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ABSTRACT: 

 

In Multi objective Evolutionary optimization problems, especially with conflicting objective 

functions, finding a suitable solution vector set that satisfies all the objective functions 

simultaneously is a challenging task to many designers and mathematicians due to solution 

dominance. Many techniques have evolved to fix up this issue such as weighted sum technique, 

weighted metric method Benson‟s method..etc. The major disadvantage associated with 

techniques like weighted sum and e-constraint method is that the solution set largely depends 

upon the allocation of values of weighing coefficients to objective functions and the value of e-

vector in case of e-constraint technique. The arbitrary choice of weighing coefficients and e-

constraint often leads to erroneous results To avoid this difficulty, many programmers and 

mathematicians have developed multi objective optimization techniques which yield a PARETO 

(Non-dominated) solution set using concepts such as sharing and ranking of solutions. This paper 

focuses on various multi objective optimization techniques that work on principle of non-

domination, their relative merits or advantages and challenges associated. 
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1.INTRODUCTION: 

 

The concept of solution dominance can be better understood by considering the car purchase 

problem. In this case, if maximization of comfort and minimization of cost are considered as 

objective functions, it can be readily observed that both the functions are highly conflicting in 

nature and any solution which is best with respect to one of the objective functions may be worst 

compared to any other solution which is best with respect to the other objective function and 

vice-versa. Over the years, Non-Elitist non dominated sorted Genetic algorithm (NSGA1), Elitist 

non dominated sorted Genetic Algorithm (NSGA2), Niched pareto Genetic algorithm (NPGA), 

Distance based pareto Genetic algorithm (DPGA) and strength pareto evolutionary algorithm 
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(SPEA) have evolved as some of the most efficient and effective optimization techniques to 

generate PARETO (Non-dominated) solution front. J.Horn    et al [1] , presented a technical 

report on solving multi objective optimization (MOEA) problems by incorporating pareto 

domination in the selection operator of the Genetic Algorithm and by applying the niching 

pressure to spread the population along the pareto front.(A compromise solution region 

satisfying both the objective functions) surface. Fig1 shown below illustrates the pareto solution 

front.  

 
                                      Fig 1. Pareto solution front for objective functions  

 

Shajulin Benedict [2] applied the NPGA technique to solve the work flow scheduling problem in 

a wireless environment equipped with devices such as cameras, micro phones, network interfaces 

…etc. The objectives were maximization of work completion ratio and minimization of idle 

time. M.A. Abido [3] implemented the NPGA technique to handle multiple objectives in an 

environmental-economic dispatch problem. The prime objectives of the work were minimization 

of cost and emissions. Solution divergence preservation strategy was adopted to prevent 

premature convergence of the algorithm. Mark Ericson et al [4] applied an improvised NPGA 

technique which uses pareto rank based tournament selection scheme to handle the multi 

objective optimization problem of ground water quality management. S.Dehuri [5] proposed an 

improvised NPGA technique to track valuable information from large databases. The efficiency 

of the proposed technique was compared to the conventional Genetic Algorithm as well as with 

the basic NPGA technique. E.Zitzler and L.Thiele [6] proposed a new algorithm that works on 

the principle of non domination called the Strength Pareto Evolutionary Algorithm [SPEA].The 

objective of this technique is to maintain a front of non dominated solutions by comparing two 

selected candidate solutions for their strengths [Domination] and through special recombination 

and mutation processes. Later, E.Zitzler and L.Thiele [7] proposed an improvised version of 

SPEA technique called the SPEA2. This technique incorporates the fine grained fitness 

assignment strategy and population density estimation procedure which yields highly diversified 

as well as high fitness solutions. V.J.Amuso [8] implemented the SPEA2 technique to determine 

the optimal waveform set for a single platform radar system performing multiple radar tasks 

simultaneously. Meng Hongyun [9] implementd a modified version of SPEA on various multi 

objective optimization problems by incorporating an immune operator in the algorithm to 
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restrain degeneracy in the successive generations. P.Subbaraj and C.Chitra [10] applied the 

SPEA optimization technique to solve the shortest path routing problem in computer networks. 

The algorithm was implemented on networks ranging from 50 to 200 nodes. Mendoza F [11] 

implemented the SPEA optimization technique in the multi objective design of power 

distribution systems. The objectives considered were minimization of total cost and 

maximization of power distribution reliability. The results obtained were compared with the 

NSGA technique. WC Chang et al [12] proposed a novel distance based Pareto genetic algorithm 

[DPGA] to improve the convergence rate of multi objective optimization problems to a true 

Pareto optimal front. In this algorithm, a distance function works as the fitness function to select 

the candidate solutions. Hidemi Yamachi et al [13] implemented the DPGA optimization 

technique to solve a Bi-Objective N-Version Program fault tolerant software system design 

optimization problem. The objectives were maximization of system reliability and minimization 

of total cost.Fonesco and Fleming [14] first introduced a multi objective genetic algorithm which 

works on the non dominated classification of Genetic algorithm population. E Zitzler and Kalyan 

Moy Deb [15] compared the performance efficiency of SPEA2 technique with that of NSGA1 

technique taking various test cases. Alexandre H Dias [16] compared the working efficiency of 

NSGA1 optimization technique against various other evolutionary optimization techniques by 

taking different nonlinear constrained optimization problems. Kim Y [17] carried out the 

automobile antenna design optimization problem using NSGA1 technique. The geometric 

parameters of the antenna were modified to improve the performance.  P N Hrishikesha [18] 

implemented the NSGA 1 technique for optimal voltage control in power distribution networks 

using dispersed population generation scheme. Kalyan Moy Deb [19] presented a fast and elitist 

multi objective genetic algorithm called the NSGAII technique, which eliminates the difficulties 

associated with the NSGAI technique like lack of elitism, sensitivity in sharing parameter and 

computational complexity. Shantanu Guptha [20] implemented the NSGA II technique in the 

multi objective design optimization of rolling element bearings. The objectives considered were 

maximization of loading capacity and minimization of film thickness. S. Favuzza et al [21] 

employed an improved crowd comparision based NSGA II technique to handle multiple 

constraints in optimal design of electrical distribution networks. E G Berkele [22] solved the 

multi objective optimization problem of water resource allocation using the NSGA II technique. 

K.K. Mishra et al [23] implemented the NSGA II optimization technique to optimize the melting 

rate and fuel consumption of a rotary furnace. A regression model technique was implemented to 

mathematically model the melting rate of furnace. Kalyan Moy Deb [24] presented a technical 

report on dynamic decision making and multi objective optimization of hydro thermal power 

scheduling using a modified version of NSGA II algorithm. Chung Kwan et al [25] presented a 

differential evolution variant of NSGA-II algorithm for real world multi objective optimization 

problems. From the review of literature and various case studies presented by different authors 

like Kalyan Moy deb, this paper presents the computational procedures, merits and de-merits 

associated with each of these techniques and thereby presents the necessary conclusions. 

 

2.MULTI OBJECTIVE EVOLUTIONARY TECHNIQUE,MERITS & DEMERITS 

 
2.1 NPGA Optimization Technique Algorithm: 

 

1.Initialize the population size of n. 

2.Choose a tdom size of chromosome randomly from the current population. 
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3.Randomly pick up two chromosomes from the current population. 

4.Select n individuals based on the following procedure:  

5.Compare the two chromosome with tdom for non-domination by the former definition.  

6.If one is  dominated and other is non-dominated then select the    non-domination one.  

7.If both are non-dominated or dominated then by niche method then choose best one. 

8.Apply crossover and mutation to give the new population. 

9.Test whether the performance criteria is satisfied or not, if not then goto step 2  

10.Otherwise goto step 11. 

11. Stop. 

 

2.1.1 NPGA Merits & Demerits: 

 

 This approach applies Pareto selection to only  a segment of population at each run, 

therefore, it is very fast and produces good non-dominated fronts that can be kept for a 

large no of generations. 

 The performance of this method is highly dependent n sharing factor (σshare) and the 

good choice of tournament size (tdom) is complicated to implement. 

 
2.2 SPEA Optimization Technique Algorithm: 

 

1. Initialize the population of size n. 

2. Determine all the non-dominated solutions from current population and store them  

    in a separate population front called EXTERNAL. 

3. Combine the external with current population and assign fitness to the  

    individuals according to how many solutions it dominates. 

4. After assigning the fitness to all the individuals, select n individuals for  

    next generation. 

5. Apply crossover and mutation to get the new population of size n. 

6. Update the EXTERNAL population. 

7. Test whether the performance criterion is satisfied or 

     not. If not then goto step 3.Otherwise go to step 8. 

8. Stop. 

 

 

2.2.1 SPEA Merits & Demerits: 

 

 The main advantage of this method is that, it shows the utility of introducing elitism in 

multi-criterion optimization.  

 This method does not have to depend on sharing factor & tdom for fitness assignment. 

 This method does not converge to true Pareto- optimal solutions, because this method 

uses the fitness assignment procedure, which is very sensitive to concave surface. 
 
 

2.3 NSGA1 Optimization Technique Algorithm: 

 An initial random binary population consisting of n chromosomes is generated. The 

binary chromosomes are decoded into equivalent decimal solution vectors. 
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 Each decoded solution vector is compared with all other solutions in the population with 

respect to each objective function. This is done by calculating the objective function 

values at each solution vector. 

 If solution vector 1 is better than solution vector 2, with respect to all the three objective 

functions, then solution vector 2 is eliminated from selection.  

 The process of comparing the solution vectors with respect to all the three objective 

functions for domination is carried for the entire population. 

 If any two solutions are non-dominant against each other with respect to all the three 

objective functions then these two solutions are placed in the first empty set called the 

first non-dominated front. 

 This process is continued for all the solution vectors in the decoded population. 

 The solutions are classified into different levels of non-dominated fronts. This is carried 

out by comparing the solution vector‟s level of non-domination with respect to 

neighboring solution vectors considering all the three objective functions. The first front 

comprises of the most non-dominant solutions with respect to all the three objective 

functions. The last front consists of solutions that are most dominant with respect to all 

the three objective functions. 

 The solutions are ranked front wise from first to last. 

 For the first most non dominated front of solutions Fj = Fmin=N. Where N is the size of 

the population. That is all the solution vectors belonging to the first front are assigned 

same fitness since all of them are equally important with respect to all the objective 

functions. 

 Fitness Fj = Fmin – ε is assigned for j=1 to size of second front for all the solution vectors 

of second front. Where ε is a very small positive quantity. 

 The Euclidean distances among the solution vectors of a front are calculated. For 

example between solutions 1 and 2 the Euclidean distance is given by the following 

relation. 

2
1 2

front1 k k
12 max mink=1

k k

x -x
d =

x -x

 
 
 

  Where k is the objective function number. Xk
max

 

and Xk
min

 are the maximum and minimum values of solution vectors for the kth objective 

function.  

 The shared distance between the first and second solution vectors is 
α=1

12

12 share
12 share

d
1- if d σ

sh(d )= σ =0.158

0 otherwise

  
  
  
 
 

 where  is the sharing index and share is the 

sharing parameter. 

 The sharing parameter σshare and the sharing index   are chosen appropriately. 

 The niche count for the problem is calculated as the sum of all the shared distances as 

shown below. Ncq = sh(d12) + sh(d13)+------ = ∑sh(dij). Where i and j are the solution 

vectors in the front. 
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 The shared fitness values are given as
jI

J

cq

F
F =

n

 
  
 

. For j=1 to number of solutions in the 

front. 

 For the next front the new Fmin value is calculated using minimum value of Fj
I
 from the 

previous front. Since front 2 is better non dominated front than front 3 and so on. 

 Based on non domination rank, the parent chromosomes selected into the mating pool 

using roulette wheel selection technique. 

 Cross over & Mutation operations are carried out as in case of classical Genetic 

Algorithm to generate new off springs. The procedure is continued till chosen criterion is 

satisfied. 

 

2.3.1 NSGA1 Merits & Demerits: 

 

 The main advantage of this method is that it can handle any number of objectives, and 

ensures a better distribution of individuals, and allows multiple equivalent solutions. 

 It is inefficient than SPEA, if we consider both computational complexity and 

convergence time.  

 Another disadvantage is that it is more sensitive to the parameter σshare. 

 

 

2.4 NSGA2 Optimization Technique Algorithm: 

 

 The parent& child population generated are combined (Rt = Pt U Qt ) to generate 

population of size „2N‟.  

 Non-dominated sorting of population (Rt) as in case of NSGA1 is carried out to identify 

different non dominated solution fronts Fi, as follows, where i=1, 2, 3 etc. 

 The crowding distance mechanism is applied as follows, to identify the most widely 

spread solution vectors. 

 At the beginning zero distances are initialized to each individual solution vector in the 

front. 

 The front is sorted and ranked according to the importance of the solution vector with 

respect to the objective functions. 

 The crowding distances are estimated using the following relation.  

1 1

max min

m m
j j

m m
j j

I I

m m

I I
m m

f f
d d

f f

  
  
 
 

 Where Ij is the solution index or the sorted 

position of the jth solution vector in the sorted list. fm
max

 and fm
min 

 are the population 

maximum and minimum values of the mth objective function.  

 

 The non domination rank of solution vector 1 is compared to the non domination rank of 

solution vector 2. 
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 If the non domination rank of solution vector 1 is less than the non domination rank of 

solution vector 2, then solution vector 1 is better since it has high importance with respect 

to the objective functions. 

 If the ranks of both the solutions are equal, then the crowding distances are compared. 

 A solution with large crowding distance value is chosen as the better solution to maintain 

diversity. 

 The cross over and mutation operations are carried out to generate new population in the 

manner similar to classical genetic algorithm. 

 The new population generated is combined to the old population i.e.; Rt+1 = Pt+1 U Qt+1, 

and the above process is continued till the maximum number of generations or any stated 

termination criteria is reached. 

 

 

2.4.1 NSGA2 Merits & Demerits: 

 

 The solutions are competing based on their crowding distances, no niching parameter is 

required here as in NPGAs . 

 The elitism mechanism does not allow an already found Pareto-optimal solution to be 

deleted. However when the crowded comparison is used to restrict the population size, 

the algorithm loses its convergence property. 
 
 

2.5 DPGA Optimization Technique Algorithm: 

 

1. Create an initial random population P0 of size N and set the fitness of the first solution as F1. 

Set generation counter t=0. 

2. If t=0, insert the first element of P0 in an elite set E0   = {1}. For each population   member j 

≥2 for t=0 and j ≥1 for t > 0, perform the following steps to assign a fitness value. 

3. Calculate the distance dj(k) with each elite member k ( with fitness em(k), m= 1,2…,k) as 

follows: 

                     d
k
  = SQRT(Σ ((em

k
 – fm

j
)/(em

k
))

2
. 

4.  Find the minimum distance  d
min 

 & index kj of the elite member close to solution j. 

 

5. If any elite member dominates solution j, the fitness of j is Fj = max [0, F(e
(kj)

)-d
min

] 

    Otherwise, Fj = F(e
(kj)

)+d
min

 & j is included by eliminating all other members that are 

dominated by j. 

6. Find the maximum fitness of all the elite members Fmax. 

7. If t< tmaxor any other termination criterion is satisfied, the process is complete, else go to step 

8. 

8. Perform selection, cross over and mutation on pt and create a new population pt+1. Set t=t+1 

and goto step 2. 

 

2.5.1 DPGA Merits & Demerits: 

 For many sequences of fitness evaluations both goals of progressing towards the Pareto-

optimal front and maintaining diversity among solutions are archived without any explicit 

niching method. 
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 As the elite size is not restricted, it will grow to any size & will increase computational 

complexity of the algorithm with generations.  

 The DPGA fitness assignment scheme is sensitive to the ordering of individual in a 

population. 

 

 

3. CONCLUSIONS: 

 

 The NSGA2 two algorithms has very good chances of converging at a true pareto optimal 

front compared to all other non dominated algorithms presented in this paper for most bi 

and multi objective problems due to its wide population domain of size 2N and due to its 

elite solution preservation strategy. However, inappropriate choice of sharing parameter 

may lead to premature convergence or no convergence. 

 

 In cases where the generation of true pareto optimal front is not of much importance, 

under such circumstances the SPEA algorithm can be quoted as the most efficient 

algorithm as it doesn‟t depend on the sharing parameter and computationally less 

complex compared to NSGA1, DPGA and NSGA2 algorithms respectively. 

 

 

 

 For many practical applications, DPGA algorithm can be quoted as the least efficient 

among all other algorithms stated in this paper due to no restriction on its elite population 

size which increases its computational complexity and due to its highly sensitive fitness 

assignment scheme.   
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