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 Abstract---Wavelength converters help to reduce the blocking 

probability of the network and enhance the fibre utilization. As 

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. 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. 

 Keywords---Wave division multiplexing, Wavelength 

Converters, Blocking performance. 

 

I. INTRODUCTION 

N optical fiber is a flexible, transparent fiber made of 

high quality extruded glass (silica) or plastic, slightly 

thicker than a human hair. It can function as a 

waveguide, to transmit light between the two ends of the 

fiber. [1]  
 An Optical Fiber works on the principle of Total Internal 

Reflection. Light rays are reflected and guided down the 

length of an optical fiber. The acceptance angle of the fiber 

determines which light rays will be guided down the fiber. [2] 

Optics is the science of light and optical technology is also 

called photonics. Photonics is increasingly being used in data 

communication because it provides ultra-high-capacity and 

speed in storage, communication and computation [3] 

 Wavelength Assignment Algorithms 

 A. Random 

 It searches all the wavelengths available on each link of the 

route and then chooses one available wavelength randomly 

with uniform probability. This method of wavelength 

assignment has no communication overhead. The only 

drawback is that it has computation cost. 

 B. First Fit  

 All the wavelengths are indexed and searched according to 

their wavelength numbers All the wavelengths are indexed 

and searched according to their wavelength numbers. Finally 

the lowest numbered wavelength is selected first.  
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 No global information (communication overhead) is 

required having less computation cost as compared to random 

[4]. 

 C. Least Used 

 This approach selects the least used wavelengths to be 

assigned in the network thereby maintaining the load on all 

the wavelengths equally. This allows for more number of 

wavelengths to be available for the newly arriving requests. 

However since more computational cost is involved, this 

approach is mostly preferred in the centralized control 

systems rather than the distributed ones. Further this method 

has less performance than the random and has extra storage 

cost [4]. 

 D. Most Used 

 This approach works in contrast to the least used by 

selecting most used wavelengths for assignment in the 

network and packs the connections into fewer wavelengths. 

This approach has almost the similar disadvantages as that of 

the least used. 

 E. Best-Fit 

 Best fit is a resource allocation scheme (usually for 

memory). Best Fit tries to determine the best place to put the 

new data. The definition of „best‟ may differ between 

implementation, but one example might be to try and 

minimize the wasted space at the end of block being 

allocated- i.e. use the smallest space which is big enough. By 

minimizing wasted space, more data can be allocated overall, 

at the expense of a more time-consuming allocation routine. 

[5] 

 Traffic grooming 

 Traffic grooming is the process of grouping many small 

telecommunications flows into larger units, which can be 

processed as single entities. For example, in a network using 

both time-division multiplexing (TDM) and wavelength-

division multiplexing (WDM), two flows which are destined 

for a common node can be placed on the same wavelength, 

allowing them to be dropped by a single optical add-drop 

multiplexer. Often the objective of grooming is minimizing 

the cost of the network. The cost of line terminating 

equipment (LTE) (also called add/drop multiplexers or 

ADMs) is the most dominant component in an optical WDM 

network's cost. Thus grooming typically involves minimizing 

the usage of ADMs. [6] 

  The network performance is now mainly limited by the 

processing capability of the network elements, which are 

mainly electronic. By efficiently grooming low-speed traffic 
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streams onto high-capacity optical channels, it is possible to 

minimize this electronic processing and eventually increase 

the network performance. Traffic grooming is an emerging 

topic that has been gaining  

 Data streams within a single optical fiber are carried over 

different wavelengths. Each wavelength can be further 

divided into more than one channel having a lower ratio of 

the entire wavelength bandwidth. A light path from a source 

to destination may be formed using such wavelength 

channels of finer granularities. Efficient planning for placing 

the grooming devices within a mesh network is a complex 

task. Placing the grooming devices all over the mesh network 

can be both costs significant and lead to a bad performance. 

Traffic grooming in wavelength division multiplexing 

(WDM) optical networks routes and consolidates sub-

wavelength connections onto light paths, to improve network 

utilization and reduce cost. It can be classified into static or 

dynamic, depending on whether the connections are given in 

advance or randomly arrive/depart. The concepts of blocking 

probability, and end-to-end blocking probability, which are 

used interchangeably, are equivalent to the so-called 

burst/packet loss ratio defined as a ratio of the bursts/packets 

that are lost to the bursts/packets that are sent. The main 

cause of loss is lack of sufficient network resources as losses 

due to physical layer errors are negligible. Traffic grooming 

refers to the problem of efficiently packing low-speed 

connections onto high-capacity lightpaths to better utilize 

network resources. 

 Traffic grooming continues to be a rich area of research in 

the context of WDM optical networks. Grooming is a 

terminology that captures a variety of problems in 

telecommunication networks that aim to optimize capacity 

utilization. Grooming typically involves switching of traffic 

from one wavelength, waveband, time slot, fiber, cable to 

another. Another feature that is fundamental to grooming is 

the ability to switch low speed traffic streams into high speed 

bandwidth trunks. The general objective of grooming is to 

help decompose hard circuit provisioning problems into 

small, simpler ones and yield an increased solution space for 

such problems. [7] 

II. PROPOSED METHOD 

 Best-fit sparse wavelength conversion algorithm [8] is 

used to calculate the values. In this paper we used Engset 

Formula through which the blocking probability is calculated. 

The performance in terms of blocking probability and 

fairness is among the best. Therefore, Best-fit is preferred in 

practice 

 Begin  

 Sort element of U in non-decreasing order, 

 While (two or more chain exist) do 

 Begin 

 Let Uij be the nest highest element in U; 

 If (I and j are the nodes of the two chains      „ij‟and „jl‟) 

 Then connect I and j to get the chain „kl‟; 

 If (call blocked) 

 Then (Wi=Wk) 

 Discard Uij 

 End; 

III. RESULTS & DISCUSSION 

 In all the simulations the blocking probability of network 

is compared depending upon the call sources, load and 

number of channels. In case 1 load and call sources (w=10) 

and load (Ldr =10) are kept constant whereas number of 

channels „C‟ is varied. The results are shown in figure 2 that 

blocking probability increases with the increase of number of 

channels. In case 2 the blocking probability increases with 

the increase in load. Here number of channels and call 

sources are kept constant. In case 3  

 

Fig. 1 14 –node NSFNET Architecture 

 The National Science Foundation Network (NSFNET) was 

also the name given to several nationwide backbone networks 

that were constructed to support NSF's networking initiatives 

from 1985-1995. 

 Formula used: 

 The blocking probability of a system can by calculated by 

using Engset formula given as follows: 

 

Where  is blocking probability,  is a total load, is 

call sources, and  is number of channels available. 
 

 CASE 1: We have taken the call sources and Load 

constant that is 10. The Number of channels are varied from 

2 to 6. Taking the following parameter the Blocking 

Probability is calculated. 
TABLE I  

BLOCKING PROBABILITY BY VARYING NUMBER OF CHANNELS. 

Load Call Sources 
Number of 

Channels 

Blocking 

Probability 

10 10 2 0.0013 

10 10 3 0.04 

10 10 4 0.355 

10 10 5 0.812 

10 10 6 0.87 
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Fig. 2 Blocking probability vs Number of Channels 
 

 CASE 2: We have taken the call sources and Number of 

channels constant that is 10 and 5 respectively. The Load is 

varied from 5 to 10. Taking the following parameter the 

Blocking Probability is calculated. 
 

TABLE II 

BLOCKING PROBABILITY BY VARYING LOAD. 

Load 
Call 

Sources 

Number of 

Channels 

Blocking 

Probability 

5 10 5 0.17 

6 10 5 0.34 

7 10 5 0.505 

8 10 5 0.646 

9 10 5 0.74 

10 10 5 0.812 

 

 

Fig. 3 Blocking probability vs Load 

 CASE 3: We have taken the Number of channels and Load 

constant that is 5 and 10 respectively. The call sources are 

varied from 6 to 9. Taking the following parameter the 

Blocking Probability is calculated. 
 

 

TABLE III 
BLOCKING PROBABILITY BY VARYING CALL SOURCES. 

Load Call Sources 
Number of 

Channels 

Blocking 

Probability 

10 6 5 0.77 

10 7 5 0.84 

10 8 5 0.875 

10 9 5 0.880 

 

 

Fig. 4 Blocking Probability Vs Call Sourses 

IV. CONCLUSION 

 We have analyzed the response of blocking probability of 

a network having 10 nodes and for varying load. As the load 

per link increases and the number of channels and call 

sources are kept constant the blocking probability increases. 

The performance of the network has been evaluated for 

different conditions; first for fixed number of channels and 

call sources valued 10 erlangs and subsequently with increase 

in blocking probability. Secondly the load on each link is 

selected as 5, 6, 7, 8, 9, and 10 erlangs by keeping call 

sources and number of channels constant. The Blocking 

probability has been evaluated by using Engset formula. The 

effect of number of channels, total load and call sources on 

network blocking probability has been studied and analyzed. 

The investigation reveals that the blocking probability 

increases with the increase in Call sources. Similarly, we 

found that the blocking probability increases with increase in 

Number of Channels which is quite evident. Further it is 

shown that when the total Load is increased to significant 

value (12), the number of Channels requirement value (5) 

becomes relatively stable.  
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