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Abstract—Recently NSGA-III has been frequently used for 
performance comparison of newly proposed evolutionary many-
objective optimization algorithms. That is, NSGA-III has been 
used as a benchmark algorithm for evolutionary many-objective 
optimization. However, unfortunately, its source code is not 
available from the authors of the NSGA-III paper. This leads to 
an undesirable situation where a different implementation is used 
in a different study. Moreover, comparison is usually performed 
on DTLZ and WFG test problems. As a result, the performance 
of NSGA-III on a wide variety of many-objective test problems is 
still unclear whereas it has been frequently used for performance 
comparison in the literature. In this paper, we evaluate the 
performance of NSGA-III in comparison with NSGA-II on four 
totally different types of many-objective test problems with 3-10 
objectives: DTLZ1-4 problems, their maximization variants, 
distance minimization problems, and knapsack problems. We use 
two different implementations of NSGA-II and NSGA-III. We 
show through computational experiments that NSGA-III does 
not always outperform NSGA-II even for ten-objective problems. 
That is, their comparison results depend not only on the number 
of objectives but also on the type of test problems. The choice of 
test problems has a larger effect on their comparison results than 
the number of objectives in our computational experiments. We 
also demonstrate that totally different results are obtained from 
different implementations of NSGA-III for some test problems.  

Keywords—Evolutionary multiobjective optimization (EMO), 
evolutionary many-objective optimization, many-objective problems, 
NSGA-II, NSGA-III. 

I. INTRODUCTION 

NSGA-II has been the most frequently-used evolutionary 
multiobjective optimization (EMO) algorithm in the literature 
since its proposal [1]-[3]. New EMO algorithms were almost 
always compared with NSGA-II for performance evaluation in 
2000-2010. However, it is well-known that Pareto dominance-
based EMO algorithms such as NSGA-II and SPEA [4] do not 
work well on many-objective test problems [5]-[7]. Recently, 
NSGA-III [8] was proposed as an evolutionary many-objective 
algorithm. NSGA-III has already been playing the same role as 
NSGA-II: Newly proposed many-objective algorithms have 
been compared with NSGA-III for performance evaluation. For 
example, high performance of reference direction-based many-
objective algorithms such as I-DBEA [9], MOEA/DD [10] and 
 -DEA [11] was demonstrated in comparison with NSGA-III 
on many-objective DTLZ [12] and WFG [13] test problems. 

Newly proposed evolutionary many-objective algorithms 
are usually evaluated by computational experiments on the 
DTLZ and WFG test problems in the literature. Since these test 
problems were designed using a similar mechanism [14], we 
may have to say that even the most frequently-used many-
objective algorithm (i.e., NSGA-III) has not been evaluated on 
a wide variety of test problems. Moreover, many-objective 
problems are not always difficult for classical EMO algorithms 
even when they have a large number of objectives [15], [16]. 
Thus it may be possible that NSGA-III does not outperform 
classical EMO algorithms such as NSGA-II and SPEA in their 
applications to some other many-objective test problems.  

In this paper, we examine the performance of NSGA-III in 
comparison with NSGA-II using four, totally different, types of 
test problems with 3-10 objectives: DTLZ1-4 problems [12], 
their maximization variants where all objectives are maximized 
(while they are minimized in the original DTLZ1-4 problems), 
distance minimization problems with 10-1000 variables [17], 
and knapsack problems with some correlated objectives [16].  

Unfortunately there is no standard source code of NSGA-
III since it is not available from the authors of the NSGA-III 
paper [8]. The current situation seems to be as follows: a 
different implementation of NSGA-III is used in a different 
study on evolutionary many-objective optimization. Recently 
NSGA-III has been included in the revised jMetal website (the 
development site of jMetal 5.0 [18]). In this paper, we use the 
NSGA-III algorithm in jMetal 5.0 and another downloadable 
implementation [19] by the authors of the  -DEA paper [11]. 
The use of the different implementations is for examining the 
difference of NSGA-III between them. With respect to NSGA-
II, we use the jMetal code since we use the jMetal code of 
NSGA-III. For comparison, we also use our implementation of 
NSGA-II. 

This paper is organized as follows. In Section II, we briefly 
explain our test problems used in computational experiments: 
DTLZ1-4, their maximization variants, distance minimization 
problems, and knapsack problems. In Section III, we report 
performance comparison results between NSGA-II and NSGA-
III. Two implementations are examined for each algorithm. In 
Section IV, we examine the behavior of each algorithm in 
detail for discussing why NSGA-II outperforms NSGA-III on 
some many-objective test problems even when they have ten 
objectives. Finally, we conclude this paper in Section V. 
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II. MANY-OBJECTIVE TEST PROBLEMS 

A. DTLZ Problems and their Maximization Variants 

DTLZ [12] is a set of scalable multiobjective minimization 
problems where the number of objectives (i.e., m) can be 
arbitrarily specified. Especially, DTLZ1-4 test problems have 
been frequently used in the literature. 

The objective functions of DTLZ1-4 have the following 
special structure [12]: 

   mjhgf jMj ...,,2,1),())(1()( pos  xxx ,          (1) 

where hj(xpos) is a function of (m  1) variables in xpos, and 
g(xM) is a function of k variables in xM. Whereas the value of k 
can be arbitrarily specified, the total number of variables in xpos 
and xM is usually small in the literature. In this paper, we 
specify k as k = 5 in DTLZ1 and k = 10 in DTLZ2-4. Thus the 
total number of variables in each m-objective test problem is 
(5+m1) in DTLZ1 and (10+m1) in DTLZ2-4. These 
specifications have been frequently used in the literature. 

In Fig. 1, we show the feasible region of each test problem 
for the case of m = 2 (i.e., two objectives). We also show the 
Pareto front (a red curve) of each test problem and randomly 
generated 100 solutions (open circles). Except for DTLZ4, a 
set of the randomly generated solutions in Fig. 1 has a much 
larger diversity than the Pareto front of the corresponding 
problem (especially DTLZ1 and DTLZ3). 

The maximization variants of DTLZ1-4 are exactly the 
same as DTLZ1-4 except for the maximization of all objectives 
(they are minimized in the original DTLZ1-4 problems). The 
Pareto front of each variant is shown by a blue curve in Fig. 1. 
In this paper, the maximization variants of DTLZ1-4 are 
referred to as Max-DTLZ1-4 (see Fig. 1).  
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Fig. 1. Explanation of the two-objective DTLZ and Max-DTLZ problems. 

Each DTLZ problem and its maximization variant have 
exactly the same feasible region (see Fig. 1). However, the 
Pareto front of a maximization variant is much wider than that 
of its original problem. Thus we need a strong diversification 
mechanism in EMO algorithms when we try to approximate 
the entire Pareto front of each maximization variant. 

We use the hypervolume for performance comparison in 
our computational experiments. For the original DTLZ1-4 
problems, the reference point for hypervolume calculation is 
specified as (0.6, 0.6, ..., 0.6) for DTLZ1 and (1.1, 1.1, ..., 1.1) 
for DTLZ2-4. For their maximization variants, the reference 
point is specified as (50.0, 50.0, ..., 50.0) for Max-DTLZ1 
and Max-DTLZ3, and (0.5, 0.5, ..., 0.5) for Max-DTLZ2 
and Max-DTLZ4. 

B. Distance Minimization Problems 

In [20], two-dimensional distance minimization problems 
with four equivalent Pareto regions were used to visually 
examine the diversity of solutions in the decision space. We 
generate test problems (2D distance minimization problems) in 
the same manner as in [20] on the two-dimensional decision 
space [50, 50] [50, 50] in Fig. 2.  

Each problem has four polygons of the same shape and the 
same size. The ith objective is to minimize the distance to the 
nearest ith vertex among the four ith vertexes. For example, the 
first objective is to minimize the distance to the nearest first 
vertex among A1, B1, C1 and D1. The number of objectives is 
the same as the number of the vertexes in each polygon. All 
points inside each polygon (including points on the sides and 
the vertexes) are Pareto optimal solutions in the decision space. 
The reference point for hypervolume calculation is specified as 
(20, 20, ..., 20) in the objective space where 20 is the maximum 
distance between two vertexes in each polygon in Fig. 2.  
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Fig. 2. Two-dimensional distance minimization problems. 



The two-dimensional decision space in [20] was extended 
to a general d-dimensional decision space [50, 50]d in [17]. In 
this paper, we use 10D (d =10), 100D (d =100) and 1000D 
(d =1000) problems. Each test problem is defined by a single 
polygon as shown in Fig. 3. Each polygon in Fig. 3 is the 
projection of the corresponding polygon in the decision space 
[50, 50]d to its two-dimensional subspace. The ith objective is 
to minimize the distance to the ith vertex, which is a point in 
the d-dimensional decision space. Each polygon in Fig. 3 is 
placed on a hyperplane. All points inside the polygon on the 
hyperplane are Pareto optimal solutions. For details of the test 
problem design, see [17]. The reference point for hypervolume 
calculation is specified as (112, 112, ..., 112) for the 10D 
problems, (354, 354, ..., 354) for the 100D problems, and 
(1119, 1119, ..., 1119) for the 1000D problems using the 
maximum distance between two vertexes of the same polygon.  
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Fig. 3. High-dimensional distance minimization problems. 

C. Knapsack Problems 

In the same manner as [16], we generate ten-objective 500-
item knapsack problems with correlated objectives. The first 
two objectives f1(x) and f2(x) are the same as those of the two-
objective 500-item knapsack problem in Zitzler & Thiele [4]. 
The constraint conditions are also the same as those in [4]. The 
other eight objectives are generated in the following manner. 
First, they are generated by randomly specifying the profit aij 
of item j for objective i as an integer in the interval [10, 100]: 

   



500

1
)(

j
jiji xaf x ,  i = 3, 4, ..., 10. (2) 

Then, using a real number parameter   in [0, 1], we generate 
correlated objectives of our ten-objective 500-item knapsack 
problem as follows: 

   )()( xx ii fg  ,  i = 1, 2, (3) 

   )()1()()( 1 xxx ii ffg   ,  i = 3, 5, 7, 9, (4) 

   )()1()()( 2 xxx ii ffg   ,  i = 4, 6, 8, 10. (5) 

The parameter  in [0, 1] can be viewed as a kind of 
correlation strength. When   = 1 (i.e., maximum correlation), 
gi(x) is the same as f1(x) or f2(x). When   = 0 (i.e., minimum 
correlation), gi(x) is the same as the randomly generated fi(x). 
In this paper, we examine its four values:  = 0.2, 0.4, 0.6, 0.8. 
Our knapsack problems with three, five and eight objectives 
are generated by using the first three, five and eight objectives 
from the generated ten objectives gi(x), i = 1, 2, ..., 10.  

In Fig. 4, we show the Pareto front and randomly generated 
100 solutions for the two-objective 500-item knapsack problem.  
The length of the Pareto front is much larger than the spread of 
randomly generated solutions. Thus a strong diversification 
mechanism is needed for finding a well distributed solutions 
over the Pareto front. At the same time, a strong convergence 
mechanism is also needed to push the population of randomly 
generated solutions to the Pareto front. In our computational 
experiments, the origin of the objective space is used as the 
reference point for hypervolume calculation.  
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Fig. 4. Pareto front (red circles) and randomly generated 100 solutions (open 
circles) for the two-objective 500-item knapsack problems. 

III. COMPUTATIONAL EXPERIMENTS 

A. Examined Algorithms: NSGA-II and NSGA-III 

NSGA-II [1]-[3] is a well-known and frequently-used EMO 
algorithm. It has a ( +)ES-style generation update structure. 
Usually   and  are the same:  =. We use this specification 
in this paper. Solutions in a population are classified into 
different groups (i.e., they are sorted into different ranks) by 
Pareto dominance relation among solutions. Then the crowding 
distance is calculated for each solution using the solutions in 
each group. We use the jMetal code of NSGA-II. We also use 
our own implementation. In general, algorithm implementation 
needs a lot of minor unwritten specifications. The following 
are examples of minor specifications in our implementation. 

1. Handling of Overlapping Solutions in the Objective Space: 
All overlapping solutions with the same objective vector 

are classified into the same group. Different numbers are 
assigned to those solutions for always sorting them in the same 
order with respect to each objective in the crowding distance 
calculation. For example, when four solutions (xA, xB, xC, xD) 
are overlapping, they are always sorted in the same order (e.g., 



an alphabetical order: xA, xB, xC, xD). In this case, the crowding 
distances of xB and xC are always calculated as zero. As a result, 
xB and xC are likely to be removed in the generation update 
phase. If they are randomly sorted for each objective, all the 
four solutions can have large values of the crowding distance. 
As a result, they will be able to survive for many generations. 

2. Handling of Overlapping Solutions on Each Objective: 
Let us assume that all solutions in the same group (with the 

same rank) have the same value of an objective. In this case, 
first they are ordered. Then an infinitely large value is assigned 
to the first and last solutions as the distance on this objective. 
The distance zero is assigned to all the other solutions. The 
normalization procedure is not applied to the assigned distance 
values zero and infinity. 

3. Handling of Solutions with the Same Fitness: 
Solutions with the same crowding distance in the same 

group (with the same rank) are always handled randomly in the 
generation update (i.e., environmental selection) and the parent 
selection (i.e., mating selection). 

4. Recalculation of Crowding Distance: 
Before the generation update, the crowding distance of each 

solution is calculated in the merged population with ( +) 
solutions. After the generation update, the crowding distance of 
each solution in the new population of size   is not always the 
same as the calculated value before the generation update. We 
recalculate the crowding distance of all solutions in the worst 
group with the worst rank in the new population.  

These minor specifications do not have large effects on the 
performance of NSGA-II. As shown later in this section, we do 
not observe any large differences in the performance of NSGA-
II between the jMetal code and our own implementation. 

NSGA-III [8], which was designed for many-objective 
optimization, has also a ( +)ES-style generation update 
structure ( =). As in NSGA-II, Pareto dominance relation 
among solutions in a population is used for fitness evaluation. 
However, the crowding distance is not used in NSGA-III. This 
is because a good distribution of solutions over a high-
dimensional Pareto front cannot be maintained by the distance 
calculation on each objective. In NSGA-III, a set of uniformly 
distributed direction vectors is used for diversity maintenance. 
The basic idea is to find a non-dominated solution around the 
intersection of the Pareto front and each reference line.  

As we have already explained for NSGA-II, a lot of minor 
specifications are usually needed for implementing any EMO 
algorithm. Most of those specifications are not clearly written 
in the original paper where the algorithm was proposed. Since 
the source code of NSGA-III is not available from the authors 
of the NSGA-III paper, there exist a number of unknown minor 
specifications. Thus it is likely that we will obtain different 
performance evaluation results from different implementations 
of NSGA-III. In this paper, we use  the jMetal code [18] and 
the implementation by the authors of the  -DEA paper [11] 
downloadable from [19].  

B. Parameter Specifications 

The population size and the termination condition for 
NSGA-II and NSGA-III are specified for all test problems as 

shown in Table I. For the continuous test problems (i.e., DTLZ, 
Max-DTLZ, distance minimization), we use the SBX crossover 
with the distribution index 20 and the polynomial mutation 
with the distribution index 30. The crossover probability is 
specified as 1.0, and the mutation probability is specified as 1/n 
where n is the string length. For the knapsack problems with 
binary decision variables, we use the uniform crossover with 
the crossover probability 1.0 and the bit-flip mutation with the 
mutation probability 1/500 where 500 is the string length. 

TABLE I.  POPULATION SIZE AND TERMINATION CONDITION. 

Objectives Population Size Termination Condition  
(Number of Examined Solutions)

m = 3 92 92 x 300 = 27,600 

m = 5 212 212 x 500 = 106,000 

m = 8 156 156 x 800 = 124,800 

m = 10 276 276 x 1000 = 276,000 
 

C. Performance Comparison Results 

Average hypervolume values over 11 runs are summarized 
in Tables II-V in the next page for each test problem with 3, 5, 
8 and 10 objectives, respectively. In each table, the best and the 
second best average hypervolume value for each test problem 
are highlighted by yellow and light yellow, respectively. The 
value “0” in the tables means that the hypervolume value is 
zero in all of the 11 runs. That is, no solution that dominates 
the reference point is obtained in those runs.  

Experimental results on the DTLZ1-4 test problems clearly 
show that NSGA-II does not work well on many-objective 
problems with eight objectives in Table IV and ten objectives 
in Table V. That is, we can observe the severe deterioration of 
the convergence performance of NSGA-II by the increase in 
the number of objectives. For the distance minimization test 
problems with five or more objectives, we can also observe 
that NSGA-III clearly outperforms NSGA-II in Tables III-V. A 
common feature of these two types of test problems is that the 
size of the Pareto front is relatively small in comparison with 
the size of the feasible region in the objective or decision space 
(see Figs. 1-3). Thus the convergence of solutions to a small 
region is important for obtaining good experimental results. 

However, we cannot observe such a clear performance 
deterioration of NSGA-II by the increase in the number of 
objectives for the Max-DTLZ1-4 test problems in comparison 
with NSGA-III. That is, the effects of the number of objectives 
on the performance of NSGA-II and NSGA-III are unclear for 
the Max-DTLZ1-4 test problems. For the knapsack problems 
with eight and ten objectives, NSGA-II outperforms NSGA-III 
in Tables IV and Table V. A common feature of these two 
types of test problems is the importance of the diversification 
of solutions since the size of the Pareto front of each problem is 
large (see Fig. 1 and Fig. 4).  

Our experimental results demonstrate that the choice of test 
problems has a dominant effect on performance comparison 
results between NSGA-II and NSGA-III. Whereas NSGA-III 
clearly outperforms NSGA-II when the DTLZ1-4 problems are 
used as in many studies in the literature, its superiority is not 
clear on their maximization variants. Moreover, NSGA-II 
outperforms NSGA-III on many-objective knapsack problems. 



 
TABLE II.  AVERAGE RESULTS ON THREE-OBJECTIVE PROBLEMS. 

Test Problems 
 NSGA-II  NSGA-III 

 jMetal 5.0 Our Lab  jMetal 5.0 Yuan [19]

DTLZ1  1.250E01 1.657E01  1.865E01 1.889E01

DTLZ2  7.009E01 7.013E01  7.442E01 7.444E01

DTLZ3  0 0  0 2.542E01

DTLZ4  7.060E01 7.018E01  6.611E01 7.443E01

Max-DTLZ1  4.196E+07 4.227E+07  2.068E+07 4.250E+07

Max-DTLZ2  3.453E+01 3.471E+01  2.935E+01 3.508E+01

Max-DTLZ3  5.004E+09 5.081E+09  4.546E+09 5.123E+09

Max-DTLZ4  3.483E+01 3.465E+01  3.116E+01 3.522E+01

Distance-2D  2.516E+03 2.517E+03  2.498E+03 2.499E+03

Distance-10D  3.816E+05 3.836E+05  3.809E+05 3.819E+05

Distance-100D  6.845E+06 6.841E+06  6.903E+06 7.177E+06

Distance-1000D  5.415E+07 5.678E+07  7.263E+07 7.723E+07

Knapsack (0.2)  6.418E+12 6.312E+12  6.329E+12 6.523E+12

Knapsack (0.4)  6.457E+12 6.398E+12  6.400E+12 6.572E+12

Knapsack (0.6)  6.545E+12 6.533E+12  6.522E+12 6.721E+12

Knapsack (0.8)  6.745E+12 6.708E+12  6.703E+12 6.930E+12
 

TABLE III.  AVERAGE RESULTS ON FIVE-OBJECTIVE PROBLEMS. 

Test Problems 
 NSGA-II  NSGA-III 

 jMetal 5.0 Our Lab  jMetal 5.0 Yuan [19]

DTLZ1  0 0  7.671E02 7.662E02

DTLZ2  0.745E+00 0.728E+00  1.307E+00 1.307E+00

DTLZ3  0 0  0.993E+00 1.097E+00

DTLZ4  0.961E+00 0.041E+00  1.281E+00 1.308E+00

Max-DTLZ1  6.422E+11 6.418E+11  2.237E+11 5.226E+11

Max-DTLZ2  1.337E+02 1.342E+02  0.647E+02 1.157E+02

Max-DTLZ3  3.702E+15 3.678E+15  1.898E+15 2.426E+15

Max-DTLZ4  1.325E+02 1.330E+02  0.885E+02 1.042E+02

Distance-2D  3.080E+05 3.073E+05  3.190E+05 3.170E+05

Distance-10D  1.150E+09 1.134E+09  1.459E+09 1.462E+09

Distance-100D  2.480E+11 2.252E+11  2.661E+11 2.915E+11

Distance-1000D  2.526E+13 2.428E+13  3.565E+13 3.808E+13

Knapsack (0.2)  2.151E+21 2.042E+21  2.025E+21 2.094E+21

Knapsack (0.4)  2.238E+21 2.131E+21  2.099E+21 2.159E+21

Knapsack (0.6)  2.352E+21 2.257E+21  2.246E+21 2.296E+21

Knapsack (0.8)  2.482E+21 2.442E+21  2.398E+21 2.483E+21
 

TABLE IV.  AVERAGE RESULTS ON EIGHT-OBJECTIVE PROBLEMS. 

Test Problems
NSGA-II  NSGA-III 

jMetal 5.0 Our Lab  jMetal 5.0 Yuan [19]

DTLZ1 0 0  1.600E02 1.677E02

DTLZ2 0 0  1.877E+00 1.976E+00

DTLZ3 0 0  0.350E+00 1.891E+00

DTLZ4 0 0  1.979E+00 1.980E+00

Max-DTLZ1 1.982E+17 2.041E+17  0.600E+17 3.201E+17

Max-DTLZ2 2.538E+02 2.618E+02  0.551E+02 2.350E+02

Max-DTLZ3 2.593E+23 2.707E+23  0.752E+23 2.752E+23

Max-DTLZ4 2.191E+02 2.267E+02  0.264E+02 2.488E+02

Distance-2D 3.249E+08 3.179E+08  4.005E+08 4.006E+08

Distance-10D 1.103E+14 1.156E+14  2.688E+14 2.891E+14

Distance-100D 0.681E+18 0.582E+18  1.542E+18 1.541E+18

Distance-1000D 1.619E+21 1.129E+21  5.005E+21 5.544E+21

Knapsack (0.2) 1.115E+34 1.063E+34  1.044E+34 1.059E+34

Knapsack (0.4) 1.238E+34 1.193E+34  1.137E+34 1.152E+34

Knapsack (0.6) 1.443E+34 1.372E+34  1.313E+34 1.371E+34

Knapsack (0.8) 1.688E+34 1.624E+34  1.509E+34 1.605E+34
 

TABLE V.  AVERAGE RESULTS ON TEN-OBJECTIVE PROBLEMS. 

Test Problems
NSGA-II  NSGA-III 

jMetal 5.0 Our Lab  jMetal 5.0 Yuan [19]

DTLZ1 0 0  5.843E03 6.046E03

DTLZ2 0 0  2.094E+00 2.512E+00

DTLZ3 0 0  1.945E+00 2.498E+00

DTLZ4 0 0  2.515E+00 2.515E+00

Max-DTLZ1 1.050E+21 1.121E+21  0.448E+21 1.896E+21

Max-DTLZ2 3.843E+02 3.851E+02  0.688E+02 5.093E+02

Max-DTLZ3 0.497E+29 0.513E+29  0.062E+29 1.213E+29

Max-DTLZ4 3.123E+02 3.151E+02  0.118E+02 4.885E+02

Distance-2D 4.037E+10 3.953E+10  4.933E+10 4.886E+10

Distance-10D 0.444E+18 0.462E+18  0.924E+18 1.109E+18

Distance-100D 1.843E+22 1.354E+22  4.391E+22 7.038E+22

Distance-1000D 1.051E+27 0.690E+27  2.782E+27 2.461E+27

Knapsack (0.2) 3.565E+42 3.420E+42  3.326E+42 3.373E+42

Knapsack (0.4) 4.103E+42 3.924E+42  3.689E+42 3.703E+42

Knapsack (0.6) 5.134E+42 4.775E+42  4.526E+42 4.511E+42

Knapsack (0.8) 6.457E+42 5.948E+42  5.972E+42 6.046E+42
 

   
Now, let us examine the difference in the performance 

between the two implementations of NSGA-II. In Tables II-V, 
we cannot find any large differences between them except for 
the results on the five-objective DTLZ4 problem and the 1000-
dimensional distance minimization problems with eight and ten 
objectives. These test problems are very difficult for NSGA-II 
(much better results are obtained from NSGA-III). Thus the 
experimental result of each run of NSGA-II heavily depends on 
an initial population. As a result, the difference between the 
two implementation looks large. Except for these three test 
problems (among the 64 test problems in Tables II-V), similar 
results are obtained by the two implementations of NSGA-II. 

Next, let us examine the difference between the two 
implementations of NSGA-III. For the DTLZ1-4 problems, it 
seems that similar results are obtained from them. Differences 
in the experimental results between the two implementations 
are small for the distance minimization and knapsack problems, 
either. However, for the maximization DTLZ1-4 problems, 
clearly different results are obtained. Moreover, clearly better 
results are always obtained by Yuan’s implementation for the 
maximization DTLZ1-4 problems in Tables II-V (i.e., for all 
the 16 test problems in total). It is not likely that those 
consistent experimental results happen to be obtained from the 
same algorithm.  



As explained for NSGA-II, almost all algorithms have a lot 
of minor unwritten specifications. So, it is difficult to identify 
the reason for the difference between the two implementations 
of NSGA-III. After a long careful check of each code again 
and again, we find a possible reason. In Yuan’s implementation, 
the normalization is performed using Eq.(4) of the NSGA-III 
paper [8] as ii

n
i aff )(')( xx   for each objective i. However, 

in the jMetal implementation, the normalization is based on 
)()(')( min

iii
n

i zaff  xx . This was Eq.(5) in the early access 
version of [8],  which has been changed to Eq.(4) in [8].  

For comparison, we modify the jMetal code using Eq.(4) in 
[8] instead of Eq.(5) of its early access version. Then we apply 
each implementation (i.e., jMetal, modified jMetal, and Yuan 
[19]) to the ten-objective Max-DTLZ2 problems 100 times. 
The histogram of the obtained 100 hypervolume values from 
each implementation is shown in Fig. 5. We can see from Fig. 
5 that (i) there is a large difference between the jMetal and 
Yuan implementations, and (ii) similar results are obtained 
from the modified jMetal and Yuan implementations. However, 
it seems that they still have some small difference. 
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Fig. 5. Histogram of the obtained 100 hypervolume values. 

IV. DISCUSSIONS ON EXPERIMENTAL RESULTS 

Tables II-V suggest that NSGA-II has high diversification 
ability while NSGA-III has high convergence ability. In this 
section, we further examine this observation by showing an 
obtained solution set by a single run of each algorithm. Among 
the 11 runs of each algorithm on each test problem, we choose 
a single run with the median hypervolume value. In Figs. 6-9, 
we show the obtained solution sets by NSGA-II (jMetal) and 
NSGA-III (Yuan [19]) on the DTLZ1 problems with three, five, 
eight and ten objectives, respectively. In this section, the 
obtained solution set by NSGA-II (NSGA-III) is always shown 
in the left (right) plot in each figure. Obtained solution sets are 
shown using the parallel coordinates. The horizontal axis of 
each graph shows the index of the objective, and the vertical 
axis shows the corresponding objective value.  

In Fig. 6 on the three-objective DTLZ1 problem, similar 
solution sets are obtained by the two algorithms. However, 
totally different solution sets are obtained in Figs. 7-9 on the 
many-objective DTLZ1 problems. Note that the scale of the 
vertical axis in each left graph in Figs. 7-9 by NSGA-II is 
about 1000 times larger than that in each right graph. Since the 
Pareto front of the m-objective DTLZ1 problem is included in 
[0, 0.5]m, Figs. 7-9 show poor and high convergence ability of 

NSGA-II and NSGA-III, respectively. Similar results are also 
obtained for the DTLZ2-4 problems (the results are not shown).  
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                      (a) NSGA-II.                                             (b) NSGA-III. 

Fig. 6. Obtained solution sets on the three-objective DTLZ1 problem. 
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Fig. 7. Obtained solution sets on the five-objective DTLZ1 problem. 
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Fig. 8. Obtained solution sets on the eight-objective DTLZ1 problem. 
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Fig. 9. Obtained solution sets on the ten-objective DTLZ1 problem. 



Figs. 6-9 also demonstrate high diversification ability of 
NSGA-II. This ability plays an important role on its application 
to the Max-DTLZ1-4 problems. Experimental results on the 
Max-DTLZ2 problems are shown in Figs. 10-13.  
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                      (a) NSGA-II.                                             (b) NSGA-III. 

Fig. 10. Obtained solution sets on the three-objective Max-DTLZ2 problem. 

500

321 54

4.0

1.0

0.0

3.0

2.0

 

600

321 54

4.0

1.0

0.0

3.0

2.0

 
                      (a) NSGA-II.                                             (b) NSGA-III. 

Fig. 11. Obtained solution sets on the five-objective Max-DTLZ2 problem. 
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Fig. 12. Obtained solution sets on the eight-objective Max-DTLZ2 problem. 
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Fig. 13. Obtained solution sets on the ten-objective Max-DTLZ2 problem. 

Figs. 14-17 show experimental results on the knapsack 
problems for the case of   = 0.2 (weak correlation among the 
objectives). Solution sets with larger diversity are obtained by 
NSGA-II in Figs. 14-17.  
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Fig. 14. Obtained solution sets on the three-objective knapsack problem. 
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Fig. 15. Obtained solution sets on the five-objective knapsack problem. 
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Fig. 16. Obtained solution sets on the eight-objective knapsack problem. 
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Fig. 17. Obtained solution sets on the ten-objective knapsack problem. 
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Fig. 18. Solution sets on the ten-objective 100D distance minimization. 

3.30 3.50 3.60 3.703.20 (x1042)3.40

10

20

30

40

50

0

NSGA-II (jMetal)NSGA-III (Yuan)

Hypervolume

N
um

be
r 

of
 R

un
s

 
Fig. 19. Histogram of the obtained 100 hypervolume values. 

 
Fig. 18 shows the obtained solution sets for the ten-

objective 100D distance minimization problem. The solution 
set by NSGA-II has much larger diversity. However, the larger 
diversity does not always mean the larger hypervolume values. 
Actually, better results are obtained by NSGA-III for the 
distance minimization problems in Table V whereas better 
results are obtained by NSGA-II for the knapsack problems. 
For further comparing NSGA-II with NSGA-III, we apply each 
algorithm to the ten-objective knapsack problem with   = 0.2 
100 times. Experimental results are summarized in Fig. 19.  

V. CONCLUDING REMARKS 

We demonstrated that NSGA-III did not always outperform 
NSGA-II when they were compared on various many-objective 
test problems. Whereas NSGA-III outperformed NSGA-II on 
the frequently-used DTLZ1-4 test problems, its superiority was 
unclear on the maximization DTLZ1-4 test problems. Better 
results were obtained by NSGA-II on many-objective knapsack 
problems. These observations suggest that the choice of test 
problems has a larger effect on performance comparison results 
than the number of objectives. Another important observation 
was that totally different experimental results were obtained 
from different implementations of NSGA-III (jMetal and Yuan 
[19]). Small differences are unavoidable since the source code 
of the original NSGA-III algorithm is not available. However, 
since their difference was large, we examined each code very 
carefully. Then, we found a possible reason for their difference, 
which was explained by a small difference in the formulations 
of the normalization between the NSGA-III paper [8] and its 
early access version. As shown in Fig. 5, similar results were 
obtained by using the same formulation for the normalization,  

REFERENCES 
[1] K. Deb, S. Agrawal, A. Pratap, and T Meyarivan, “A fast elitist non-

dominated sorting genetic algorithm for multi-objective optimization: 

NSGA-II,” Proc. of 6th International Conference on Parallel Problem 
Solving from Nature - PPSN VI, pp 849-858, Paris, France, September 
18-20, 2000. 

[2] K. Deb, Multi-Objective Optimization Using Evolutionary Algorithms, 
John Wiley & Sons, Chichester, 2001. 

[3] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist 
multiobjective genetic algorithm: NSGA-II,” IEEE Trans. on 
Evolutionary Computation, vol. 6, no. 2, pp. 182-197, April 2002. 

[4] E. Zitzler and L. Thiele, “Multiobjective evolutionary algorithms: A 
comparative case study and the strength Pareto approach,” IEEE Trans. 
on Evolutionary Computation, vol. 3, no. 4, pp. 257-271, 1999. 

[5] H. Ishibuchi, N. Tsukamoto, and Y. Nojima, “Evolutionary many-
objective optimization: A short review,” Proc. of 2008 IEEE Congress 
on Evolutionary Computation, pp. 2419-2426, Hong Kong, China, June 
1-6, 2008. 

[6] C. von Lücken, B. Barán, and C. Brizuela, “A survey on multi-objective 
evolutionary algorithms for many-objective problems,” Computational 
Optimization and Applications, vol. 58, no. 3, pp. 707-756, July 2014. 

[7] B. Li, J. Li, K. Tang, and X. Yao, “Many-objective evolutionary 
algorithms: A survey,” ACM Computing Surveys, vol. 48, no. 1, Article 
13, pp. 1-35, September 2015. 

[8]  K. Deb and H. Jain, “An evolutionary many-objective optimization 
algorithm using reference-point-based non-dominated sorting approach, 
Part I: Solving problems with box constraints,” IEEE Trans. on 
Evolutionary Computation, vol. 18, no. 4, pp. 577-601, August 2014. 

[9] M. Asafuddoula, T. Ray, and R. Sarker, “A decomposition-based 
evolutionary algorithm for many objective optimization,” IEEE Trans. 
on Evolutionary Computation, vol. 19, no. 3, pp. 445-460, June 2015. 

[10] K. Li, K. Deb, Q. Zhang, and S. Kwong, “An evolutionary many-
objective optimization algorithm based on dominance and 
decomposition,” IEEE Trans. on Evolutionary Computation, vol. 19, no. 
5, pp. 694-716, October 2015. 

[11]  Y. Yuan, H. Xu, B. Wang, and X. Yao, “A new dominance relation-
based evolutionary algorithm for many-objective optimization,” IEEE 
Trans. on Evolutionary Computation, vol. 20, no. 1, pp. 16-37, February 
2016. 

[12] K. Deb, L. Thiele, M. Laumanns, and E. Zitzler, “Scalable multi-
objective optimization test problems,” Proc. of 2002 IEEE Congress on 
Evolutionary Computation, pp. 825-830, May 12-17, 2002. 

[13] S. Huband, P. Hingston, L. Barone, and L. While, “A review of 
multiobjective test problems and a scalable test problem toolkit,” IEEE 
Trans. on Evolutionary Computation, vol. 10, no. 5, pp. 477-506, 
October 2006. 

[14] H. Ishibuchi, H. Masuda, and Y. Nojima, “Pareto fronts of many-
objective degenerate test problems,” IEEE Trans. on Evolutionary 
Computation (available from IEEE Xplore as an early access paper).  

[15] O. Schütze, A. Lara, and C. A. C. Coello, “On the influence of the 
number of objectives on the hardness of a multiobjective optimization 
problem,” IEEE Trans. on Evolutionary Computation, vol. 15, no. 4, pp. 
444-455, August 2011. 

[16] H. Ishibuchi, N. Akedo, and Y. Nojima, “Behavior of multiobjective 
evolutionary algorithms on many-objective knapsack problems,” IEEE 
Trans. on Evolutionary Computation, vol. 19, no. 2, pp. 264-283, April 
2015. 

[17] H. Masuda, Y. Nojima, and H. Ishibuchi, “Visual examination of the 
behavior of EMO algorithms for many-objective optimization with 
many decision variables,” Proc. of 2014 IEEE Congress on Evolutionary 
Computation, pp. 2633-2640, Beijing, China, July 6-11, 2014. 

[18] J. J. Durillo and A. J. Nebro, “jMetal: A Java framework for multi-
objective optimization,” Advances in Engineering Software, vol. 42, no. 
10, pp. 760-771, October 2011. Codes were downloaded on January 15, 
2016 from jMetal 5 Web Site (http://jmetal.github.io/jMetal/). 

[19]  http://learn.tsinghua.edu.cn:8080/2012310563/ManyEAs.rar (Codes 
were downloaded on October 1, 2015).  

[20] H. Ishibuchi, N. Akedo, and Y. Nojima, “A many-objective test problem 
for visually examining diversity maintenance behavior in a decision 
space,” Proc. of 2011 Genetic and Evolutionary Computation 
Conference, pp. 649-656, Dublin, Ireland, July 12-16, 2011. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




