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Abstract: Research shows that the general many-objective evolutionary algorithm can not effectively deal with different
types of Pareto fronts. In view of the above situation, this paper proposes a many-objective evolutionary algorithm based
on Population Association strategy and enhanced solution set criterion (MaOEA/PAS-ESC). In this algorithm, population
association strategy (PAS) and enhanced solution set criterion (ESC) are used to guide the population evolution. PAS uses
the angle and Euclidean distance between the solution and the reference vector as well as the distance between the solutions
in the population to construct the joint function of angle and distance (JFAD) and select the solution with good diversity.
Then, ESC uses the connection between the reference point and the population to form the fitness function and select
the solution with good convergence, In order to balance diversity and convergence effectively. The experimental results
show that MaOEA/PAS-ESC not only has stronger competitive performance in dealing with many-objective optimization
problems, but also improves the ability to deal with different types of Pareto fronts.
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1 Py =RandomPopulation(NV);

2 V=UniformPoint (Ng);

3 R=UniformReference Point(V);

4 A=P,

5 R' = R;

6 while t < t,,,, do

7 Pt/ =MatingSelection(P; R );

8 Q =Variation (P, , N);

9 [ A;, R ]=RefPointAdaption(4, U Q;, R, P, );
10 P, =EnvironmentalSelection(P, U Q;, R, V);
11 end while
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1 /*PAS*/;

2Py, =PAS(P,V);

3K =N—|P1.];

4 if K > 0 then

5 P=P—
6 /*ESC*/;
7 Pi12=ESC (P, R, K);
8

9

P

Py =Py UP12;
else

10 P,

11 end if
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AR . 2P0 = mingep, frs (P) 3
TR ZES: 2P = maxpep, fii (D) ;
end for
Flilp) = LB
/* *EP%?IETJEE */;
for : = 1 to/N do
diss,; = pdist2(p, P;) ;
10 end for
Disy; = " s
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end for
/* KETLILFE */;
LHEEHT: A = unique (0;) ;
for s = 1 to do
/* A5 R B R BRI (JFAD) */
JFADy; = a- (1 o ) 1 @) +
B - Disy;;
end for
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2 Front; = NondominatedSort (?t) ;

3 FRIARKL AL S Py =

4 {dis;,0;} = CalDistance (ﬁ, R )

5 /T K — 1R+

6 kB UL, Front,,

7 P o= Uf;ll Front; ;

8 /* TN EEIEFE */

9 While |Front, | > K —

Fronty;

> K K/ ME;

|Pry1,2| do

10 fitness; = ESC (Front, i\ {p},R,0:) ;
11 p=min(fitness;);
12 Pio=Pii2U{p};

13 end While
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5) FiES B E: £ MaOEA/PAS-ESC 5%,
23t 2 RSE T LG, PAS H JFAD BUE W E N 0=0.73,
$=0.27, ESC i) E o sk fig b 5 T BRI EE B A A
HIBLCE L AF 3 B BN a = 0.34,b = 0.66.

6) Gitiik: RN, A EIEA
AT 30 WHMTIE4T, JF HLAESL6 45 R r a1 R H
Wilcoxon FRAKEL 5 77 V5 AT /0 b LA . S5 45 S H
BIMERIAE.
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RATHEGH T 6 NEIEAE DTLZ WHARSE L 5L
eE I, 2RISR 3 o5l IR T X EER 1GD
A AV ERSME, SLiRgt FoviEf, RoRFERIRE R
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%22 NSGA-II/SDR, RVEA. NSGA-III, MOEA/D-AWA, MOMBI-II 1 MaOEA/PAS-ESC 7£ DTLZ1 DTLZ7 t£3k%5
B9 8. 15, 20 B¥5 IGD HMZIH4ER

Problem M NSGA-II/SDR RVEA NSGA-III MOEA/D-AWA  MOMBI-II MaOEA/PAS-ESC
8 1.6531e-1 - 9.7068¢-2 +  1.0590e-1+ 1.1043e-1= 2.0323e-1- 1.0858¢-1
DTLZ1 15 1.9428e-1 - 1.5900e-1 +  2.2835e-1 - 1.8709e-1 - 2.8441e-1 - 1.7001e-1
20 2.2603e-1 = 1.7345e-1 +  2.516le-1= 2.4867e-1 - 3.0998e-1 - 2.2076e-1
8 5.2064e-1 - 3.1551e-1+  3.2836e-1 - 3.4856e-1 - 3.2822e-1 - 3.2253e-1
DTLZ2 15 7.3715e-1 - 6.2663¢e-1+  6.4281e-1 - 7.2569e-1 - 8.5938e-1 - 6.2838e-1
20 6.4654e-1 - 6.2367e-1-  7.8407e-1 - 8.3247e-1 - 9.1642e-1 - 6.2227e-1
8 3.9362e-1 - 3.3192e-1+  1.8486e+0 - 5.0994e-1- 4.4532e-1= 3.7611e-1
DTLZ3 15 7.0574e-1 - 9.9732e-1-  5.5615e+0 - 8.7585e-1 - 1.1034e+0 - 6.3644e-1
20 6.8367e-1 - 6.3734e-1 = 7.4186e+1 - 9.3636e-1 - 1.1704e+0 - 6.3065¢e-1
8 7.7444e-1 - 3.2399¢-1+  3.4129e-1 - 4.7125e-1 - 3.7944e-1 - 3.2919e-1
DTLZ4 15 8.1657e-1 - 6.297%-1-  6.4753¢-1= 6.5907e-1 - 6.5611e-1 - 6.2901e-1
20 7.9780e-1 - 6.2360e-1-  6.7931e-1 - 6.3778e-1 - 6.2881e-1 - 6.2248e-1
8 1.1706e-1 = 3.6181e-1-  2.6567e-1 - 9.8289%¢-2 + 3.0152e-1 - 1.1692e-1
DTLZS 15 9.8078e-2 + 4.3265e-1-  2.4786e-1 - 1.4154e-1 + 7.0185e-1 - 1.7947e-1
20 1.1002e-1 + 4.7554e-1-  7.8550e-1 - 1.2703e-1 + 7.1101e-1 - 1.7383e-1
8 2.0151e-1 - 2.8354e-1 - 5.4413e-1 - 1.6619e-1 - 5.8328e-1 - 1.2222e-1
DTLZ6 15 1.2719e-1 + 2.1070e-1= 8.3715e-1 - 1.7949e-1 + 6.9989%¢-1 - 2.2317e-1
20 1.2398e-1 = 2.0609-1-  7.3565¢+0 - 1.9652e-1 - 6.6232e-1 - 1.3067e-1
8 9.9589e-1 - 1.4446e+0 -  7.8903e-1 - 9.2319e-1 - 3.0417e+0 - 7.3401e-1
DTLZ7 15 4.6714e+0 - 2.4363et0-  8.3223e+0 - 2.7886e+0 - 1.0949¢+1 - 1.8720e+0
20 6.9594e+0 - 2.7994e+0 -  9.3043e+0 - 3.2304e+0 - 1.5022e+1 - 2.2583e+0
+/-I= 3/15/3 7/12/2 1/18/2 4/16/1 0/20/1

1, 0 R =T HRIIRIRIRE I 4E R 5 MaOEA/PAS-ESC FHEL BB I, B ZE AR ALL.

# 3 NSGA-II/SDR. RVEA. NSGA-III. MOEA/D-AWA, MOMBI-II 51 MaOEA/PAS-ESC 7£ DTLZ1 DTLZ7 L£3X15
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Problem M  NSGA-II/SDR RVEA NSGA-III MOEA/D-AWA  MOMBI-II MaOEA/PAS-ESC
8 9.2064e-1 - 9.9752e-1+  9.9599¢-1 + 9.9158e-1 - 9.146le-1 - 9.9393e-1
DTLZ1 15 8.9996e-1 - 9.9854e-1+  9.1465¢-1 - 9.6370e-1 - 8.1110e-1 - 9.8164e-1
20 9.2368e-1 - 9.9949e-1 + 9.2593e-1 - 9.6465e-1 - 8.9220e-1 - 9.8937e-1
8 7.3762e-1 - 9.238le-1= 9.1752e-1 - 9.1301e-1 - 9.2575e-1 + 9.2370e-1
DTLZ2 15 8.4648e-1 - 9.8980e-1 - 9.7715e-1 - 8.8876e-1 - 8.1819%¢-1 - 9.9026e-1
20 9.9369e-1 - 9.9858e-1 - 8.637%-1 - 9.0065e-1 - 8.6527e-1 - 9.9858e-1
8 9.0228e-1 = 9.0326e-1 = 3.4342e-1 - 8.0002e-1 - 8.634%¢-1 = 9.0231e-1
DTLZ3 15 9.1679%-1 = 7.4875e-1 - 2.9644e-2 - 6.4170e-1 - 4.1371e-1 - 9.5509e-1
20 9.8781e-1 - 9.9545¢-1+  0.0000e+0 - 7.303%-1 - 4.5300e-1 - 9.9240e-1
8 4.3887e-1 - 9.2246e-1 - 9.1455e-1 - 8.8260e-1 - 9.1862e-1 - 9.2525e-1
DTLZ4 15 7.3442e-1 - 9.9027e-1 - 9.8134e-1 - 9.7411e-1 - 9.8277e-1 - 9.9092e-1
20 8.6550e-1 - 9.9867e-1 - 9.8081e-1 - 9.9681e-1 - 9.9833e-1 - 9.9872e-1




6 =% *x R
8 9.1807e-2 + 9.0900¢e-2 = 9.1952¢-2 + 9.9766e-2 + 9.6995¢-2 + 8.9582¢-2
DTLZ5 15 9.0533e-2 + 9.1041e-2 + 8.6535¢e-2 - 9.2212e-2 + 9.1476e-2 + 8.9806¢e-2
20 8.9702¢-2 = 9.0933e-2 + 5.7591e-4 - 9.1634e-2 + 9.1263e-2 + 8.9746¢-2
8 9.1581e-2 - 9.2534¢-2 = 6.2982¢-2 - 9.9832¢e-2 + 9.2373e-2 = 9.2854¢-2
DTLZ6 15 9.1049¢-2 = 8.7793¢e-2 - 3.9408e-2 - 9.1978e-2 + 9.1378e-2 = 9.1314e-2
20 9.0896¢-2 - 8.7914¢-2 - 0.0000e+0 - 9.1623¢-2 + 9.1388¢-2 = 9.1213¢-2
8 1.7937e-1 + 1.4987¢e-1 = 1.9670e-1 + 1.2461e-1 - 1.7749¢-1 + 1.6103e-1
DTLZ7 15 1.3853¢-8 - 1.1647¢-1 - 1.4947¢-1 + 1.3870e-2 - 1.2215¢-1 - 1.3049e¢-1
20 0.0000e+0 - 1.0222¢-1 - 1.1764e-1 - 5.0286e-5 - 1.1682¢-1 - 1.2441e-1
+/-/= 3/14/4 6/10/5 4/17/0 6/15/0 5/12/4

1, 0 M =T HRIRIRIRE R4S R 5 MaOEA/PAS-ESC FHEL BB I, B ZE FIARALL.
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# 4 NSGA-II/SDR. RVEA. NSGA-III. MOEA/D-AWA. MOMBI-II 1 MaOEA/PAS-ESC 7£ WFG1 WFG9 355/

8. 15, 20 B#5 IGD ERGITER

Problem M  NSGA-II/SDR RVEA NSGA-III MOEA/D-AWA  MOMBI-II MaOEA/PAS-ESC
8 1.7135e+0 - 9.7311e-1 = 1.1071e+0 - 1.1984e+0 - 1.1723e+0 - 9.7771e-1
WFG1 15 2.4915e+0 - 1.8796e+0 + 2.0512e+0 - 2.2381et0 - 2.5646e+0 - 1.9766e+0
20 5.1403e+0 - 3.9130e+0+  4.1404e+0 = 4.5769¢+0 - 4.6544e+0 - 4.2695e+0
8 1.4539¢+0 - 1.0235e+0 - 1.0336e+0 = 1.3469¢+0 - 1.3059¢+0 - 9.3953e-1
WFG2 15 2.3978e+0 - 1.7835e+0 + 1.8762e+0 - 2.2300e+0 - 6.8180e+0 - 1.7950e+0
20 5.1626e+0 - 3.4582e+0 + 4.0219¢+0 - 4.3464e+0 - 8.9481e+0 - 3.9024e+0
8 9.7348e-1 + 2.3130e+0 - 1.6901e+0 - 1.8823e+0 - 7.9373e+0 - 1.4378e+0
WFG 15 4.5768e+0 - 7.5163e+0 - 3.3587e+0 + 5.2343e+0 - 1.5720e+1 - 3.8941e+0
20 8.6516e+0 - 1.2315e+1 - 8.6606e+0 - 6.4433e+0 - 2.1106e+1 - 5.4960e+0
8 3.2222e+0 - 2.9949e+0+  2.9795e+0 + 3.2248e+0 - 3.7018e+0 - 3.0119e+0
WFG4 15 9.4365e+0 - 9.4458e+0 - 9.3499e+0 + 1.0352e+1 - 1.9995e+1 - 9.4083e+0
20 1.4420e+1 - 1.2411e+1 - 1.2584e+1 - 1.5049¢+1 - 2.8877e+1 - 1.1508e+1
8 3.2475e+0 - 29775et0+  2.9417e+0 + 3.1646e+0 - 3.6710e+0 - 2.9919e+0
WEG5 15 9.2361e+0 + 9.2456e+0+  9.2307e+0 + 9.5499e+0 - 2.4912e+1 - 9.3212e+0
20 1.1921e+1 - 1.1663e+1 - 1.1564e+1 - 1.3507e+1 - 3.6770e+1 - 1.1539%e+1
8 3.3419e+0 - 3.0416e+0 - 2.9618e+0 + 3.1293e+0 - 3.6826e+0 - 3.0282e+0
WEG6 15 1.0212e+1 - 1.0160e+1 - 9.4992¢+0 - 9.6427e+0 - 1.8732e+1 - 9.3777e+0
20 1.9131e+1 - 1.3048e+1 - 1.4283e+1 - 1.3485e+1 - 2.8154e+1 - 1.1542e+1
8 3.2980e+0 - 3.0344e+0= 2.9741le+0 + 3.0807e+0 - 3.5748e+0 - 3.0264e+0
WEG7 15 1.0831e+1 - 9.2507e+0= 9.2994e+0 = 9.5089¢+0 = 1.7790e+1 - 9.3265e+0
20 1.5360e+1 - 1.2055e+1 - 1.4413e+1 - 1.3819e+1 - 2.5935e+1 - 1.1552e+1
8 3.3361e+0 - 3.0981e+0 - 3.2822e+0 - 3.5217e+0 - 3.9773e+0 - 3.0554e+0
WFG8 15 1.0435e+1 - 9.7470e+0 - 9.1759e+0 + 1.1893e+1 - 2.0239e+1 - 9.3364e+0
20 1.4624e+1 - 1.2571e+1 - 1.4227e+1 - 1.8623e+1 - 3.0546e+1 - 1.1561e+1
8 3.1773e+0 - 2.9860e+0 - 2.9349¢e+0 + 3.2263e+0 - 3.7053e+0 - 2.9600e+0
WEFG9 15 8.9588e+0 + 9.2440e+0 - 8.7524e+0 + 9.7625e+0 - 2.6032e+1 - 9.0793e+0
20 1.2525e+1 - 1.1907e+1 - 1.3358e+1 - 1.5236e+1 - 3.8078e+1 - 1.1708e+1
+/-I= 3/24/0 7/17/3 10/14/3 0/26/1 0/27/0

40, R =" RIRIRIRIF I 4E R 5 MaOEA/PAS-ESC AL B I, B ZEAIARALL.
% 5 NSGA-II/SDR. RVEA. NSGA-ITI. MOEA/D-AWA. MOMBI-II 1 MaOEA/PAS-ESC 7£f WFG1 WFGY9 351

8. 15, 20 B#5 HV ERVGITE

Problem M  NSGA-II/SDR RVEA NSGA-III MOEA/D-AWA  MOMBI-II MaOEA/PAS-ESC
8 9.7761e-1 + 9.1367e-1 - 8.3427e-1 - 9.9947e-1 + 9.9711e-1 + 9.3773e-1
WEGL1 15 9.8638e-1 - 9.6448e-1 - 9.8695e-1 - 9.9678e-1 - 9.4735e-1 - 9.9721e-1
20 9.8793e-1 - 9.9824e-1 - 9.9911e-1 + 9.8904e-1 - 9.8746e-1 - 9.9883e-1
8 9.7427e-1 - 9.7705e-1 - 9.9365e-1 = 9.9457e-1 + 9.8273e-1 - 9.9264e-1
WEG2 15 9.8358e-1 - 9.6487e-1 - 9.9223e-1 = 9.8928e-1 - 8.8672e-1 - 9.9297e-1
20 9.8918e-1 - 9.8313e-1 - 9.9307e-1 - 9.9396e-1 = 9.1704e-1 - 9.9499¢-1
8 4.1808e-2 + 1.6206e-3 - 1.5211e-2 + 7.9948e-2 + 1.1488e-1 + 7.4268e-3
WFG 15 0.0000e+0 = 0.0000e+0 = 0.0000e+0 = 0.0000e+0 = 0.0000e+0 = 0.0000e+0
20 0.0000e+0 = 0.0000e+0= " 0.0000e+0 = 0.0000e+0 = 0.0000e+0 = 0.0000e+0
8 9.0332e-1 = 8.9390e-1 - 8.9731e-1 - 8.5821e-1 - 8.1945e-1 - 9.0309e-1
WEFG4 15 9.5636e-1 - 9.4632e-1 - 9.6736e-1 - 9.0005e-1 - 4.7806e-1 - 9.755%-1
20 8.5872e-1 = 9.6491e-1 - 8.8137e-1 - 9.3391e-1 - 5.582%¢-1 - 9.8307e-1
8 8.5116e-1 - 8.5616e-1+  8.5792e¢-1+ 7.9347e-1 - 7.3331e-1 - 8.5490e-1
WEG5 15 9.0783e-1 - 9.1284e-1 + 9.0907e-1 - 8.5051e-1 - 2.3827e-1 - 9.1224e-1
20 9.0944e-1 - 9.1514e-1 - 8.9564e-1 - 8.6443e-1 - 2.5545e-1 - 9.159%4e-1
8 8.4467e-1 + 8.1738e-1 - 8.2430e-1 = 7.9502e-1 - 7.1232e-1 - 8.3240e-1
WEG6 15 8.3528e-1 = 6.4308e-1 - 8.8390e-1 = 8.1504e-1 - 4.3290e-1 - 8.7598e-1
20 5.1046e-1 - 6.6733e-1 - 8.256%¢-1 - 8.4652e-1 - 4.7415e-1 - 8.9321e-1
8 9.0793e-1 = 8.8847e-1 - 9.0867e-1 = 8.906%¢-1 - 8.3747e-1 - 9.0851e-1
WEG7 15 8.3364e-1 - 7.795%¢-1 - 9.7814e-1 - 8.9192e-1 - 4.8880e-1 - 9.8142e-1
20 8.7031e-1 - 6.3203e-1 - 8.6363e-1 - 9.2078e-1 - 5.7210e-1 - 9.9331e-1
8 8.0555e-1 = 6.8981e-1 - 7.8084e-1 - 7.2451e-1 - 6.0278e-1 - 7.9702e-1
WEG8 15 7.0907e-1 - 5.4769e-1 - 9.0890e-1 - 7.7216e-1 - 3.5838e-1 - 9.2911e-1
20 8.0827e-1 - 6.4449¢-1 - 6.2761e-1 - 8.3052e-1 - 3.8764e-1 - 9.6435e-1
8 8.5826e-1 + 6.8981e-1 - 7.9048e-1 - 7.3883e-1 - 7.4734e-1 - 8.3413e-1
WEG9 15 9.0338e-1 + 7.7430e-1 - 8.8321e-1+ 7.0668e-1 - 2.2702e-1 - 8.7253e-1
20 9.0611e-1+ 7.8637e-1 - 8.2622e-1 - 7.2930e-1 - 2.3728e-1 - 8.9379%€-1
+/-/= 6/14/7 2/23/2 4/16/7 3/21/3 2/23/2
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7, TR =T I RIERIRIRIS I 45 R 5 MaOEA/PAS-ESC AH LV B 4, 5 = FIAH L.

% 6 NSGA-II/SDR, RVEA, NSGA-III, MOEA/D-AWA, MOMBI-II 51 MaOEA/PAS-ESC 7£ MaF1 MaF15 3188
8. 15, 20 B#r IGD ERGITER

Problem M  NSGA-II/SDR RVEA NSGA-III MOEA/D-AWA  MOMBI-II MaOEA/PAS-ESC
8 2.0196e-1 + 5.3628e-1 — 2.8126e-1 - 3.5449e-1 - 3.5620e-1 ~ 2.1614e-1
MaFl1 15 3.1241e-1 + 6.4271e-1 - 3.4697e-1 + 5.6009e-1 ~ 4.3067e-1 - 3.6005e-1
20 3.4289%-1 + 7.6483e-1 - 4.4604e-1 - 6.3371e-1 - 5.5076e-1 - 3.8809e-1
8 2.0166e-1 - 2.4253e-1 - 2.3729%-1 - 1.9693e-1 —- 2.9697e-1 - 1.8041e-1
MaF2 15 3.6297e-1 - 7.2578e-1 ~ 2.6833e-1= 2.7023e-1 = 8.4542e-1 - 2.5922e-1
20 3.4635e-1 - 7.3499¢-1 - 2.5425e-1 = 2.8138e-1 - 8.5454e-1 - 2.4525e-1
8 1.7637e-1 - 3.2618e-1 — 1.1799¢+3 - 1.2681e-1 - 1.3822e-1 - 1.2270e-1
MaF3 15 1.4220e-1 + 2.5180e-1 + 1.5239e+5 - 1.4436e-1 + 2.6666e-1 - 2.6477e-1
20 1.9824e-1 + 1.4712e-1 + 6.3508e+3 1.8459%-1 + 2.6866e-1 - 2.0112e-1
8 5.6524e+1 - 5.7877e+1 - 2.9984e+1 + 2.4163e+1 + 3.4805e+1 = 3.6338e+1
MaF4 15 9.4723e+3 - 8.8526e+3 — 3.6740e+3 + 6.0954e+3 = 4.6645e+3 + 5.7348e+3
20 3.0216e+5 - 2.6734et5 - 1.1442e+5 + 1.6393e+5 = 1.4362e+5 + 1.8281e+5
8 8.2728e+1 - 2.2852e+1 - 2.0902e+1 - 2.3440e+1 = 2.2338e+1 - 1.8706e+1
MaF5 15 7.2255e+3 - 3.4061e+3 - 3.1131e+3 - 2.8146e+3 = 3.0680e+3 = 2.9539¢+3
20 1.6855e+5 - 6.2557et4+  6.4664c+4 = 6.5312¢e+4 = 6.5097e+4 = 6.2808e+4
8 1.4563e-2 - 1.0310e-1 - 1.4691e-1 - 1.8308e-2 - 6.5449¢-1 - 2.9882e-3
MaF6 15 5.4403e-3 + 2.5688e-1 - 2.6521e+0 - 7.6206e-2 = 6.9899%¢-1 - 8.5228e-2
20 5.4105e-2 + 1.7506e-1 - 1.4696e+0 - 6.2768e-2 + 6.5874¢-1 - 9.2914e-2
8 1.0026e+0 - 1.5142e+0 - 8.0274e-1 - 9.2733e-1 - 3.0465e+0 - 7.3437e-1
MaF7 15 4.5002e+0 - 2.4548e+0 - 5.8737¢+0 - 2.5730e+0 - 1.0916e+1 - 1.8360e+0
20 7.1063e+0 - 2.9073e+0 - 9.1576e+0 - 3.0864¢+0 - 1.5111e+1 - 2.5870e+0
8 1.8105e-1 - 7.8713e-1 - 3.2069¢-1 - 7.6703e-1 - 1.1760e+0 - 1.4486e-1
MaF8 15 3.0190e-1 - 1.2333e+0 - 4.1706e-1 - 1.2371e+0 - 2.3688e+0 - 2.2124e-1
20 2.3325e-1 - 1.3465e+0 - 4.1788e-1 - 1.4257e+0 - 2.4729e+0 - 1.9807e-1
8 2.1320e-1 - 6.3858e-1 - 1.1413e+0 - 7.5017e-1 - 1.3285e+0 - 2.0011e-1
MaF9 15 2.475%-1 - 2.8927e+0 - 3.2347e+0 - 4.3630e+0 - 9.7584e+0 - 2.1494e-1
20 2.1894e-1 + 2.3160e+0 - 1.2408e+1 - 6.1388e+0 - 1.4094e+1 - 2.3070e-1
8 1.6820e+0 - 9.6804e-1 = 1.0835e+0 - 1.1690e+0 - 1.1575e+0 - 9.6811e-1
MaF10 15 2.4986e+0 - 1.8702e+0 + 2.1548e+0 - 2.2544e+0 - 2.6502e+0 - 2.0362e+0
20 5.1385e+0 - 3.8970e+0+  4.2030e+0 = 4.5866e+0 - 4.8587e+0 - 4.2965e+0
8 1.4536e+0 - 1.0215e+0 - 1.0906e+0 = 1.3240e+0 - 1.2333e+0 - 9.5422e-1
MaF11 15 2.3996e+0 - 1.7867e+0 + 2.1668e+0 - 2.2007e+0 - 6.7236e+0 - 1.9039¢+0
20 5.1740e+0 - 3.4755e+0+  4.053le+0= 4.2372e+0 - 9.2570e+0 - 3.9263e+0
8 3.1801e+0 - 2.9701e+0 - 2.9661e+0 - 3.2141e+0 - 3.7100e+0 - 2.9596e+0
MaF12 15 9.0585e+0 + 9.2653e+0 - 9.1742e+0 = 9.7700e+0 - 2.5924e+1 - 9.1019¢+0
20 1.2864e+1 - 1.1796e+1 = 1.3780e+1 - 1.4774e+1 - 3.7433e+1 - 1.1716e+1
8 1.9081e-1 - 7.7252e-1 - 2.5367e-1 - 3.0729-1 - 1.3512e+0 - 1.2956e-1
MaF13 15 2.0695e-1 - 1.1801e+0 - 3.2082e-1 - 4.4275e-1 - 1.9050e+0 - 1.8201e-1
20 1.7420e-1 - 1.4142¢+0 - 2.9203e-1 - 3.86206e-1 - 22111e+0 - 1.5376e-1

+/-I= 9/30/0 7/30/2 4/28/7 4/28/7 2/34/3
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