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Many-objective evolutionary algorithm based on angle decomposition
assist in multi-stage
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(1. College of Information Science and Engineering, Northeastern University, Shenyang 110819, China; 2. The
National Frontiers Science Center for Industrial Intelligence and Systems Optimization, Northeastern University,
Shenyang 110819, China)

Abstract: Aimed at the problem that most existing many-objective evolutionary algorithms still cannot effectively
balance convergence and diversity of the population in the high-dimensional space, this paper proposes an angle-
decomposition assisted multi-stage evolutionary algorithm for many-objective optimization(AMEA). This algorithm
collaborates the angle-decomposition mechanism and a multi-stage adaptive deletion strategy to eliminate individuals
with poor performance one-by-one, and thus balance convergence and diversity of the population. Specifically, the
former selects a pair of individuals with the minimum angle, which means they are the most similar; The latter
adaptively eliminates individuals with poor performance based on the evolutionary state of the population. When the
population does not converge to the Pareto front, this deletion strategy eliminates individuals with poor convergence to
accelerate population convergence. If these two individuals have the same convergence, the deletion strategy eliminates
individuals with poor diversity. On the contrary, the deletion strategy utilizes the designed comprehensive performance
indicators to eliminate individuals with poor convergence and diversity for improving the overall performance of the
population. In addition, a mating selection strategy based on radial space projection is designed to select individuals
with good convergence and diversity for variation, and further improves the ability of the AMEA to explore the high-
dimensional space. Experimental results show that the AMEA has strong competitiveness in dealing with many-

objective optimization problems compared with its competitors.
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1) HIEEAFHEE(P)

2) Flag =1

3) AveCon' =T EFHUSUE(P) by to Eq.(11)

4) while termination criterion is not fulfilled do

5) P’ = Mating Selection(P)

6) P” = Reproduction(P’)

77 R=PUP

8) (P, Flag, AveCon’ =) Environmental Selection( R, Flag,
AS,,AS,, AveCon’)

9 t=t+1

10) end while

11) Return P
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HDQ, P+ 0

2) Crowd <— Calculate the crowding degrees of solutions in P
by to Eq.(7)

3) Con <— Calculate the convergence degrees of solutions in P
by to Eq.(8)

4) while |Q| < |P| do

5) Randomly select two rectangles x and y from G

6) if Crowd(z) < Crowd(y) then
N Qe QUs}

8) else

9) Q< QU{yt

10) endif

11) end while

12) for i<—1: | P| do

13) S < Find the solution in the 7th rectangle in Q)
14) Randomly select two solutions @ and b from S

15) if Con(z) < Con(y)then
16) P+ P'J{a}

17) else

18) P« P'U{b}

19) endif

20) end for

B3 ARr .

B F(HPREE), NFEHERD);

W Y (R ARRR), GEBGETR).

1) Py < Normalize the objective vectors of P

2)fori=1:mdo
3) 0, 2n(i—1)/m

4) end for
5) W, < (cosb, ..., cos0,,)
6) W, < (sinb,,...,sin6,,)

NY « (FW,,FW,)
8)d +— VN
9) B, < minY, B, + maxY

10) G «+ d(Y — B,)/(B., — B)
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BRI £ B 7E NG IF 5 R/ R 2N (R i
F 335 N AN SC S AN 22 A3 1 8 L A ROR AN AR E N
TR AMEA FIASSE SR 5IE 4 R,

Bk 4 REEIEPE( R, Flag, AS,, AS,, AveCon’).
B: R, N:

B PT3HAED), Flag, AveCon.
HDH=0,i=1

2) Compute convergence( R) by to Eq.(8)

3) (Zy, Zy, . .., Z,,) = Non-dominated sorting( R)

4) while |H| + |Z;| < N do

5) H=HUZ,i=i+1

6) end while

7) Number of solutions to be deleted: dL =|H| — N

8) (z,x') = Angle Decomposition Mechanism (R)

9) Del = Multi-stage Adaptive Deletion Strategy(d.L)

10) P = H(Del)

11) AveCon = ComputeAverageConvergence(P) by to Eq.(10)

12) Flag =PopulationConvergenceDetection(Flag, AveCon’,
AveCon, AS,, AS,)
13) return P, Flag, AveCon
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IA: Del, Flag;
it Del.
1) B — X /N E AN and 27
2) if Flag==1 then
3) if C. < C” then

4) Del(z") = true
5) elseif C! > C” then

6) Del(x') = true

7) else

8) if D! < D! then

9) Del(z')=true

10) elseif D/ > D" then
11) Del(z" )=true

12) else

13) Delete one randomly
14) end if

15) endif

16) else

17) if fitness,, < fitness,.then
18) Del(z”) = true

19) else

20) Del(z') = true

21) endif

22) end if
23) return Del
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Hik 6 FIEUSCIREA N (Flag, AveCon’, AveCon, AS,,
AS,).

HIA: Flag,AveCon’, AveCon, AS,, AS,;

HrH: Flag.

1) if Flag == 1 then

2) ifabs(AveCon’ — AveCon) < AS, then
3) Flag =0

4) endif

5) else

6) ifabs(AveCon’ — AveCon) > AS, then
7) Flag =1

8) endif

9) endif

10) return Flag

fitness(x) = C'(x) — D(x). (14)
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problem  m D RVEA MaOEACSS  MaOEAIT ~ MaOEARD  UIMaOTO  RPSNSGAII MaOEAPDS AMEA
s 4 9.827 4e-1 9.892 5e-1 2.087 5e-1 8.722 Te-1 8.571 6e-1 9.895 9e-1 9.753 2e-1 9.967 7e-1
(244e-2) =~  (1.10e-3) —  (532e-2) —  (1.97e-1) —  (3.50e-2) —  (1.98e-3) —  (5.04e-3) — (3.87¢-4)
WEGI 0 19 9.797 2e-1 9.965 4e-1 7.180 7e-2 7.383 3e-1 9.109 8e-1 9.983 7e-1 9.947 Te-1 9.987 le-1
(4.32¢-2) —  (6.95e4) —  (4.73e2) —  (1.5le-1) —  (5.66e-2) —  (8.10e-4)~  (1.87e-3) — (4.33¢-4)
5 a4 9.970 Se-1 9.880 6e-1 5.340 9e-2 6.725 6e-1 9.964 9e-1 9.994 9e-1 9.967 6e-1 9.976 5e-1
(4.76e-4) —  (347e2) —  (2.15¢2) —  (2.35e-1) —  (9.92¢-4) —  (3.73e4) +  (1.07e-3) — (6.94¢-4)
s 4 9.904 4e-1 9.502 9e-1 5.539 7e-1 9.727 4e-1 9.531 le-1 9.7741 e-1 9.491 le-1 9.954 2e-1
(1.37e-3) —  (9.81e-3) —  (1.34e-1) —  (3.06e-3) —  (1.10e-2) —  (6.83e-3) —  (6.19¢-3) — (9.46¢-4)
WEG2 0 19 9.802 2e-1 9.785 8e-1 5.833 de-1 9.646 4e-1 9.749 7e-1 9.940 4e-1 9.542 5e-1 9.973 3e-1
(4.11e-3) —  (441e3) —  (1.27e-1) —  (2.02¢-2) —  (5.52¢-3) —  (1.33e-3) —  (8.26e-3) — (1.13¢-3)
5 o4 9.708 7e-1 9.801 4e-1 5.338 le-1 9.600 5e-1 9.775 9e-1 9.944 7e-1 9.354 2¢-1 9.970 9e-1
(9.00e-3) —  (2.40e-3) —  (691e-2) —  (1.90e-2) —  (4.36e-3) —  (236e-3) —  (l.1le-2) — (1.47¢-3)
s 4 1.499 9e-1 9.398 le-5 5.835 2¢-4 5.326 4e-3 0.000 0e+0 1.875 9e-1 3.199 4e-4 1.724 le-1
(1.69¢-2) —  (3.98¢-4) —  (1.86e-3) —  (2.38¢2) —  (0.00e+0) —  (2.68e-2) +  (9.37¢-4) — (1.62¢-2)
WEG3 0 1o 00000et0  0.0000et+0 0.000 0e+0  0.000 0e+0  0.000 Oe+0 8.059 0e-3 0.000 0e+0  2.408 6¢-2
(0.00e+0) —  (0.00e+0) —  (0.00e+0) —  (0.00e+0) —  (0.00e+0) —  (1.74e-2) —  (0.00e+0) —  (1.59e-2)
s o4 00000et0  0.0000et0 0.000 0e+0  0.000 0e+0  0.000 0e+0 0.000 0e+0 0.000 0e+0  0.000 0c-+0
(0.00e+0) &~  (0.00e+0) =~  (0.00e+0) =~  (0.00e+0) ~  (0.00e+0) =~  (0.00e+0) =~  (0.00e+0) =~  (0.00e+0)
s " 7.993 Oe-1 5.935 6e-1 3.331 7e-1 6.319 7e-1 6.000 4e-1 7.822 2e-1 7.081 3e-1 7.946 le-1
(1.77e-3) +  (1.57e-2) —  (6.37e-2) —  (1.18e2) —  (1.82e-2) —  (l.44e3) —  (1.27e-2) — (1.75¢-3)
WEG4 0 19 9.226 5e-1 5.759 3e-1 3.311 Oe-1 6.633 9e-1 5.967 Te-1 9.425 Oe-1 4.966 8e-1 9.552 7e-1
(6.56e-3) —  (3.30e-2) —  (I.lle-1) —  (943e-2) —  (2.81e2) —  (2.79%-3) —  (3.80e-2) — (1.96¢-3)
5 24 9.698 8e-1 4572 7e-1 3.008 5e-1 6.734 5e-1 4.893 le-1 9.434 Oe-1 4.155 Te-1 9.755 Te-1
(6.25¢-3) —  (435e2) —  (8.07e:2) —  (6.31e-2) —  (3.44e-2) —  (459%-3) —  (4.95e-2) — (2.11e-3)
s 14 7.594 Te-1 6.132 le-1 2.864 6e-1 6.017 8e-1 6.008 9e-1 7.387 6e-1 6.601 2e-1 7.512 3e-1
(6.94e-4) +  (1.44e2) —  (2.92e2) —  (1.01e2) —  (1.36e-2) —  (2.13e-3) —  (1.10e-2) — (1.54¢-3)
WEGS 0 19 8.886 Oe-1 6.356 7e-1 2.942 8e-1 5.152 9e-1 6.302 6e-1 8.885 Se-1 6.086 3e-1 8.836 Oe-1
(2.58¢-3) +  (2.17e2) —  (2.54e-2) —  (2.02¢2) —  (1.95¢-2) —  (1.46e-3) +  (1.89¢-2) — (2.42¢-3)
5 9.160 2e-1 5.570 Oe-1 2.377 6e-1 4.569 3e-1 5.329 2e-1 8.683 8e-1 5.433 de-1 8.925 de-1
(3.14e-4) +  (428e2) —  (1.74e2) —  (9.15e-2) —  (4.35e-2) —  (6.18e-3) —  (2.46e-2) — (2.63¢-3)
s 4 7.393 8e-1 5.018 3e-1 2.799 8e-1 5.680 8e-1 5.223 9e-1 7.190 7e-1 6.407 8e-1 7.435 Se-1
(137e2) =~ (2.6%-2) —  (1.27e2) —  (1.78e-2) —  (2.06e-2) —  (1.45e2) —  (3.37e-2) — (1.65¢-2)
WEG6 0 19 8.404 le-1 4.105 le-1 2.901 6e-1 5.245 8e-1 4.668 Oe-1 8.634 5e-1 2274 4e-1 8.870 4e-1
(1.81e-2) —  (2.50e-2) —  (542e2) —  (1.33e-1) —  (2.82¢-2) —  (1.76e2) —  (8.34e-2) — (1.85¢-2)
5 a4 6.747 Oc-1 2.198 9e-1 2.685 9e-1 5.197 6e-1 3.041 4e-1 8.268 3e-1 1.200 7e-1 8.839 Oe-1
(7.26e-2) —  (5.48e-2) —  (3.69¢2) —  (1.07e-1) —  (2.75¢-2) —  (2.34e2) —  (2.95e-2) — (2.64¢-2)
s 4 8.036 6e-1 5.415 le-1 3.409 le-1 5.858 7e-1 5.953 3e-1 7.901 5e-1 7.006 5e-1 7.997 3e-1
(7.94e-4) +  (3.72e-2) —  (2.22e2) —  (1.12e-2) —  (2.40e-2) —  (1.32e-3) —  (1.03e-2) — (1.60e-3)
WEGT 0 19 9.338 9e-1 5.086 7e-1 3.612 8e-1 3.995 3e-1 5.516 le-1 9.563 Se-1 4.548 5e-1 9.598 3e-1
(3.89¢-3) —  (5.17e2) —  (4.09¢-2) —  (3.91e2) —  (3.08¢-2) —  (1.6%-3) —  (437e-2) — (9.05¢-4)
5 o4 8.697 4e-1 4246 3e-1 3.365 9e-1 2.543 le-1 4.445 4e-1 9.572 6e-1 2.997 3e-1 9.801 le-1
(127e-1) —  (6.72e2) —  (2.4le2) —  (4.70e-2) —  (4.55¢-2) —  (4.14e3) —  (1.43e-1) — (1.42¢-3)
s 4 6.909 5e-1 4.248 6e-1 2.755 6e-1 4.934 9e-1 4353 8e-1 6.576 4e-1 6.086 8e-1 6.728 Oc-1
(1.46e-3) +  (5.33e2) —  (2.28e-2) —  (1.68e-2) —  (2.75e-2) —  (4.50e-3) —  (1.80e-2) — (2.64¢-3)
WEGS 0 19 7.284 2e-1 3.466 Oe-1 3.066 9e-1 5.217 9e-1 3.169 7e-1 8.655 4e-1 3.786 Te-1 8.519 2e-1
(6.88¢-2) —  (6.72e2) —  (5.0le2) —  (l.lle-1) —  (7.82¢-2) —  (2.66e2)~  (8.78e-2) — (1.66¢-2)
5 o4 6.233 2e-1 1.488 7e-1 2.697 9e-1 5.046 6e-1 3.096 9e-1 8.418 9e-1 4.901 9¢-2 8.955 le-1
(1.28e-1) —  (9.20e-2) —  (5.02¢-2) —  (1.08e-1) —  (1.64e-1) —  (2.16e-2) —  (4.67e-2) — (1.18e-2)
s " 7.583 2e-1 6.295 4e-1 2.742 8e-1 5.807 Se-1 6.172 4e-1 7.470 4e-1 6.666 6Ge-1 7.587 Te-1
(35le3)~  (1.96e2) —  (1.79e-2) —  (2.02¢-2) —  (1.70e-2) —  (4.93e-3) —  (1.13e-2) — (5.29¢-3)
WEGO 0 19 8.465 Oe-1 6.924 3e-1 3.297 5e-1 4.576 Te-1 6.685 3e-1 8.851 Oe-1 5.748 le-1 8.721 9e-1
(1.87¢-2) —  (237e2) —  (1.82e2) —  (747e2) —  (224e-2) — (352e2)~  (3.76e-2) — (5.69¢-2)
5 24 7.991 8e-1 6.182 2e-1 2.670 6e-1 4.103 9e-1 5.968 7e-1 8.254 7e-1 4.613 3e-1 8.449 3e-1
(5.17¢-2) —  (5.01e2) —  (5.17e2) —  (7.39e-2) —  (2.88e-2) —  (7.48e2) —  (5.63e-2) — (7.53e-2)
+/— /= 6/17/4 0/26/1 0/26/1 0/26/1 0/26/1 3/20/4 0/26/1
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Problem m D RVEA MaOEACSS ~ MaOEAIT ~ MaOEARD  UIMaOTO  RPSNSGAII MaOEAPDS  AMEA
s 4 338593 1.302 Se-2 1.961 Oe-3 9.538 3¢-4 1.298 Se-2 7.159 4e-3 99135e-3  1.2267e2
(2.13e-4) —  (9.26e-5) +  (249e-3) —  (2.54e-4) —  (9.46e-5) &  (4.39%-4) —  (7.09e-4) —  (1.25¢-4)
MaFl 10 1o 1-1280e8 8316 9¢-7 1.106 6e-8 7.064 3¢-9 7911 7e-7 5.535 3¢-7 1.9312¢-7  1.500 Oc-7
(643e-9) —  (9.53e-8) +  (1.68¢-8) —  (237e-9) —  (137e-7)+  (472e-8) +  (147e-7)+  (3.66e-7)
s g4 27134cl4 1787412 25720c-14  5.1904e-14  L74Ble-ll  2.5900e-12 3186913 0.000 0e+0
(1.8le-14) +  (1.09-12) +  (5.47e-14) +  (2.06e-14) +  (5.30e-11) +  (1.53e-12) +  (9.53e-14) +  (0.00e+0)
s g 1765l 1.864 de-1 1.302 Oe-1 4.076 9e-2 1.889 2e-1 1.851 2e-1 1.8712e-1  2.023 3e-1
(154e-3) —  (320e-3) —  (2.99e-2) —  (6.99e-3) —  (2.40e-3) —  (246e-3) —  (247e-3) —  (1.32¢-3)
Mar2 10 1o 1:6640e] 2.005 le-1 1.655 9e-1 4.806 2¢-2 1.999 de-1 2.067 -1 2.0902e-1 2271 4e-1
(1.19¢2) —  (4.06e-3) —  (34le2) —  (250e-2) —  (420e-3) —  (347e3) —  (29le3) —  (1.94e-3)
s g4 1671202 1.728 2e-1 1.059 6e-1 4.129 2¢-2 1.711 8e-1 1.580 2e-1 1.6642e-1  1.873 8e-1
(2.58¢-2) —  (8.78¢-3) —  (248e-2) —  (425¢-3) —  (6.05e-3) —  (6.69¢-3) —  (921e-3) —  (4.70e-3)
s g4 9053l 9.890 2e-1 0.000 0e+0 9.242 2e-1 7.367 9e-1 9.814 e-1 6.9045e-1  9.972 0e-1
(9.71e2) —  (2.96e3) —  (0.00e+0) —  (9.81e-2) —  (3.6le-1) —  (1.06e2) —  (417e-1) —  (6.84e-4)
MaFs 10 19 37368el 9.813 8e-1 0.000 0e+0 7.607 6e-1 4254 2¢2 8.016 0c-1 2703 6e-1  5.151 4e-1
(43%-1)~  (7.66e2)~  (0.00e+0) —  (2.84e-)~  (1.90e-1) —  (1.70e-I) =  (3.7le-1) —  (4.31e-1)
s g4 99907l 9.970 3e-1 0.000 0e+0 7.359 Se-1 9.709 8e-1 8.486 9e-1 9.8782e-1  0.000 0c+0
(8.5%-4) +  (1.06e-3) +  (0.00e+0) ~  (233e-1)+  (63le2) +  (327e-1)+  (3.73e3)+  (0.00e+0)
s g 394092 9.649 0c-2 0.000 0e+0 1.915 0e-2 7.162 le2 1.004 6e-1 3550 le2  1.2828e-
(139%-2) —  (3.60e-3) —  (0.00e+0) —  (1.84e-2) —  (2.6le2) —  (4.96e-3) —  (7.34e-3) —  (2.61e-3)
MaF4 10 1o 1285¢8 4239 le-6 0.000 0e+0 3.742 0e-5 2.282 9¢-6 9.759 6e-5 1.1323e-6  3.673 2e-4
(229¢-8) —  (2.08¢-6) —  (0.00e+0) —  (8.9le-5) —  (237e-6) —  (7.40e-5) —  (1.04e-6) —  (5.61e-5)
s o4 120014e12 5.6426e-12 0.000 00 1.643 5¢-9 1.273 4e-11 1.7109e-8  4.3421e-12  7.231 3e-8
(3.09-12) —  (4.67e-12) —  (0.00e+0) —  (2.56e-9) —  (1.28e-11) —  (3.00e-8) —  (3.48¢-12) —  (5.90e-8)
s g4 BO716e-l 6.434 9e-1 1.575 Se-1 7.379 6e-1 6.297 Oe-1 7.928 le-1 7.0652e-1  8.059 9e-1
(226e-2) +  (1.98e-2) —  (147e-1) —  (1.86e-2) —  (1.85e-2) —  (1.57e-3) —  (7.0le-3) —  (1.53¢-3)
VaFs 10 1o O48ele-l 6.707 7e-1 4.831 5e-2 7.454 6e-1 6.642 9e-1 9.575 Se-1 6267 8e-1  9.438 2e-1
(3.58¢-3) +  (2.55¢-2) —  (534e-2) —  (250e-2) —  (3.17e2) —  (2.90e-3) + = (427e2) —  (7.24e-3)
s g4 O1481c-l 5.775 Se-1 2.727 4e-2 6.883 4e-1 5.833 9e-1 9.578 Oe-1 44548e-1  9.546 de-1
(2.94e-2) —  (3.88e-2) —  (2.65¢-2) —  (8.03e2) —  (534e-2) —  (197e3)~  (636e-2) —  (1.38¢-2)
s g4 L1675l 1.022 e-1 1.205 4e-1 9.090 8e-2 1.340 Oe-2 9.382 6e-2 6.5268¢-2 1301 2e-1
(1.78¢-3) —  (1.36e-2) —  (2.56e-2) —  (1.77e-6) —  (1.03e-2) —  (230e-2) —  (1.63e-2) —  (2.91e-4)
Ma6 10 1o 94373e2 2.273 0e-2 8.022 9¢-2 9.104 6e-2 1.9939e-13  5.496 3e-2 3208 le-3  7.859 3e2
(1.04e-3) +  (1.91e-2) —  (348e-2) +  (1.0le-3) +  (89le-13) —  (3.30e-2) —  (6.95¢-3) —  (2.08¢-2)
s g 91758e2 2.225 8e-2 1.401 5e-2 9.087 7e-2 4.406 3¢-3 1.622 le2 6.1815¢2  4.604 2e-3
(34de-4) +  (252e2) +  (294e-2)~  (3.86e-5) +  (1.04e-2) —  (235e-2) -  (2.18e-2) -  (2.06e-2)
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Problem  m D RVEA MaOEACSS MaOEAIT MaOEARD UIMaOTO RPSNSGAIl ~ MaOEAPDS AMEA
5 2 1.604 3e-1 1.484 9e-1 2.198 9e-2 1.446 2e-1 1.774 Oe-1 2.602 8e-1 2.367 Te-1 2.657 9e-1
(6.22¢-2) — (2.85¢-2) —  (4.1le-2) —  (3.48e-2) —  (1.67e-2) —  (5.51e-3) —  (6.88e-3) — (1.77¢-3)
MaF7 0 29 6.684 6¢-2 5.242 8e-4 0.000 0e+0 9.260 8e-3 3.239 6e-4 1.845 Se-1 2.919 6e-2 1.668 6e-1
(6.92¢-2) — (7.40e-4) —  (0.00e+0) —  (5.31e-3) —  (1.74e-4) —  (4.33e-3) +  (7.21e-3) — (9.89¢-3)
15 4 5.987 3e-2 1.043 7¢-9 0.000 0e+0 0.000 0e+0 8.230 2e-10 1.465 3e-1 6.211 6e-5 1.012 le-1
(6.15e-2) =  (2.63¢-9) —  (0.00e+0) —  (0.00e+0) —  (3.68¢-9) — = (7.95¢-3) +  (2.51e-4) — (1.17e-2)
5 ) 7.781 9e-2 1.254 4e-1 7.8327e-3 3.552 5e-2 1.250 Se-1 9.177 le-2 1.196 9e-1 1.258 4e-1
(4.05e-3) —  (4.96e-4) —  (1.19¢-2) —  (6.84e-3) —  (4.98e-4) —  (3.84e-3) —  (9.86e-4) — (3.30e-4)
MaF8 10 ) 3.550 3e-3 1111 4e-2 2.855 2e-4 1.575 6e-3 1.096 9e-2 4.298 9¢-3 1.000 8e-2 1.100 Oe-2
(7.69¢-4) —  (9.28e-5) +  (5.52e-4) —  (7.24e-4) —  (9.08e-5)~  (1.34e-3) —  (2.96e-4) — (1.13e-4)
15 ) 1.343 7e-4 5.856 9e-4 2.129 Se-6 3.382 0e-5 5.785 3e-4 1.602 7e-4 4.353 6e-4 5.532 2¢-4
(4.63e-5) — (L.54e-5) +  (4.6le-6) —  (248e-5) —  (1.29¢-5) +  (5.79%-5) — (2.09¢-5) — (1.71e-5)
s ) 2.281 Oe-1 2.769 le-1 0.000 Oe+0 7.098 8e-2 2.771 2e-1 2.465 6e-1 2.565 le-1 3.248 le-1
(1.14e-2) — (3.99¢-3) —  (0.00e+0) —  (1.78¢-2) —  (5.27e-3) —  (1.69¢-2) —  (8.15¢-3) — (8.07e-4)
MaF9 10 ) 5.309 3e-3 1.582 le-2 0.000 Oe+0 1.381 0e-3 1.379 7e-2 9.622 Oe-3 1.187 5e-2 1.785 9e-2
(1.36e-3) — (2.03¢-4) —  (0.00e+0) —  (9.03e-4) —  (2.17e-3) —  (1.93e-3) —  (9.46e-4) — (2.38¢-4)
15 ) 1.375 9e-4 9.114 8e-4 0.000 0e+0 5.205 le-5 8.422 Oe-4 2.168 Te-4 6.320 8e-4 1.118 3e-3
(8.26e-5) — (2.66e-5) —  (0.00e+0) —  (3.90e-5) —  (1.40e-4) —  (1.27e-4) —  (2.22¢-4) — (3.31e-5)
s 14 9.931 6e-1 9.888 3e-1 2.365 6e-1 7.409 2e-1 8.561 4e-1 9.853 le-1 9.757 9e-1 9.967 Se-1
(1.60e-2) =~  (1.29¢-3) —  (4.63¢-2) —  (3.02e-1) —  (3.14e2) —  (1.33e-2) —  (3.8%¢-3) — (3.48¢-4)
MaF10 10 19 9.911 9e-1 9.966 0Oe-1 8.436 7e-2 8.414 4e-1 9.028 8e-1 9.983 6e-1 9.903 Oe-1 9.987 le-1
(2.53¢-2) —  (1.05e-3) —  (5.58¢-2) —  (7.4le2) —  (4.75¢2) —  (8.80e-4)~  (1.95e-2) — (3.17¢-4)
15 24 9.971 2e-1 9.903 8e-1 5.316 le-2 7.241 4e-1 9.957 3e-1 9.995 4e-1 9.966 Oe-1 9.977 le-1
(3.73¢-4) —  (245e2) —  (2.29¢-2) —  (244e-1) —  (1.20e-3) —  (3.7le-d) +  (2.32e-3) — (1.02¢-3)
5 14 9.905 Oe-1 9.550 6e-1 5.896 3e-1 9.719 9e-1 9.514 Te-1 9.745 3e-1 9.501 le-1 9.951 9e-1
(1.80e-3) — (7.60e-3) —  (6.10e-2) —  (2.96e-3) —  (6.88e-3) —  (7.38¢-3) —  (5.65¢-3) — (8.96¢-4)
MaF11 10 19 9.787 6e-1 9.777 2e-1 5.861 9e-1 9.552 9e-1 9.770 Oe-1 9.938 9e-1 9.533 le-1 9.972 Se-1
(3.65¢-3) — 4.71e3) —  (7.13e-2) —  (1.93e-2) —  (6.38¢-3) —  (1.72¢-3) —  (9.71e-3) — (1.04¢-3)
15 24 9.676 2e-1 9.783 6e-1 5.234 6e-1 9.608 7e-1 9.794 9e-1 9.947 Oe-1 9.371 8e-1 9.969 8e-1
(8.51e-3) — (5.44e-3) —  (5.90e-2) —  (1.34e-2) —  (5.06e-3) —  (2.06e-3) —  (6.45¢-3) — (1.19¢-3)
5 14 7.577 3e-1 6.253 8e-1 2.765 le-1 5.788 2e-1 6.188 9e-1 7.524 Se-1 6.667 7e-1 7.595 Oe-1
(4.33¢-3) ~ (891e-3) —  (1.44e-2) —  (1.6le2) —  (1.47e-2) —  (5.64e-3) —  (1.06e-2) — (4.39¢-3)
MaF12 10 19 8.328 6e-1 6.965 Se-1 3.278 8e-1 4.624 Oe-1 6.610 le-1 8.833 Se-1 5.907 Oe-1 8.856 9e-1
(3.07e-2) — (2.04e-2) —  (1.88e-2) —  (6.24e-2) —  (249e-2) —  (3.74e2)~  (2.34e-2) — (1.67¢-2)
1 2 7.967 Te-1 6.543 2e-1 2.696 Se-1 4.314 2e-1 5.957 Oe-1 8.438 Oe-1 4.910 9e-1 8.680 Se-1
(6.13e-2) — (4.70e-2) —  (4.10e-2) —  (8.17e-2) —  (3.17e-2) —  (5.27e-2) — (6.81e-2) — (6.2%¢-2)
5 5 1.965 Oe-1 2.693 9e-1 1.637 4e-2 1.047 Se-1 2.576 9e-1 1.385 le-1 1.877 9e-1 2.785 Te-1
(951e-3) —  (5.21e3) —  (1.43e2) —  (2.32e2) —  (6.26e-3) —  (3.96e-2) —  (2.09¢-2) — (5.97¢-3)
MaF13 10 5 8.442 le-2 1.378 Se-1 3.819 3e-3 5.299 9e-2 1.323 4e-1 1.782 4e-2 1.278 9e-1 1.352 7e-1
(217e-2) —  (1.29¢-3) +  (8.87e-3) —  (1.92¢-2) —  (3.56e-3) —  (2.57e-2) —  (7.96e-3) — (4.08¢-3)
15 5 5.397 4e-2 8.738 9e-2 4.757 2e-6 2.975 2e-2 8.400 3e-2 8.559 2¢-4 8.474 2e-2 8.098 Se-2
(1.07e-2) —  (1.18e-3) +  (1.17e-5) —  (2.36e-2) —  (2.76e-3) +  (2.77e-3) —  (3.91e-3) + (4.45¢-3)
s 100 7.711 6e-2 2.767 2e-1 0.000 Oe+0 9.086 8e-2 1.239 Oe-1 2.461 0e-3 8.253 3e-2 1.826 9e-1
(6.28¢-2) ~  (1.40e-1) =~  (0.00e+0) —  (1.00e-4) ~  (5.44e2)~  (7.00e-3) —  (6.44e-2) ~ (2.01e-1)
MaF14 10 200 6.072 6e-3 1.846 Se-4 0.000 Oe+0 8.637 6e-3 1.002 8e-3 0.000 0e+0 0.000 0e+0  0.000 Oe+0
(1.50e-2) +  (8.26e-4) =~  (0.00e+0) ~  (1.85e-2) +  (3.33e-3)~  (0.00e+0) =~  (0.00e+0) ~  (0.00e+0)
15 300 1.411 4e-2 1.299 4e-2 0.000 Oe+0 1.533 4e-3 2.742 9e-2 2488 le-4 3.510 9e-3 5.473 8e-3
(325¢-2)~  (2.87e2) =~  (0.00e+0) ~  (6.86e-3) ~ = (42le2)+ (l.lle3)~  (1.08e-2) ~ (2.03e-2)
s 100 1.823 Se-2 3.941 7e-2 0.000 0e+0 8.757 2e-3 1.827 2e-2 1.117 4e-6 3.700 3e-2 4.488 2e-5
(9.12¢-3) + (1.02e-2) +  (0.00e+0) —  (2.75¢-3) +  (3.94e-3) +  (3.6le-6) — (6.38e-3) + (8.02e-5)
MaF15 10 200 4.696 2e-8 1.752 8e-8 0.000 Oe+0 2.730 1e-10 4.023 3e-9 7.860 2e-11 0.000 0e+0  3.162 7e-11
(4.63¢-8) +  (2.70e-8) +  (0.00et+0) =~  (4.76e-10) +  (1.46e-8) + (3.17e-10) ~  (0.00e+0) ~  (1.41e-10)
15 300 2.170 6e-14 1.584 8e-15 0.000 Oe+0 0.000 Oe+0 0.000 Oe+0 0.000 Oe+0 0.000 Oe+0 0.000 Oe+0
(3.80e-14) +  (7.09¢-15) ~  (0.00e+0) &~  (0.00e+0) ~  (0.00e+0) &~  (0.00e+0) &~  (0.00e+0) ~  (0.00e+0)
+/ /= 10/29/6 11/29/5 2/37/6 7/34/4 9/32/4 8/29/8 6/34/5
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