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A multi-objective evolutionary algorithm based on adaptive aggregation
distance

ZENG Liang"?, ZENG Wei-jun*?, LI Yan-yan'?, QUAN Rui*?, WANG Shan-shan*!

(1. School of Electrical and Electronic Engineering, Hubei University of Technology, Wuhan 430068, China;
2. Hubei Key Laboratory for High-efficiency Ultilization of Solar Energy and Operation Control of Energy Storage
System, Wuhan 430068, China; 3. Xiangyang Industrial Institute of Hubei University of Technology, Xiangyang
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Abstract: The conflict between convergence and distribution of population will intensify when the dimensionality of
objective increases. The selection operator of the traditional multi-objective evolutionary algorithm is difficult to balance
the convergence and distribution of the population. To solve this problem, a multi-objective evolutionary algorithm
based on adaptive aggregation distance (MOEA-AAD) is proposed. Firstly, the reference point dominance relation is
used to replace the original Pareto dominance relation to increase the selection pressure and strengthen the convergence.
Then, an adaptive aggregation distance is proposed to adaptively adjust the ratio of convergence and distribution through
dynamically changing penalty parameters. Finally, a method with a deletion operator is designed to improve the niche
selection strategy, and the selection and elimination operation are carried out according to the value of the adaptive
aggregation distance. In order to prove the optimization performance of the proposed algorithm, it is compared with four
other excellent multi-objective evolutionary algorithms on the test problem and applied to two real-world applications.
The simulation results show that the proposed algorithm has better comprehensive performance, which can effectively
balance the convergence and distribution of the population.
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the RV 2 2 H AR AL A (MOPs),
LAt /K ZE T 1 BEDT A 8 2 O 4, % H b R4 AT
FEAEAH B R8 , HAS B e — A AR A 2
RE [l BT H A U AR R S — AN B 2 B AR
ANBOEEE 3, B 4E 2 H A 8 (MaOPs).

BAR— LM RE R 2 H pr 1L 5V (MOEAS)
WINSGA-II™, MOEA-PPFDI B8 1R i 3 4b #E MOPs, {H
TEAC B 4t 22 B ARRAL m) BRI AR AN, 32 25 R 2
BE & H br e B 3, 4B T ) H bR E s £,
HEARTEFEE R BT 5 L E 2RO K, B
RV R 4E 2 H AR )R 11 555 2R B R 2 I SR
TR S VR RS 48 Hoh SO B AR A B
PRAIE, 595 1 1 8 R B& ™ 5. JE T Pareto CHL KR R 1
B SR 2 0 A A o LANSCSR L 43 A7 1 Xk DA 4
.

R R DA B A R A FE N 51 AN [N R 22
H bR BB VR AT TR AN, 3% IRE AT I 4 55K
AN AN KA E 1R T X RN
EARTS I P REIR SV IS A W E YR V2
I E, Hehbr N B B2 KRR T o2 B
gk A B, A% O A 0 2 5% ) B R0 43 il 7 VR I
i, il MOEA/D FINSGA-II!Y, J5 K A /b 2 35 3L 1
MOEA/D HE 42 3 AT i 5T F 3R A5 1 BR AR 1 R R 0120,
BAR LR BE ] AR 8 AT 3l B, (H i = X6 A
HIH R IR E TR 2 H st L E
%, i CDR-MOEA3 il MaOEA-IBP!!, 3% 28 54 5 1)
TH R A 1, A DA BRI B0 0IE 25 T 2R 4 R IR A TN
% B ARk A, B W A B 22 00 7 B A S B
4k, i SDIEAS] F1H-RVEAL'®).

BT 22 5 NSGA-IIL % 208 1 #43 Pareto
I PRI VAT S0k, T T v 4 1) BT S5k = A2 08 (1) 3 % I
77,5 A 1 (R 447 e 70 AR B AN R TSR e, S T
A R B S SA E 5 0 A E, AR SC T 28 NSGA-IITL ]
FEZL, 32 5L T HE N R A BB 1 2 H bs kb R
(MOEA-AAD). H 1, &1 X} Pareto Sz it HL 1 () 3% ¢ &
JIE T (0 10) R, SR P — Fh 2 2% i SO J7 2O F A
AT SR 4y, AR SRR 7). FE R BRI B 5
AN HIE N R A S RREN S8 N
BRI B T R SRS, AR B O B 5 A R B B R A
A, SR FH 22 Fofii i iR 50 DA B SIZ o I FH i) AR B 3
ITEAIE, I 5 2 AMLF5 1 2 H bk Bk 47 X L,
45 AR W MOEA-AAD Hk B S IF 2R & It BE.

| EPS
1.1 ZEMFRMLEEIERE X
— RGO, 2 Bk Il B Fee Rk an
min F(z) = (f1(z), f2(2), ..., far(2))";
s.t.x € £2. (D
He = (21,20, 2,) " NRR AR, 2 NRFA
[f], F(z) — RM Am4E BArek %, RM 9 H bR (a].
1.2 PBIRAEH
5t 5 ) 22 X7k (penalty-based  boundary
intersection, PBI) |z M. F T 2 H br LAk 43, % 27
NZF N &, F(x) A B s &, PBIE G RECH

d(z) = di(x) + 0da(x). ()
Hrp
| F(x)27]]
dy (z) = <1, 3
0=z )

M@—Wm—mwgw, @)

dy NI IR S, do TR ELER RS, 0 A TE T S 40 PBLE
FRYSE 5T A2 TR TS dy AN dg, AP BT ICSIE 5 70 A .
13 ETSESMXEXR

222 SR B — il 1 B¢ 5 Pareto S E AN
BT i AR BB Y SO O R 7% mSCIC R AE )
e X T4 E AR o Fly, R 2 Xy, I8N
@ <gp y, W T L LT Sf 2 —

1) = Pareto it y.

2) x Flly ) Pareto 55 2 AH 5%

ORP(z) = RP(y) I H di(z) < di(y);

@RP(z) # RP(y),di(z) < di(y)HH

RP Density(z) < RP Density(y).

KIEI1Z7%5 5, RP Density(r) &7~ 5 RP(2) # K BL
MAEEIZCH, RP Density(y) 785 RP(y) AH B4
PRI H, BB R, R T 2% Sl R R
A 41 W] 2SR [19].
2 ETHENREGEBNZ B BRHEE
2.1 BUERVE{FIEL

T L 22 H bRl R AU St S 4
A, AR SCRR LT G N R A IR S 2 B At
%, BRI B PR,

E3(1 MOEA-AADHAAHEZE.

N PR N, 225 )5 50R N, B FR4ESL M,
B RIEAR KB T

i P P
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step 1: random initialize (IV);

step 2: reference points generation (Ng);
step3:t=1;

step 4: while t < Tp, do

step5: P’ = mating — selection (P);
step6: @ = genetic operation (P’);
step7: S=PUQ;

step8: P = environmental selection (5);
step9:  t=t+1;

step 10: end while

step 11: return P.

5, BEALAE B RN 9 N IR RE P SR )5, H
AR Pt o 0 A% A A AR R Q, & R F
AR AHEAT M1k 5 f i, 1k HE L R M HEN TR —
R EE LR BRI L b S5 DL £ R
WA B B A% A5 L SCHIR (107, N T B R/ 4R 30 5
e S LAY
22 IRBEIEIR

MR PN L 2 PR,

B2 Mk

BN VRN N, SIS

itk FhEE P

stepl: (Fy,Fs,...) = NPD-sort(S) /* NPD-
sort(S) NZ HARSCRCHEF?, BAR S WOCHR [19]1%/;

step2: Sy =9,i=1;

step3: while S; < N do

stepd: S U F;
step 5: t=1+1;
step6: end while

step7: Wa—JEN F, = F;;
if |S;| = N| then
return P

step 8:
step 9:
step 10: else
normalization(S) /* H—f{b# A */;
step 12: MG FJZ FIEFFH ME K = N — |P);
step 13: BUMERIIMAY = F, — K;
step 14:  [w(s),d(s)] < association-operation /*
RIKERAE, 7 (s) WK s T RBR B R B S E K 526
IR */;
step 15:

step 11:

d(s) = di(s,m(s)) + 0 - da(s,w(s)) /*
FIE RN R A, P IR L 2.3.1 45 #/,

step16: P <« novel niche strategy /* 253k /)N
B OR B AN VR P IR L 2.3.2715 %/

step 17: end if

step 18: return P.

5, M T 22 AR SR HE P2 S BNk
BEAT SR 7, PR B — S BN TN I IR e
Sy, HES, > NAE F AW ZE, 4 S| = N,
VLR i I R RE Sy ARAE TR —ARFRRE P34 Sy > N,
¥ Sy /B EIET L — 1R MRS — A3 P b,
PR AR R T B & B 2R A E 2 (adaptive aggregated
distance, AAD) AT e %, N Fy /P ik K = N —
|PIMAMELREE 2T — AR, SRJE X S, #EAT I3 — L4
B, FERICERAE b BRI B R A i/ AAD )2
F il b B R PAT SO /) AR SR B R AR, AR B AR
MIANMA. B Ot BN A S5 IR B R A, L MRE P I
MEBLEFIN.

23 ETHENRESESNBERIER

AR SCHR Y — RS S 20 3% 3R, 5 PBI 5 VAR AL,
IS T dy B do PIAN BE RS AT A5 HH 2R B R s A 5
SRR 22 807 1R 250K L T 5 ) 4854 D, 2 1 1) it
AR PR AN RO E AL (0 S5 IR, XM IS 2 1 A Akt
o EILARS 22, 12 1T PR AR B2 IS SOPE 5 A . AR S
FIN BN ) 3R BE S, R BEA R A v 3 N 1 4
AT T, LAk B A WSl Aoy A v R L. 5348,
e I e 4 2 [ B AR A, SR FH 3 T /N A B ) e 5 5 7
NS Bl = PR VA S S o SRR/ NN
AR 36 36 v IR 45 A
231 BHENRAEH

PEBS dy /N TR S SR I L, T PR S o B
TR AT RRAY. Oy 1 SEAE WS 5 o A T
T SE B R AT 2, AR /N AR S OR B 1A b 5 — g [
2% RR SIS B AN 7 A1 15 B ER B R 8, SR e g
B A MR S H L) 1 HLEE .

PBL U7, 24 0 ¥ & B it R sl /NER ] fg S
VA RE ™ R . 0 B9 2 R H — Ak
F2, AT 52 M0 B892 O 2 AT O 200, STk [20]1 45 e, 1 T
T — Ak AN 52 1, 2 T PBI E & 10 £ H Arit b 5
ER BN OE O > 0) Bk 40— e
AR UK, RSB EPBIFISH 0k B
TN, L P e AT e, (B A A de /s T BRAEL, T HL
M PEA T I 0 75 278 73 7% 18 E SRV TR, R R
ToebR gl F8 b T S HCE S S o A
PR — A SRBE R 2. 24 0 15 9 5 I, BEAR M 4~ i dic
SHPE 5 A e, AT A6 A5 50208 B I AL ROR, IX 2
MOEA/DPVHI §-DEAPT 1R 6 = 5 JE A

SR, 20 (2) Mok fA2 O FE BRI AR 2 B 4%
TRFFANAR, IX 25 P BRI B A A AE LRI 226 7
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[Fa) . WSCSSCE R A e 1 B S 8 o A AL ik AR 1T
T AR A AEREAC Y, H T MRS A BN R, B
T2V R T i AT SO S A A T DR A& ST P 7 34 R 30,
KA Bl AW 8L R PF b, 75 2205 7 A M A8 Fh
T S0 LR WV TR b 20 A TR, i, AR Y — A
EPCIVE Sy S S v W

d(z) = di(z) + 0d2 (), &)

|l

0(t, Z;) = & - eTmn 1231l (6)
Hrb:j e {1,2,...,N}, M A BEFNE, ¢ 24 ETER

UREL, Tnax NERIERIEL, 6 9 H 7€ IR 7

1 =X (5) F1(6) W 0, B & H AR A% M 1SR, B
A2 ) i R B ) - XA 3 O, AR TR 4 i
[, JU) 75— AN T K 6, A4S AN A S 10 0T B (1) 2 2%
Ji 1A
232 ET/PNEBKERESEIKEE

AT R — ik £ 5 IR T SR T kK
T NSGA-II H /A= 55 0% B SR B 1R A% 0 S AR /N
5 VR IR AR X N AR A B 3R AT, VA 2 /5
K MY A&, B3 MARE I Fy JE e A0 IR A
B HBEREE+Y = |Fl BE 4k < KMy <Y
Iy, M B 55 11 € BT SN INVESEUN 28 R
Jmins 25 [ Jnin| > LWBENERE—DNSHE R 1 € Gunins
IRJE, R 512275 R SCER /M, I #2 2A B
/N AAD {H (1N, B 8 d /s d A AN, RIS 5%
pi, ML WRAH Rk < KMy < Y, AT EIKE:
1E, M B A i K AAD B /M. 258 — IRTE 3 )5,
it K AR A I HIEIRY N RIA AN,
PAG SR, — AN R AR A, T 540 i 4 et 0> A 2
HIEM: k= K, NFR O 58 s R e s S0,y
MR IR, HRAME BN T — LR
PR WL EVE 3.

BiE3 BTN R S IR

HIN:K,Y,S;,s € Si,d(s €Sy);

o — AR Py

step 1: THE /NS H

pi= Y (m(s) = 4)?1:0);

sES
step2: k=0,y=0,K+Y = |fi|;

step3: while k < Kandy <Y do

step4:  jmin = {J : argmin p;};
— ]GZ
step5:  j1 = random(Jyin);
step6: I, ={s:7(s) =7j1,5 € S}
step7:  Piy1 = Prg (s : argmind(s));
s€ly
step8: p;;, =p; + 1

step9: k=k+1;
step10: while k < Kandy <Y do

Sep1l: e = {j : argmax p;};
B jez
step 12: Jjo = random(Jiyax );
step 13: I, ={s:m(s) = jo,s € Si};
step 14: Sp =8\ (s:7(s) = J2,8 € Sy);
step 15: P ="prn—1
step 16: y=y+1
step 17: end while

step 18: end while
step19:ifk = K
step20:  continue
step 21: else
PR HIMAR] T —ACUMHE Py

step 22: end if.

BT HE N IR A BB AR Sk FE AR & 1B
AR ON T S WAz R, SR S A ) AT
. B S0 a ~ (R IG FZ F S RAME, 2
BRERHT L — 12 HIME, Zy B Zy NS 52, MRERI
AR T Ry M Ry XA BB E M ik
PN MR EEIRANDN MR B K = 2,Y = 4. B
BAT U EERAE. N LB 2 2L - 1R S 54
PR HE IR BR, T Zo W 55 6 AN AR SR IR, PR ik £ HAy
/ANVNEBE X R, Hefra b M e H AL T Ry o,
73l tH EE AT AAD, AN b BA /) R B 4E, BRT Ut
Wk kN TR — AR, I B IX 3 Ry /N AE B HOIN
1, [RIAE R — IR B A o A5 &AM A b, SR 5
AT IR ERAE. G ad PR AF ), A XA 5 A1 R 1Y
N H 6, BT AR AL %6 42— X ek, (R BEE ¥ Ry X
B, 1% LA 3NN L e 5 £ WK R SOk HIE R
REERMEL IF R SR E A H 8. T
RFFIGHAT R FEERAE, (1 TP XA 5 AR A /N A=
B34, Bl AL £ — AN DXL A7 0 1 X I Ry, U B AT
NER A MR e Bk N — AR Y. 5, i R
it B 2 AR EEN T — AL

step 20:

A
A « BIE
R1 o i l -1 E
ald .
o b e . /
c
0 /o° d®. R, Z,
o o
wo o f°
|—0 ~ o
—>
0 /2
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24 HAEBZRESH

ARSCEIE S 2% S 2 BRI M B ik Bl 78
L XSRS 2N S B ARYE R M RREE, FE SRR 15
U, BN A SRS, 255 i 3B ARG HET (%2
U E RN OMN?); H— b #fE (k2
FHUAT) I EE BN OMN); REEEAE Bk
24T EERENOMNH), Hik3 ik
HE R /N AR S5 LR B SRS SRR T L R T B R R
O(MN?). 254 UL Ly i, 515 MOEA-AAD 15 1T —
R EM BRI R E R 2 O(MN?).
25 W it

IR NATTEE T AN 2D T NSGA-III AE 42
[ et BV, I Ak 4 AT 9F 18 1 MOEA-AAD 5 AR-
NSGA-II221, 9-DEA ) 57 [F]. 3 Fft 55035 1) de KAHABA A
NFEAE— I 5 3 A (R 22 AR T AL, I HATR
A SCHCHE P X Pl B EAT S5 2K 4

1) MOEA-AAD 5 AR-NSGA-III ] Lb ¢ — % [F]
FER /N AR B O30 SR (BB A TR B LA [F). A
H A LR S R IR A, S A 1B R R T
Fy RAMA )35 36 5515, MOEA-AAD % Fif AAD #5533
FT1PAS, 117 AR-NSGA-IIT K FH 2 HLHE 5.

2) MOEA-AAD 5 0-DEA () b %5 P Fh 5532 [7]
FE SN T BE B A R AN 1 PR AL A 5] 2 Ak
7&: MOEA-AAD [ 1E 1l Z 8 Re g b 5 AL FE 3 4
VAHE, 7 0-DEA N2 [ 52 1. 6 R4y 2 1975 5K, 11
R 225 mi 3L, 1 G 2 R 0 S RC kAT

3 SEREST

NI IE BT B H SR 0 RO, S R ik R
DTLZ?!, WFG24 #l MaF®] =% 4 ()£ H br it
A BRI o B SR AT O LS, M TR R S
27 P RE L 10 2 B bRk VS AR-NSGA-TTTP
MultiGPO*°],  CARV-MOEAP7 1 §-DEARY #f 47 %}
bL, 3EAE 2 H bR HEAL 61 PlatEMO™S) | 34T S8
31 XWEE

1) FPEEFLAL. NSGA-III. AR-NSGA-III 25 5 3%
{10 Foft 0 RRASE 5 35 3 0 A R B [l B 0. H AR A3
N {3,5,8,10, 12}, 73 5l X 87 ) Fh AL AEE Sy {91, 210,
156,275, 364}.

2) L E TSN E. XXM p, = 1,L 7
R p,, = 1/D, D NPRFE AR YE R, 38 IR 51997
WS90, = 20,1, = 30.

3) WE AL, B FELE I R R Ak sy
BT 204K, K H B YK TR 5 % (1) Wilcoxon FEFIAS
56 %} S G HEAT Hh AL

4) PERETR bR, oK AR AR E B IGD A A4 AR
HVBO S BGIE S R Sh e A o3 A k.

5) X LS S 30 B MultiGPO 13 & £
¢ = 30; CARV-MOEA & [H 72K o = 2,55
] & G R f = 0. 1;0-DEATE T 2400 = 5.

6) % 4 1k % AF. XF T DTLZ 1 WFG & %1 7]
T, BR BN L (FE) ¥4 40 000; % -1 MaF £ %1 1]
5 8 H br i) B 80 000, 17 10 A1 12 H A fil 231 )]
A 140 000 F1200 000,12 TR ECN T = FE/N.

3.2 LWLERSH

# 1 A DTLZ 1 WFG £ 5113 8 £ 1) 1GD ~F- )
(BRI bR e 22 G it 25 B, R I AR 1 45 S ML AR 7 3%
IRR I 7 =7 “=7 R RIRER G B R 5
BEMRT BES T LHEMS T MOEA-AAD.
F 1] LLE H, A STREALE 84 AN ik s 491 Hh 3Rk A5
344 B i 45 B T AR-NSGA-III. MultiGPO. CARV-
MOEA H1 -DEA F 5 4 25 H 5 5l 4. 23 11 AT 124,
T 2% B MOEA-AAD 5% B A AR 4 Ry Ysc Sl 0 43
Ak, A& RIFTES ).

3.2.1 DTLZ & LRSS Rt

DTLZ2-3 E. 4 # 0| ] PF, MOEA-AAD 7E &b ¥
% 28 T B 0 B, B AR R IR . MOEA-
AAD 7E DTLZ2 | ) R B ALK T 6-DEA, 7£ DTLZ3
b ) W& 33h T MultiGPO. DTLZ5-6 A & i 1k it A #1
] PF, MOEA-AAD fg %5 4F th 4b 33X 2% jn] @i %) T
DTLZ5, MOEA-AAD 7 8 4 £ 10 4E 35 ] & _E B 45
T g SR, MultiGPO JU 78 3 4% 1 B A4 £ BRI
5 % T DTLZ6, MOEA-AAD 3515 1 AT ) 38 44
PERE. DTLZ7 %) PF 71 A3 1R & FIAN i SR 25 4, )R HoAth
Xof P S T — e s 4R A SR IAR 7 (B Bl ok
U645 . MOEA-AAD [ HE A 1: e i IF-

P 2 4 MOEA-AAD 7 DTLZ3 | ] 1GD 2% 1t
2k S HAE T S 800 ih 26, 76 B 2(a) w10 1210 A1
(K LIP3 <15 000), IGD {# T BFAR B, 158 B 43 1k
(R Tt B AN PR RS A B3, I B 9 s U S Sl AL S
1 CORZIPEA Y B>15 000), IGD i UL SICGHE 2 9 2% M
B 2(b) Hr] DUE HE A& §11 2 8000 75 BEBY B BH L3S K, ikt
I SRV R AN AR B 43 A 1. BB T %, 75 DTLZ3 F it
I 2 1, MOEA-AAD SIATE AN [FIBY B R 2 AN
[F], 7E 7 15000 X PP 0 &b 0 2 TN A 1) Wi Sl
TMAE 15 000 AN TERE I 2 T A4 1 45 A 2.
3.2.2  WFG a8 _E s 48 1o

WFG1-3 45 % A HUU ) PF F 08 i 258, WG )
PF 5 75 1R & 57 (W 45 14, MOEA-AAD [ 544 1 RE A
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F1 STHESRTEDTLZFI WFGIK B3 _E 3R B IGD FHESIREE

Ji) 7t M AR-NSGA-III MultiGPO CARV-MOEA 6-DEA MOEA-AAD
3 6.4294e2 (1.61e-3)—  6.6005e-2 (2.06e-3) —  5.5794e-2 (3.42¢-6)+  5.446 6e-2 (2.25e-6) +  5.650 5e-2 (5.40e-4)
DTLZ2 5 1.7399%-1(1.05e-3)—  1.7602e-1 (1.47e-3)—  1.7631e-1 (5.34e-4)—  1.6513e-1 (8.28e-5)=  1.667 5e-1 (6.73e-4)
8  4.1141e-1(3.8le-2)—  3.5826¢-1(2.27e-3)—  3.5748¢-1 (4.53e-3)—  3.1785e-1 (5.23e-4) +  3.4440c-1 (5.47¢-3)
10 5.0827e-1(6.13¢-2)—  4.1098e-1 (1.65e-3) +  4.4810c-1 (3.64e-3) —  4.3210c-1 (2.54e-3)=  4.3436e-1 (3.14¢-3)
3 7.2558e-2(5.87¢-3)+  7.0815e-2 (2.72e-3)+  7.7527e-2 (3.27e-1)+  9.7527e-2 (1.72e-1)—  8.4426¢-2 (1.76e-1)
DTLZ3 5 2.7564¢+0 (2.17e+0) —  2.996 5e-1 (2.65¢-1) + 3.473 le-1 (4.16¢-1) = 9.415 le-1 (8.66e-1) — 3.492 7e-1 (3.63¢-1)
8  8.1413c+0 (2.56¢+0) —  9.6567e-1 (8.32e-1)+  1.098 9¢+0 (8.64e-1)=  1.3132¢+0 (9.15¢-1) —  1.104 8e+0 (9.16¢-1)
10 2.1703e+1 (8.96e+0) —  1.6755e+0 (1.30e+0) + 2.451 3e+0 (1.89¢+0) —  3.2563e+0 (1.51e+0) —  1.902 le+0 (1.36e+0)
3 1.1929e-2 (1.78¢-3)+  5.9099e-3 (4.80e-4) +  4.8913e-2 (2.28¢-3)—  3.4200e-2 (2.28¢-3) —  3.2756e-2 (1.69¢-3)
brizs 5 92970e2(2222)=  3.6622e2(9.77e3)+ 123471 (S3le2) = 2190861 (691e2) = 930892 (225¢:2)
8 2.5753e-1(5.29e-2)—  1.8216e-1 (3.26e-2) —  1.849 le-1(5.43¢-2)—  1.7007e-1 (5.82¢-2) —  1.549 de-1 (2.56¢-2)
10 3.0759-1(3.51e2)—  2.1042e-1(3.12e-2)—  2.0316e-1 (4.89¢-2) —  1.6392¢-1 (4.14e-2)—  1.602 8e-1 (2.26¢-2)
3 1.7358e-2 (1.60e-3) —  5.7456e-2 (3.99¢-3) —  3.1547e-2 (5.34e-3)—  4.0088e-2 (6.25¢-3)—  1.662 Te-2 (5.95¢-2)
DTLZG 5 9.8742e-1(8.50e-2)—  5.7869e-2 (1.26e-2) +  1.8843¢-1(4.31e-2)+  2.8599¢-1 (6.15¢-2) —  2.3154e-1 (1.85¢-1)
8 2.4884e-1(3.06e-2)—  2.4597c-1(7.82e-2)—  2.2479-1(4.33e-2)—  2.2387e-1(5.66e-2) —  1.9959¢-1 (1.33e-1)
10 2.051 1e+0 (6.84e-1)—  3.5210e-1 (3.07e-1)—  3.0945e-1(6.17e-2) —  2.5917e-1(6.17e-2) —  1.4619e-1 (3.63e-2)
3 9.0419e-2(6.79¢-2) +  1.5623e-1 (1.19e¢-1)—  1.3543¢-1 (5.86e-2) —  1.0866¢-1 (5.99¢-2) —  9.7663¢-2 (6.15¢-3)
DTLZ7 5 2.9594e-1(8.44e-3)—  2.9866e-1 (3.74e-2)—  2.9546e-1(2.31e-2)—  3.0655¢e-1 (2.01e-2)—  2.8756e-1 (1.02¢-2)
8  1.1209¢+0 (5.25¢-2) —  6.100 7e-1 (7.50e-3) +  6.464 1e-1(5.82¢-2) —  7.4690e-1 (5.13e-2) —  1.088 5¢+0 (9.18¢-2)
10 2207 let0 (2.31e-1)—  8.8546e-1 (1.92e-2) +  1.1315¢+0 (3.63e-1)+  9.1221e-1(1.00e-1)+  2.188 0e+0 (6.88¢-1)
3 224391 (2.80e-2)+ 2493 le-1(2.17e-2) +  1.7461e-1 (2.74e-2) +  1.7720e-1 (2.53e-2)+  2.667 Te-1 (9.32¢-2)
wigl 5 67386e1(674e2)— 10302640 (225e-1) = 5.2364e-l (431e2)—  47985c-1 (483e2)— 4276 1e-1 (2.94e-2)
8 1.103 9¢+0 (9.46e-2) —  1.466 5¢+0 (1.48e-1) — 9.831 6e-1 (5.94¢-2) — 9.386 le-1 (4.40e-2) — 9.053 6e-1 (6.92¢-2)
10 1.7682¢+0 (9.05¢-2) —  1.6780e+0 (1.31e-1)—  1.6546¢+0 (6.20e-2) —  1.5358e+0 (6.24¢-2) —  1.403 4e+0 (4.82¢-2)
3 1.7590e-1(8.33e-3)—  3.0872e-1(1.46e-2)—  2.5481e-1 (2.81e-2)—  1.5826e-1 (1.60e-3)=  1.591 le-1 (2.53¢-3)
WEGy 5 39937el(88le2)—  94835el (157e-)~  38761el (438e-3)=  3.9701e-l (3.95¢-3)~  3.8568e-1 (4.05¢-3)
8 1.1920e+0 (2.55e-1)—  1.6665¢+0 (1.63e-1)—  1.058 1e+0 (1.93e-1)—  1.0560e+0 (1.71e-1)=  1.007 6e+0 (2.50e-2)
10 1.2110e+0 (1.10e-1)—  1.7330e+0 (1.06e-1)—  1.2076e+0 (1.77e-1) —  1.199 6e+0 (1.55¢-1) —  1.086 9e-+0 (1.45¢-2)
3 1.7110e-1 (2.73e-2) —  4.790 0e-2 (5.06e-3) +  2.2182e-1(3.58e-2) —  1.383 le-1 (2.39¢-2)+  1.5503e-1 (1.66e-2)
WEGS 5 43481e-1(4.33e-2)—  7.4997e-1(1.14e-1)—  5.8128e-1(3.50e-2) —  4.8059¢-1 (2.70e-2) —  3.963 de-1 (3.42¢-2)
8  1.2619¢+0 (4.07e-1)=  2.5937¢+0 (7.37¢-1)—  2.896 1e+0(6.74e-1)—  1.2967¢+0 (1.71e-1) =  1.258 5e+0 (8.74e-2)
10 1.6248e+0 (2.35e-1)—  2.0483e+0 (2.57e-1)—  1.851 1e+0 (1.49e-1)—  1.566 8e+0 (1.06e-1)=  1.568 3e+0 (2.78¢-2)
3 25325e-1(1.31e2)—  3.3075e-1(1.92e-2)—  2.1941e-1 (2.91e-3)+  2.3093e-1 (3.10e-3)=  2.298 Oe-1 (3.96¢-3)
wiGe 5 97930e1(175e2)= 11946640 (5.5402)~  13494e+0 (8.4502)~  9.6479e-1 (142e3)+  9.7553¢-1 (4.59-3)
8  3.4205¢+0 (3.73¢-1)—  3.3623¢+0 (1.42¢-1)—  3.2646e+0 (5.38¢-2) —  2.993 6e+0 (7.61e-3) =  3.011 5e+0 (2.84¢-2)
10 4.6784¢+0 (5.47¢e-1)—  4.3220e+0 (1.37e-1)+  4.2914e+0 (3.08¢-2) + 4.5158¢+0 (2.53¢-2) =  4.5182¢+0 (2.79¢-2)
3 2.4523e-1 (5.16e-3) — 3.192 8e-1 (1.99¢-2) — 3.0513e-1 (5.37¢-5) — 2.598 9e-1 (7.04e-5) — 2.372 6e-1 (4.05¢-3)
WiGs 5 95503e1 (88le3)+  11687e+0 (438e2) = 9.6612e-1 (43de-3) = 9.7915e-1 (2726-3)~  9.6596e-1 (4.54e-3)
8 3.2095e+0 (9.05e-2) —  3.1478e+0 (5.34e-2) —  3.384 le+0 (4.61e-2) —  2.9423e+0 (7.45e-3) =  2.975 1e+0 (1.53¢-2)
10 4.6198e+0 (4.06e-1) —  4.2395¢+0 (7.60e-2) +  4.443 7e+0 (4.33e-2) =  4.4390e+0 (2.80e-2)=  4.485 7e+0 (2.13e-2)
3 2.6345e-1(2.21e-2)—  3.5043e-1(1.55¢-2)—  3.4358e-1(2.33e-2)—  2.3907e-1 (1.07e-2) +  2.488 le-1 (9.50e-3)
WEG6 5 1.0123e+0 (2.75¢-2) —  1.3432¢+0 (4.14¢-2) —  1.5841e+0 (5.65¢-2) —  9.8802¢-1 (6.94¢-3) —  9.793 8e-1 (6.34e-3)
8 3.9788¢+0 (7.33e-1)—  3.6224e+0 (1.89e-1)—  2.2684e+0 (2.61e-2) +  2.9694e+0 (9.31e-3)=  2.994 7e+0 (1.93¢-2)
10 4.8549¢+0 (5.05e-2) —  4.7782e+0 (1.63e-2) —  4.6151e+0 (2.94¢-2)=  4.590 1e+0 (1.74e-2) =  4.589 6e+0 (2.18e-2)
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