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Abstract: This paper presents the survey of different 

optimization algorithms for RWA in long distance high 

data rate optical networks. The algorithms presented in 

the survey are genetic algorithm (GA), memetic 

algorithm (MA), simulated annealing (SA), particle 

swarm optimization (PSO), ant colony optimization 

(ACO) and shuffled frog leaping algorithm (SFLA). 

These algorithms are compared with their 

characteristics such as effectiveness and processing time 

and are analysed for best processing time among them 

during the operation 

I. INTRODUCTION 

The quick development in technology and utilization of 

Internet has essentially altered the lifestyles of every human 

being. This issue has led to a huge development in data 

communication. The major problem encountered in the third 

generation optical networks is routing and wavelength 

assignment [9]. The nature of the RWA is in the non-

deterministic polynomial (i.e. NP – nature). 

II. ROUTING 

A path required to transmit the data from source to 

destination to establish the lightpaths is called routing. 

Various routing protocols used to route the data in WDM 

networks are fixed routing, fixed alternate routing, Adaptive 

routing, and least congested path routing [3]. The Path is 

found by the number of free wavelengths, length of the light 

path and number of conversion required from source to 

destination. The high speed data will route through the 

available light path so that the high speed data has less 

processing time and low speed data will take more time for 

process the data. 

 

III. WAVELENGTH ASSIGNMENT 

Assigning the wavelength to the path is called wavelength 

assignment. When there are large number of users and more 

number of light path requests, it becomes difficult to assign 

wavelengths to individual light path requests [3]. This leads 

to various problems such as call blocking, delay, traffic 

grooming, survivability etc., the backup light paths are used 

when there is blocking of data and this leads to high 

processing time. RWA selects the required light path to 

satisfy the connection request [5] 

The complexity of the RWA arises based on the below 

constraints and requirements: 

1. Wavelength Distinct Constraint: On a given connection 

two light paths should not involve a same wavelength.  

2. Wavelength coherence requirement: On the entire fibre 

link a light way should involve the same wavelength. 

The major problem arising in the field of network is 

communication through routing and wavelength assignment. 

When the number of requirements increases it leads to the 

lack of wavelength to the route [2] and when more number 

of routes use the same wavelength it leads to  

1) Call blocking in the network  

2) Huge processing time 

3) More delay to transmit the data from the source to 

destination 

4) Less quality of service (QOS) 

Hence the algorithms such as genetic algorithm, memetic 

algorithm, simulated annealing; particle swarm optimization 

and ant colony optimization are useful for the small 

networks which has less number of nodes  

These small networks use the algorithm called dijkstra‟s 

algorithm [1]. This algorithm is to find the shortest path 

between the two nodes. In a small network this algorithm 

will just add the weights to the network. This protocol is 

called as centralized protocol because these networks are in 

static connection. Figure 1 show a small network which is 

statically connected. The value 1, 2, 3 shows the weight 

value to that path [4]. 

 

 

Figure 1: small network 

For the large network they are dynamically connected so 

they use only the highly extended protocol called Shuffled 

Frog Leaping Algorithm (SFLA), Figure 2a, 2b, 2c, 2d [8] 

shows the dynamic connection network (i.e. large network). 

Dynamically connected network such as NSFNET, 

ARPANET, USA, NTT, ATT, BRAZIL [8] use only 

metaheuristic algorithms such as SFLA, Bee, harmony 

algorithms, TLBO etc., while using the centralized protocols 

for large networks blocking arrives it led to delay of data 

transmission and less in the quality of services to the 

receiver. The delay occurred here is at micro seconds only 
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and the blocking implies the total numbers of calls get 

blocked we can easily find out the number of calls get 

blocked by just doing the difference between the calls 

generated to calls get processed in that network. 

 

Figure 2a: NSFNET 

 

Figure 2b: ARPANET 

 

Figure 2c: USA 

 

Figure 2d: BRAZIL 

“The basic state of the art which we can implement for 

around 20 nodes and 300 wavelengths only.”[8] 

These algorithms were used for the allocating of the 

wavelength in order to avoid collision to the network. The 

function done during the node to node communication is 

send, receive, drop, and forward [6]. The send process is 

done in the transmitter, it just transmits the data from the 

source while in the receiver part it does the process of 

dropping, forwarding, receiving. 

IV. ALGORITHMS 
The algorithms described below shows about its processing, 

applications, advantages and disadvantages. 

 

V. GENETIC ALGORITHM 
It is the process to generate high quality solutions to search 

problems by relying on the operators such as mutation, 

crossover and selection [3]. Genetic algorithm is used to 

solve for constrained and unconstrained problems on the 

selection process there it work to change the population of 

the individual solutions. This process just selects an 

individual for the current population and uses it as a parent 

for that session and produce children for the next session. 

Genetic algorithm is used in the following fields are Biology 

& computational chemistry, Chemical kinetics, Climatology, 

Computer architecture, Mechanical engineering, Medicine: 

Clinical decision support in ophthalmology & oncology and 

also the GA algorithm is applied to the Problems such as 

Traveling salesman problem, Vehicle routing problem, 

Wireless sensor & ad-hoc networks, Neural networks, 

Mutation testing. GA is useful to provide solutions where 

the traditional methods get fail. The major drawback in the 

genetic algorithm is the representation of the problem 

because itneeds to identify which variables are suitable to 

be treated as genes, and the fitness function may be 

discontinuous [13]. 
 

VI. MEMETIC ALGORITHM:  

It is an extension of the traditional genetic algorithm. It is 

also a population based approach it uses a local search 

technique to reduce the convergence. It is the sum of 

evolutionary algorithm and local search [14]. In memetic 

algorithm it just separate individual by local improvement 

procedures for search problems. Memetic algorithms are 

used in the following areas such as  electric service 

restoration, circuit design, medical expert systems, single 

machine scheduling, automatic timetabling, manpower 

scheduling, processor allocation, maintenance 

scheduling, multidimensional knapsack problem, 

VLSI design, clustering of gene expression profiles, gene 

selection, multi-class &  multi-objective feature selection, 

artificial neural networks, pattern recognition robotic motion 

planning, beam orientation. The major drawbacks obtain in 

the memetic algorithm is large execution time because it 

include a local search process [13]. The processes for 

creating new population in the memetic algorithm system 

are selection, local search, crossover, local search, and 

mutation it result more processing time than the genetic 

algorithm because it include the additional process called 

local search. 

 

VII. SIMULATED ANNEALING 
This algorithm is otherwise called as local search algorithm. 

This algorithm is used when the search space is discrete. 

The results obtain in this algorithm called as optimum 

results. The best example for this algorithm is travelling 

sales man problem. Here the annealing implies the thermal 

process. It involves two steps 

a) Increase the temperature of the heat bath to a 

maximum value at which the solid melts. 

b) Decrease carefully the temperature of the heat bath 

until the particles arrange themselves in the ground 

state of the solid. Here the ground state is a 

minimum energy state of the solid. 

The cost function for the simulated annealing is energy of 

the state. For applying simulated annealing we require a 
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successor function that returns a close neighboring solution. 

Hence this will work as the disturbance for the particles of 

the system, target function is optimization that depends on 

the current state of the system. This function will work as 

the energy of the system. The issues obtain in the simulated 

annealing are the cost function because it is going to be 

called millions of times, hence it is a dependent process,and 

the convergence of the algorithm depends of the cooling 

schedule. The simulated annealing is used in the following 

applications such as Traveling salesmanProblem, Graph 

partitioning Problem,Matching problems, Graph coloring, 

Scheduling; VLSI design – Placement, Routing, Array logic 

minimization, Layout;Facilities layout; Image processing; 

Code design in information theory 

VIII. PARTICLE SWARMING OPTIMIZATION 

It is an artificial intelligence technique that can be used to 

find approximate solutions to extremely difficult problems. 

It is easy to implement. The process involves in the PSO is 

Initialisation - initialized with a group of random particles 

and then searches for optimal by updating generations, here 

the particle moves in the multidimensional search space 

according to the fitness criterion after each step. The PSO 

basic variants are  

 Velocity clamping- It controls the global 

exploration of the particle and reduce the size of 

the step so that the particle remains in the search 

area but it cannot change the search direction of the 

particle,  

 Inertia weight- It controls the momentum of the 

particle by the weighting the construction by 

previous velocity,  

 Constriction co-efficient – It ensure the stable 

convergence of the PSO algorithm, 

 Synchronous and asynchronous updates – It just 

optimize in parallel processing.  

The disadvantage of particle swarm optimization (PSO) 

algorithm is that it fall into local optimum in high-

dimensional spaceand has a low convergence rate in the 

iterative process. 

IX. ANT COLONY OPTIMIZATION 
It is also a probabilistic technic for solving computational problems 

which can be reduced to finding good paths through graphsby 

using the swarming intelligence method the ACO process is done. 

This algorithm is similar to the act of ant‟s behaviour for getting 

food with the help of Fremont smell [10]. This algorithm helps in 

finding an optimal path for the data transmission between the 

source and destination by finding a shortest path. The paths which 

are found have a minimum processing time in the transmission. 

Here the ants work concurrently and independently&collects 

information via indirect communication which led to good 

solutions [7]. The major disadvantages in ACO are slower 

convergence than other Heuristics algorithm, Performed poorly for 

Travelling Salesman Problems larger than 75 cities [11]. The 

applications of ACO are Traveling Salesman Problem with less 

number of cities, Quadratic Assignment Problem, Network Model 

Problem, Vehicle routing 

 

X. SHUFFLED FROG LEAPING ALGORITHM 
It the process of exchanging the information between local 

search and global search results, this algorithm has the 

flexibility and robustness to handle the large networks. 

SFLA Algorithm is used to find the shortest path with less 

processing time, delay and less call blocking characteristics. 

The function of SFLA algorithm deals with the following 

process such as initialization, evaluation, shuffling. This 

algorithm is also a population based one consists of set of 

frogs were they get partitioned into group according to their 

characteristics or specimen. The process of getting grouping 

is called as Memeplex  each group perform the local search 

option after grouping of data is done then it just passes its 

data to every group this passing of information  between the 

different groups is called  as shuffling this local search and 

shuffling process is continue  until it  get satisfy. The light 

path with the highest light path factor acts as the primary 

path. Then the light path with the next higher light path 

value act as the backup path. Here in this algorithm the high 

speed data were transmitted without any lagging in the 

transmission. While the low speed data will get suffered 

because of wavelength here the source first tries to groom 

with the existing low speed data here it find an optimal path 

this led to delay in the transmission, instead of doing the 

above process the SFLA just use the backup light path for 

that transmission. Let this basic SFLA algorithm is used for 

the 200 frogs, 20memeplexz and 10iterations only. For huge 

collection of nodes and wavelength are handled by M-SFLA 

(Modified SFLA), H-SFLA (hybrid SFLA) [12]. 

M-SFLA:This algorithm is introduced for the large scale, 

complicated, combinatorial optimization problems such as 

travelling sales man problems, data transmission in the 

networks such as NSFNET, ARPANET, ATT, BRAZIL, 

GERMANY, and USANET. 

H-SFLA: This algorithm is introduced for the advancing the 

effectiveness of the basic SFLA algorithm by expanding the search 

space, increasing the convergence and local exploration. This two 

algorithm get combine together and results as TLBO algorithm. 

From the figure3 it shows that the percentage of paper 

published using SFLA for that particular application. Let the 

SFLA calculation has been utilized as a part of these fields 

for getting an optimal result. 

 

 

Figure 3: Number of papers apply SFLA algorithm in 

different applications 

Figure 4 shows the pictorial representation for GA, MA, 

PSO, ACO, and SFLA, which indicate the process done 

within the algorithm. 

 

International Journal of Pure and Applied Mathematics Special Issue

3717



 

Figure 4: Different types of algorithms 

 

XI. CONCLUSION 

In this study we have reviewed the basic principles and 

process of GA, MA, PSO, ACO, SFLA algorithms. The 

survey tells that the SFLA algorithm is most widely used 

because of its characteristics such as robustness and 

flexibility [12] and used for the application such as channel 

allocation in the large networks such as NSFNET, 

ARPANET, USA, BRAZIL, ATT etc., travelling salesman 

problem, knapsack problem, and water distribution network 

problem. From the paper [12] it is shown that the SFLA 

algorithm needs only less time to reach the optimum 

solution while comparing to the other algorithm such as GA, 

MA, PSO, ACO because when the variables get increase it 

led to increase in the time to reach optimum solution. The 

results of this researchcan be acquired for future researches 

to be applied to different processes or to improve old studies 

by considering the advantages of other systems proposed by 

previous researchers.Figures which are placed in this paper 

are referred from the paper [7] & [8]. 

 

XII. References: 

[1] D. Banerjee and B. Mukherjee, “A Practical 

[1Approach for Routing and Wavelength 

Assignment in Large Wavelength-Routed Optical 

Networks 1 Introduction,” Computer (Long. Beach. 

Calif)., vol. 14, no. 5, pp. 1–14, 1995. 

[2] S. Yang and F. A. Kuipers, “Traffic uncertainty 

models in network planning,” IEEE Commun. Mag., 

vol. 52, no. 2, pp. 172–177, 2014. 

[3] “„ Study of Routing and Wavelength Assignment 

problem and Performance Analysis of Genetic 

Algorithm for All-Optical Networks ‟ A thesis 

submitted in partial fulfilment of the requirements 

for the degree of Bachelor of Technology in 

Computer Science and Eng,” 2009. 

[4] A. E. Ozdaglar and D. P. Bertsekas, “Routing and 

wavelength assignment in optical networks,” 

IEEE/ACM Trans. Netw., vol. 11, no. 2, pp. 259–

272, 2003. 

[5] B. C. Chatterjee, Routing and Wavelength 

Assignment for WDM-based Optical Networks. . 

[6] “Review of routing and wavelength assignment 

problem Submitted by :” 

[7] T. K. Ramesh, S. K. Konda, and P. R. Vaya, 

“Survivable traffic grooming RWA protocol for 

WDM networks,” Procedia Eng., vol. 30, no. 2011, 

pp. 334–340, 2012. 

[8] B. Jaumard and M. Daryalal, “Efficient Spectrum 

Utilization in Large Scale RWA Problems,” 

IEEE/ACM Trans. Netw., vol. 25, no. 2, pp. 1263–

1278, 2017. 

[9] U. Bhanja and S. Mahapatra, “A metaheuristic 

approach for optical network optimization 

problems,” Appl. Soft Comput., vol. 13, no. 2, pp. 

981–997, 2013. 

[10] E. S. Kaur, “Shortest Path Finding Algorithm Using 

Ant Colony Optimization,” vol. 2, no. 6, pp. 419–

427, 2013. 

[11] M. Pedemonte, S. Nesmachnow, and H. Cancela, “A 

survey on parallel ant colony optimization,” Appl. 

Soft Comput. J., vol. 11, no. 8, pp. 5181–5197, 2011. 

[12] A. Sarkheyli, A. M. Zain, and S. Sharif, “The role of 

basic, modified and hybrid shuffled frog leaping 

algorithm on optimization problems: a review,” Soft 

Comput., vol. 19, no. 7, pp. 2011–2038, 2015. 

[13] H. A. Sanusi, A. Zubair, and R. O. Oladele, 

“Comparative Assessment of Genetic and Memetic 

Algorithms,” vol. 2, no. 10, pp. 498–508, 2011. 

[14] A. M. A. Methodologies, “Guest Editorial Special 

Issue on Memetic Algorithms,” vol. 37, no. 1, pp. 

10–13, 2007. 

 

 

International Journal of Pure and Applied Mathematics Special Issue

3718



3719



3720


