


           
1 Related Work and Motivation
Pareto dominance relations are widely used in MOEA to rank candidate solution levels. To minimize the MOP, the candidate solution is said to be Pareto-dominated , denoted by , if and only if
   	     (1)
where denotes the objective value of  and  is the objective number. If  does not dominate  and  also does not dominate , then the two candidate solutions are said to be mutually non-dominated. According to Eq. (1), for two random candidate solutions in the -objective problem, the probability of one candidate dominating the other is  and it decreases exponentially with the increase of objective number . This causes the dominance-based method to face insufficient selection pressure, the phenomenon called Dominance Resistance (DR) [1]. In order to address this problem, some algorithms have been proposed to alleviate the comparability between the two candidate solutions, which can be broadly classified into four categories and we will next briefly review these typical dominance relations.
1.1 Related Work
(1) Expanding the Dominance Area
The representative method in this category is the Control Dominance Areas with Solutions(CDAS) [2]. It extends the dominance area of the solution by modifying the fitness function of the objective function through the user-defined parameter  using the Eq. (2):
                                      	   (2)
where  denotes the -th objective value of  after transformation,  denotes -norm,denotes the declination between  and the i-th axis, is the control parameter for the degree of  expansion and . Whenis greater than 0.5, the dominant area gradually shrank.
To eliminate the effect of parameter , an adaptive CDAS (S-CADS) is proposed [3], where the expansion degree of S-CDAS candidate solution  is determined adaptively based on the extreme solutions in the population:
                                         	    (3)
where
                                                                                                                   (4)
 denotes the extreme solution on the -th axis in the population.
(2) Objective Space Gridding
A typical method in this category is grid dominance. In grid dominance, the grid coordinates of the solution are calculated using Eq. (5), (6) and (7):
                                                     	  (5)
where  denotes the floor function.
The upper and lower boundaries of the grid in the -th objective are determined according to the Eq. (6) :
                                           	      (6)
where  and  denote the -th maximum value and minimum value in the population, respectively, and  is a parameter of the number of divisions for each objective.
Thus, the original -dimensional objective space is divided into  hyperboxes, and the width of each hyperbox is expressed as follows:
                                                               	 (7)
Use grid coordinates to determine the dominance relation instead of using objective values. The grid dominance is also a relaxed Pareto dominance, but it is seriously affected by the parameter .
(3) Fuzzy Logic
(1- )-dominance [4],-dominance [5] and fuzzy dominance belong to this category. In this type of method, the criterion for determining the dominance relation are usually considered, as the objective number of one candidate solution is smaller or larger than the other. In (1-) dominance, if and only if
                                                                           	    (8)
is called the solution  (1-)-dominate the solution , where and  are the objectives number of  equal to and less than , respectively, and  is a predefined parameter in the range of [0, 1]. Similar to -dominance, for -dominance, if and only if
                                                                   	   (9)
is called  -dominate . Where  and  are the objective numbers where  is less than and greater than , respectively.
(4) Weight Vector Defines Dominance
This dominance relations are influenced by decomposition-based MaOEAs, which is defined by a set of weight vectors, such as -dominance [6]. In -dominance, when the non-dominated solution is associated with the same weight vector , each candidate solution is associated with its nearest weight vector, and
                                       	     (10)
where  is the penalty parameter,
                                                           	  (11)
-dominance leads the solution to converge along the weight vector and and remain uniformly distribution in the population. When the distribution of the weight vectors is inconsistent with the PF, the performance of the algorithm will be seriously affected, because the number of weight vectors should be set to be the same as the population size.
Many-objective optimization problems have been effectively solved by using existing dominance relations, but there are still have defects in some dominance relations, which can only find a set of solutions that are concentrated on a small region of PF. Therefore, an adaptive niche dominance relation is proposed: the solutions can be distributed as evenly as possible on the PF and then adaptively select the convergence indicator that matches the the PF shape to improve the selection pressure, so as to achieve a balance between convergence and diversity.
(5) Reference Vector-Guided Evolutionary Algorithm
RVEA [7] can be considered as a decomposition-based algorithm or as a preference-driven MOEA. In RVEA, uniformly distributed reference vectors are generated by the regular simplex lattice design method [8]. After generating a set of reference vectors, the solutions in the population will be associated with different reference vectors based on the angles between the reference vectors and solutions. If the angle between the solution and the reference vector is the smallest of the angles between the solution and all the reference vectors, the solution will be assigned to the reference vector. The APD-based selection mechanism in RVEA aims to achieve a balance between convergence and diversity. Solutions with larger APD values will be more likely to survive. The pressure for convergence is controlled by the distance between the target value of the transformation and the ideal point, while diversity is facilitated by the angle between the solution and its associated reference vector.
(6) Adaptive Localized Decision Variable Analysis Approach
[bookmark: _GoBack]An adaptive local decision variable analysis method in a decomposition-based framework [9] is proposed to solve large-scale multi-objective optimization problems. The main idea is to incorporate the guidance of the reference vectors into the analysis of the control variables, and then, to optimize these grouped variables by means of an adaptive scalarization strategy. In particular, in the local control variable analysis, for each search direction, the convergence correlation of each decision variable is measured by a projection-based detection method. In decision variable optimization, the grouped decision variables are optimized using an adaptive scalarization strategy that adaptively balances the convergence and diversity of the solutions in the objective space, where the CRD is quantified based on the acute angle and the length of the projection in the direction of the bootstrap reference vector from the sampled solution.

1.2 Motivation
Although many efforts have been made to propose more efficient MaOEAs, we note that most dominance relations readily generate solution sets concentrated in a small region of the Pareto front, and that the density of solution sets in a small region directly affects diversity and convergence, especially in high-dimensional objective spaces. Therefore, we are motivated to propose a new dominance relation, A-NDR, which improves the selection pressure on the algorithms while increasing their performance by developing niche techniques based on the perspective between candidate solutions, and by generating a uniform set of solutions on the Pareto front with only one candidate solution with the best convergence in each niche. Most existing MaOEAs improve the performance of their algorithms mainly from the perspective of environment selection, with little attention paid to the effect of good parent individuals on the offspring and the generation of offspring; the common operations for selecting parent individuals are random selection and binary tournament selection, and the two common operations for generating offspring are crossover and mutation, which are mainly aimed at single-objective optimization. We abandon the traditional mutation strategy and use a small niche mating approach to select neighbours in the target space to solve k-bit crossover in order to avoid producing offspring identical to the parents and to improve the quality of the parents, and hybrid mutation to produce high-quality offspring, which contributes to the performance of the algorithm.

2. Experimental Results Analysis
2.1 Performance of DTLZ
The HV and IGD results for the six algorithms on the DTLZ test suite are given in Tab.1 and Tab.2, with the best results highlighted in blue. It can be seen that both the HV and IGD indicators, MaOEA-AR and MOEA/D have a better overall performance. The HV results in Tab.1 show that MaOEA-AR obtained the highest number of optimal values, optimal values were obtained on the objectives of any of the dimensions of the DTLZ3, DTLZ4 and DTLZ7 problems. MOEA/D followed closely behind, also obtaining the second highest number of optimal values, moreover on any of the dimensional objectives of DTLZ5. This is because MOEA/D decomposes the multi-objective optimization problem into several scalar sub-problems and optimizes them simultaneously. Only 4 and 1 optimal values were obtained for MOEA/D-UR and MaOEA-IGD, respectively, and no optimal values were obtained for MaOEA-IT and MaOEA-RD. The IGD indicator results in Tab.2 show that MaOEA-AR achieved the highest number of optimal values and MOEA/D achieved the second highest number of optimal values, as on the HV indicator. MaOEA-AR obtained optimal values in any dimension of DTLZ3 and DTLZ4, and MOEA/D obtained optimal values in all dimensions of the DTLZ6 objective. Both MOEA/D-UR and MaOEA-IGD obtained only one optimal value, MaOEA-IT and MaOEA-RD still did not obtain an optimal value.
We plotted the PF obtained by each algorithm on 10-objective DTLZ3 in Fig.1 to better observe the Pareto front obtained by the algorithm. In Fig.1, we can see that the MaOEA-AR, MOEA/D-UR and MOEA/D objective values are all in the range [0, 1], which indicates that they all converge well. MaOEA-AR has better coverage, i.e. its diversity is better, which also suggests that it obtains a PF closer to the true PF on the multimodal DTLZ3 problem. MOEA/D-UR has poor coverage on 1-2 objectives and converges poorly on 4. MOEAD also converges to the true PF, but its diversity is poor. MaOEA-IT, MaOEA-IGD and MaOEA-RD have not yet converged. MaOEA-IT has poor converges for 1-6 objectives. MaOEA-RD detects the extreme values in 8-objective DTLZ3, but it also over-converges to the true PF and is far from the true PF in several other algorithms.

Table 1. Comparison of HV among the 6 algorithms on benchmarks DTLZ with 5-,8-, 10- and 15-objective.


Table 2. Comparison of IGD among the 6 algorithms on benchmarks DTLZ with 5-, 8-, 10- and 15-objective.
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	Figure 1. Distribution of solutions on DTLZ3 with 10-objective.



2.2 Performance on MaF
Tab.3 and Tab.4 give the statistical results for the six algorithms on the MaF test problem. The results show that MaOEA-AR shows the best performance both on HV and IGD. The HV statistics in Table 3 show that MaOEA-AR obtained 25 optimal values on 28 test instances and was able to handle almost all MaF test problems better, significantly better than the other five algorithms, with the proportion of test cases performing well being 21/28, 27/28, 28/28, 28/28 and 27/28 respectively. Different results for different indicators. In Tab.4, MaOEA-AR, while also significantly outperforming the other five algorithms, outperformed them by a different percentage. The proportions that performed well on the IGD were 26/28, 27/28, 26/28, 24/28 and 25/28, respectively. And optimal values were obtained for the objectives in any dimension of the MaF1, MaF2, MaF4 and MaF6 test problems. MOEA/D obtained the optimal value for the objective in any dimension of MaF5. No optimal values were obtained for MaOEA-UR and MaOEA-IT. Only 2 optimal values were obtained for both MaOEA-IGD and MaOEA-RD, respectively.
Table 3. Comparison of HV among the 6 algorithms on benchmarks MaF with 5-, 8-, 10- and 15-objective.


Table 4. Comparison of IGD among the 6 algorithms on benchmarks MaF with 5-, 8-, 10- and 15-objective.



2.3 Ablation Experiment
From the above experimental results, we can see that MaOEA-AR performs very well on DTLZ, MaF and WFG problems. To investigate the effectiveness of A-NDR, -bit crossover and hybrid mutations, We subjected MaOEA-AR to ablation experiments on DTLZ4-7 and WFG5-9.  MaOEA-AR\MS indicates no using -bit crossover and mixed mutations in MaOEA-AR; MaOEA-AR\A-NDR no A-NDR used in MaOEA-AR, MaOEA-AR\MS+A-NDR indicates both are not included. The results of the HV and IGD experiments are given in Tab.5 and Tab.6, respectively. It can be seen that the MaOEA-AR variant using A-NDR and the mutation strategy performs better. The HV results in Tab.5 show that MaOEA-AR is superior to excluding MS, with proportions of 19/36, 28/36 and 31/36 for A-NDR and MS+A-NDR, respectively. This indicates that A-NDR can effectively select non-dominated solutions to join the population to improve convergence, maintain the balance between convergence and diversity, and enhance the performance of the algorithm. That replacing the traditional mutation strategy with -bit crossover and hybrid mutation strategy can generate high-quality offspring and effectively improve the performance of the algorithm. Both MS and A-NDR contribute to the algorithm, but A-NDR makes a greater contribution and works best when both are used together. This conclusion can also be drawn from the IGD results in Tab.6. The results on the different indicators vary, with MaOEA-AR\MS being worse in 27 test instances, MaOEA-AR\A-NDR in 28 test instances and MaOEA-AR\MS+A-NDR in 32 test instances on IGD.

Table 5. Performance comparison of MaOEA-AR and its variant algorithms on HV for DTLZ4-7, WFG5-WFG9.



Table 6. Performance comparison of MaOEA-AR and its variant algorithms on IGD for DTLZ4-7, WFG5-WFG9.
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		Problem		m		MOEA/D-UR		MaOEA-IT		MaOEA-IGD		MaOEA-RD		MOEA/D		MaOEA-AR

		DTLZ1		5		9.7534e-1 (8.88e-4) -		4.9644e-1 (4.15e-1) -		5.2191e-1 (3.63e-1) -		9.6286e-1 (4.29e-3) -		9.7960e-1 (2.34e-4) +		9.7646e-1 (1.86e-3)

				8		9.9124e-1 (2.27e-3) =		3.5825e-2 (1.60e-1) -		3.5682e-1 (3.57e-1) -		7.6938e-1 (2.33e-1) -		9.9697e-1 (2.53e-4) +		9.9235e-1 (3.39e-3)

				10		9.9610e-1 (1.06e-3) =		8.6075e-4 (3.85e-3) -		9.9441e-1 (3.56e-3) -		8.2883e-1 (1.87e-1) -		9.9154e-1 (3.03e-3) -		9.9699e-1 (1.26e-3)

				15		9.8785e-1 (3.82e-3) =		2.4150e-3 (1.08e-2) -		3.1463e-1 (3.77e-1) -		7.8584e-1 (1.98e-1) -		9.7253e-1 (8.36e-3) -		9.8586e-1 (9.16e-3)

		DTLZ2		5		7.9660e-1 (1.52e-3) -		2.2834e-1 (9.63e-2) -		8.1270e-1 (5.03e-4) +		7.1437e-1 (7.89e-3) -		8.1236e-1 (3.98e-4) +		8.1049e-1 (8.67e-4)

				8		8.8809e-1 (4.88e-3) -		1.4992e-1 (7.59e-2) -		9.1852e-1 (4.44e-3) -		6.2636e-1 (2.83e-2) -		9.2398e-1 (2.16e-4) -		9.2794e-1 (2.70e-3)

				10		9.3888e-1 (6.75e-3) -		2.1641e-1 (8.50e-2) -		9.6895e-1 (7.37e-4) =		6.2961e-1 (3.64e-2) -		9.6989e-1 (2.21e-4) =		9.6895e-1 (2.07e-3)

				15		8.8862e-1 (2.37e-2) -		1.3711e-1 (4.81e-2) -		7.1706e-1 (1.93e-1) -		3.6691e-1 (5.66e-2) -		9.9013e-1 (5.45e-4) +		9.6133e-1 (1.36e-2)

		DTLZ3		5		7.8973e-1 (3.15e-3) -		0.0000e+0 (0.00e+0) -		0.0000e+0 (0.00e+0) -		7.1373e-1 (2.62e-2) -		7.8185e-1 (3.26e-2) -		8.0001e-1 (9.29e-3)

				8		8.6313e-1 (2.38e-2) -		0.0000e+0 (0.00e+0) -		0.0000e+0 (0.00e+0) -		2.2062e-1 (2.87e-1) -		6.5425e-1 (3.69e-1) -		9.2051e-1 (4.18e-3)

				10		8.8278e-1 (2.81e-2) -		0.0000e+0 (0.00e+0) -		3.4056e-3 (1.52e-2) -		1.3447e-1 (2.43e-1) -		5.9768e-1 (4.17e-1) -		9.4863e-1 (1.60e-2)

				15		7.7837e-1 (5.14e-2) -		0.0000e+0 (0.00e+0) -		0.0000e+0 (0.00e+0) -		1.0314e-1 (1.81e-1) -		4.9663e-1 (4.55e-1) -		8.8787e-1 (4.30e-2)

		DTLZ4		5		7.9297e-1 (2.69e-2) -		2.1321e-1 (1.39e-1) -		8.0796e-1 (2.21e-2) =		7.4212e-1 (7.79e-3) -		7.1995e-1 (5.46e-2) -		8.1147e-1 (6.26e-4)

				8		9.0357e-1 (1.00e-2) -		6.4107e-2 (1.02e-1) -		9.1336e-1 (1.92e-2) -		7.5842e-1 (2.69e-2) -		8.3901e-1 (6.77e-2) -		9.2878e-1 (2.68e-3)

				10		9.6169e-1 (3.11e-3) -		6.2710e-2 (5.49e-2) -		9.7013e-1 (3.13e-3) =		7.3353e-1 (2.37e-2) -		9.0607e-1 (4.06e-2) -		9.7019e-1 (1.77e-3)

				15		9.6003e-1 (8.71e-3) -		1.6905e-2 (2.52e-2) -		9.8502e-1 (4.13e-3) =		6.8078e-1 (7.71e-2) -		9.3008e-1 (5.95e-2) -		9.8605e-1 (1.04e-3)

		DTLZ5		5		6.5013e-2 (2.08e-2) -		6.8502e-3 (6.76e-3) -		9.7615e-2 (2.61e-4) -		9.0909e-2 (6.43e-9) -		1.2719e-1 (3.40e-4) +		1.0478e-1 (9.56e-3)

				8		1.8888e-2 (2.43e-2) -		1.9947e-3 (6.04e-3) -		8.7501e-2 (2.06e-2) -		9.0909e-2 (3.04e-8) =		1.0421e-1 (2.84e-4) +		9.0826e-2 (3.21e-3)

				10		2.5713e-2 (3.19e-2) -		2.8689e-3 (8.92e-3) -		9.1409e-2 (4.64e-4) +		9.0908e-2 (1.55e-6) +		9.9976e-2 (3.38e-4) +		7.2012e-2 (2.07e-2)

				15		4.6781e-3 (1.90e-2) -		8.0753e-4 (3.36e-3) -		8.6387e-2 (2.03e-2) -		9.0909e-2 (4.17e-7) +		9.4421e-2 (3.98e-4) +		8.6624e-2 (2.51e-3)

		DTLZ6		5		1.2840e-1 (3.45e-4) +		0.0000e+0 (0.00e+0) -		7.3263e-2 (4.34e-2) -		8.7077e-2 (1.42e-2) -		1.2721e-1 (2.55e-4) +		9.8400e-2 (1.62e-2)

				8		1.0543e-1 (3.78e-4) +		0.0000e+0 (0.00e+0) -		7.0044e-2 (3.80e-2) -		7.9817e-2 (2.78e-2) =		1.0421e-1 (3.32e-4) +		7.0856e-2 (3.15e-2)

				10		7.6423e-2 (2.71e-2) =		0.0000e+0 (0.00e+0) -		8.2559e-2 (2.82e-2) +		5.4744e-2 (4.54e-2) -		1.0005e-1 (2.12e-4) +		6.4306e-2 (3.50e-2)

				15		9.5120e-2 (2.32e-4) +		0.0000e+0 (0.00e+0) -		6.3850e-2 (4.29e-2) +		9.0909e-2 (2.63e-17) +		9.4102e-2 (1.16e-3) +		3.3930e-2 (4.01e-2)

		DTLZ7		5		2.1393e-1 (6.26e-3) -		2.5000e-2 (3.25e-2) -		1.8332e-1 (3.97e-3) -		1.4967e-1 (3.40e-2) -		1.4333e-1 (1.55e-3) -		2.7115e-1 (1.74e-3)

				8		1.6713e-1 (4.39e-3) -		0.0000e+0 (0.00e+0) -		5.9279e-2 (2.38e-2) -		2.7892e-2 (1.14e-2) -		1.1536e-3 (1.82e-3) -		2.0353e-1 (9.63e-3)

				10		1.4831e-1 (1.07e-2) -		0.0000e+0 (0.00e+0) -		6.9362e-3 (3.68e-3) -		9.5221e-3 (4.69e-3) -		1.8196e-4 (6.70e-4) -		1.8672e-1 (7.19e-3)

				15		6.0677e-2 (2.66e-2) -		0.0000e+0 (0.00e+0) -		2.1771e-3 (3.11e-3) -		3.1644e-6 (1.03e-5) -		7.9462e-5 (3.02e-4) -		1.1923e-1 (2.95e-2)

		+/-/=				3/21/4		0/28/0		4/20/4		3/23/2		12/15/1
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Problem MOEA/D-UR MaOEA-IT MaOEA-IGD MaOEA-RD MOEA/D MaOEA-AR

DTLZ1

5 9.7534e-1 (8.88e-4) - 4.9644e-1 (4.15e-1) - 5.2191e-1 (3.63e-1) - 9.6286e-1 (4.29e-3) - 9.7646e-1 (1.86e-3)

8 9.9124e-1 (2.27e-3) = 3.5825e-2 (1.60e-1) - 3.5682e-1 (3.57e-1) - 7.6938e-1 (2.33e-1) - 9.9235e-1 (3.39e-3)

10 9.9610e-1 (1.06e-3) = 8.6075e-4 (3.85e-3) - 9.9441e-1 (3.56e-3) - 8.2883e-1 (1.87e-1) - 9.9154e-1 (3.03e-3) -

15 2.4150e-3 (1.08e-2) - 3.1463e-1 (3.77e-1) - 7.8584e-1 (1.98e-1) - 9.7253e-1 (8.36e-3) -

DTLZ2

5 7.9660e-1 (1.52e-3) - 2.2834e-1 (9.63e-2) - 7.1437e-1 (7.89e-3) - 8.1236e-1 (3.98e-4) + 8.1049e-1 (8.67e-4)

8 8.8809e-1 (4.88e-3) - 1.4992e-1 (7.59e-2) - 9.1852e-1 (4.44e-3) - 6.2636e-1 (2.83e-2) - 9.2398e-1 (2.16e-4) -

10 9.3888e-1 (6.75e-3) - 2.1641e-1 (8.50e-2) - 9.6895e-1 (7.37e-4) = 6.2961e-1 (3.64e-2) - 9.6895e-1 (2.07e-3)

15 8.8862e-1 (2.37e-2) - 1.3711e-1 (4.81e-2) - 7.1706e-1 (1.93e-1) - 3.6691e-1 (5.66e-2) - 9.6133e-1 (1.36e-2)

DTLZ3

5 7.8973e-1 (3.15e-3) - 0.0000e+0 (0.00e+0) - 0.0000e+0 (0.00e+0) - 7.1373e-1 (2.62e-2) - 7.8185e-1 (3.26e-2) -

8 8.6313e-1 (2.38e-2) - 0.0000e+0 (0.00e+0) - 0.0000e+0 (0.00e+0) - 2.2062e-1 (2.87e-1) - 6.5425e-1 (3.69e-1) -

10 8.8278e-1 (2.81e-2) - 0.0000e+0 (0.00e+0) - 3.4056e-3 (1.52e-2) - 1.3447e-1 (2.43e-1) - 5.9768e-1 (4.17e-1) -

15 7.7837e-1 (5.14e-2) - 0.0000e+0 (0.00e+0) - 0.0000e+0 (0.00e+0) - 1.0314e-1 (1.81e-1) - 4.9663e-1 (4.55e-1) -

DTLZ4

5 7.9297e-1 (2.69e-2) - 2.1321e-1 (1.39e-1) - 7.4212e-1 (7.79e-3) - 7.1995e-1 (5.46e-2) -

8 9.0357e-1 (1.00e-2) - 6.4107e-2 (1.02e-1) - 9.1336e-1 (1.92e-2) - 7.5842e-1 (2.69e-2) - 8.3901e-1 (6.77e-2) -

10 9.6169e-1 (3.11e-3) - 6.2710e-2 (5.49e-2) - 9.7013e-1 (3.13e-3) = 7.3353e-1 (2.37e-2) - 9.0607e-1 (4.06e-2) -

15 9.6003e-1 (8.71e-3) - 1.6905e-2 (2.52e-2) - 9.8502e-1 (4.13e-3) = 6.8078e-1 (7.71e-2) - 9.3008e-1 (5.95e-2) -

DTLZ5

5 6.5013e-2 (2.08e-2) - 6.8502e-3 (6.76e-3) - 9.7615e-2 (2.61e-4) - 9.0909e-2 (6.43e-9) - 1.0478e-1 (9.56e-3)

8 1.8888e-2 (2.43e-2) - 1.9947e-3 (6.04e-3) - 8.7501e-2 (2.06e-2) - 9.0909e-2 (3.04e-8) = 9.0826e-2 (3.21e-3)

10 2.5713e-2 (3.19e-2) - 2.8689e-3 (8.92e-3) - 9.1409e-2 (4.64e-4) + 9.0908e-2 (1.55e-6) + 7.2012e-2 (2.07e-2)

15 4.6781e-3 (1.90e-2) - 8.0753e-4 (3.36e-3) - 8.6387e-2 (2.03e-2) - 9.0909e-2 (4.17e-7) + 8.6624e-2 (2.51e-3)

DTLZ6

5 0.0000e+0 (0.00e+0) - 7.3263e-2 (4.34e-2) - 8.7077e-2 (1.42e-2) - 9.8400e-2 (1.62e-2)

8 0.0000e+0 (0.00e+0) - 7.0044e-2 (3.80e-2) - 7.9817e-2 (2.78e-2) = 7.0856e-2 (3.15e-2)

10 0.0000e+0 (0.00e+0) - 8.2559e-2 (2.82e-2) + 5.4744e-2 (4.54e-2) - 6.4306e-2 (3.50e-2)

15 0.0000e+0 (0.00e+0) - 6.3850e-2 (4.29e-2) + 9.0909e-2 (2.63e-17) + 3.3930e-2 (4.01e-2)

DTLZ7

5 2.1393e-1 (6.26e-3) - 2.5000e-2 (3.25e-2) - 1.8332e-1 (3.97e-3) - 1.4967e-1 (3.40e-2) - 1.4333e-1 (1.55e-3) -

8 1.6713e-1 (4.39e-3) - 0.0000e+0 (0.00e+0) - 5.9279e-2 (2.38e-2) - 2.7892e-2 (1.14e-2) - 1.1536e-3 (1.82e-3) -

10 1.4831e-1 (1.07e-2) - 0.0000e+0 (0.00e+0) - 6.9362e-3 (3.68e-3) - 9.5221e-3 (4.69e-3) - 1.8196e-4 (6.70e-4) -

15 6.0677e-2 (2.66e-2) - 0.0000e+0 (0.00e+0) - 2.1771e-3 (3.11e-3) - 3.1644e-6 (1.03e-5) - 7.9462e-5 (3.02e-4) -

+/-/= 3/21/4 0/28/0 4/20/4 3/23/2 12/15/1

m

9.7960e-1 (2.34e-4) +

9.9697e-1 (2.53e-4) +

9.9699e-1 (1.26e-3)

9.8785e-1 (3.82e-3) =

8.1270e-1 (5.03e-4) +

9.2794e-1 (2.70e-3)

9.6989e-1 (2.21e-4) =

9.9013e-1 (5.45e-4) +

8.0001e-1 (9.29e-3)

9.2051e-1 (4.18e-3)

9.4863e-1 (1.60e-2)

8.8787e-1 (4.30e-2)

8.1147e-1 (6.26e-4)

9.2878e-1 (2.68e-3)

9.7019e-1 (1.77e-3)

9.8605e-1 (1.04e-3)

1.2719e-1 (3.40e-4) +

1.0421e-1 (2.84e-4) +

9.9976e-2 (3.38e-4) +

9.4421e-2 (3.98e-4) +

1.2840e-1 (3.45e-4) +

1.0543e-1 (3.78e-4) +

1.0005e-1 (2.12e-4) +

9.5120e-2 (2.32e-4) +

2.7115e-1 (1.74e-3)

2.0353e-1 (9.63e-3)

1.8672e-1 (7.19e-3)

1.1923e-1 (2.95e-2)

9.8586e-1 (9.16e-3)

8.0796e-1 (2.21e-2) =

1.2721e-1 (2.55e-4) +

1.0421e-1 (3.32e-4) +

7.6423e-2 (2.71e-2) =

9.4102e-2 (1.16e-3) +
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		Problem		m		MOEA/D-UR		MaOEA-IT		MaOEA-IGD		MaOEA-RD		MOEA/D		MaOEA-AR

		MaF1		5		9.2677e-3 (2.18e-4) -		1.4076e-3 (1.27e-3) -		3.8269e-3 (3.76e-4) -		8.2021e-4 (2.28e-4) -		1.1136e-2 (1.29e-4) -		1.2907e-2 (1.36e-4)

				8		1.4050e-5 (3.22e-6) -		7.1253e-7 (1.07e-6) -		1.0639e-5 (1.07e-6) -		7.5076e-7 (2.19e-7) -		2.8399e-6 (1.70e-6) -		3.6869e-5 (1.94e-6)

				10		2.7185e-7 (5.29e-7) -		1.8016e-8 (3.92e-8) -		1.4964e-7 (1.42e-8) -		7.4385e-9 (2.27e-9) -		1.7214e-8 (7.05e-9) -		7.6363e-7 (1.04e-7)

				15		0.0000e+0 (0.00e+0) -		2.4185e-14 (5.80e-14) =		8.8798e-13 (3.92e-13) -		5.9442e-14 (4.07e-14) -		8.9019e-14 (8.97e-15) -		3.8278e-12 (7.68e-12)

		MaF2		5		2.0427e-1 (7.14e-4) -		1.4710e-1 (2.46e-2) -		1.2264e-1 (3.68e-2) -		4.0369e-2 (6.57e-3) -		1.8700e-1 (3.99e-4) -		2.0657e-1 (9.64e-4)

				8		2.3754e-1 (1.25e-3) +		1.5246e-1 (2.64e-2) -		1.8260e-1 (6.42e-3) -		4.3925e-2 (3.17e-3) -		2.0756e-1 (2.76e-4) -		2.2969e-1 (2.14e-3)

				10		2.2579e-1 (1.53e-3) -		1.6940e-1 (2.82e-2) -		1.7976e-1 (3.50e-3) -		4.9010e-2 (1.27e-2) -		2.1036e-1 (5.30e-4) -		2.2950e-1 (3.12e-3)

				15		1.1419e-1 (4.04e-2) -		1.1349e-1 (2.09e-2) -		1.3109e-1 (1.15e-2) -		4.3145e-2 (3.68e-3) -		1.7904e-1 (9.57e-4) -		2.1423e-1 (3.64e-3)

		MaF3		5		0.0000e+0 (0.00e+0) =		0.0000e+0 (0.00e+0) -		1.3050e-1 (1.90e-1) -		9.2817e-1 (7.79e-2) -		9.8683e-1 (2.07e-3) -		9.9486e-1 (2.45e-3)

				8		0.0000e+0 (0.00e+0) =		0.0000e+0 (0.00e+0) -		7.7259e-2 (1.84e-1) -		8.8887e-1 (9.37e-2) -		9.6802e-1 (3.03e-3) -		9.9046e-1 (4.10e-3)

				10		0.0000e+0 (0.00e+0) =		0.0000e+0 (0.00e+0) -		5.3437e-1 (4.03e-1) -		7.8765e-1 (1.48e-1) -		9.6792e-1 (2.83e-3) +		9.4239e-1 (2.22e-1)

				15		0.0000e+0 (0.00e+0) =		0.0000e+0 (0.00e+0) -		2.3664e-2 (9.05e-2) -		6.0788e-1 (2.92e-1) -		9.6358e-1 (1.10e-3) -		9.8521e-1 (7.99e-3)

		MaF4		5		5.3632e-2 (5.55e-3) -		0.0000e+0 (0.00e+0) -		3.5653e-3 (6.30e-3) -		1.8598e-2 (1.71e-2) -		7.2664e-3 (2.63e-3) -		1.2208e-1 (1.05e-2)

				8		3.7485e-4 (1.64e-4) -		0.0000e+0 (0.00e+0) -		3.3615e-6 (1.01e-5) -		5.1165e-4 (8.43e-4) -		2.5847e-6 (5.97e-7) -		3.8513e-3 (1.09e-3)

				10		1.8059e-5 (1.33e-5) -		0.0000e+0 (0.00e+0) -		3.2885e-7 (4.46e-7) -		4.7044e-6 (1.32e-5) -		1.7928e-8 (4.69e-9) -		3.0163e-4 (1.56e-4)

				15		2.2466e-10 (2.73e-10) -		3.6196e-11 (1.16e-10) -		1.0228e-16 (3.10e-16) -		8.6693e-10 (1.54e-9) -		1.7249e-13 (2.98e-14) -		2.5512e-7 (4.86e-8)

		MaF5		5		7.7309e-1 (2.06e-2) -		1.2041e-1 (1.07e-1) -		6.1823e-1 (5.08e-2) -		7.3640e-1 (1.61e-2) -		4.7413e-1 (1.05e-1) -		8.0671e-1 (1.44e-3)

				8		8.3385e-1 (2.88e-2) -		2.8953e-2 (2.89e-2) -		6.0669e-1 (7.48e-2) -		7.4867e-1 (2.59e-2) -		3.6116e-1 (6.75e-2) -		9.1110e-1 (6.23e-3)

				10		8.9775e-1 (1.21e-2) -		5.7323e-2 (5.34e-2) -		6.4298e-1 (5.60e-2) -		7.2793e-1 (3.48e-2) -		3.1577e-1 (1.02e-1) -		9.6015e-1 (1.28e-3)

				15		8.3343e-1 (4.59e-2) -		3.6664e-2 (3.87e-2) -		4.4714e-1 (1.17e-1) -		6.9807e-1 (6.13e-2) -		2.4682e-1 (8.84e-2) -		9.7164e-1 (6.51e-3)

		MaF6		5		1.2945e-1 (3.82e-4) -		1.0904e-1 (4.27e-2) -		5.8614e-2 (4.90e-2) -		9.0908e-2 (1.10e-6) -		1.2447e-1 (7.73e-3) -		1.3000e-1 (4.04e-4)

				8		1.0590e-1 (5.97e-4) =		9.1205e-2 (3.13e-2) -		5.9599e-2 (4.49e-2) -		9.0906e-2 (3.42e-6) -		9.5799e-2 (2.29e-2) -		1.0600e-1 (3.08e-4)

				10		1.5101e-2 (3.69e-2) -		5.8953e-2 (4.94e-2) -		8.1699e-2 (2.79e-2) -		9.0956e-2 (1.56e-3) -		9.0508e-2 (2.95e-2) -		1.0080e-1 (2.13e-4)

				15		9.5289e-2 (3.00e-4) +		2.4429e-2 (3.87e-2) -		5.4231e-2 (4.54e-2) -		9.0876e-2 (3.11e-5) -		7.5643e-2 (3.69e-2) -		9.4943e-2 (3.36e-4)

		MaF7		5		2.1445e-1 (6.16e-3) -		1.5892e-2 (2.71e-2) -		1.8465e-1 (4.95e-3) -		1.4967e-1 (3.90e-2) -		1.4408e-1 (1.86e-3) -		2.7247e-1 (2.45e-3)

				8		1.6785e-1 (2.32e-3) -		0.0000e+0 (0.00e+0) -		5.7607e-2 (2.52e-2) -		3.1228e-2 (1.01e-2) -		6.4999e-3 (1.66e-2) -		1.9877e-1 (8.14e-3)

				10		1.4853e-1 (7.79e-3) -		0.0000e+0 (0.00e+0) -		8.6369e-3 (5.48e-3) -		9.5022e-3 (4.18e-3) -		3.9374e-4 (1.18e-3) -		1.8863e-1 (7.51e-3)

				15		4.9872e-2 (3.15e-2) -		0.0000e+0 (0.00e+0) -		1.7684e-3 (2.55e-3) -		4.2549e-8 (1.73e-7) -		2.2141e-5 (6.05e-5) -		9.9726e-2 (5.55e-2)

		+/-/=				2/21/5		0/27/1		0/28/0		0/28/0		1/27/0		
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Problem MOEA/D-UR MaOEA-IT MaOEA-IGD MaOEA-RD MOEA/D MaOEA-AR

MaF1

5 9.2677e-3 (2.18e-4) - 1.4076e-3 (1.27e-3) - 3.8269e-3 (3.76e-4) - 8.2021e-4 (2.28e-4) - 1.1136e-2 (1.29e-4) -

8 1.4050e-5 (3.22e-6) - 7.1253e-7 (1.07e-6) - 1.0639e-5 (1.07e-6) - 7.5076e-7 (2.19e-7) - 2.8399e-6 (1.70e-6) -

10 2.7185e-7 (5.29e-7) - 1.8016e-8 (3.92e-8) - 1.4964e-7 (1.42e-8) - 7.4385e-9 (2.27e-9) - 1.7214e-8 (7.05e-9) -

15 0.0000e+0 (0.00e+0) - 2.4185e-14 (5.80e-14) = 8.8798e-13 (3.92e-13) - 5.9442e-14 (4.07e-14) - 8.9019e-14 (8.97e-15) -

MaF2

5 2.0427e-1 (7.14e-4) - 1.4710e-1 (2.46e-2) - 1.2264e-1 (3.68e-2) - 4.0369e-2 (6.57e-3) - 1.8700e-1 (3.99e-4) -

8 1.5246e-1 (2.64e-2) - 1.8260e-1 (6.42e-3) - 4.3925e-2 (3.17e-3) - 2.0756e-1 (2.76e-4) -

10 1.6940e-1 (2.82e-2) - 1.7976e-1 (3.50e-3) - 4.9010e-2 (1.27e-2) - 2.1036e-1 (5.30e-4) -

15 1.1349e-1 (2.09e-2) - 1.3109e-1 (1.15e-2) - 4.3145e-2 (3.68e-3) - 1.7904e-1 (9.57e-4) -

MaF3

5 0.0000e+0 (0.00e+0) = 0.0000e+0 (0.00e+0) - 1.3050e-1 (1.90e-1) - 9.2817e-1 (7.79e-2) - 9.8683e-1 (2.07e-3) -

8 0.0000e+0 (0.00e+0) = 0.0000e+0 (0.00e+0) - 7.7259e-2 (1.84e-1) - 8.8887e-1 (9.37e-2) - 9.6802e-1 (3.03e-3) -

10 0.0000e+0 (0.00e+0) = 0.0000e+0 (0.00e+0) - 5.3437e-1 (4.03e-1) - 7.8765e-1 (1.48e-1) - 9.4239e-1 (2.22e-1)

15 0.0000e+0 (0.00e+0) = 0.0000e+0 (0.00e+0) - 2.3664e-2 (9.05e-2) - 6.0788e-1 (2.92e-1) - 9.6358e-1 (1.10e-3) -

MaF4

5 5.3632e-2 (5.55e-3) - 0.0000e+0 (0.00e+0) - 3.5653e-3 (6.30e-3) - 1.8598e-2 (1.71e-2) - 7.2664e-3 (2.63e-3) -

8 3.7485e-4 (1.64e-4) - 0.0000e+0 (0.00e+0) - 3.3615e-6 (1.01e-5) - 5.1165e-4 (8.43e-4) - 2.5847e-6 (5.97e-7) -

10 1.8059e-5 (1.33e-5) - 0.0000e+0 (0.00e+0) - 3.2885e-7 (4.46e-7) - 4.7044e-6 (1.32e-5) - 1.7928e-8 (4.69e-9) -

15 2.2466e-10 (2.73e-10) - 3.6196e-11 (1.16e-10) - 1.0228e-16 (3.10e-16) - 8.6693e-10 (1.54e-9) - 1.7249e-13 (2.98e-14) -

MaF5

5 7.7309e-1 (2.06e-2) - 1.2041e-1 (1.07e-1) - 6.1823e-1 (5.08e-2) - 4.7413e-1 (1.05e-1) -

8 8.3385e-1 (2.88e-2) - 2.8953e-2 (2.89e-2) - 6.0669e-1 (7.48e-2) - 7.4867e-1 (2.59e-2) - 3.6116e-1 (6.75e-2) -

10 8.9775e-1 (1.21e-2) - 5.7323e-2 (5.34e-2) - 6.4298e-1 (5.60e-2) - 7.2793e-1 (3.48e-2) - 3.1577e-1 (1.02e-1) -

15 8.3343e-1 (4.59e-2) - 3.6664e-2 (3.87e-2) - 4.4714e-1 (1.17e-1) - 6.9807e-1 (6.13e-2) - 2.4682e-1 (8.84e-2) -

MaF6

5 1.2945e-1 (3.82e-4) - 1.0904e-1 (4.27e-2) - 5.8614e-2 (4.90e-2) - 9.0908e-2 (1.10e-6) - 1.2447e-1 (7.73e-3) -

8 1.0590e-1 (5.97e-4) = 9.1205e-2 (3.13e-2) - 5.9599e-2 (4.49e-2) - 9.0906e-2 (3.42e-6) - 9.5799e-2 (2.29e-2) -

10 1.5101e-2 (3.69e-2) - 5.8953e-2 (4.94e-2) - 8.1699e-2 (2.79e-2) - 9.0956e-2 (1.56e-3) - 9.0508e-2 (2.95e-2) -

15 2.4429e-2 (3.87e-2) - 5.4231e-2 (4.54e-2) - 9.0876e-2 (3.11e-5) - 7.5643e-2 (3.69e-2) -

MaF7

5 2.1445e-1 (6.16e-3) - 1.5892e-2 (2.71e-2) - 1.8465e-1 (4.95e-3) - 1.4967e-1 (3.90e-2) - 1.4408e-1 (1.86e-3) -

8 1.6785e-1 (2.32e-3) - 0.0000e+0 (0.00e+0) - 5.7607e-2 (2.52e-2) - 3.1228e-2 (1.01e-2) - 6.4999e-3 (1.66e-2) -

10 1.4853e-1 (7.79e-3) - 0.0000e+0 (0.00e+0) - 8.6369e-3 (5.48e-3) - 9.5022e-3 (4.18e-3) - 3.9374e-4 (1.18e-3) -

15 4.9872e-2 (3.15e-2) - 0.0000e+0 (0.00e+0) - 1.7684e-3 (2.55e-3) - 4.2549e-8 (1.73e-7) - 2.2141e-5 (6.05e-5) -

+/-/= 2/21/5 0/27/1 0/28/0 0/28/0 1/27/0

m

1.2907e-2 (1.36e-4)

3.6869e-5 (1.94e-6)

7.6363e-7 (1.04e-7)

3.8278e-12 (7.68e-12)

2.0657e-1 (9.64e-4)

2.3754e-1 (1.25e-3) +

2.2950e-1 (3.12e-3)

2.1423e-1 (3.64e-3)

9.9486e-1 (2.45e-3)

9.9046e-1 (4.10e-3)

9.6792e-1 (2.83e-3) +

9.8521e-1 (7.99e-3)

1.2208e-1 (1.05e-2)

3.8513e-3 (1.09e-3)

3.0163e-4 (1.56e-4)

2.5512e-7 (4.86e-8)

8.0671e-1 (1.44e-3)

9.1110e-1 (6.23e-3)

9.6015e-1 (1.28e-3)

9.7164e-1 (6.51e-3)

1.3000e-1 (4.04e-4)

1.0600e-1 (3.08e-4)

1.0080e-1 (2.13e-4)

9.5289e-2 (3.00e-4) +

2.7247e-1 (2.45e-3)

1.9877e-1 (8.14e-3)

1.8863e-1 (7.51e-3)

9.9726e-2 (5.55e-2)

2.2969e-1 (2.14e-3)

2.2579e-1 (1.53e-3) -

1.1419e-1 (4.04e-2) -

7.3640e-1 (1.61e-2) -

9.4943e-2 (3.36e-4)
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Sheet1

		Problem		m		MOEA/D-UR		MaOEA-IT		MaOEA-IGD		MaOEA-RD		MOEA/D		MaOEA-AR

		MaF1		5		1.4329e-1 (2.00e-3) -		3.6285e-1 (1.29e-1) -		2.8709e-1 (8.78e-3) -		5.0522e-1 (4.89e-2) -		1.2605e-1 (1.28e-3) -		1.0625e-1 (9.10e-4)

				8		2.5067e-1 (3.34e-3) -		5.6486e-1 (1.50e-1) -		3.6179e-1 (6.45e-3) -		5.7889e-1 (4.25e-2) -		4.8027e-1 (4.20e-2) -		2.0394e-1 (3.17e-3)

				10		2.5443e-1 (3.96e-3) -		5.2546e-1 (1.02e-1) -		3.5029e-1 (4.11e-3) -		5.6645e-1 (3.52e-2) -		5.2917e-1 (3.17e-2) -		2.1743e-1 (7.58e-3)

				15		3.2690e-1 (1.09e-2) -		6.8085e-1 (1.70e-1) -		4.1073e-1 (2.74e-2) -		6.0296e-1 (5.68e-2) -		5.7903e-1 (1.43e-2) -		3.0458e-1 (2.91e-2)

		MaF2		5		9.9653e-2 (1.96e-3) -		1.0884e-1 (3.87e-2) =		2.7256e-1 (1.30e-1) -		4.9934e-1 (4.19e-2) -		1.1117e-1 (1.73e-4) -		9.1125e-2 (1.16e-3)

				8		2.0359e-1 (8.64e-3) -		3.1980e-1 (4.73e-2) -		4.0512e-1 (2.12e-2) -		7.9978e-1 (4.14e-2) -		2.1716e-1 (2.40e-4) -		1.5695e-1 (1.54e-3)

				10		2.2324e-1 (8.12e-3) -		3.4010e-1 (4.15e-2) -		4.2619e-1 (8.94e-3) -		8.1290e-1 (4.81e-2) -		2.6126e-1 (8.69e-4) -		1.7014e-1 (6.79e-3)

				15		7.9907e-1 (5.13e-2) -		4.4611e-1 (5.79e-2) -		4.6338e-1 (2.47e-2) -		8.6883e-1 (2.88e-2) -		4.6845e-1 (7.15e-3) -		3.0073e-1 (4.35e-2)

		MaF3		5		2.8892e+2 (4.39e+2) -		2.1227e+4 (6.30e+4) -		1.0283e+1 (1.83e+1) -		2.4226e-1 (9.69e-2) -		1.0636e-1 (4.58e-3) -		6.5362e-2 (4.96e-3)

				8		1.8290e+2 (1.92e+2) -		5.4987e+8 (1.49e+9) -		1.7763e+1 (5.40e+1) -		3.4003e-1 (1.08e-1) -		1.6303e-1 (1.88e-3) -		1.4355e-1 (3.37e-2)

				10		1.8993e+2 (1.43e+2) -		7.8629e+7 (3.35e+8) -		8.5334e-1 (1.05e+0) -		4.2782e-1 (1.26e-1) -		1.4295e-1 (1.95e-3) +		3.0428e-1 (7.12e-1)

				15		2.7356e+2 (2.63e+2) -		1.4403e+8 (4.39e+8) -		1.5999e+1 (2.14e+1) -		1.2636e+0 (3.28e+0) -		1.3728e-1 (7.26e-4) +		1.6494e-1 (3.21e-2)

		MaF4		5		3.3944e+0 (3.39e-1) -		2.2780e+2 (2.77e+2) -		1.8830e+1 (9.36e+0) -		1.4745e+1 (2.93e+0) -		9.9922e+0 (6.08e-1) -		1.9982e+0 (1.57e-1)

				8		3.4295e+1 (3.68e+0) -		7.0793e+3 (1.12e+4) -		2.1224e+2 (1.33e+2) -		1.3250e+2 (2.80e+1) -		1.1744e+2 (7.36e+0) -		2.1414e+1 (2.62e+0)

				10		7.5188e+1 (8.98e+0) -		1.5331e+4 (2.25e+4) -		4.2243e+2 (1.40e+2) -		6.0676e+2 (1.45e+2) -		5.3361e+2 (4.16e+1) -		6.7863e+1 (1.32e+1)

				15		3.0710e+3 (7.62e+2) -		3.1825e+5 (5.56e+5) -		3.5557e+4 (1.32e+4) -		1.6857e+4 (4.10e+3) -		1.8805e+4 (1.11e+3) -		2.6149e+3 (4.21e+2)

		MaF5		5		2.2107e+0 (2.89e-1) -		9.1544e+0 (1.38e+0) -		3.9035e+0 (1.55e+0) -		1.8260e+0 (7.35e-2) +		8.1108e+0 (1.54e+0) -		3.4345e+0 (2.84e+0)

				8		2.8345e+1 (3.88e+0) -		7.4594e+1 (2.60e+1) -		3.6083e+1 (8.83e+0) -		1.5301e+1 (1.40e+0) =		8.3264e+1 (2.06e+0) -		2.6634e+1 (2.07e+1)

				10		1.0535e+2 (1.69e+1) -		1.8154e+2 (1.91e+1) -		2.8933e+2 (9.96e+0) -		4.9650e+1 (5.39e+0) +		3.0201e+2 (2.49e+0) -		1.1491e+2 (1.16e+2)

				15		3.7957e+3 (2.14e+2) -		7.1658e+3 (4.23e+3) -		7.3230e+3 (5.04e+0) -		2.3970e+3 (7.10e+2) =		7.3241e+3 (8.64e-1) -		3.1847e+3 (2.78e+3)

		MaF6		5		3.4747e-3 (2.03e-4) -		6.9178e-2 (1.60e-1) -		6.2782e-1 (1.37e-1) -		7.4209e-1 (4.47e-7) -		7.5983e-2 (1.65e-1) -		2.5977e-3 (2.36e-4)

				8		5.0134e-3 (2.97e-4) -		4.8168e-2 (1.33e-1) -		7.0860e-1 (2.54e-2) -		7.4179e-1 (1.18e-3) -		2.8824e-1 (2.74e-1) -		3.5428e-3 (2.28e-4)

				10		2.8687e-3 (1.15e-4) -		1.7581e-1 (2.17e-1) -		6.6482e-1 (1.50e-1) -		7.2661e-1 (6.67e-2) -		3.5817e-2 (3.51e-2) -		2.0514e-3 (2.02e-4)

				15		6.2224e-3 (6.03e-4) -		9.7668e+0 (8.96e+0) -		7.1832e-1 (8.90e-2) -		7.4135e-1 (2.00e-3) -		3.2563e-1 (2.65e-1) -		4.2311e-3 (3.07e-4)

		MaF7		5		4.1550e-1 (3.28e-2) -		2.9903e+0 (1.92e+0) -		6.7197e-1 (1.04e-2) -		2.1572e+0 (6.81e-1) -		5.2622e-1 (2.63e-2) -		2.2815e-1 (4.03e-2)

				8		1.2349e+0 (1.19e-1) -		2.2447e+1 (1.77e+0) -		1.2107e+0 (5.95e-2) -		2.0134e+0 (3.56e-1) -		1.7412e+0 (3.39e-1) -		7.2017e-1 (2.44e-1)

				10		1.8466e+0 (2.37e-1) =		3.0189e+1 (3.03e+0) -		1.4386e+0 (4.98e-2) =		2.5463e+0 (5.60e-1) -		2.7613e+0 (6.15e-1) -		1.4822e+0 (9.09e-1)

				15		2.7455e+0 (7.20e-1) +		5.2656e+1 (3.39e+0) -		2.6547e+0 (1.51e-1) +		2.1544e+1 (6.03e+0) -		2.7434e+0 (2.54e-1) +		6.7273e+0 (3.95e+0)

		+/-/=				1/26/1		0/27/1		1/26/1		2/24/2		3/25/0		
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Problem MOEA/D-UR MaOEA-IT MaOEA-IGD MaOEA-RD MOEA/D MaOEA-AR

MaF1

5 1.4329e-1 (2.00e-3) - 3.6285e-1 (1.29e-1) - 2.8709e-1 (8.78e-3) - 5.0522e-1 (4.89e-2) - 1.2605e-1 (1.28e-3) -

8 2.5067e-1 (3.34e-3) - 5.6486e-1 (1.50e-1) - 3.6179e-1 (6.45e-3) - 5.7889e-1 (4.25e-2) - 4.8027e-1 (4.20e-2) -

10 2.5443e-1 (3.96e-3) - 5.2546e-1 (1.02e-1) - 3.5029e-1 (4.11e-3) - 5.6645e-1 (3.52e-2) - 5.2917e-1 (3.17e-2) -

15 3.2690e-1 (1.09e-2) - 6.8085e-1 (1.70e-1) - 4.1073e-1 (2.74e-2) - 6.0296e-1 (5.68e-2) - 5.7903e-1 (1.43e-2) -

MaF2

5 9.9653e-2 (1.96e-3) - 1.0884e-1 (3.87e-2) = 2.7256e-1 (1.30e-1) - 4.9934e-1 (4.19e-2) - 1.1117e-1 (1.73e-4) -

8 2.0359e-1 (8.64e-3) - 3.1980e-1 (4.73e-2) - 4.0512e-1 (2.12e-2) - 7.9978e-1 (4.14e-2) - 2.1716e-1 (2.40e-4) -

10 2.2324e-1 (8.12e-3) - 3.4010e-1 (4.15e-2) - 4.2619e-1 (8.94e-3) - 8.1290e-1 (4.81e-2) - 2.6126e-1 (8.69e-4) -

15 7.9907e-1 (5.13e-2) - 4.4611e-1 (5.79e-2) - 4.6338e-1 (2.47e-2) - 8.6883e-1 (2.88e-2) - 4.6845e-1 (7.15e-3) -

MaF3

5 2.8892e+2 (4.39e+2) - 2.1227e+4 (6.30e+4) - 1.0283e+1 (1.83e+1) - 2.4226e-1 (9.69e-2) - 1.0636e-1 (4.58e-3) -

8 1.8290e+2 (1.92e+2) - 5.4987e+8 (1.49e+9) - 1.7763e+1 (5.40e+1) - 3.4003e-1 (1.08e-1) - 1.6303e-1 (1.88e-3) -

10 1.8993e+2 (1.43e+2) - 7.8629e+7 (3.35e+8) - 8.5334e-1 (1.05e+0) - 4.2782e-1 (1.26e-1) - 3.0428e-1 (7.12e-1)

15 2.7356e+2 (2.63e+2) - 1.4403e+8 (4.39e+8) - 1.5999e+1 (2.14e+1) - 1.2636e+0 (3.28e+0) - 1.6494e-1 (3.21e-2)

MaF4

5 3.3944e+0 (3.39e-1) - 2.2780e+2 (2.77e+2) - 1.8830e+1 (9.36e+0) - 1.4745e+1 (2.93e+0) - 9.9922e+0 (6.08e-1) -

8 3.4295e+1 (3.68e+0) - 7.0793e+3 (1.12e+4) - 2.1224e+2 (1.33e+2) - 1.3250e+2 (2.80e+1) - 1.1744e+2 (7.36e+0) -

10 7.5188e+1 (8.98e+0) - 1.5331e+4 (2.25e+4) - 4.2243e+2 (1.40e+2) - 6.0676e+2 (1.45e+2) - 5.3361e+2 (4.16e+1) -

15 3.0710e+3 (7.62e+2) - 3.1825e+5 (5.56e+5) - 3.5557e+4 (1.32e+4) - 1.6857e+4 (4.10e+3) - 1.8805e+4 (1.11e+3) -

MaF5

5 2.2107e+0 (2.89e-1) - 9.1544e+0 (1.38e+0) - 3.9035e+0 (1.55e+0) - 8.1108e+0 (1.54e+0) - 3.4345e+0 (2.84e+0)

8 2.8345e+1 (3.88e+0) - 7.4594e+1 (2.60e+1) - 3.6083e+1 (8.83e+0) - 8.3264e+1 (2.06e+0) - 2.6634e+1 (2.07e+1)

10 1.0535e+2 (1.69e+1) - 1.8154e+2 (1.91e+1) - 2.8933e+2 (9.96e+0) - 3.0201e+2 (2.49e+0) - 1.1491e+2 (1.16e+2)

15 3.7957e+3 (2.14e+2) - 7.1658e+3 (4.23e+3) - 7.3230e+3 (5.04e+0) - 7.3241e+3 (8.64e-1) - 3.1847e+3 (2.78e+3)

MaF6

5 3.4747e-3 (2.03e-4) - 6.9178e-2 (1.60e-1) - 6.2782e-1 (1.37e-1) - 7.4209e-1 (4.47e-7) - 7.5983e-2 (1.65e-1) -

8 5.0134e-3 (2.97e-4) - 4.8168e-2 (1.33e-1) - 7.0860e-1 (2.54e-2) - 7.4179e-1 (1.18e-3) - 2.8824e-1 (2.74e-1) -

10 2.8687e-3 (1.15e-4) - 1.7581e-1 (2.17e-1) - 6.6482e-1 (1.50e-1) - 7.2661e-1 (6.67e-2) - 3.5817e-2 (3.51e-2) -

15 6.2224e-3 (6.03e-4) - 9.7668e+0 (8.96e+0) - 7.1832e-1 (8.90e-2) - 7.4135e-1 (2.00e-3) - 3.2563e-1 (2.65e-1) -

MaF7

5 4.1550e-1 (3.28e-2) - 2.9903e+0 (1.92e+0) - 6.7197e-1 (1.04e-2) - 2.1572e+0 (6.81e-1) - 5.2622e-1 (2.63e-2) -

8 1.2349e+0 (1.19e-1) - 2.2447e+1 (1.77e+0) - 1.2107e+0 (5.95e-2) - 2.0134e+0 (3.56e-1) - 1.7412e+0 (3.39e-1) -

10 1.8466e+0 (2.37e-1) = 3.0189e+1 (3.03e+0) - 2.5463e+0 (5.60e-1) - 2.7613e+0 (6.15e-1) - 1.4822e+0 (9.09e-1)

15 2.7455e+0 (7.20e-1) + 5.2656e+1 (3.39e+0) - 2.1544e+1 (6.03e+0) - 2.7434e+0 (2.54e-1) + 6.7273e+0 (3.95e+0)

+/-/= 1/26/1 0/27/1 1/26/1 2/24/2 3/25/0

m

1.0625e-1 (9.10e-4)

2.0394e-1 (3.17e-3)

2.1743e-1 (7.58e-3)

3.0458e-1 (2.91e-2)

9.1125e-2 (1.16e-3)

1.5695e-1 (1.54e-3)

1.7014e-1 (6.79e-3)

3.0073e-1 (4.35e-2)

6.5362e-2 (4.96e-3)

1.4355e-1 (3.37e-2)

1.4295e-1 (1.95e-3) +

1.3728e-1 (7.26e-4) +

1.9982e+0 (1.57e-1)

2.1414e+1 (2.62e+0)

6.7863e+1 (1.32e+1)

2.6149e+3 (4.21e+2)

1.8260e+0 (7.35e-2) +

1.5301e+1 (1.40e+0) =

4.9650e+1 (5.39e+0) +

2.3970e+3 (7.10e+2) =

2.5977e-3 (2.36e-4)

3.5428e-3 (2.28e-4)

2.0514e-3 (2.02e-4)

4.2311e-3 (3.07e-4)

2.2815e-1 (4.03e-2)

7.2017e-1 (2.44e-1)

1.4386e+0 (4.98e-2) =

2.6547e+0 (1.51e-1) +
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HV

		Problem		m		MaOEA-AR\MS		MaOEA-AR\A-NDR		MaOEA-AR\MS+A-NDR		MaOEA-AR

		DTLZ4		5		8.1240e-1 (3.78e-4) +		8.0796e-1 (2.22e-2) -		7.8370e-1 (4.55e-2) =		8.1134e-1 (9.57e-4)

				8		9.2286e-1 (5.20e-3) -		9.1351e-1 (1.93e-2) -		8.9603e-1 (3.10e-2) -		9.2738e-1 (1.27e-3)

				10		9.6992e-1 (1.71e-4) +		9.7069e-1 (2.24e-3) +		9.4437e-1 (6.92e-3) -		9.6941e-1 (6.60e-4)

				15		9.8981e-1 (1.77e-3) +		9.8360e-1 (1.56e-2) =		9.6575e-1 (1.51e-2) -		9.8578e-1 (1.34e-3)

		DTLZ5		5		1.0652e-1 (3.45e-3) =		9.2686e-2 (2.18e-2) -		7.1163e-2 (2.05e-2) -		1.0648e-1 (8.20e-3)

				8		9.0900e-2 (3.45e-5) =		8.7482e-2 (2.06e-2) =		4.4149e-3 (7.84e-3) -		9.0813e-2 (2.17e-3)

				10		9.0812e-2 (1.52e-4) +		9.1323e-2 (4.79e-4) +		3.3484e-3 (6.62e-3) -		6.6497e-2 (1.65e-2)

				15		9.0947e-2 (2.81e-4) +		9.1056e-2 (3.24e-4) +		7.2261e-4 (3.03e-3) -		8.5266e-2 (3.90e-3)

		DTLZ6		5		1.0172e-1 (1.48e-2) =		7.7901e-2 (4.00e-2) -		2.9666e-2 (3.20e-2) -		9.3571e-2 (2.27e-2)

				8		9.3098e-2 (1.61e-3) +		7.9074e-2 (3.11e-2) =		1.3331e-4 (5.96e-4) -		6.2764e-2 (3.95e-2)

				10		9.1519e-2 (6.02e-4) +		8.7079e-2 (2.05e-2) +		0.0000e+0 (0.00e+0) -		6.4556e-2 (3.09e-2)

				15		9.0862e-2 (3.28e-4) +		5.4724e-2 (4.58e-2) =		0.0000e+0 (0.00e+0) -		4.2400e-2 (3.57e-2)

		DTLZ7		5		2.1920e-1 (3.11e-3) -		1.8317e-1 (5.78e-4) -		2.6387e-1 (5.03e-3) -		2.7133e-1 (2.78e-3)

				8		1.4471e-1 (2.34e-2) -		7.2923e-2 (3.64e-2) -		1.9251e-1 (4.96e-3) =		1.9766e-1 (7.51e-3)

				10		1.3320e-1 (1.41e-2) -		8.2412e-3 (5.76e-3) -		1.5904e-1 (5.70e-3) -		1.8456e-1 (7.90e-3)

				15		1.1865e-1 (1.06e-2) -		1.4054e-3 (1.33e-3) -		1.5312e-1 (3.99e-3) +		1.2842e-1 (1.21e-2)

		WFG5		5		7.5940e-1 (7.82e-4) +		4.7499e-1 (2.30e-1) -		7.5994e-1 (3.49e-3) +		7.5536e-1 (2.18e-3)

				8		8.5975e-1 (8.57e-4) =		1.7474e-1 (2.17e-1) -		8.1076e-1 (1.20e-2) -		8.5882e-1 (1.61e-3)

				10		8.8956e-1 (2.94e-3) +		4.6423e-1 (3.19e-1) -		8.3758e-1 (1.23e-2) -		8.8732e-1 (2.25e-3)

				15		9.1613e-1 (2.46e-4) +		8.5217e-2 (1.14e-2) -		7.3232e-1 (2.94e-2) -		8.8530e-1 (4.44e-3)

		WFG6		5		7.4129e-1 (1.43e-2) =		1.9906e-1 (7.51e-2) -		7.2819e-1 (1.26e-2) =		7.3252e-1 (1.53e-2)

				8		8.3263e-1 (2.13e-2) =		2.9672e-1 (1.64e-1) -		7.8215e-1 (2.42e-2) -		8.3348e-1 (1.71e-2)

				10		8.4425e-1 (1.70e-2) -		3.1754e-1 (2.17e-1) -		7.9591e-1 (1.89e-2) -		8.6151e-1 (2.03e-2)

				15		6.9555e-1 (6.63e-2) -		3.4476e-1 (2.51e-1) -		7.0125e-1 (2.63e-2) -		8.6086e-1 (2.70e-2)

		WFG7		5		8.0368e-1 (9.27e-4) -		2.7132e-1 (8.68e-2) -		8.0155e-1 (3.59e-3) -		8.0756e-1 (7.64e-4)

				8		8.9807e-1 (4.11e-3) -		1.7834e-1 (6.69e-2) -		8.3108e-1 (2.68e-2) -		9.2116e-1 (1.28e-3)

				10		9.3348e-1 (3.63e-3) -		3.7376e-1 (2.51e-1) -		8.3472e-1 (2.07e-2) -		9.5068e-1 (2.19e-3)

				15		8.9654e-1 (1.52e-1) -		1.7771e-1 (6.67e-2) -		7.3395e-1 (3.77e-2) -		9.5023e-1 (6.58e-3)

		WFG8		5		6.9128e-1 (1.92e-3) -		4.1770e-2 (4.13e-2) -		6.9063e-1 (2.73e-3) -		6.9589e-1 (3.22e-3)

				8		7.2446e-1 (3.47e-2) -		1.6095e-1 (6.01e-2) -		7.4867e-1 (1.30e-2) -		8.2546e-1 (2.72e-2)

				10		7.3741e-1 (7.38e-2) -		2.1686e-1 (7.28e-2) -		7.7931e-1 (9.66e-3) -		8.5379e-1 (2.06e-2)

				15		5.3277e-1 (1.59e-1) -		1.5833e-1 (4.77e-2) -		7.8450e-1 (2.38e-2) -		9.0514e-1 (5.19e-3)

		WFG9		5		7.5829e-1 (3.12e-3) -		2.1492e-1 (5.43e-2) -		7.5496e-1 (5.15e-3) -		7.6831e-1 (2.93e-3)

				8		8.2135e-1 (4.09e-2) -		2.7703e-1 (1.86e-1) -		7.9382e-1 (2.36e-2) -		8.5079e-1 (9.60e-3)

				10		8.5086e-1 (9.96e-3) -		6.4032e-1 (1.84e-1) -		8.0858e-1 (1.53e-2) -		8.7044e-1 (1.00e-2)

				15		8.0584e-1 (5.25e-2) -		3.0778e-1 (2.43e-1) -		6.9724e-1 (2.83e-2) -		8.6642e-1 (2.78e-2)

		+/-/=				11/19/6		4/28/4		2/31/3		
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Problem MaOEA-AR\MS MaOEA-AR\A-NDR MaOEA-AR\MS+A-NDR MaOEA-AR

DTLZ4

5 8.0796e-1 (2.22e-2) - 7.8370e-1 (4.55e-2) = 8.1134e-1 (9.57e-4)

8 9.2286e-1 (5.20e-3) - 9.1351e-1 (1.93e-2) - 8.9603e-1 (3.10e-2) - 9.2738e-1 (1.27e-3)

10 9.6992e-1 (1.71e-4) + 9.4437e-1 (6.92e-3) - 9.6941e-1 (6.60e-4)

15 9.8360e-1 (1.56e-2) = 9.6575e-1 (1.51e-2) - 9.8578e-1 (1.34e-3)

DTLZ5

5 9.2686e-2 (2.18e-2) - 7.1163e-2 (2.05e-2) - 1.0648e-1 (8.20e-3)

8 8.7482e-2 (2.06e-2) = 4.4149e-3 (7.84e-3) - 9.0813e-2 (2.17e-3)

10 9.0812e-2 (1.52e-4) + 3.3484e-3 (6.62e-3) - 6.6497e-2 (1.65e-2)

15 9.0947e-2 (2.81e-4) + 7.2261e-4 (3.03e-3) - 8.5266e-2 (3.90e-3)

DTLZ6

5 7.7901e-2 (4.00e-2) - 2.9666e-2 (3.20e-2) - 9.3571e-2 (2.27e-2)

8 7.9074e-2 (3.11e-2) = 1.3331e-4 (5.96e-4) - 6.2764e-2 (3.95e-2)

10 8.7079e-2 (2.05e-2) + 0.0000e+0 (0.00e+0) - 6.4556e-2 (3.09e-2)

15 5.4724e-2 (4.58e-2) = 0.0000e+0 (0.00e+0) - 4.2400e-2 (3.57e-2)

DTLZ7

5 2.1920e-1 (3.11e-3) - 1.8317e-1 (5.78e-4) - 2.6387e-1 (5.03e-3) -

8 1.4471e-1 (2.34e-2) - 7.2923e-2 (3.64e-2) - 1.9251e-1 (4.96e-3) =

10 1.3320e-1 (1.41e-2) - 8.2412e-3 (5.76e-3) - 1.5904e-1 (5.70e-3) -

15 1.1865e-1 (1.06e-2) - 1.4054e-3 (1.33e-3) - 1.2842e-1 (1.21e-2)

WFG5

5 7.5940e-1 (7.82e-4) + 4.7499e-1 (2.30e-1) - 7.5536e-1 (2.18e-3)

8 1.7474e-1 (2.17e-1) - 8.1076e-1 (1.20e-2) - 8.5882e-1 (1.61e-3)

10 4.6423e-1 (3.19e-1) - 8.3758e-1 (1.23e-2) - 8.8732e-1 (2.25e-3)

15 8.5217e-2 (1.14e-2) - 7.3232e-1 (2.94e-2) - 8.8530e-1 (4.44e-3)

WFG6

5 1.9906e-1 (7.51e-2) - 7.2819e-1 (1.26e-2) = 7.3252e-1 (1.53e-2)

8 8.3263e-1 (2.13e-2) = 2.9672e-1 (1.64e-1) - 7.8215e-1 (2.42e-2) -

10 8.4425e-1 (1.70e-2) - 3.1754e-1 (2.17e-1) - 7.9591e-1 (1.89e-2) -

15 6.9555e-1 (6.63e-2) - 3.4476e-1 (2.51e-1) - 7.0125e-1 (2.63e-2) -

WFG7

5 8.0368e-1 (9.27e-4) - 2.7132e-1 (8.68e-2) - 8.0155e-1 (3.59e-3) -

8 8.9807e-1 (4.11e-3) - 1.7834e-1 (6.69e-2) - 8.3108e-1 (2.68e-2) -

10 9.3348e-1 (3.63e-3) - 3.7376e-1 (2.51e-1) - 8.3472e-1 (2.07e-2) -

15 8.9654e-1 (1.52e-1) - 1.7771e-1 (6.67e-2) - 7.3395e-1 

8.1240e-1 (3.78e-4) +

9.7069e-1 (2.24e-3) +

9.8981e-1 (1.77e-3) +

1.0652e-1 (3.45e-3) =

9.0900e-2 (3.45e-5) =

9.1323e-2 (4.79e-4) +

9.1056e-2 (3.24e-4) +

1.0172e-1 (1.48e-2) =

9.3098e-2 (1.61e-3) +

9.1519e-2 (6.02e-4) +

9.0862e-2 (3.28e-4) +

2.7133e-1 (2.78e-3)

1.9766e-1 (7.51e-3)

1.8456e-1 (7.90e-3)

1.5312e-1 (3.99e-3) +

7.5994e-1 (3.49e-3) +

8.5975e-1 (8.57e-4) =

8.8956e-1 (2.94e-3) +

9.1613e-1 (2.46e-4) +

7.4129e-1 (1.43e-2) =

8.3348e-1 (1.71e-2)

8.6151e-1 (2.03e-2)

8.6086e-1 (2.70e-2)

8.0756e-1 (7.64e-4)

9.2116e-1 (1.28e-3)

9.5068e-1 (2.19e-3)

9.5023e-1 (6.58e-3)

6.9589e-1 (3.22e-3)

8.2546e-1 (2.72e-2)

8.5379e-1 (2.06e-2)

9.0514e-1 (5.19e-3)

7.6831e-1 (2.93e

(3.77e-2) -

WFG8

5 6.9128e-1 (1.92e-3) - 4.1770e-2 (4.13e-2) - 6.9063e-1 (2.73e-3) -

8 7.2446e-1 (3.47e-2) - 1.6095e-1 (6.01e-2) - 7.4867e-1 (1.30e-2) -

10 7.3741e-1 (7.38e-2) - 2.1686e-1 (7.28e-2) - 7.7931e-1 (9.66e-3) -

15 5.3277e-1 (1.59e-1) - 1.5833e-1 (4.77e-2) - 7.8450e-1 (2.38e-2) -

WFG9

5 7.5829e-1 (3.12e-3) - 2.1492e-1 (5.43e-2) - 7.5496e-1 (5.15e-3) -

8 8.2135e-1 (4.09e-2) - 2.7703e-1 (1.86e-1) - 7.9382e-1 (2.36e-2) -

10 8.5086e-1 (9.96e-3) - 6.4032e-1 (1.84e-1) - 8.0858e-1 (1.53e-2) -

15 8.0584e-1 (5.25e-2) - 3.0778e-1 (2.43e-1) - 6.9724e-1 (2.83e-2) -

+/-/= 11/19/6 4/28/4 2/31/3

m

-3)

8.5079e-1 (9.60e-3)

8.7044e-1 (1.00e-2)

8.6642e-1 (2.78e-2)


Workbook6.xlsx
IGD

		Problem		m		MaOEA-AR\MS		MaOEA-AR\A-NDR		MaOEA-AR\MS+A-NDR		MaOEA-AR

		DTLZ4		5		1.6513e-1 (2.49e-5) +		2.3116e-1 (1.08e-1) =		1.8006e-1 (5.35e-2) -		1.6920e-1 (6.20e-4)

				8		3.2161e-1 (2.48e-2) +		3.7426e-1 (5.34e-2) =		3.7331e-1 (6.25e-2) =		3.5320e-1 (1.45e-3)

				10		4.2327e-1 (1.57e-3) -		4.4689e-1 (1.18e-2) -		4.4057e-1 (1.08e-2) -		4.1123e-1 (1.95e-3)

				15		6.2999e-1 (3.90e-3) -		6.4691e-1 (2.10e-2) -		6.4475e-1 (2.89e-2) -		5.8148e-1 (1.95e-3)

		DTLZ5		5		1.9568e-1 (2.05e-2) -		9.3656e-2 (1.77e-2) -		4.1399e-1 (1.78e-1) -		6.1799e-2 (6.88e-3)

				8		3.4529e-1 (3.65e-2) -		2.8509e-1 (6.78e-2) -		5.9760e-1 (1.68e-1) -		1.0111e-1 (1.51e-2)

				10		3.2518e-1 (5.54e-2) -		3.4042e-1 (6.64e-2) -		5.5340e-1 (1.97e-1) -		1.0844e-1 (1.19e-2)

				15		3.7140e-1 (1.81e-1) -		5.4381e-1 (8.88e-2) -		6.0624e-1 (1.88e-1) -		1.9513e-1 (3.95e-2)

		DTLZ6		5		1.4131e-1 (1.52e-2) -		2.3137e-1 (9.00e-2) -		5.5763e-1 (1.77e-1) -		9.8857e-2 (1.85e-2)

				8		2.9823e-1 (5.85e-2) -		1.6799e+0 (4.77e-1) -		6.8513e-1 (8.62e-2) -		1.3475e-1 (3.30e-2)

				10		2.4395e-1 (8.42e-2) -		2.7086e+0 (3.30e-1) -		7.0302e-1 (1.34e-2) -		1.1829e-1 (3.44e-2)

				15		2.0341e-1 (4.35e-2) +		2.4703e+0 (3.73e-1) -		7.6136e-1 (1.29e-1) -		3.0647e-1 (1.02e-1)

		DTLZ7		5		5.0139e-1 (5.89e-3) -		2.9413e-1 (7.29e-2) -		6.7536e-1 (1.25e-3) -		2.2742e-1 (4.28e-2)

				8		1.6451e+0 (2.82e-1) -		7.3937e-1 (1.50e-2) -		1.1925e+0 (8.23e-2) -		6.4318e-1 (1.23e-1)

				10		2.0000e+0 (5.11e-1) =		1.1596e+0 (1.30e-1) =		1.4442e+0 (5.01e-2) =		2.0684e+0 (1.37e+0)

				15		2.6563e+0 (5.16e-1) +		6.6845e+0 (6.75e-1) +		2.7177e+0 (1.35e-1) +		8.8846e+0 (2.51e+0)

		WFG5		5		9.5719e-1 (1.05e-3) -		9.3603e-1 (2.25e-2) +		2.9077e+0 (2.24e+0) -		9.4467e-1 (7.02e-3)

				8		2.9665e+0 (1.29e-2) +		3.2706e+0 (8.66e-2) -		1.2417e+1 (4.04e+0) -		3.0764e+0 (2.00e-2)

				10		4.3734e+0 (6.34e-2) -		4.7215e+0 (1.61e-1) -		1.0394e+1 (7.14e+0) -		4.0741e+0 (2.79e-2)

				15		9.1902e+0 (6.44e-2) -		1.2839e+1 (9.59e-1) -		2.8663e+1 (2.97e+0) -		8.1166e+0 (5.76e-2)

		WFG6		5		9.6082e-1 (6.69e-4) -		9.4369e-1 (1.52e-2) +		4.9296e+0 (1.24e+0) -		9.5294e-1 (6.02e-3)

				8		3.0135e+0 (2.59e-2) +		3.3216e+0 (1.33e-1) -		8.1021e+0 (3.93e+0) -		3.1377e+0 (2.43e-2)

				10		4.2333e+0 (3.58e-2) -		4.8808e+0 (1.98e-1) -		1.1661e+1 (5.65e+0) -		4.1882e+0 (3.11e-2)

				15		9.6673e+0 (4.40e-1) -		1.3511e+1 (6.24e-1) -		1.8277e+1 (9.87e+0) =		8.2326e+0 (1.23e-1)

		WFG7		5		9.6720e-1 (7.74e-4) -		9.5158e-1 (2.68e-2) =		5.1096e+0 (9.15e-1) -		9.5274e-1 (5.21e-3)

				8		3.0134e+0 (1.56e-2) +		3.5039e+0 (1.75e-1) -		1.1240e+1 (2.39e+0) -		3.0863e+0 (1.92e-2)

				10		4.3780e+0 (3.85e-2) -		5.3032e+0 (2.86e-1) -		1.1134e+1 (4.24e+0) -		4.1157e+0 (2.43e-2)

				15		9.3068e+0 (1.39e-1) -		1.4343e+1 (8.66e-1) -		2.4382e+1 (3.35e+0) -		8.5494e+0 (2.03e-1)

		WFG8		5		9.8998e-1 (1.03e-3) -		9.8598e-1 (1.68e-2) -		4.5002e+0 (4.17e-1) -		9.7260e-1 (4.23e-3)

				8		3.0828e+0 (3.56e-2) -		3.6525e+0 (2.57e-1) -		1.1114e+1 (1.28e+0) -		3.0525e+0 (3.80e-2)

				10		4.2851e+0 (1.15e-1) -		5.2200e+0 (2.09e-1) -		1.3496e+1 (1.91e+0) -		4.0289e+0 (6.30e-2)

				15		9.4299e+0 (3.71e-1) =		1.3161e+1 (7.14e-1) -		2.5641e+1 (2.37e+0) -		9.5108e+0 (5.20e-1)

		WFG9		5		9.4348e-1 (1.67e-3) -		8.9410e-1 (1.07e-2) +		4.9120e+0 (6.11e-1) -		9.2001e-1 (5.76e-3)

				8		2.9595e+0 (2.00e-2) -		3.2887e+0 (1.47e-1) -		9.1359e+0 (2.97e+0) -		2.9366e+0 (2.20e-2)

				10		4.2406e+0 (5.30e-2) -		4.7928e+0 (1.70e-1) -		5.8535e+0 (2.55e+0) -		3.9199e+0 (2.28e-2)

				15		9.2183e+0 (1.32e-1) -		1.3524e+1 (9.54e-1) -		2.0997e+1 (7.94e+0) -		8.1027e+0 (1.61e-1)

		+/-/=				7/27/2		4/28/4		1/32/3		






image12.emf
Problem MaOEA-AR\MS MaOEA-AR\A-NDR MaOEA-AR\MS+A-NDR MaOEA-AR

DTLZ4

5 2.3116e-1 (1.08e-1) = 1.8006e-1 (5.35e-2) - 1.6920e-1 (6.20e-4)

8 3.7426e-1 (5.34e-2) = 3.7331e-1 (6.25e-2) = 3.5320e-1 (1.45e-3)

10 4.2327e-1 (1.57e-3) - 4.4689e-1 (1.18e-2) - 4.4057e-1 (1.08e-2) -

15 6.2999e-1 (3.90e-3) - 6.4691e-1 (2.10e-2) - 6.4475e-1 (2.89e-2) -

DTLZ5

5 1.9568e-1 (2.05e-2) - 9.3656e-2 (1.77e-2) - 4.1399e-1 (1.78e-1) -

8 3.4529e-1 (3.65e-2) - 2.8509e-1 (6.78e-2) - 5.9760e-1 (1.68e-1) -

10 3.2518e-1 (5.54e-2) - 3.4042e-1 (6.64e-2) - 5.5340e-1 (1.97e-1) -

15 3.7140e-1 (1.81e-1) - 5.4381e-1 (8.88e-2) - 6.0624e-1 (1.88e-1) -

DTLZ6

5 1.4131e-1 (1.52e-2) - 2.3137e-1 (9.00e-2) - 5.5763e-1 (1.77e-1) -

8 2.9823e-1 (5.85e-2) - 1.6799e+0 (4.77e-1) - 6.8513e-1 (8.62e-2) -

10 2.4395e-1 (8.42e-2) - 2.7086e+0 (3.30e-1) - 7.0302e-1 (1.34e-2) -

15 2.4703e+0 (3.73e-1) - 7.6136e-1 (1.29e-1) - 3.0647e-1 (1.02e-1)

DTLZ7

5 5.0139e-1 (5.89e-3) - 2.9413e-1 (7.29e-2) - 6.7536e-1 (1.25e-3) -

8 1.6451e+0 (2.82e-1) - 7.3937e-1 (1.50e-2) - 1.1925e+0 (8.23e-2) -

10 2.0000e+0 (5.11e-1) = 1.4442e+0 (5.01e-2) = 2.0684e+0 (1.37e+0)

15 6.6845e+0 (6.75e-1) + 2.7177e+0 (1.35e-1) + 8.8846e+0 (2.51e+0)

WFG5

5 9.5719e-1 (1.05e-3) - 2.9077e+0 (2.24e+0) - 9.4467e-1 (7.02e-3)

8 3.2706e+0 (8.66e-2) - 1.2417e+1 (4.04e+0) - 3.0764e+0 (2.00e-2)

10 4.3734e+0 (6.34e-2) - 4.7215e+0 (1.61e-1) - 1.0394e+1 (7.14e+0) -

15 9.1902e+0 (6.44e-2) - 1.2839e+1 (9.59e-1) - 2.8663e+1 (2.97e+0) -

WFG6

5 9.6082e-1 (6.69e-4) - 4.9296e+0 (1.24e+0) - 9.5294e-1 (6.02e-3)

8 3.3216e+0 (1.33e-1) - 8.1021e+0 (3.93e+0) - 3.1377e+0 (2.43e-2)

10 4.2333e+0 (3.58e-2) - 4.8808e+0 (1.98e-1) - 1.1661e+1 (5.65e+0) -

15 9.6673e+0 (4.40e-1) - 1.3511e+1 (6.24e-1) - 1.8277e+1 (9.87e+0) =

WFG7

5 9.6720e-1 (7.74e-4) - 5.1096e+0 (9.15e-1) - 9.5274e-1 (5.21e-3)

8 3.5039e+0 (1.75e-1) - 1.1240e+1 (2.39e+0) - 3.0863e+0 (1.92e-2)

10 4.3780e+0 (3.85e-2) - 5.3032e+0 (2.86e-1) - 1.1134e+1 (4.24e+0) -

15 9.3068e+0 (1.39e-1) - 1.4343e+1 (8.66e-1) - 2.4382e+1 (3.35e+0) -

WFG8

5 9.8998e-1 (1.03e-3) - 9.8598e-1 (1.68e-2) - 4.5002e+0 (4.17e-1) -

8 3.0828e+0 (3.56e-2) - 3.6525e+0 (2.57e-1) - 1.1114e+1 (1.28e+0) -

10 4.2851e+0 (1.15e-1) - 5.2200e+0 (2.09e-1) - 1.3496e+1 (1.91e+0) -

15 1.3161e+1 (7.14e-1) - 2.5641e+1 (2.37e+0) - 9.5108e+0 (5.20e-1)

WFG9

5 9.4348e-1 (1.67e-3) - 4.9120e+0 (6.11e-1) - 9.2001e-1 (5.76e-3)

8 2.9595e+0 (2.00e-2) - 3.2887e+0 (1.47e-1) - 9.1359e+0 (2.97e+0) -

10 4.2406e+0 (5.30e-2) - 4.7928e+0 (1.70e-1) - 5.8535e+0 (2.55e+0) -

15 9.2183e+0 (1.32e-1) - 1.3524e+1 (9.54e-1) - 2.0997e+1 (7.94e+0) -

+/-/= 7/27/2 4/28/4 1/32/3

m

1.6513e-1 (2.49e-5) +

3.2161e-1 (2.48e-2) +

4.1123e-1 (1.95e-3)

5.8148e-1 (1.95e-3)

6.1799e-2 (6.88e-3)

1.0111e-1 (1.51e-2)

1.0844e-1 (1.19e-2)

1.9513e-1 (3.95e-2)

9.8857e-2 (1.85e-2)

1.3475e-1 (3.30e-2)

1.1829e-1 (3.44e-2)

2.0341e-1 (4.35e-2) +

2.2742e-1 (4.28e-2)

6.4318e-1 (1.23e-1)

1.1596e+0 (1.30e-1) =

2.6563e+0 (5.16e-1) +

9.3603e-1 (2.25e-2) +

2.9665e+0 (1.29e-2) +

4.0741e+0 (2.79e-2)

8.1166e+0 (5.76e-2)

9.4369e-1 (1.52e-2) +

3.0135e+0 (2.59e-2) +

4.1882e+0 (3.11e-2)

8.2326e+0 (1.23e-1)

9.5158e-1 (2.68e-2) =

3.0134e+0 (1.56e-2) +

4.1157e+0 (2.43e-2)

8.5494e+0 (2.03e-1)

9.7260e-1 (4.23e-3)

3.0525e+0 (3.80e-2)

4.0289e+0 (6.30e-2)

9.4299e+0 (3.71e-1) =

8.9410e-1 (1.07e-2) +

2.9366e+0 (2.20e-2)

3.9199e+0 (2.28e-2)

8.1027e+0 (1.61e-1)
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		Problem		m		MOEA/D-UR		MaOEA-IT		MaOEA-IGD		MaOEA-RD		MOEA/D		MaOEA-AR

		DTLZ1		5		5.2908e-2 (7.53e-4) -		4.9034e-1 (7.49e-1) -		2.9022e-1 (2.21e-1) -		6.6403e-2 (3.28e-3) -		5.2808e-2 (1.23e-4) -		5.1374e-2 (2.12e-3)

				8		1.0686e-1 (3.81e-3) -		1.3679e+1 (1.28e+1) -		4.8268e-1 (3.81e-1) -		2.2700e-1 (8.57e-2) -		9.5953e-2 (6.00e-4) =		9.5649e-2 (1.38e-3)

				10		1.1805e-1 (6.74e-3) -		8.4353e+0 (8.89e+0) -		1.0628e-1 (1.06e-2) =		2.3575e-1 (6.76e-2) -		1.0609e-1 (4.32e-4) +		1.0881e-1 (1.81e-2)

				15		1.7947e-1 (1.21e-2) +		1.5512e+1 (1.05e+1) -		4.8761e-1 (2.60e-1) -		2.7373e-1 (1.15e-1) -		1.4105e-1 (3.30e-3) +		2.0936e-1 (4.85e-2)

		DTLZ2		5		1.6283e-1 (2.06e-3) +		4.6654e-1 (8.61e-2) -		1.6893e-1 (7.57e-4) =		1.8808e-1 (4.00e-3) -		1.6514e-1 (3.91e-6) +		1.6854e-1 (1.27e-3)

				8		3.5687e-1 (1.90e-3) -		7.9231e-1 (6.58e-2) -		3.4776e-1 (1.21e-2) +		4.9268e-1 (4.30e-2) -		3.1497e-1 (2.87e-5) +		3.5127e-1 (1.39e-3)

				10		4.0711e-1 (4.65e-3) -		8.3024e-1 (5.89e-2) -		4.3619e-1 (2.83e-3) -		5.8215e-1 (3.14e-2) -		4.2129e-1 (3.17e-4) -		4.0468e-1 (2.92e-3)

				15		6.8827e-1 (4.69e-2) =		1.0765e+0 (4.34e-2) -		8.2023e-1 (1.23e-1) -		9.0897e-1 (4.21e-2) -		6.2179e-1 (1.86e-3) =		6.4426e-1 (5.55e-2)

		DTLZ3		5		1.7991e-1 (1.44e-3) -		1.9776e+1 (2.61e+1) -		1.2584e+1 (7.17e+0) -		1.8844e-1 (1.05e-2) -		1.7177e-1 (1.06e-2) =		1.7107e-1 (1.18e-2)

				8		4.0937e-1 (3.53e-2) -		2.5554e+2 (8.69e+1) -		9.1754e+0 (4.37e+0) -		2.3127e+0 (1.78e+0) -		5.5504e-1 (3.42e-1) -		3.5556e-1 (2.59e-3)

				10		5.4112e-1 (5.66e-2) -		2.4928e+2 (1.20e+2) -		5.7150e+0 (3.78e+0) -		3.6986e+0 (3.49e+0) -		7.1746e-1 (3.49e-1) -		4.3312e-1 (4.78e-2)

				15		8.0743e-1 (3.46e-2) +		3.2663e+2 (1.47e+2) -		5.7735e+0 (3.80e+0) -		3.9308e+0 (3.93e+0) -		9.5895e-1 (3.19e-1) -		8.2768e-1 (8.41e-2)

		DTLZ4		5		1.9284e-1 (7.15e-2) =		7.8216e-1 (1.34e-1) -		1.7959e-1 (4.84e-2) =		1.8683e-1 (4.01e-3) -		3.8302e-1 (1.07e-1) -		1.6884e-1 (9.91e-4)

				8		3.7501e-1 (3.01e-2) -		1.0353e+0 (1.26e-1) -		3.7367e-1 (6.43e-2) =		4.5159e-1 (5.57e-2) -		5.3211e-1 (1.17e-1) -		3.5307e-1 (1.72e-3)

				10		4.2234e-1 (1.21e-2) -		1.0278e+0 (6.92e-2) -		4.4255e-1 (1.51e-2) -		5.3831e-1 (1.84e-2) -		6.0131e-1 (7.29e-2) -		4.1105e-1 (1.05e-3)

				15		6.3617e-1 (2.69e-2) -		1.2309e+0 (5.27e-2) -		6.4369e-1 (1.19e-2) -		7.4636e-1 (3.41e-2) -		7.4316e-1 (6.83e-2) -		5.8117e-1 (1.63e-3)

		DTLZ5		5		8.2607e-2 (1.65e-2) -		2.8291e-1 (1.63e-1) -		3.7421e-1 (1.57e-1) -		7.4209e-1 (2.62e-9) -		2.2723e-2 (2.90e-5) +		6.1019e-2 (6.81e-3)

				8		1.3833e-1 (2.30e-2) -		3.5023e-1 (1.99e-1) -		5.7871e-1 (1.78e-1) -		7.4207e-1 (9.06e-5) -		2.5858e-2 (1.59e-5) +		9.2478e-2 (1.43e-2)

				10		1.3940e-1 (2.96e-2) -		3.0122e-1 (1.82e-1) -		4.5387e-1 (1.88e-1) -		7.4208e-1 (3.46e-5) -		1.9216e-2 (5.58e-4) -		1.0301e-1 (1.37e-2)

				15		3.0534e-1 (9.31e-2) -		3.4214e-1 (1.67e-1) -		6.4749e-1 (1.65e-1) -		7.4209e-1 (1.70e-7) -		9.5723e-2 (2.26e-5) +		1.7759e-1 (3.58e-2)

		DTLZ6		5		1.1373e-1 (2.10e-2) -		8.5304e+0 (1.59e-1) -		6.0761e-1 (1.28e-1) -		7.2794e-1 (5.45e-2) -		2.2676e-2 (7.95e-5) +		8.7847e-2 (1.86e-2)

				8		2.0505e-1 (3.87e-2) -		8.5890e+0 (1.31e-1) -		7.0990e-1 (8.47e-2) -		6.8260e-1 (1.49e-1) -		2.5157e-2 (6.25e-4) +		1.2209e-1 (2.29e-2)

				10		2.1561e-1 (4.66e-2) -		8.5564e+0 (1.27e-1) -		6.8407e-1 (8.69e-2) -		6.2330e-1 (1.50e-1) -		1.8902e-2 (4.04e-4) +		1.5628e-1 (4.33e-2)

				15		3.5463e-1 (6.22e-2) -		8.6320e+0 (1.35e-1) -		7.8310e-1 (1.58e-1) -		7.4209e-1 (2.20e-9) -		9.5824e-2 (5.20e-4) +		2.8875e-1 (1.11e-1)

		DTLZ7		5		4.3224e-1 (2.34e-2) -		2.6625e+0 (2.40e+0) -		6.7320e-1 (8.85e-3) -		2.1730e+0 (6.39e-1) -		5.2642e-1 (2.22e-2) -		2.1735e-1 (4.53e-3)

				8		1.2360e+0 (1.10e-1) -		2.1599e+1 (2.70e+0) -		1.2276e+0 (3.02e-2) -		1.8902e+0 (3.33e-1) -		1.7631e+0 (3.07e-1) -		6.6410e-1 (9.86e-2)

				10		1.6929e+0 (2.75e-1) -		3.1897e+1 (1.87e+0) -		1.4524e+0 (5.16e-2) -		2.5841e+0 (4.50e-1) -		2.8445e+0 (5.70e-1) -		1.3455e+0 (9.85e-1)

				15		2.9350e+0 (7.50e-1) +		5.2697e+1 (2.84e+0) -		2.7033e+0 (1.32e-1) +		2.2200e+1 (7.60e+0) -		2.8071e+0 (3.74e-1) +		7.1074e+0 (4.13e+0)

		+/-/=				4/22/2		0/28/0		2/22/4		0/28/0		12/10/6		
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Problem MOEA/D-UR MaOEA-IT MaOEA-IGD MaOEA-RD MOEA/D MaOEA-AR

DTLZ1

5 5.2908e-2 (7.53e-4) - 4.9034e-1 (7.49e-1) - 2.9022e-1 (2.21e-1) - 6.6403e-2 (3.28e-3) -

8 1.0686e-1 (3.81e-3) - 1.3679e+1 (1.28e+1) - 4.8268e-1 (3.81e-1) - 2.2700e-1 (8.57e-2) -

10 1.1805e-1 (6.74e-3) - 8.4353e+0 (8.89e+0) - 1.0628e-1 (1.06e-2) = 2.3575e-1 (6.76e-2) - 1.0881e-1 (1.81e-2)

15 1.7947e-1 (1.21e-2) + 1.5512e+1 (1.05e+1) - 4.8761e-1 (2.60e-1) - 2.7373e-1 (1.15e-1) - 2.0936e-1 (4.85e-2)

DTLZ2

5 4.6654e-1 (8.61e-2) - 1.6893e-1 (7.57e-4) = 1.8808e-1 (4.00e-3) - 1.6854e-1 (1.27e-3)

8 3.5687e-1 (1.90e-3) - 7.9231e-1 (6.58e-2) - 3.4776e-1 (1.21e-2) + 4.9268e-1 (4.30e-2) -

10 4.0711e-1 (4.65e-3) - 8.3024e-1 (5.89e-2) - 4.3619e-1 (2.83e-3) - 5.8215e-1 (3.14e-2) - 4.2129e-1 (3.17e-4) -

15 6.8827e-1 (4.69e-2) = 1.0765e+0 (4.34e-2) - 8.2023e-1 (1.23e-1) - 9.0897e-1 (4.21e-2) - 6.4426e-1 (5.55e-2)

DTLZ3

5 1.7991e-1 (1.44e-3) - 1.9776e+1 (2.61e+1) - 1.2584e+1 (7.17e+0) - 1.8844e-1 (1.05e-2) - 1.7177e-1 (1.06e-2) =

8 4.0937e-1 (3.53e-2) - 2.5554e+2 (8.69e+1) - 9.1754e+0 (4.37e+0) - 2.3127e+0 (1.78e+0) - 5.5504e-1 (3.42e-1) -

10 5.4112e-1 (5.66e-2) - 2.4928e+2 (1.20e+2) - 5.7150e+0 (3.78e+0) - 3.6986e+0 (3.49e+0) - 7.1746e-1 (3.49e-1) -

15 8.0743e-1 (3.46e-2) + 3.2663e+2 (1.47e+2) - 5.7735e+0 (3.80e+0) - 3.9308e+0 (3.93e+0) - 9.5895e-1 (3.19e-1) -

DTLZ4

5 1.9284e-1 (7.15e-2) = 7.8216e-1 (1.34e-1) - 1.7959e-1 (4.84e-2) = 1.8683e-1 (4.01e-3) - 3.8302e-1 (1.07e-1) -

8 3.7501e-1 (3.01e-2) - 1.0353e+0 (1.26e-1) - 3.7367e-1 (6.43e-2) = 4.5159e-1 (5.57e-2) - 5.3211e-1 (1.17e-1) -

10 4.2234e-1 (1.21e-2) - 1.0278e+0 (6.92e-2) - 4.4255e-1 (1.51e-2) - 5.3831e-1 (1.84e-2) - 6.0131e-1 (7.29e-2) -

15 6.3617e-1 (2.69e-2) - 1.2309e+0 (5.27e-2) - 6.4369e-1 (1.19e-2) - 7.4636e-1 (3.41e-2) - 7.4316e-1 (6.83e-2) -

DTLZ5

5 8.2607e-2 (1.65e-2) - 2.8291e-1 (1.63e-1) - 3.7421e-1 (1.57e-1) - 7.4209e-1 (2.62e-9) - 6.1019e-2 (6.81e-3)

8 1.3833e-1 (2.30e-2) - 3.5023e-1 (1.99e-1) - 5.7871e-1 (1.78e-1) - 7.4207e-1 (9.06e-5) - 9.2478e-2 (1.43e-2)

10 1.3940e-1 (2.96e-2) - 3.0122e-1 (1.82e-1) - 4.5387e-1 (1.88e-1) - 7.4208e-1 (3.46e-5) -

15 3.0534e-1 (9.31e-2) - 3.4214e-1 (1.67e-1) - 6.4749e-1 (1.65e-1) - 7.4209e-1 (1.70e-7) - 1.7759e-1 (3.58e-2)

DTLZ6

5 1.1373e-1 (2.10e-2) - 8.5304e+0 (1.59e-1) - 6.0761e-1 (1.28e-1) - 7.2794e-1 (5.45e-2) - 8.7847e-2 (1.86e-2)

8 2.0505e-1 (3.87e-2) - 8.5890e+0 (1.31e-1) - 7.0990e-1 (8.47e-2) - 6.8260e-1 (1.49e-1) - 1.2209e-1 (2.29e-2)

10 2.1561e-1 (4.66e-2) - 8.5564e+0 (1.27e-1) - 6.8407e-1 (8.69e-2) - 6.2330e-1 (1.50e-1) - 1.5628e-1 (4.33e-2)

15 3.5463e-1 (6.22e-2) - 8.6320e+0 (1.35e-1) - 7.8310e-1 (1.58e-1) - 7.4209e-1 (2.20e-9) - 2.8875e-1 (1.11e-1)

DTLZ7

5 4.3224e-1 (2.34e-2) - 2.6625e+0 (2.40e+0) - 6.7320e-1 (8.85e-3) - 2.1730e+0 (6.39e-1) - 5.2642e-1 (2.22e-2) -

8 1.2360e+0 (1.10e-1) - 2.1599e+1 (2.70e+0) - 1.2276e+0 (3.02e-2) - 1.8902e+0 (3.33e-1) - 1.7631e+0 (3.07e-1) -

10 1.6929e+0 (2.75e-1) - 3.1897e+1 (1.87e+0) - 1.4524e+0 (5.16e-2) - 2.5841e+0 (4.50e-1) - 2.8445e+0 (5.70e-1) -

15 2.9350e+0 (7.50e-1) + 5.2697e+1 (2.84e+0) - 2.2200e+1 (7.60e+0) - 2.8071e+0 (3.74e-1) + 7.1074e+0 (4.13e+0)

+/-/= 4/22/2 0/28/0 2/22/4 0/28/0 12/10/6

m

5.2808e-2 (1.23e-4) -

9.5953e-2 (6.00e-4) =

1.6514e-1 (3.91e-6) +

3.5127e-1 (1.39e-3)

1.9216e-2 (5.58e-4) -

5.1374e-2 (2.12e-3)

9.5649e-2 (1.38e-3)

1.0609e-1 (4.32e-4) +

1.4105e-1 (3.30e-3) +

1.6283e-1 (2.06e-3) +

3.1497e-1 (2.87e-5) +

4.0468e-1 (2.92e-3)

6.2179e-1 (1.86e-3) =

1.7107e-1 (1.18e-2)

3.5556e-1 (2.59e-3)

4.3312e-1 (4.78e-2)

8.2768e-1 (8.41e-2)

1.6884e-1 (9.91e-4)

3.5307e-1 (1.72e-3)

4.1105e-1 (1.05e-3)

5.8117e-1 (1.63e-3)

2.2723e-2 (2.90e-5) +

2.5858e-2 (1.59e-5) +

1.0301e-1 (1.37e-2)

9.5723e-2 (2.26e-5) +

2.2676e-2 (7.95e-5) +

2.5157e-2 (6.25e-4) +

1.8902e-2 (4.04e-4) +

9.5824e-2 (5.20e-4) +

2.1735e-1 (4.53e-3)

6.6410e-1 (9.86e-2)

1.3455e+0 (9.85e-1)

2.7033e+0 (1.32e-1) +


