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ABSTRACT 
This article concentrates on the study for the routing 

and wavelength assignment techniques with optical 

network and explores their linked performance 

explorations. As all-optical networks are the vital 

systems to handle the massive traffic in the upcoming 

communication set-up. Accordingly, for the data 

transportation wavelength routed light-path is the 

fundamental mechanism with optical domain. So 

communication ought to be established in between a 

source-destination duo by the technique Routing and 

Wavelength assignment. As for the creation of a light 

path, a route must be picked and a wavelength should be 

allotted to the light path. As light-paths are the essential 

connection in wavelength routed optical networks thus, 

their effective establishment is an imperative issue. 

Though, with non availability of wavelength on the 

elected route the connection request could be blocked. 

The study illustrates that probability of blocking is least 

in the case of wavelength conversion, while for no 

wavelength conversion, better results are with the first-

fit algorithm in contrast to that algorithm of random 

wavelength assignment. Along with potential to pledge 

both small blocking probability devoid of any 

wavelength converters and lower delay could create the 

enhanced algorithm and may be valuable for optical 

networks. 
Keywords- All-Optical Networks (AON); First-Fit (FF) 

Assignment; Most-Used (MU) Assignment; Least-Used 

(LU) 

I.  INTRODUCTION  

To converse between parties communication is the basic 

need since olden days. For that numerous techniques have 

been evolved with their respective pros and cons. amongst 

wired mode the wavelength division multiplexing is one of 

the established techniques capitalizes enormous attributes of 

the optical fiber medium [1]. The signals must be translated 

into the electronic signals, following the processing it yet 

again translated back to the optical domain for the 

transmission with optical fiber medium. Thus it needs 

electrical to optical and then optical to electrical domain 

translation in which lots of power is wasted. The elucidation 

to this problem is to construct systems in which the signals 

are routed completely in the optical domain, are referred to 

as all-optical networks [2].For that a light path is an “optical 

communication path” in between the two nodes, established 

by conveying the identical wavelength all through the route 

for transmitting the data. It is constructed by distribution of  

the identical wavelength all over the path, needs no electro 

optical conversion at middle nodes. Particularly a light path 

is uniquely identified by a wavelength and a physical path. 

Two light paths can share the same fiber link, if they are 

using different wavelengths. If two nodes are connected by 

a light path, a message can be sent from one node to the 

other without requiring any buffering [3]. Accordingly, the 

all-optical networks (AON) are the vital technology behind 

the enormous traffic for the upcoming communication 

networks. Accordingly, sincere network planners always do 

efforts in order to optimize numerous electrical and optical 

parameters so as to ensure smooth operations of all optical 

communication networks. With the intention to transport 

data in a wavelength routed all-optical communication 

network. The routing can be expressed as the transportation 

of data from source to destination through middle links. In 

the optical networks, when data is transferred in the optical 

network a light path should be allotted to the data. A 

physical route is picked first or determined by the algorithm 

for every link request, and afterward a wavelength is 

assigned. So, that the data is transported on that path. 

Accordingly In order to set up a light path amid a source 

and a destination, one requires find out the route from the 

source to the destination afterward assigning a wavelength 

to the particular path. A light-path as the fundamental means 

for communication, should be set up amid a source-

destination pair by a technique referred to Routing and 

Wavelength Assignment (RWA) [4- 7]. So, the foremost 

section is the about the routing and other second segment is 

about the wavelength assignment.  

 

II. THEORY  

The Routing: 

The routing could be either static or dynamic in nature 

according to the features of connection requests. 

 In the for static  routing light path concerned problem, the 

set of connection demands is acknowledged in advance, and 

the intent of this problem is to diminish the number of 

wavelengths. 

 In the dynamic light path establishment problem, 

connection requests turn up to the network dynamically, and 

the intent of this problem is to reduce the connection 

blocking probability. A general light path connection for a 

WDM optical network is illustrated in the figure1.  
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Figure1. Wavelength Routed optical WDM with light path 

connections 

      Fixed Routing: 

Here single fixed route is predetermined for every 

source-destination couple. The networks will effort to 

set up a light-path along the fixed route as soon as a 

connection demand turns up. The connection will be 

obstructed if no common wavelength is obtainable on 

each link in the route. The fixed routing approach is 

straightforward to execute as illustrated in the figure2. 

Though, it has limited routing alternatives so it could 

lead to a complex blocking situation. With the aim of 

restricting the blocking in fixed routing optical 

networks, the predetermined routes require to be picked 

in a approach which balances the load uniformly across 

the optical network links. Fixed routing methods do not 

need the maintenance of global network state 

information [8].  

 

 
Figure2. The fixed path (shortest) routing 

  

Fixed-Alternate Routing: 

Here every node in the optical network is needed to keep up 

a routing table that includes an ordered list of number of 

fixed routes to every destination node. As soon as a 

connection demand turns up, the source node efforts to 

establish the connection on each of the routes from the 

routing table sequentially. Until a route with a suitable 

wavelength assignment is established. A connection request 

is blocked and lost if no available route is found from the 

list of swapped routes. Mostly the routing tables at all nodes 

are structured by the number of fiber link segments to the 

destination nodes. So, provides the shortest path to the 

destination node. For the ties in the distance between 

diverse routes, one route may be selected at random. Fixed-

alternate routing offers ease of control for creation and 

ripped  down light paths and it could  also be used to present 

some degree of fault tolerance upon link collapses 

[9].Another benefit of fixed-alternate routing is that it could  

considerably decrease the connection blocking probability 

in contrast to the fixed routing as illustrated in the figure3. 

 

 
Figure3. The fixed alternate routing (Primary solid and alternate dashed) 

 

Dynamic Routing: 

 

Here the route from a source node to a destination node of 

optical network is elected dynamically, relying upon the 

network state. As the network state is decided by the set of 

all connections which are presently in progress. The 

adaptive shortest-cost-path routing is one form of adaptive 

routing. For instance the network shown in the Fig. 4, if the 

links (4, 2) and (1, 2) in the network are full of activity, in 

that case the adaptive-routing algorithm could still set up a 

connection in between network nodes 2 and 0.Whereas both 

the fixed-routing protocol and the fixed-alternate routing 

protocols with fixed and alternate paths would block the 

network connection [10]. 

 
Figure4. The adaptive routing 

Adaptive Routing: 

Here selection of a route in between a source and 

destination is picked online relying upon the current state of 

the network in addition to the path election procedure like 

minimum cost path or minimum congested path first. The 

global network state information is utilized by the network 
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controller to set up a route amid two nodes. However it 

generates increased computationally complexity 

accompanied by the higher degree of fault tolerance and less 

blocking probability than fixed alternate. 
Wavelength Assignment Algorithms: 

There are two ways to utilize the wavelength in routing. In 

the case first, the same wavelength throughout the path 

could be used which covers from source to destination [11-

14]. Whereas in another case, it be permitted to utilize 

diverse wavelengths in the path running from source to 

destination nodes. Amongst feasible others, some 

autonomous wavelength assignment algorithms could be 

illustrated as, Random (R) wavelength assignment, First-Fit 

(FF) assignment, Most-used (MU) assignment, Least-Used 

(LU). 

Random: 

This technique of wavelength assignment has no 

communication overhead. It hunts for all the wavelengths 

obtainable on each link of the route and then picks one 

existing wavelength randomly with uniform probability. 

The only downside is computation cost. Herein algorithm, 

first all probable routes in between a source-destination 

node pair is decided. Afterward all the free wavelengths not 

being currently used are set up. Afterward randomly a 

wavelength is allocated for the data transmission to occur. 

First Fit 

Here all wavelengths are indexed and hunted according to 

their wavelength numbers. Subsequently, the smallest 

numbered wavelength is picked first. No global information 

is needed having with a reduction of computation cost as in 

contrast to random [15]. 

 Now, all wavelengths are numbered when a connection 

demand is ready. The wavelength which is having with the 

small assigned number is chosen from the existing 

wavelength set. 

Least Used: 

Here the move is to pick minimum utilized wavelengths to 

be assigned in the network and so, sustaining the load on all 

the wavelengths evenly. It permits for additional number of 

wavelengths to be accessible for the newly incoming 

demands. As, it is a costly procedure so, this move is mostly 

favored in the centralized control systems rather than the 

scattered ones. Furthermore this method has less 

performance than the random scheme and has additional 

storage cost [15]. 

Most Used: 

Herein wavelength which is utilized by the maximum 

number of links in the network is the most utilized 

wavelength. The most used algorithm is utilized to pick 

most used wavelength and is picked from the obtainable 

wavelength on the path. This approach works in contrast to 

the least utilized used by electing  mainly utilized  

wavelengths for the assignment in the optical network and 

bunches the connections into less wavelengths. 

 Least loaded: 

Here the technique is to pick the minimum loaded 

wavelength on a most loaded optical link. This wavelength 

requires being accessible on utmost number of fibers in that 

path all along the optical route for the transmissions. 

Numerous works have been explored as longest first fixed 

path (LFFP) algorithm by Chlamtac et al. IEEE Trans. 

Comm., 1992. They utilize simply fixed shortest paths for 

all source-destination pairs and allocate a wavelength to the 

longest path first. Another algorithm presented by Baroni 

and Bayvel, IEEE/OSA [16] JLT, in 1997 as Minimum 

number of hops (MNH) algorithm, for minimizing the 

maximum load per link in arbitrarily connected networks. 

They utilized alternating shortest paths to diminish the 

heaviest load and consign a wavelength to the lengthy path 

first. In another study of the algorithms longest first 

alternate path (LFAP) and heaviest path load deviation 

(HPLD) proposed in order to minimize the number of 

wavelengths essential for a particular set of connection 

demands. Algorithms were evaluated and compared with the 

existing algorithms for a practical networks created. 

Another algorithm endow with a dependable and dynamic 

path for the data transmission utilized the Dynamic RMSA 

with HSMR algorithm and the performances evaluated by 

utilizing simulation model [17].Another study utilized  

greedy heuristic approach referred to as  the Longest First 

Fixed Path (LFFP) algorithm established all light paths with 

the least number of wavelengths[18-19]. Another study with 

First-Fit Wavelength and Adaptive Routing Assignment 

(AR-FFWA) algorithm was exercised with optical network. 

For every source and destination duo, the paths with the 

least granularity assessments were picked as the key path for 

data transportation and distributing the enough wavelengths 

accompanied by overall blocking probability diminished 

[20]. Further study explored with a focus on the Routing 

and Wavelength Assignment (RWA) problems in WDM. 

Here the RWA algorithms function is to give a route and a 

wavelength to the inward calls in an optical network. The 

RWA algorithms obstruct calls for an uninterrupted 

wavelength from the source to destination and so corrupting 

all optical networks performance by call blocking [21]. 

Another illustration presented about the most recent 

advances with routing and wavelength assignment (RWA) 

for the both static and dynamic RWA problems [22]. 

Further illustration with RWA networks with numerous 

rerouting methods and as well about the survivability notion 

in case of failure occurs in the optical network. It showed 

that rerouting at a connection level design works well in the 

WDM optical networks [23]. Another study with Ant 

colony optimization (ACO) with the small window 

approach were placed ahead to crack the routing and 

wavelength assignment trouble in the satellite optical 

networks. The results demonstrated that, in contrast with the 

Dijkstra+FF algorithm, the blocking probability of ACO 

could be diminished by 50%, and the enhancement of the 
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resource exploitation ratio could accomplish up to the 45% 

[24]. Another study demonstrated for the random 

wavelength algorithm with the first – fit wavelength 

assignment algorithm on the basis of blocking probability. 

While maintaining the number of channels and links steady 

response, calculated by altering load per link. It illustrated 

that blocking probability with random wavelength 

assignment is forever larger than the first–fit wavelength 

assignment algorithm. Whereas blocking probability in case 

of wavelength converters is least but it augments the overall 

cost of the optical network [25]. Whereas another study 

illustrated with an ant-based route, wavelength and timeslot 

allocation algorithm to address high burst loss in OBS and 

pick up the network performance on an overall basis. It was 

realized in hierarchical time-sliced OBS and estimated 

through computer simulation compared with shortest path 

(SP) algorithm. It revealed that proposed algorithm did 

better than SP in terms of the burst loss ratio and delay [26]. 

Numerous excellent works have been done in the past and 

still work is going on towards the development of the 

efficient optical link. In order to compete with growing 

future optical networks demand. 

III. CONCLUSION 

A comprehensive analysis of routing and wavelength 

methods in all optical networks has been explored in this 

manuscript. This is one of the true areas still fairly immature 

to be given a concentrated approach. In order to unearth 

some vital techniques for the enhancement upcoming optical 

networks efficiency. Still a heuristic algorithm is needed 

that could optimize the networks performance along with 

efficient routing capability. For instance it could have 

numerous capabilities such as guarantee for both low 

blocking probability and small delay. As well as it could be 

competent to curtail the number of wavelengths required, 

diminish wavelength converters and the average number of 

hops taken up by a light path.  
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