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ABSTRACT 

Wavelength converters relax the wavelength continuity constrain in wavelength routed WDM all optical 
networks. Since wavelength converter is an expensive component with respect to other components in optical 
network researches are constrained in minimizing this coast keeping the blocking   performance as optimum as 
we can. Sparse wavelength converters, limited range wavelength converters, shared node wavelength converters 
and node shared wavelength converters are examples used to optimize this problem. In this paper blocking 
performance optimization for convertible routers in WDM optical networks are examined using simulation. 
Simulation results show that full wavelength converters for large paths give significant enhancement in blocking 
performance than the non wavelength converter router path of the same number of nodes. wavelength converters 
depends on many factors such as network topology, number of wavelengths available, and traffic patterns  
Keywords: Wavelength routing optical network, Wave division multiplexing, Wavelength Converters, Blocking 

performance. 

1. INTRODUCTION

Wavelength-routed networks can effectively utilize the bandwidth of the optical fibres. Wavelength converters 
help to reduce the blocking probability of the network and enhance the fibre utilization. One of the primary 
design objectives of wavelength-routed all-optical networks is to minimize the blocking probability. In a network 
without wavelength converter nodes, it is required that data for a call arriving at the input port of a node on one 
wavelength has to be switched to an output port of the node at the same wavelength. To satisfy such a connection 
request for a call, it is necessary that the connection path which is setup from the source to the destination has 
a free wavelength on its entire links. This requirement is called the wavelength continuity constraint and results 
in increasing the probability of a call being blocked. On the other hand, it has been shown in [1] that wavelength 
converters improve the performance of wavelength-routed networks in terms of blocking probability.
Wavelength-routed networks can effectively utilize the bandwidth of the optical fibres. Wavelength converters 
help to reduce the blocking probability of the network and enhance the fibre utilization [2]. In this paper we 
investigate the problem of wavelength Conversion in wavelength-routed networks comparing them with no 
wavelength conversion networks. We estimated the blocking probability when using both first fit wavelength 
assignment algorithm and random wavelength assignment algorithm. 

2. WAVELENGTH-CONVERTIBLE NODES NETWORKS

Wavelength conversion technology and wavelength converters play an important role in enhancing fiber 
utilization and in reducing the overall call blocking probability of the network. Wavelength conversion 
eliminates the wavelength continuity constraint and thus improves the blocking performance significantly [3]. 
Since wavelength converters are still very expensive, much research focuses on sparse wavelength conversion 
and limited wavelength conversion.  A wavelength convertible router (WCR) is a router capable of wavelength 
conversion, sparse wavelength conversion in which only some of the network nodes have the capability of 
wavelength Conversion, however if all the network nodes are WCRs this is referred to as full wavelength 
conversion. A Wavelength Converter is an optical device that can be used in an optical router, to convert the 

wavelength a channel is being carried on [2]. Without wavelength conversion, an incoming signal from port iP

on, say, the wavelength 1λ  can be optically switched (without intermediate optoelectronic conversions) to any 

port iP , but only on the wavelength 1λ . With wavelength conversion capability, this signal could be optically 

switched to any port iP  on any wavelength kλ  that is, wavelength conversion allows a clear optical channel to 

be carried on different wavelengths on different physical links. Different levels of wavelength conversion 
capability are possible. Figure 1  illustrates the differences for a single input and single output port situation; the 
case for multiple ports is more complicated but similar. Full wavelength conversion capability implies that any 
input wavelength may be converted to any other wavelength Limited wavelength conversion denotes that each 
input wavelength may be converted to any of a specific set of wavelengths, which is not the set of all 
wavelengths for at least one input wavelength. The advantage of wavelength conversion is that the virtual 
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topology that can be implemented is less constrained, since the wavelength continuity constraint is removed. 
Thus wavelength use is more efficient. However, the use of converters increases cost, as well as the complexity 
of the problem. The cost increase can be minimized by using limited conversion rather than full conversion, and 
assuming a small number of converters rather than conversion capability in every node. But these assumptions 
introduce the problems of specifying the nature of the limited conversion and placement of converters in the 
network, which greatly increase the difficulty of topology design.  

Figure 1. Wavelength Convertible Optical Switch. 

3. ANALYTICAL MODEL 

Our analytical model includes link traffic analysis and path-blocking analysis. The link traffic analysis consists 
of a set of equations that determine the traffic offered to each link (so called link-offered traffic) from the path-
blocking probabilities. On the other hand, the path-blocking analysis consists of a set of equations that determine 
the path-blocking probabilities from the link-offered traffic. These two parts of analysis lead to a set of fixed-
point non-linear equations and they can be solved by iterative substitutions. 

The overall blocking probability P is the ratio of blocked traffic to the offered traffic. That is 
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The traffic for node pair a can be carried on any of its provided paths. And the connection will be blocked if and 
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From Eq. (1) and Eq. (2), we can simplify the overall blocking probability as 
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Fig. 2a. Number of nodes = 5. Fig. 3a. Number of wavelengths = 4.

Fig. 2b. Number of nodes = 10. Fig. 3b. Number of Wavelengths = 8. 

Fig. 2c. Number of nodes = 15. Fig. 3c. Number of wavelengths = 16. 

Figure. 2. Effect of varying number of nodes on the 

performance of the blocking in cases of no conversion 
and conversion using number of channels = 8 and 

load of 5 Erlang.

Figure 3. Effect of varying number of wavelengths on 

the performance of the blocking in cases of no 
conversion and conversion using number of nodes = 8 

and load of 5 Erlang.
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4.  BLOCKING PERFORMANCE SIMULATION RESULTS FOR WAVELENGTH  

CONVERTIBLE ROUTERS 

The simulation in this section has been carried out using Mat lab computer program with the help of an open 
source tool box called Blocking computations in WDM networks tool box [4]. In the first stage of this 
simulation, We check the effect of increasing the number of nodes keeping fixed traffic loads and number of 
channels; simulation has carried out for both full wavelength conversation case and no-wavelength conversation 
case. In the case of no wavelength conversion, we use two wavelength assignment approaches the first fit 
method and the random method for wavelength assignment. From Fig. 2, we notes that the blocking probability 
increases very fast by increasing the number of nodes, the full conversion case gives little enhancement in 
blocking performance than the no-conversation cases and no conversion using first fit wavelength assignment 
always gives better results than that of no-conversion using random wavelength assignment. In the second stage 
of this simulation, we vary the number of wavelength used keeping all other resources constant (eight nodes, five 
Erlang traffic load). As shown in Fig. 3 we assure that increasing number of wavelength used enhance the 
blocking performance, we show using full wavelength conversion with a large number of used wavelengths 
gives almost non blocked condition as shown in Fig. 3c. 

5. CONCLUSIONS 

The blocking performance with wavelength converters depends on many factors such as network topology, 
number of wavelengths available, and traffic patterns. For short paths there is no significant change in the 
blocking performance in case of full conversion case than that of no-conversion case but for long paths there is 
a large enhancement especially for the large traffic loads. Results show that, significant improvement in the 
blocking performance of the network is achieved when 50% of the nodes are equipped with wavelength 
converters using the same traffic load.  
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