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Improved angle penalized distance and adaptive reference vector based
many-objective evolutionary algorithm

ZENG Liang"?, XIANG Si-ying', ZENG Wei-jun®, WANG Jia-cheng®, WANG Shan-shan*-*, LI Wei-gang®

(1. School of Electrical and Electronic Engineering, Hubei University of Technology, Wuhan 430068, China; 2. Hubei
Key Laboratory for High-efficiency Utilization of Solar Energy and Operation Control of Energy Storage System, Hubei
University of Technology, Wuhan 430068, China; 3. School of Information Science and Engineering, Wuhan University
of Science and Technology, Wuhan 430081, China)

Abstract: In order to solve the problem that the existing multi-objective evolutionary algorithm is difficult to deal with
the complex Pareto front(PF), an improved angle penalized distance and adaptive reference vector based
multi-objective evolutionary algorithm (PDAREA) is proposed. An improved angle penalty distance strategy is used for
individual selection to efficiently reduce the conflict between individual convergence and distribution in the population.
The adaptive reference vector strategy can dynamically adjust the distribution of reference vectors according to the
change of the objective function, which effectively improves the problem of uneven distribution of individuals on PF.
Through the reference vector regeneration strategy, the ability and efficiency of the algorithm to deal with problems
with irregular Pareto fronts is promoted. Finally, the proposed algorithm is compared with seven mainstream algorithms
in simulation experiments, and applied to two practical applications. The results show that the proposed algorithm is
highly competitive in solving many-objective optimization problems with complex Pareto fronts, which can effectively
balance the convergence and distribution of the population.
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vector; Pareto front; convergence; distribution
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step 1: Py = random initialize(NV);

step2:t = 1;

step 3: while ¢t < t,,x do;

step4: @Q; = genetic operation(P;);

step5: P, = P, |JQy;

step 6: P;y; = environmental selection(¢, P;, V;);

step7: Vi1 =
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reference vector adaption(¢, P, + 1, V4, Vo);
step8: Vi, =

reference regeneration strategy(t, Py, V*);
step9: t=t+1;

step 10: end while;

step 11: return P;.
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step 1: for j = 1to NV;

step2: if N =n;

step 3: P, ; = ND — sort(P,) /*i&#AE AL
A * /;

step4: end if;

step 5: end for;

step 6: for i = 1 to | P;| do;

ft/z = fri— Zinm /* Hjﬁ{ﬁ%fﬁ%*/;
step 8: end for;

step 9: for i = 1 to | P;| do;

step 7:

step 10: k = argmax cost; ; ;;

P, = I, j|k = argmax cosf, ; ; /* M
I RIRIE*/;

step 12: end for;

step 13: dt,i,j:[1+M'(t ) Rl

max Vt,j
[* IR R BT A
step 14: for j = 1to N;

step 11:

072,50

k=argmind,;;, i=1,...,|Pyl;
step 16: Pt+1 = Pt+1 UIt,k /*\,%ﬁiﬁ?%%%*/:
step 17: end for;

step 15:

step 18: return Py ;.
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step 1: for i = 1 to |V;*| do;

step2: if P, ; == () then;

step3: forj =1to N do;
step4: upj < MN[0, 2] ERERLEFE—AME
step5: /* A PO IR HARE * /5
step6:  end for;
Uy
step7: Vi, = m;
step8:  else;
step9: Vi = Vil

step 10: end if}

step 11: end for.
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10 9.0250e-1(2.90e-4) + 7.657 4e-1(1.26e-2)— 8.9755¢-1(9.02e-4)— 9.011 8e-1(5.83e-4)= 8.7943e-1(3.23¢-3)— 5.364 7e-1 (1.67e-2)— 9.033 5¢e-1(3.07e-4)+ 9.010 7e-1(8.33e-4)
3 4.7119¢-1(1.18e-2)— 4.865 6e-1(1.26e-2)— 4.791 4e-1(1.56e-2)— 5.022 6e-1(1.28e-2) — 4.921 le-1(1.12¢-2) — 4.861 Se-1(1.92¢-2) — 5.0113e-1(1.18¢-2) — 5.064 4e-1(1.25¢-2)
5 7.3588e-1(1.01e-2)+ 6.697 0e-1 (1.72e-2)— 7.1658e-1(1.45¢-2)— 7.3602e-1(1.01e-2)+ 7.404 8e-1(1.33e-2)+ 6.070 5e-1(2.32¢-2)— 7.417 6e-1(9.48e-3)+ 7.322 le-1(1.14e-2)
WFG6
8 8.3959¢-1(1.74e-2)+ 6.6052e-1(2.53e-2)— 8.098 0e-1(2.14e-2)— 8.3422e-1(1.76e-2)— 8.454 3e-1(1.55¢-2)— 2.8657e-1(2.50e-2)— 8.538 8e-1(1.06e-2)+ 8.364 8e-1(1.89¢-2)
10 8.7612e-1(1.58e-2)— 6.996 7e-1(1.79¢-2)— 8.7723e-1(1.52e-2)— 8.6954e-1(1.56e-2)— 8.5894e-1(1.55e-2)— 2.8224e-1(1.57e-2)— 8.7732e-1(1.30e-2)— 8.827 Se-1(1.74e-2)
3 5.5687e-1(4.06e-4)— 5.569 6e-1(3.34e-3)= 5.4179e-1(3.59¢-3)— 5.5202¢-1(8.21e-4)— 5.4399e-1(6.41e-4)— 5.2493e-1(6.64e-3)— 5.540 1e-1(9.03e-4)— 5.578 7e-1(9.35¢-4)
5 8.0700e-1(6.27e-4)+ 7.2084e-1(1.18e-2)— 7.9569e-1(2.15¢-3)— 8.0244e-1(8.21e-4)— 8.104 7e-1(7.65e-4)+ 6.5823e-1(1.63e-2)— 8.0465¢e-1(8.38¢-4)= 8.040 3e-1(8.24¢-4)
WFG7
8 9.1933¢-1(4.37e-4)t+ 7.4132e-1(1.60e-2)— 8.9464¢-1(7.02¢-3)— 9.0318e-1(3.15¢-3)= 9.223 9e-1(1.11e-3)+ 3.667 3e-1(3.35¢-2)— 9.163 6e-1(1.17e-3)+ 9.033 8e-1(4.35¢-3)
10 9.623 4e-1(8.67e-4)— 8.000 5e-1(1.06e-2)— 9.655 5e-1(1.55e-3)+ 9.515 6e-1(1.88e-3)— 9.4303e-1(2.60e-3)— 3.5818e-1(1.26e-2)— 9.617 0e-1(8.87e-4)+ 9.5169e-1(2.02¢-3)
3 2.3779e-1(5.60e-4)+ 2.4108e-1(1.00e-3)+ 2.4325e-1(7.66e-4)+ 2.289 de-1(1.46e-3)— 2.3694e-1(8.69e-4)+ 2.3804e-1(6.16e-4)+ 2.3532e-1(8.77e-4)= 2.345 7e-1(2.50e-3)
5 1.8067e-1(1.66e-3)— 1.9133e-1(1.96e-3)= 2.0178e-1 (1.67e-3) + 1.7529e-1 (2.08¢-3)— 2.032 6e-1(8.87e-4)+ 1.8674e-1(3.72e-4)— 1.695 Te-1(1.47e-3)— 1.927 Oe-1(1.75¢-3)
MaF2
8 1.9116e-1(3.86e-3)— 2.377 6e-1(4.87¢-3)+ 2.093 Se-1(1.30e-2)+ 1.6842¢-1(4.09¢-3)— 2.3558e-1(1.46e-3)+ 2.0708e-1(4.53e-4)+ 1.7765e-1(1.78e-3)— 2.0302e-1(3.79¢-3)
10 1.9212e-1(2.29¢-3)= 2.2315e-1(5.19¢-3)+ 1.828 5e-1(1.22e-2)— 1.6734e-1(7.43e-3)— 2.181 le-1(1.95¢-3)+ 2.1072e-1(3.75e-4)+ 1.8209¢-1(1.96e-3)— 1.929 6¢-1(4.49¢-3)
3 5.5895e-1(2.23e-4)— 5.0317e-1(6.89¢-2)— 4.9589e-1(1.39e-1)— 5.595 5e-1(4.86¢e-5)= 4.667 7e-1(1.09¢-1)— 4.558 le-1(1.36e-1)— 5.552 6¢e-1(1.81e-3)— 5.5949¢-1(3.97¢-4)
5 8.1169e-1(8.98e-4)— 6.8669e-1(1.24e-2)— 7.9553e-1(3.17e-3)— 8.121 8e-1(3.40e-4)— 8.1242¢-1(9.33e-4)— 4.5889¢-1(1.32e-1)— 8.070 8e-1(1.34e-3)— 8.1321e-1(2.27¢-2)
MaF5
8 9.2511e-1(4.26e-3)+ 7.2822e-1(2.11e-2)— 9.014 6e-1(4.27e-3)+ 8.9857e-1(2.17e-2)+ 9.257 2e-1(6.70e-3)+ 3.608 Se-1(9.64e-2)— 9.161 6e-1(1.79¢-3)+ 8.962 3e-1(3.26e-2)
10 9.719 6e-1(2.26e-3)+ 7.8500e-1(1.18e-2)— 9.566 8e-1(2.47e-3)+ 9.522 1e-1(2.40e-3)— 9.6544e-1(1.11e-3)+ 4.257 0e-1(4.82e-2)— 9.6009e-1(1.45¢-3)+ 9.532 7e-1(2.16e-3)
+)— /= 12/17/3 4/28/2 7/25/0 3/19/10 11/20/1 3/26/3 9/21/2
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3204 = % 5 *x K £39%
2 2L M E - — vk
%2 SMESEERMNGHREE IV PE S e
@ M MOEAAAD CMOEA_MS KnEA RVEA GrEA MOEAD SPEA-R PDAREA
3 1.8291e-1(7.15¢-4)— 1.9738e-1(1.40¢-4)— 1.9191e-1(3.75¢-3)— 1.5604e¢-1 (7.89¢-3)— 1.811 1e-1(8.98e-4)— 1.8187¢-1(9.51e-6)— 1.8260e-1(2.99¢-3)— 1.982 9e-1(4.32¢-3)
5 1.1348¢-1(3.58¢-3)+ 1.396 le-2(6.14e-3)— 8.7558¢-2(5.89¢-3)— 1.0519¢-1(3.05¢-3)+ 9.898 8e-2(7.54e-3)+ 1.2724e-1(3.11e-4)+ 4.3902¢-2(2.35¢-2)— 9.376 0e-2(3.46¢-3)
DTLZ5
8 9.5800e-2(1.13e-3)+ 0.000 0e+0(0.00e+0)— 7.928 2e-2(1.64e-2)— 9.0955e-2(2.21e-4)— 6.741 1e-2(1.14e-2)— 1.042 Te-1(4.55e-4)+ 7.788 le-4(1.75¢-3)— 9.459 0e-2(2.44e-4)
10 8.414 2e-2(5.40e-3)— 0.000 0e+0(0.00e+0)— 3.9504e-2(2.82e-2)— 9.088 1e-2(1.40e-4)+ 5.200 0e-2(1.70e-2)— 1.000 7e-1(3.13e-4)+ 0.000 0e+0(0.00e+0)— 9.073 8e-2(3.55¢e-4)
3 2.7000e-1(8.29¢-4)— 2.7305e-1(2.01e-3)=  2.7307e-1(1.10e-2)= 2.639 8e-1(1.63e-3)— 2.6154e-1(1.45¢-3)— 2.5350e-1(1.21e-2)— 2.692 0e-1(9.08e-4)— 2.747 8e-1(2.35¢-3)
5 2.5851e-1(1.53e-3)— 2.1407e-1(5.41e-3)— 2.606 0e-1(3.42e-3)— 2.1753e-1(3.83e-3)— 2.602 6e-1(1.32¢-3)— 1.4380e-1(1.38e-3)— 2.4869¢-1(2.30e-3)— 2.771 4e-1(1.18e¢-2)
DTLZ7
8 1.9204e-1(2.94e-3)— 4.5187e-2(2.23e-2)— 1.3375e-1(2.96e-2)— 1.523 5e-1(2.07e-2)— 2.332 0e-1(4.07e-3)+ 3.3305e-3(1.28e-2)— 1.5432¢-1(2.04e-2)— 1.697 9e-1(1.87¢-2)
10 1.7514e-1(6.13¢-3)+ 5.6702¢-3(8.11e-3)— 9.1855¢-2(3.15¢-2)— 1.408 7e-1(1.84e-2)— 2.2073e-1(1.58¢-3)+ 1.2803e-4(4.39%¢-4)— 1.4454e-1(9.14¢-3)— 1.6172¢-1(1.23¢-2)
3 9.4012e-1(4.84e-3)+ 9.2768e-1(5.63e-3)— 9.287 7e-1(3.87e-3)— 8.390 7e-1(2.87e-1)— 9.103 le-1(7.00e-3)— 9.025 4e-1(1.30e-2)— 9.301 4e-1(4.19¢-3)— 9.366 Se-1(2.20e-2)
5 9.8614e-1(2.04e-2)+ 9.8765e-1(1.71e-2)+  9.9306¢-1(1.61e-3)+ 9.8749e-1(2.03e-2)+ 9.7289e-1(5.49¢-3)+ 9.437 5e-1(1.73e-2)+ 9.9853e-1(1.89¢-4)+ 9.019 7e-1(4.64¢-2)
WFG1
8 9.9141e-1(2.01e-2)— 9.953 5e-1(1.05e-2)— 9.9468e-1(2.05¢-3)— 9.9654e-1(1.01e-3)= 9.7723e-1 (5.27¢-3)+ 9.328 2e-1(4.05¢-3)— 9.996 6e-1 (4.71e-4)+ 9.968 4e-1(7.03e-2)

10 9.962 2¢-1(1.57¢-3)+

9.771 8e-1(5.03¢-2)—

9.979 0c-1(1.04¢-3)+

9.970 Se-1(4.84¢-4)+ 9.879 le-1(2.75¢-3)—

9.3710e-1(3.17¢-3)—  9.999 3e-1(8.35¢-5)+

9.928 0c-1(2.11¢-2)

3 9.3495e-1(7.76e-4)+ 9.1062e-1(5.75¢-3)— 9.2672e-1(3.31e-3)= 9.2692e-1(1.33e-3)= 9.208 7e-1(1.86e-3)— 9.091 6e-1(6.43e-3)— 9.288 6e-1(8.17e-4)+ 9.251 Oe-1(1.58¢-3)
5 9.9305e-1(7.94e-4)y+ 9.8186e-1(1.95¢3)+ 9.9272e-1(1.02e-3)+ 9.904 7e-1(1.86e-3)+ 9.702 5e-1(2.89¢-3)— 9.565Oe-1(3.14e-3)— 9.944 Se-1(7.54e-4)+ 9.775 8e-1(2.52¢-3)
WFG2
8 9.8784e-1(3.02e-3)+ 9.8393e-1(2.22e-3)— 9.9462e-1(7.85e-4)+ 9.824 3e-1(5.08e-3)— 9.782 6e-1(2.75e-3)— 9.3608e-1(5.19¢-3)—  9.966 2e-1(7.11e-4)+ 9.853 9e-1 (5.34e-3)
10 9.903 Te-1 (1.86e-3) + 9.878 Se-1(1.54e-3) + 9.9574e-1(1.14e-3)+ 9.8313e-1(4.45¢-3)+ 9.868 7e-1(2.18e-3)+ 9.3702e-1(5.38¢-3)— 9.961 2e-1(7.55e-4)+ 9.7252e-1(6.17e-3)
3 4.7580e-1(1.12e-1)— 5.058 Oc-1(4.88e-3)— 4.942 5¢-1(1.90e-2)— 4.7319e-1 (6.09¢-2)— 4.787 le-1 (8.35¢-2)— 4.8332e-1(1.02¢-2)— 3.0729e-1(1.58¢-1)— 5.170 2e-1(1.11e-1)
5 9.9088e-2(5.10e-3)+ 6.645 le-2(7.17e-3)=  1.1870e-1(4.37e-3)+ 3.349 0e-2(1.65¢-2)— 1.2162¢-1(2.85e-2)+ 7.688 7e-3(1.96e-3)— 2.190 le-2(1.78¢-2)— 9.015 7e-2(3.40e-2)
MaF4
8 4.1113e-4(2.50e-4)+ 1.547 6e-4(T4le-Sy+ 1.9258e-3(2.95e-4)+ 1.4095e-5(1.57e-5)+ 5.2770e-3(L21e-3)+ 3.4229e-6(4.97e-7)— 4.094 6e-4(4.12e-4)+ 7.4569e-6(4.12¢-6)
10 6.0165e-5(3.12e-5)+ 2.876 6e-6(1.36e-6)+  6.663 5e-5(1.91e-5)+ 2.9729e-7(5.88e-7)+ 6.023 1e-4(1.88e-5)+ 2.9453e-8(6.32¢-9)— 1.1108e-5(2.26e-5)+ 9.499 9e-8 (1.87¢-7)
3 2.6841e-1(7.19¢-3) + 2.6870e-1(1.18e-2)+ 2.7447e-1 (7.77e-3)+ 2.6310e-1(2.32e-3)— 2.603 0e-1(6.22¢-3)— 2.5353e-1(1.21e-2)— 2.690 7e-1(1.17e-3)+ 2.667 3e-1(3.16e-3)
5 2.5771e-1(1.68e-3)— 2.1575e-1(5.73e-3)— 2.6257e-1(3.20e-3)— 2.1953e-1(2.99¢-3)— 2.664 9e-1 (1.49¢-3) - 1.437 Te-1 (1.64e-3)— 2.484 Te-1(2.42¢-3)— 2.710 2e-1 (1.50e-2)
MaF7
8 1.9259¢-1(3.11e-3)+ 4.8508e-2(2.03e-2)— 1.3375e-1(2.11e-2)— 1.513 5e-1(2.45¢-2)— 2.320 5e-1(6.22¢-3)+ 8.920 7e-4(1.80¢-3)— 1.546 8¢-1(2.30e-2)— 1.883 3e-1(1.92¢-2)
10 1.775 le-1(8.45e-3)+ 6.0978e-3(8.13e-3)— 1.0065e-1(2.16e-2)— 1534 6e-1(2.02e-2)= 2.2114e-1(1.30e-3)+ 2.786 Se-4(8.41e-4)— 1.463 Oe-1(5.40e-3)— 1.5423¢-1(1.27¢-2)
3 2.4608e-1(4.52e-3)— 2.726 5e-1(5.82e-4)— 1.7344e-1(3.47¢-2)— 2.378 9e-1(3.06e-3)— 2.597 8e-1(2.06e-3)— 2.5257e-1(1.90e-2)— 2.731 6e-2(6.83e-2)— 2.742 2e-1(3.26e-3)
5 8.6741e-2(3.5%-3)— 1.2598e-1(3.69e-4)+ 1.1782e-1(4.90e-3)+ 7.857 6e-2(5.25e-3)— 1.1579e-1(8.71e-4)+ 1.1532e-1(1.41e-3)+ 1.0266e-2(2.33e-2)— 9.934 8e-2(4.38¢-3)
MaF8
8 1.6042e-2(2.22¢-3)+ 3.0614e-2(2.10e-4)+ 2.801 5e-2(1.29¢-3)+ 1.321 0e-2(1.68e-3)— 2.759 6e-2(4.51e-4)+ 2.2227e-2(3.21e-4)+ 5.609 8e-3(5.67e-3)— 1.522 5e-2 (2.46e-3)
10 5.3525¢-3(5.47e-4)+ 1.113 6e-2(1.04e-4)+  1.0456e-2(1.42¢e-4)+ 3.8653e-3(7.43e-4)— 9.623 6¢-3(1.33e-4)+ 6.9574e-3(7.37e-5)+ 2.4087e-3(1.70e-3)— 4.8257e-3(7.80e-4)
3 8.3424c-1(1.48¢-3)= 8.3084¢-1(1.97¢-3)— 5.5180e-1(1.10e-1)— 8.263 Oc-1(4.00e-2)— 5.553 2¢-1(1.72e-1)— 8.098 0c-1(2.10e-2)— 5.031 5¢-1(5.40e-2)— 8.348 0e-1(8.58¢-3)
5 2.003 6e-1(4.69¢-2)— 3.2627e-1(7.48e-4)+ 2.0160e-1(4.10e-2)— 2.3712e-1(7.78¢-3)— 5.168 6e-2(3.50e-2)— 3.0950c-1(5.85¢-3)+ 7.946 6e-2(3.99¢-2)— 2.427 5e-1(1.27¢-2)
MaF9
8 1.7700e-2(6.33e-3)— 4.448 7e-2(4.70e-4)+ 0.000 0e+0(0.00e+0)— 1.7422e-2(3.12e-3)— 8.2418e-3(1.41e-3)— 4.1562e-2(2.76e-4)+ 2.0759e-4(6.04e-4)— 2.816 8e-2(2.69¢-3)
10 8.3787e-3(2.75e-3)+ 1.7329e-2(1.23e-4)+ 2.0609e-5(9.22¢-5)— 5.489 2¢-3(1.43e-3)+ 2.5706e-3(4.83e-4)— 1.4239e-2(3.35¢-3)+ 2.2619e-3(1.53e-3)— 5.321 7e-3(1.05e-3)
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4.1

DU FT~F- THI 7 42 173 @ (four bar plane truss problem,
FBPTP) s T2 /7% o DL I ) . % n] /A 6 4™ %
THAR &, R RE L AR AR % L 7 AL B SR
ZIT AR LA S NSz . AN B/ MG H bR

B K73 3l R DU AV T AT SR AR o AR

#3457 PDAREA %5 8 M SR0VAAE DU FT-F 1 #7
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] 41, PDAREA SRS T 48 2 i I 45 5, A T SPEA-R.
SR 5, PDAREA 7E 4b BE PO AT ~F T M7 22 1) 75 s L

*®3 STEIAAFBPTP IR LA HV FHESIREE

ik

HV

MOEAAAD
CMOEA_MS
KnEA
RVEA
GrEA
MOEAD
SPEA-R
PDAREA

3.8374e-1(2.64e-4)
4.0857e-1(3.27e-4)
3.698 9e-1(5.53¢-3)
4.074 9e-1(7.38¢-4)
4.006 2e-1(2.56¢-3)
5.306 5e-2(4.34e-5)
4.102 2e-1(2.33e-4)
4.096 9e-1(1.45¢-4)

4.2 GREMmEALE )

75 4 M) TH] AL 458 () #T (car side impact problem,

CSIP) 7832 N TR AT b, ) @A 7 4%
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B REGE 1 T e Al 2R s N s DL R T
g 3B /MG H bR R A IR ) A ofe
B2 BN A FL S TFNV K Fr A 52 ks A7 AT 1125 T

M2 4 0] LLF B, R T VR 25 T Ak g e R
CMOEA_MS B L3R5 T S b (sS40 25 2R, H kN
MOEAAD, PDAREA i 4 % 3, b J5 #& RVEA . KnEA.,
SPEA-R. GrEA, MOEAD 3813 T # 22 [ S 56 25 3. AH
BT Hofdoof b 8295, PDAREA G688 45 S0 it ik 4
A T Al 42 i) R

F4 STERACSIPE)@ LI HV EHESHREE

Hi% HV

MOEAAAD 2.5521e-2(1.91e-4)
CMOEA_MS 2.619 5¢-2(3.01e-5)
KnEA 2.476 9e-2(6.21e-4)

RVEA 2.483 6¢-2(3.37¢-4)

GrEA 2.2747e-2(3.13¢-4)

MOEAD 1.054 0e-2(2.33¢-4)

SPEA-R 2.297 8e-2(2.39¢-4)

PDAREA 2.503 3e-2(2.54e-4)

5 & #®

BP0 ILA 2 H bk b S0 DL AL 3 5T 2% Pareto
TV (1 ) 8, A SRR T — b R T St A A
PE BRI H & N2 % W B 4E 2 B bk Bk
(PDAREA). ZHIELE H AR A1 H AR 3 5 o i 2
2 1) 2t 38 3 R 2 SR WK P e R T AN ) B 5 3L
Je i/ S F b T BT A, Bt i
oSG A P A 5T P S S T DU BB 4 s A
2% [n) FE I PF, B8 A R0 4 RF = 4k B x 2 [a] H
FhEEAMASC SO 5 7 A 1 2 TR P18 50 R IR R 45
YERE R AR NMEIEN T — . S F S B ENK S
AR SR BB {8 VR AR SR 14 1) R AR B 1 3 8 P
22 W) B, A AT AU PF TSR AS BRI £ & 2% 1) 751, A
M2 B BRI SR A MERE. LAk, 78 SEBR TRE B A I 5t
W, PDAREA £ HLHH T R PERE.

AR HTHR A IE AR LIKSES 5
S H BN E. X T B A5 R0 i ) 7, 1%
BEEMNSH B S %m0 T MR PR G
SRR, DR, 78 J5 22 AR, el AR S A (R PR 1 i)
B TH S i A R SR A2 B FT I E AL A, AR
SRk T 222 ) ) 5T AR A Pareto HITVR A 2 74 1
AR SR SR T T 2 —
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