the state change of a wavelength on one link may affect the overall RWA solution. Here, 

we introduce here a new path selection scheme, called the Second-Highest scheme, to enlarge the 

search space for RWA solution based on the ants’ searching. In the Second-Highest scheme, we 

will try the second route as follows if there is no free wavelength available on the first route, as 
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obtained by the First-Highest 9 scheme: at the source node, the next hop is determined by the 

node with the second highest selection probability, after this hop, the First-Highest scheme is 

used again until the destination node is reached. The wavelength assignment for the second route 

is also based on the First-Fit heuristic. 

SIMULATION RESULTS AND ANALYSIS 

An extensive simulation study based on the ns-2 network simulator [12] has been 

performed to verify our new ant-based dynamic RWA algorithm for WDM networks with 

wavelength continuity constraint .In the simulation, each ant is considered as a packet and it is 

simulated based on the packet-switched feature of ns-2. As the size of each ant is relatively 

small, so its delay is negligible. A circuit-switched routing module is also added into ns-2 to 

simulate our RWA algorithm. 

 

 
 

       Fig3 Data transmitting from source to destination  

 

Fig4 the graph is between wavelength and blocking probability,  
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Fig5 a graph is between wavelength and blocking probability,  

The above figure graph shows that the y-axis is blocking probability and x-axis is Wavelength, 

red color line is our proposed application performance where as the green color line is Normal 

performance at y - axis 4000nm and x- axis 4000nm is equal to 1 unit. In the above graph 

achieved a low blocking probability compare to normal.  

 
       Fig6 Data transmitting from source to destination  
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Fig7 performance between wavelength vs. channel utilization 

The purpose of performance evaluation, network utilization is here focus on primary and back up 

paths, the above graph shows that the y-axis represents Utilization and x-axis represents 

Wavelength. The bandwidth utilization obtained for various rate. It shows better utilization than 

the normal network utilization scheme.  

 
Fig8 performance between wavelength vs. channel utilization 
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Fig8 performance between wavelength vs. delay. 

In the above graph we have taken y-axis as wavelength and x-axis was delay we got good 

performance compare to normal. 
 

 
 

Fig7 performance between wavelength vs. delay. 

The above graph shows that the y-axis represents Delay and x-axis represents Wavelength, in by 

simulation we achieved reduced delay compare to normal.  

 

CONCLUSION 

Wavelength Division Multiplexing (WDM), Recent Advances in networking particularly high-

capacity optical networking employing wavelength-division- multiplexing (WDM) technology 

have made bandwidth-intensive multicast applications such as high-definition television, video 

conferencing, interactive distance learning, live auctions, distributed games, and movie 

broadcasts from studios widely popular. Hence, there is an emerging need to efficiently protect 

critical multicast sessions against link failures, blocking probability, Delay. Ant colony 

optimizations (ACO) based works like have already been published, but, there is no complete ant 
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based solution and wavelength assignment for wavelength allocation. The typical constraints for 

wavelength allocation problem are the limited wavelength number on each link and the 

wavelength continuity constraint for all WDM networks. To overcome above problems, we 

propose to develop an ant based approach for survivable routing and wavelength allocation in 

WDM networks. This approach makes use of Ant Colony Optimization (ACO) to provide 

survivable routing. The interconnected multilayer-graph model (IMG) is used for the wavelength 

allocation. We consider that part of the nodes have wavelength conversion. For nodes without 

wavelength conversion capability, the wavelength continuity constraint is checked while 

establishing the light paths. The first fit wavelength assignment algorithm assigns wavelengths to 

the primary and backup paths in order to share the resources between the current traffic requests 

and the already established requests. Using NS-2 simualtion concluded the proposed achieved 

better channel utilization and throughput with reduced delay, and blocking probability when 

compared with the normal routing. By measuring performance by varying the number of 

wavelengths in Exponential traffic flow 
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