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Abstract: Routing and Wavelength Assignment 

(RWA)problem is one of the most challenging and 

important problem to be considered in an optical WDM 

networks. A good and an appropriate solution to this 

problem leads to an efficient wavelength-routed all optical 

WDM networks. So, for this,   different algorithms are 

proposed which depends on several important factors and 

then route the incoming request to their final destination. 

The main motive behind these proposed algorithms is to 

reduce the rejection of the requests during the period of 

congestion. The factors that are basically taken into 

account for proposing these algorithms are Degree of the 

node and the Hop count which can be further divided into 

ascending and descending hop count.   On the basis of 

these algorithms, different parameters have been extracted 

for comparing the results between them. The simulator used 

for extracting these parameters is MATPlanWDM. The 

result shows that the algorithms will behave distinctly and 

the performance is totally dependent on the parameters 

under consideration. 
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I. INTRODUCTION 

Wavelength division multiplexing (WDM) in optical 

networks is one of the leading technology to meet the 

tremendous bandwidth demand for the future and is also 

getting so much of attention from the telecommunication 

industries. In WDM an optical fiber link carries several 

optical signals with different wavelengths. As these optical 

signals are processed at very low speeds hence, there need to 
be an optic-electro conversion of the signals which will be 

again converted back to optical signal for the transmission 

through optical fibers. This optic-electro-optic (OEO) 

conversion need to facilitate electronic processing which is 

also very expensive. The solution for this problem is to build 

a network in which the signals can processed directly in the 

optical domain. Such networks are called all-optical 

networks. The path or a link between two nodes in such a 

network and allocating a free wavelength to each path is 

commonly referred to as a lightpath. Thus, all optical 

network may extent multiple fiber links without any 
intermediate electronic processing, while using only one 

WDM channel per link. The entire bandwidth is reserved on 

this lightpath until it gets terminated. In the absence of  

 

wavelength conversion ability, it is required that the 

lightpath will occupy the same wavelength over all the fiber 

links it uses. This requirement is referred as wavelength 

continuity constraint. Since, these lightpath serves as the 

basic building blocks for such networks and therefore, the 

effective establishment of lightpaths is very important. 
Hence, the problem of providing the routes to the incoming 

lightpath requests and assigning wavelength to each link 

along this route is known as Routing and Wavelength 

Allocation (RWA) problem. The RWA problem is critically 

significant in enhancing the efficiency of the wavelength-

routed all optical networks. If there is a good solution to this 

problem, then more customers can be accommodated by the 

given system, and fewer customers will be rejected during 

periods of congestion.  

 

II. ROUTING AND WAVELENGTH ASSIGNMENT 

(rwa) PROBLEM 
Setting up a route and wavelength(s) to the incoming request 

using minimum possible number of wavelengths for a given 

network topology is known as routing and wavelength 

allocation problem. The routing and wavelength allocation 

problem is subject to the following two constraints, i.e. 

wavelength continuity constraint and distinct wavelength 

continuity constraint. The RWA problem can be divided in 

two basic parts: 

 Static RWA: In this problem, the traffic 

requirements are known as a priori. 

 Dynamic RWA: In this problem, the traffic 
requirements are not known in advance and the 

requests came in a random manner. 

As the name suggests that the RWA problem is actually an 

arrangement of two sub problems which cannot be resolved 

together and hence, this has to be solved separately. 

 

A. Routing Problem 

This is the problem of routing the request between source 

and destination among all the existing routes. In general, the 

fixed shortest path routing is used and the shortest path 

between the source and destination is calculated using 

standard shortest path algorithms like Dijkistra’s or Bellman-
Ford algorithm. 

 

B. Wavelength Assignment Problem 

This is the problem of assigning the wavelength on the 

selected route via which the transmission of data packets can 
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take place from source to destination. Efficient solution to 

this problem can lead to a system with reduced or no use of 

wavelength converters which can considerably cut the cost. 

Whenever a call is made by the source node, it first sends a 
request to the controller. Since, the controller has the 

information regarding the network, it comprises of the facts 

about the busy and free wavelengths available at that instant 

of time. The controller then select the wavelength from the 

set of free wavelengths and assign it to the call. The most 

commonly used scheme for wavelength assignment is first-fit 

wavelength assignment strategy. All the information 

concerning the free and used wavelength is maintained in a 

list. According to this scheme, the connection is tried to be 

established using the very first available wavelength on the 

selected path with which the data flow will take place. If this 

first wavelength fails to accessible on the entire path then this 
will again tries to establish connection with the second 

indexed free wavelength and will be continued so on till the 

last free wavelength. After, the completion of data transfer 

the used wavelength will again be added up in the same set of 

available wavelength. 

 

III. LINK WEIGHT ASSIGNMENT STRATEGIES 

Mostly in all the research for solving out the RWA problem, 

the standard shortest path algorithms described above is 

commonly used. As, this strategy is using all the resources 

efficiently for finding the appropriate route depending upon 
the shortest path between the source and the destination node, 

there may be some networks where considering only this 

shortest path factor is not all sufficient. There may be several 

other factors which can be considered for the RWA problem. 

In this work two main factors i.e. degree of node and hop 

count is also considered. Degree of a node is actually the 

number of links that is connected to other nodes and is a 

major factor in the network where the load on a particular 

node is more than that of other neighboring nodes. Hop count 

is another important factor to be considered for a network 

where degree of node is also approximately equal for every 
node or may be differ by one or two. As, there may be an 

infinite number of topologies for a network and considering 

only one factor for all of them is not a good decision and 

hence these factors are introduced and are then compared on 

the basis of some very important parameters like lost traffic, 

average wavelength used, propagation delay etc. 

 

A. EXISTING STRATEGY 

The existing strategies does not changes the given link 

weights in the network and the connections are then trying to 

be established according to the given link weight. No 

changes been made to the weights assigned, according to the 
wavelength availability, resource utilization, connection 

requests, availability of resources. The disadvantage of using 

such a strategy leads to an inefficient utilization of the links 

available in the network and hence there might be a situation 

where some of them are underutilized while some of them 

are over utilized. Actually, the decisions must be made 

depending upon the current situation of the network. This 

work basically focuses on this very important point so as to 

make the network resourceful and efficient. 

 

B. PROPOSED STRATEGY 

In this work, the link weight assignment not only focuses on 
one common factor i.e. shortest path but also two other 

important factors including degree of node and hop count 

which can further be divided into ascending and descending 

hop count. 

 

C. Weight assignment based on the Degree of a node 

As the above mentioned shortest path algorithms are the 

most common algorithms use for routing the incoming 

requests but this not appropriate to use the same common 

factor for all type of network topologies. The main motive 

behind using this algorithm is to avoid congested paths by 

assigning the route where the chances of least congestion is 
possible. This algorithm is more useful than the shortest path 

algorithm in a network where the degree of a node is much 

more than its other neighboring nodes.  A network is shown 

in fig.1 to show in which scenario the above mentioned 

algorithm is useful. 

 
Fig1. Network where degree of node algorithm is useful 

The shortest path in the above network is via node 4 but as 

the load on node 4 is much higher than that of other nodes so 

choosing this path will lead to a situation where the data 

packets can be lost. Hence, to avoid such a condition the 

weight assignment is done on the basis of degree of the node. 

So, rather choosing the shortest path which passes through 

that particular node with high degree, the alternate route is 
assigned where the degree of node is less even if it is the 

longer route. Thus, more weight is assigned to such paths 

with high degree of nodes so that less weighted path is taken 

and chances of getting the request to be blocked can be 

reduced.  

 

D. Weight assignment on the basis of Hop count  

The above mentioned algorithm is very efficient for most of 

the network but there might be a case where classification of 

links cannot be done with the help of degree of a node. If in a 

network the degree of nodes are approximately equal or may 

be differ by one or two then rather considering the degree, 
hop count is the important factor. A network is shown in 

fig.2 that in what scenario the hop count based algorithm is 

beneficial. 
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Fig.2.Network where hop count algorithm is useful 

As seen from the figure that degree of all the nodes are 

approximately equal or is just differs by one or two.In such 

cases, using weight assignment on the basis of degree of a 
node is not significant. Therefore, another factor i.e. hop 

count is introduced for weight assignment which can be 

further classified in two subparts: 

 Ascending hop count 

If there is a topology in which only one long path 

exists and other paths are very closer to each other, 

then, more weights are assigned to that long path 

and hence more preference would be given to them. 

 Descending hop count 

If source and destination are too far from each other, 

then in order to avoid wavelength conversion one 
would prefer long pathsto reserve the wavelength 

and hence weight assignment will be done in a 

manner so as to give more priority for longer links. 

 

IV. PERFORMANCE ANALYSIS 

Without any practical results no heuristics can be taken as 

granted. So, to prove that the new algorithms proposed 

provides good results than the existed one, the simulation 

must be done. All the simulations are done on matlab and the 

simulator used is MatPlanWDM which is very convenient 

and user friendly. This simulator is an open source and can 

run on different operating systems like windows, linux etc. 
The user must select a topology first and then the traffic 

pattern accordingly can be created using the simulator itself. 

Once these are set then .m files can be selected and the 

simulation will run and the virtual topology will be created 

by the simulator. No need to find the parameters from 

outside, on the basis of which the comparison is done. 

 

V. SIMULATION RESULTS 

As mentioned earlier that the work is basically focused on 

getting the knowledge of how the network will behave with 

different heuristics. The comparison between these heuristics 
is based upon the parameters been extracted from the 

simulator. The four most common and important parameters 

that are considered are average wavelength used, fraction of 

lost traffic, average routed traffic and average weighted 

number of hops. 

The simulation is comprised of two parts: 

 

1) Based on topology  

In this section, the results have been simulated and plotted for 

single topology over different algorithms i.e. the topology is 

kept constant and then the parameters are extracted. The 

topology used is shown in figure 3. 

 
Fig.3 Network used for the simulation based on topology 

 

2) Based on algorithms 

In this section, the results have been simulated and plotted 

for different topology i.e. different degrees keeping the 

algorithms constant. Actually, this simulation is done so as to 

prove that the results even after changing the topology is 

quite similar to the above results. Different topologies having 

different degrees which are used for simulation are shown 
from Fig 4 to Fig. 6. 

 
Fig.4. Network with degree 3 

 
Fig.5. Network with degree 4 

 
Fig.6. Network with degree 5 
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The following graphs are made by extracting the most 

commonly used parameters deciding the performance of the 

network. The parameters used are average wavelength used, 

average routed traffic, fraction of lost traffic and average 
weighted number of hops. The results shown in Fig.7 to 

Fig.10 belowis based on topology where algorithms are being 

tested keeping the topology constant. 

 

 
Fig.7. Graph showing average wavelength used for different 

algorithms 

 
Fig.8.Graph showing fraction of lost traffic for different 

algorithms 

 
Fig.9.Graph showing average routed traffic for different 

algorithms 

 

 
Fig.10.Graph showing average weighted no. of hops for 

different algorithms 

 

The graphs were plotted for some important parameters 

which reflects some noteworthy points. As seen from the 

graphs, in ascending hops the wavelength use and traffic loss 

was minimized. While avg. weighted number of hops were 

maximum in this algorithm, since we were giving more 

priority to shorter paths, it resulted in more number of hops. 

While avg. routed traffic was found to be maximum in 

degree algorithm since it was giving more priority to less 

congested paths and the fraction of lost traffic was also noted 

be less but was not minimum since the parameter depends on 
topology more. The algorithms are tested again, but this time 

the same parameters are extracted with different degrees of 

topology shown in above figures. This simulation is done so 

as to check whether the network will behave in the same 

manner keeping the topology different which differs in 

degrees. The results based on different degree is shown from 

Fig. 11 to Fig. 14. 

Fig.11. Graph showing average wavelength used for 

different degrees 
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Fig.12.Graph showing average weighted no. of hops for 

different degrees 

 
Fig.13.Graph showing fraction of lost traffic for different 

degrees 

 
Fig.14.Graph showing average routed traffic per link for 

different degrees 

 

VI. CONCLUSION 

When results were analyzed for the topology shown above, it 

was observed that fraction of lost traffic and wavelength used 

is minimum in case of hops ascending algorithm which 

consider path with shorter lengths first. While the algorithm 

which considered degree of node as a weight metric was able 

to route traffic to the maximum. When simulation was done 

for individual algorithms with varying degree of topologies 

the result were almost similar. Every algorithm displayed 

almost similar behavior on different degree of topologies 

with a little difference. Average wavelength use was getting 

minimized as degree of topology increased. Similar behavior 

was shown by fraction of lost traffic. While average 
weighted number of hops were independent of degree of 

topology. Thus, based on different parameters considered, 

different algorithms were good in their own. So, if one is 

concerned with message propagation delay the algorithm 

performing best in that parameter needs to be considered. 

Hence, in other words, algorithm performance was 

dependent on parameter under consideration. 
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