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An indicator-based many-objective evolutionary algorithm with adaptive
boundary selection

LI Er-chao®, WEI Li-sen

(College of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou 730050,
China)

Abstract: The main goal of the multi-objective optimization algorithm is to achieve good diversity and convergence.
In traditional many-objective optimization algorithms, the selection operator is difficult to balance the convergence and
diversity of the population, when the dimensionality of the objective increases. To solve this problem, this paper proposes
a many-objective algorithm named an indicator-based many-objective evolutionary algorithm with adaptive boundary
selection. In environmental selection, it first calculates the index I.(z,y) of the two bodies in the population as the
first selection criterion, and then proposes an adaptive boundary selection strategy, which uses population evolution
information to make fuzzy predictions of hyperplane coefficients, and then approximately calculate the paradigm distance
from the candidate individual to the hyperplane as the second selection criterion. Finally, the proposed algorithm is
compared with five representative many-objective optimization algorithms. The experimental results show that when the
algorithm handles many-objective optimization problem of the complex Pareto frontier, it can balance convergence and
diversity while better maintaining diversity.
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FE R A 22 BE P RS BIB9S B 1) gk
A7 R AR A ) A R b Ak 35 0 U) 0 A A ) A 255
3F T AR AR 1 2 B ARt AL FEU31S] R H 4
P A i AR 1 22 R M FNUSCSIOME IR RE 77, X R AT it
P, X BV 5, 5 T S, (R SRR LT Hh 4 - AT
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A — 22 H bR A BRI T AT Ris
SRV AR, G O AR ik R — SRR R I AR R 5] =
Tolt T 2 B O ) AT S5 RN G A L 91 AR AR 5 A
A 3B HE R 1 NSGA-TI-BSI® L & 4 [ Bk 4k 53
MOEA/PT! A, 5 1 158 A% L A Sk 149 568 50025 1) A 12
e, KL Z H AR Ak 5592: Sparse EAS AR e 10 £ 44
B oA SR 1 e SR ) R AR PR RE.L 5 A, B AT R I A
FRUOV A T LR G 4 v o A PR WA SO AT 22 R, A
2 398 T X LU AN ACKE A K b 3 530 55 48 R AN Pareto
R fE 711200, PARP-EARY S ) F il b & R £, DA
M ASAARR AR U 1) B3 L M A B/ BT
BR BB 132 S, R 3 AN P s - T, g
17 JG AR i 1E B 1E. One by oneEAP?I 7E 1% — ik %
SR T SR FH 0 SR B AL, B IE R M A bR & R A0
S SK M i A LRI M AN FH#. 24 ek, VaEA)
TE /A ) 3 B Hh 1 el i A i R B0 5 M AN R
il R i ) P e DA 2 A0 S ) AR 5 222 S0 o DI s A
AT I 3. ARE A H A B B0 R 00, 12 SR ) E
2 B0, AN AR M AN I TR 707 A8 1. SCHR
[16] #&H T MaOEA/IBP 53, R A1 SR 47 S s, it
RETHSAN VA BB T 11 0 BE B R MR AT I B, (B
R R E P T AT 5] 5, R A R R
LYEER

DA b SRR 30 5 A, A BB SRS T8 A R S e AN
Z R, R T T TR o MR 3 S AR, AR SCHE SCHR [16]
SR BB — A TR AR A S I S B e 4
Z Hir AL, B e R oo fe bRk T I B8, A 4K

Hby R VIE USSR U5 BT B H 1 B 3 30 T 0 B R
WA A 5 2 I B b vl CAORIE AR BE I 2 RE . BTde i 1)
H 3 S SR 45 SR 78 o0 R R AL A5 B, B &
97 b 5 21— A il AR A A 2. R S T, R A A B
S THI 14D P 125 R i 36 36 (1 A8, AR T [ e P T, A
fiR () B N A B Ff MaOEA/ABS 5 5 Fh HARE
PR R e 2 B AR LA SRR AT LU, 45 R TR, FT i
HH () B LR SR U 2 Pareto BTV IS, BE X FhEETHEAL,
T i 7, 2 T+ B A WAL IO B 2 R
1 FHRES
1.1 SHEZBHRRABERENX

AR — M, LA e/ ) BA B, — A B e A
RFAR T, m A HARRE 2 B AR A i) @i n] 3
R

min F(z) = (fi(x), fa(x), .., fm(2))";

s.t.x € 2.

Hfx = (21,29,...,0,)" € QRBRIFAR, QRHR
KERY REMZME,F : 2 - Y € R™H# fi(x),
fo(@)y ooy frn(2) D EARREE S, m > 3BFRA
42 B ARAL i)
12 ZiEhREX

— A ZIn AR bR A — A R R YA
Pareto fift 5 1T LA — AN 522, B A — > Pareto i 1BAf#
BRI oy — A I AU R P 75 2 1) e /N B8, 78 H bR s
() H ORF 55 SCIE [ 08 &R e AR bR B e 2527 HAk
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Day < xe = I(x1,22) < I(x9,21);

2)xy < we = I(x3,21) < I(x3,72).

FT IR BRI I+ a5 E X
I+(x1,29) = min.(fi(x1) — e < fi(z2), 1 <i < m).
Hor s o IR &, mo2& B EL — ootk
PR 4 A 1 TR,
2 RHEITE
2.1 EFHELE

B HIR T e 595 MaOEA-ABS () 1 %2
HEZR. B e, BEHLAE RN 9 N BT AR AR, i B4
F5 B A A 3 N AZ E s AR 5, SR P BEADL — g 1) 52 X
(SBX) M2 kXA 7 (PM) AL T QL TR E R
RARG I o, 8 1 P R BN LG IR 5 A
PR 3 N ASCSOPE R 2 B 1 L i) AR EN R —
1. T DA S U R L

B general framework of MaOEA-ABS.

input: N (FURERAE), £ max (BRHEAACED);

output: Py, (FZHMH).

1) initialize the population P, with N random
individuals

2) while termination criterion is not fulfilled do

3)  pool = mating slecting (P;)

4) Q. = reproduction (pool)

5) PB=Q+ P

6) P11 = environmental selction (P;)

T t=t+1

8) end

9) return Py y;.
2.2 IFMRIERFALE

S R PR B B L W L 2 R ARG
[ E AR T R A AP R SN R Ay 2o i b i) Pk
JE A ASCAEM B B ok Fa b 5 B th &
ORI TN [ 3 N 32 306 6 SRS AH &5, K T b/ E o
e AR, FTH2 L 0 3 T ASOR T 1) o 3 5 3
PEARWE AR N 2 3 B bR, BEAT A ik £, DU AE
e AEALAL T SRAT B OSSR AT 22 R 1

&’X2 environmental slection.

input: P, (&I 5 WA, TOHEARED;

output: P, (F—fCHE).

1) (Fy, Fy, ...) = non-dominated-sorting(P;)
2) 7 =argminy |F| > N,R=FUFRU...
=1
UF

3) R’ = normalization(R)

1% EEBE 5 AR TIUIGER 1T p A +/
4) if mod (7', 5) == 0 then
5) P = fuzzy-prediction(F})

6) P=P
7) else
8 P=P
9) end

10) TH 53 5 & M T 1 A 7 U d (e,
o), VFE MR 1. (2, y) 1H

11) while|R| > N do

12) L+ (2, y) [ H/N DA

13) if I.+(x,y) < O then

14) remove y from R

15) elseif I.+(y,z) < 0 then

16) remove x from R

17) else

1 RS S S AT I S
18) if d(x,c) > d(y, c) then

19) remove x from R

20) else if d(x, ¢) < d(y, ¢) then
21) remove y from R

22) else

23) randomly remove the x or y
24) end

25) end

26) end

27) return R.

5 58 AR N, AN P, i % — 3B 4 1A
TE RAS Bt ith, 285 58 X 53 Ja AR AR Qy, TR
5RMRE I E LB E LN AE Py AN ME
N — AR R ELE S, B Se i@t JE SCRCHR T 1)
7:7?2%%9‘?4‘%1&??%%&@%, B Kl 53 I 1) 5
F,F,.. .Ut = arnginZ|Fi\ > NXMEDE
TR, IR = F U E, U U F 06, 1
1 R AN IR BUH— 4G Fy 2 AN, TR ASORS Tt
() 7 T R T T 2R 25 p AT 3 S VR 2, FH ot ) e
ST THT B3 B3 N A 88 S T BE RS R S R A 1k
FEIRE, e e N T AE A5 1 (2, y) < 0BT (y,2) <
0,z < yay < x, MR8 SCEC AN, AN
JEIXAN S A, TSR FH 28 2 3 B br 4, 1) FH A 2508 il
U P T P BE B AR 93 I FEAH, BEAT AR )k . A
DA P SR E BIR E N AN A, X Rk £ 77 REAE &
Y 2% ] H 24 Pareto X R AT AN TC L4 JZ I it — 3D IX
G3 AN, DT A 5 B v B0 U SO AN 22 A
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23 ETERMFUNE Bi&E 6L 7R

ASCHRE P IE B TR R RIS, 5 SCHR [16]
(R SR SRS AL, AR PR I R BE TSR AR 21
P T 9 PR B, e R AR B N MR N T —
A T AN A e P 1) 55 PR Pareto S R TR AR B
AN —Ff, [ B Fot B 23k A0 1 0 2 A AT A5 S A W R 4k,
BEI 75 B A B 2 A0 R ADR 28 1 ~F T e N A 4T
S 5] 5 AHSCHR [16] 2K H [ € ) ~F Tk ih A
ASE L E, VAR 2 8 I 0 R AR AL DA R R B A )15
B IXRE S AR R L BB 2, T B SR 1)
WS J2 22 FE . AR SCHTNASOR S0 (280 1) 75 v, e ik
Ak S HE P (1 77 V5 SRR B 1Y T IR R, 0 T T
140 Z2 04T TO0I, AR A 3 R R /N AT S, X
FEBEAE B 51 22 FF M A S (1% 7] Bf B 407 SHfe st 2 A1
PERE. Q0P 2 BT s 4k AR bR 2R IR 3 A I IR B I AR
T1~ To~ @3, AF H G NI Gk 2y 210 5, HE M
JE fe /NI 561 48 5 T o s, R Se i BN SAMEBL/N
1) B3 B A5 /N ) . T T A 28 SR TN %) B Ak Ty

.
X, - solution
0.8
2
0-47 d(x,,c) d(x,,¢)
0 . "
0 0.4 0.8 1.2

f
2 MFIEIEREETRE

231  HIENER T

FEF 38 I T THT 120 5 4 B3 5 s 3 5k ) A i
TS SR A 00 R S TR Ak, SR B iR AT &
HE 5] 5, LR SO TS SR A S 3 R,

Y G AR R S A 1R R AMA R R
BOoNp = VP

m

> file) -1
DiSl(JE) = MT; (1
SR, R SRAG R BE B T S I AR e 22,
Z Dis' ()

_ zTER

TR ?
> (Dis'(z) - B)?

o TEF

" A1 ©

MR B AN o o vy 4 42 18] o B8~ T AR 8 p #0n F
A RRBAT UL T

step 1: TRSGLE M FEASE spy Msp, WTF:

, ) 1—0.05 p'€spyandi=0,1,..., 77 — 1;
p_{l—i-O.li, p Espyand j =0,1,..., T, — 1.
“)
b p/ R p BRI Ty = 17. T = 51535

5E | spy Flspy PIFEA KN,
step 2: THHAEA p FIFIHHLEE I N Fit(p), 18
E UL A B AR A I B A B 3 (R - T AR 4, B

[Fi]  m

> [wer]”

i=1 j=1

Fit(p)) = A (5)

step 3: )20 b % 5 F WY1 1 0L 5 S 4 0~ D
FHp AE A8 T p AR, a0 T B
p’ € spy : argmin |Fit(p') — 1|, E < 0;
p =
P’ € sp, : argmin |Fit(p’) — 1|, otherwise.
(6)
step 4: XTI U p EARYE ov (B 5 o [P EEAH)
BEATASOR] 5, ED
1.0 +cv, |ev| < 0.1 Ar; <0.9;
P=49p+rs, |cv] > 0.1 Are > 0.9; (7
p, otherwise.
Hrp:ev = o/E,ry Mry fE[0, 1] W HLEUE, 73 2
[—0.02,0.02] P FIBEALIE Z)). step 4 MR cv (H 1 5 R
Hpfe v 1 S GF MU £ 1 PE, IX 264 1) PF R =
QP 3 . JCSERRTAY I 3 HPY, AR ev 5650 T
2, N 328 2 76 S T (¥ 26 1 PR 3R 250K DL SE R I M =2 42
W1, Bk 28 PR b 000 R i i 5.

3 EBEBTELZMPFRE
BE3 fyzzy-predection
input: Iy AESZECHETF 265 1 )2 F1MAE);
output: p (H & N H).
£ T EAESCECHE R 5 12 S R B S TH I BE
2 */
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1) for each x € F; do

2) compute Dis*(z) with (1)

3) end

4) compute E with (2)

5) compute o with (3)

6) preset two samples sets sp; and sp, with (4)

7) calculate Fit(p') by (5) for each sample p’

1 p A FR TR e 8

8) preliminarily predict p by (6)

9) fuzzily adjust p by (7)

10) return p.
232 ETAFKENETH

FE 78 70 F AR B EAC ATV SR, X 1
T FA) 2R B0 A T S TN, S8 J o v A AR P o B2
XFAMATEAT TG, JE T30 SR B 1 g b, AR )
5 3 o A A 5 P 1) PR R A . S, I
CHGE LA

m

(Yly) " =1 ®)

i=1
Ho:{g1(2),02(2), ..., gm(2)} REFTH C L1
2, p e I 2 SRS, AN 1 3E R RS A 2
B P THI PR PR RS, >R F SCHR [16] #5507 2ok I L4
. PR R TR A B - T v =R B 1, B DA 2
B Ve B T R A

m 1/p

d@,C) ~ (Y (@) " -1 ©

i=1

HA{fi1(2), fo(), ..., frlx)} AR E bR 2 A H
) B 3 N R d (2, C) BB R/, A PRz 0T T T
1)~ I
24 HERBEERE ST

MaOEA/ABS (1) 1+ 50 i [8] &2 % B B e T -
Bk B, Xt B m A BAr. MR/ NN 2N A
AR BRI AT A — AT B R R 24 R O (me x
N); B ELHE R A 50 1) & 4% % 8 O (Nlog™2N);
ZICHE R I (z,y) BTSN ] B 2R E A O(mN?); H
TNV AEER T P BN TR) B 2% BE N O(mNT), Kb T
B BREA  BAS B 3 A IE B RE ) IR (R R R
N O(mN). Flt, MaOEA/ABS [ 5 kI 8] 5 2% & 2
O(mN?). iX 5 {75 Bk h 5 5 0 B 2 — 5
(9, T 2 B MaOEA/ABS B A 1R I HH L BCK.
3 fREER

AT B AR I SIS A F 56 UF MaOEA/ABS 1%
RE. K BT HH 19 579 5 MaOEA/IBP!') . MaOEA/IG
D, EFR-RR[Y), MOMBI-IIPY, One by oneEAR"!

HAREERNZ B AR AR L WEGE? il MaFi3!
DA R B 13 A7 36 sz B8, AR S 56 (9 H bR AN B
e M € {6,10,13}, i S50 #E L & 4 Inter Core.
CPU: i5-1020. 8 GB W 17 411 2.3 GHz [ i1 F AL L i3t
17, P27 K H Matlab 2016a % 5, /£ 2 H AR Ab 5%
FFIEF- & PlatEMO-2.754 _[I24T.
3.1 TEEEIRAR

N TR B R B VT A SR I 45 M R, AR SR L
P2 A8 46 AR IGD A1 DM, K i s 6 1A
BORZEAVEAI EIE SR 2 B . DM AR AR T
P I ABA T 7 1 23 A 12k

FF e AR EE 25 B IGD 45 #5 (inverted distance,
IGD)* He it 1 3T AL 4R 1) 25 K 1 AN SIOE, 45 b
B R T8 TSR L B A A 5 1 B SRV 3 50 R AR
—HSE A MR EA R N TR " PN
FOEAE H bR s A A3 20 1 — AN IR AU R R R, P R
LTI B — 23950 70 A () S8, U IGD 48 AR ) T
/N

IGD(P) = |P‘H| > d(z,P). (10)

2P
Horpo |Pr| & P iy 2 4, B = SE AT BRI EH;
d(z*, P) NEEHTIE L Rz* € PS5 PR
5. IGD ()4 bRk /)N, 2 73~ T BL i 4 PR ST Sl itk A 2
A PR, AT ST

) FH 43 Aii 14 458 b5 DM (diversity metric, DM)[36-371
PR R 0 20 A 3 210, B R BUE X /] 4 [0, 1], DM
FRPRELER O, 0B I AL HT VR R 20 AT It R . PP 4R
RS HORE WAL

#F=1 DMHIMEXIDEE

Hs%L 6 10 13
XA K1) 43 3 3 3

32 LWBHEE

1) P K/h: EFR-RR IR AR SAE [ =
R AE I SCHER [25] TR B )2 275 5 0 AT SR = A A )
N T PRI SRUE 1 A S, PR /N A B AR
Fr— 2 AT LT T B ARSI 64104 13, S AN SEVEF R
NGB S ) 1322754182,

2) HEFSERE: R kA £ T
AR X MEp, = 1.0, L7 MEp,, = 1/n,HH
n S8 PSR A ) 4R 3k A2 X (SBX) A £ T AR
5 (PM) 73 A 4645 73 0l 52 ne. = 20, 0., = 20.

3) XL RES BN B LEFR-RR 535 14548 K
INEENK = 2.

4) YLEAR B E: WEG1-9 A M MaF1-6 ill3% 7]
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K = 10, MaF7 Ml a8 K = 20, tREAZ BN

e i D = M + K — 1. MaF8-9 ik 1] f I pe 348

L 2, MaF 13958 [ L ke S A8 B 48 B 2 S.
5) IBAT IREL L b AT AR ST HARAE T

U5 °F & PlatEMOP iz 47, B AN L Bl 3L I8 4T 20
IR, A0SR b 1 22 AP 350 (8. 24 B AR 2R 500 VP A IR 3L
(MFE) 1% £ 30 000 I}, 57k 85 sR 18 17, H ik 18 1748
# Grax = MFE/N. BARIZAT AR 2 k.

R2 BAEMERKHE
H brk MaOEA/ABS MaOEA/IBP EFR-RR MaOEA/IGD One by oneEA MOMBI-II
6 227 227 227 227 227 227
10 109 109 109 109 109 109
13 164 164 164 164 164 164
33 LWBRSM

MaOEA/ABS 5 MaOEA/IBP. EFR-RR . MaOEA/
IGD. One by oneEA. MOMBI-II 7E 19 > MaF FlI
WFG Ik pA 5 225 20 KM A2 47 (1 IGD A1 DM 45
B B G X 285 R an 3 3 R 4 Fios. R AT LUE HH,
MaOEA/ABS 7£ 6. 10+ 13 L1157 MK o8 %4 - 1GD
Fa bR AT 324N 42 Jm B f 45 1L, DM F b BUAS 37 AN 42
R A 45 B, T 2% I MaOEA/ABS 5132 48 F5 F1 E
T& A S 1 S m PR R A SUAE S RCHE T R )
TE LN Re T — D2 IR AR 005 2., SCELEE L e Sl
MZ AV, FEAL B S 4t 2 B AR AL a8 E B IR R
PR AR SO0 A DR R 5 B AR o BT an T

EF X WFG % Z11H i o 50, WEG 3 & 1k v A
ML VRA I R LI PR WEG2 2 —Ff ™ . VR
A ) B A PE, AL A 1) J AR 2 TR A B AT AR
IGD #5 #5_I., MaOEA/ABS £ %4 Ltk MaOEA/IBP %, {H
ST HA VA R BT, 55 7, MaOEA/ABS 1£
IX AN AR R 2 1Y) DM FE A B A v e AR S, 3R 0
T Fa bR R FUE B 1 SR 0E BETE TR IR & M RE I [H)
I} B 4 M 2 3 2 REVE. WEG3 & —Rh 2tk 24, B
A& 11 P, 1) HL 1 548 5 AN 0] 43 89, i AZEIX A 1] /I
MaOEA/ABS ] IGD i Fr {5 #11 DM AH X 3 L 5% 2.
WFG4 1 WFG5 # 5 1F 945 A M8 3K B 1% 1) PF,
WFG6 #&—Fh U [ . Z 8L [¥) PF, WFGT 5 A M 141 A T
(1] PF 4%, MaOEA/ABS 7£3X J L2 v i 1) IGD 1 DM
RIS T AR R R, A SR HE
N300 G AR TR W R 5 A b AU A TV, S B RE 4
SAEA L REYE. X WEGS B A M A /S 7T 4 i
45, MaOEA/ABS 7E 10 4E_FHUE T 54 (I IGD $4
FrAE, AT HA SR R DU LT, WRGO #7414
Ao R B PRSI, fE 6 4k, 10 4E A1 13 4k E X T IGD
Tabr AT T AR s AL S5 . th DM fE 45 ] LB H,
H Id B OR3P SR 1R A P SRV AE 1K PR S i) R b
TELRUEZR B PERE R AT HR AR B T AR B 1) 43 A e

RE. L8 it 45 R B, MaOEA/ABS 7£ WEG i 48
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problem

MaOEA /ABS

MaOEA /IBP

One by oneEA

MaOEA /IGD

EFR-RR

MOMBI-II

WEFG1

10
13

15
19
22

1.2437e+0 (1.35¢-1)
2.4768e+0 (1.91e-1)
2.689 4e+0 (1.66e-1)

6.461 de-1 (5.30e-2)
1.664 Ge+0 (1.17e-1)
1.829 6¢+0 (9.34¢-2)

1.360 4e+0 (8.15¢-2)
2.6932e+0 (1.05e-1)
3.080 0e+0 (1.76e-1)

1.820 8e+0 (4.04e-1)
3.144.0e+0 (3.42¢-2)
2.867 0e+0 (1.98e-1)

9.761 8e-1 (1.06e-1)
1.948 4e+0 (1.03e-1)
2.226 1e+0 (1.08e-1)

1.167 5e+0 (1.62e-1)
1.496 0e+0 (1.24e-1)
1.988 0e+0 (1.71e-1)

WEFG2

10
13

15
19
22

7.493 de-1 (2.02e-2)
1.125 5e+0 (4.18¢-2)
1.844 8+0 (1.09¢-1)

7.049 le-1 (3.05¢-2)
1.114 6e+0 (2.95¢-2)
1.808 2¢+0 (6.26e-2)

1.086 8e+0 (5.63¢-2)
1.653 9e+0 (9.05¢-2)
2.3275¢+0 (8.29¢-2)

1.888 3e+0 (7.96e-1)
1.898 1e+0 (7.35¢-1)
2.0929e+0 (3.13e-1)

7.3342e-1 (2.26e-2)
1.085 3e+0 (5.57e-2)
1.8757e+0 (1.29¢-1)

9.907 3e-1 (6.61e-2)
1.788 5e+0 (9.36¢-1)
6.986 5¢+0 (2.77¢+0)

WFG3

10
13

15
19
22

2,042 3e+0 (4.56e-1)
3.6058¢+0 (6.76e-1)
5.8803¢+0 (1.21e+0)

4.587 5e-1 (5.99¢-2)
1.107 3e+0 (1.00e-1)
2.061 4e+0 (4.30e-1)

2.105 7e+0 (2.05e-1)
5.4569¢+0 (8.89¢-1)
8.6839¢+0 (1.78¢+0)

3.303 4e+0 (3.03e+0)
1.668 8e+0 (1.18e-1)
4.3318e+0 (2.58¢-1)

9.2134e-1 (1.02e-1)
1.103 2e+0 (1.28e-1)
2.164 4e+0 (2.66e-1)

1.489 le+0 (2.09e-1)
7.1190e+0 (2.67e-1)
1.140 le+1 (2.33e-1)

WFG4

10
13

15
19
22

1.840 3e+0 (7.02¢-2)
4,089 5e+0 (5.20e-2)
6.736 5¢+0 (1.29¢-1)

1.884 2e+0 (2.20e-2)
4.208 5e+0 (7.20e-2)
6.918 7e+0 (1.51e-1)

2.5670e+0 (1.38e-1)
5.792 8e+0 (1.94e-1)
8.961 8e+0 (2.15¢-1)

4.561 le+0 (2.05¢+0)
9.568 0e+0 (1.09¢+0)
8.159 9e+0 (5.80e-1)

1.937 3e+0 (3.33e-2)
4.630 5e+0 (3.92e-2)
7.6109¢+0 (1.26e-1)

2.899 2e+0 (2.36e-1)
5.794 le+0 (4.57e-1)
1.454 4e+1 (1.69e+0)

WFGS5

10
13

15
19
22

1.831 0e+0 (5.20e-2)
4.0499e+0 (4.17e-2)
6.5642¢+0 (9.68¢-2)

1.904 8e+0 (1.95¢-2)
4.5024e+0 (5.75-2)
7.145 1e+0 (1.25¢-1)

2.5029e+0 (1.70e-1)
6.227 4e+0 (1.22¢-1)
9.305 4e+0 (1.04e-1)

3.845 4e+0 (2.16e+0)
8.198 4e+0 (7.08e-1)
7.583 5¢+0 (2.08¢-1)

2,067 7e+0 (5.34e-2)
4.864 6e+0 (6.61e-2)
7.5102e+0 (7.08¢-2)

2.846 2e+0 (1.78e-1)
5.458 le+0 (3.56e-2)
2,003 de+1 (2.72¢+0)

WFG6

10
13

15
19
22

1.841 5e+0 (4.68e-2)
4.140 0e+0 (4.35¢-2)
6.7929¢+0 (2.92¢-1)

1.956 9e+0 (2.65¢-2)
4.8132e+0 (7.81e-2)
7.423 4e+0 (1.63e-1)

3.039 2e+0 (1.03e-1)
6.864 3e+0 (2.16e-1)
1.0454e+1 (2.75¢-1)

6.804 5e+0 (2.26e+0)
8.233 8e+0 (7.76e-1)
1.094 Oe+1 (5.00e+0)

2,019 9e+0 (6.14e-2)
5.090 9¢+0 (8.63e-2)
7.9207e+0 (7.18e-2)

3.079 le+0 (3.15e-1)
5.3424e+0 (2.80e-2)
1.142 3e+1 (1.95e+0)

WFG7

10
13

15
19
22

1.844 6¢+0 (5.05¢-2)
4.071 5e+0 (3.96e-2)
6.5338¢+0 (9.93¢-2)

1.948 le+0 (3.74e-2)
4.404 1e+0 (4.07e-2)
7.019 5¢+0 (1.07e-1)

3.153 6e+0 (1.85e-1)
6.0159e+0 (2.58e-1)
8.451 8e+0 (2.69¢-1)

4.814 4e+0 (1.54e+0)
8.937 2e+0 (7.70e-1)
8.423 6e+0 (4.27¢-1)

1.991 4e+0 (5.07¢-2)
4702 2e+0 (7.91e-2)
7.5859¢+0 (9.80e-2)

2.921 1e+0 (2.75¢-1)
5.408 4e+0 (1.33e-1)
1.157 8e+1 (1.50e+0)

WFG8

10
13

15
19
22

2.197 2e+0 (7.35¢-2)
4.4319e+0 (1.45e-1)
7.3479¢+0 (3.82¢-1)

1.929 4e+0 (1.94e-2)
4.651 0e+0 (9.22¢-2)
7.181 6e+0 (1.92¢-1)

2761 5¢+0 (1.99¢-1)
6.483 3e+0 (4.77e-1)
9.059 1e+0 (9.01e-1)

5.5104e+0 (2.04e+0)
9.6717e+0 (8.43e-1)
9.044 7e+0 (7.01e-1)

1.991 0e+0 (3.98e-2)
4.545 6e+0 (8.87e-2)
7.9769¢+0 (2.11e-1)

3.653 3e+0 (5.43e-2)
6.203 9¢+0 (8.25e-1)
1.641 le+1 (1.73e+0)

WFGY

10
13

1.8124e+0 (3.89¢-2)
4.128 6e+0 (4.89e-2)
6.667 7e+0 (1.05¢-1)

1.823 le+0 (3.59-2)
4.1643e+0 (5.88¢-2)
6.842 6e+0 (8.74e-2)

2.4499¢+0 (1.49¢-1)
5.4487e+0 (2.04e-1)
8.265 8e+0 (2.10e-1)

3.839 4e+0 (1.78e+0)
9.2887e+0 (9.55e-1)
8.398 4e+0 (3.63e-1)

1.938 7e+0 (5.49¢-2)
4.498 5e+0 (7.99¢-2)
7.391 4e+0 (1.34e-1)

3.5153e+0 (4.64e-2)
5.304 4e+0 (7.78e-2)
1.872 6e+1 (3.68¢+0)

MaFl1

10
13

1.7759e-1 (2.20e-3)
2.504 5e-1 (3.07¢-3)
3.2372e-1 (8.36¢-3)

1.783 3e-1 (2.85¢-3)
2.5394e-1 (3.22¢-3)
3.2517e-1 (6.04e-3)

2.2594e-1 (7.13e-2)
4790 5e-1 (2.11e-2)
5.4727e-1 (2.45¢-2)

3.1440e-1 (9.78¢-3)
4.1787e-1 (3.25¢-2)
4.0907e-1 (9.17e-3)

3.1445e-1 (2.06e-2)
4.8280e-1 (3.18e-2)
6.197 de-1 (5.71e-2)

2.4843e-1 (1.96e-3)
3.7223e-1 (1.68¢-2)
4.6643e-1 (1.33¢-2)

MaF2

10
13

1.376 4e-1 (6.73e-3)
1.862 Oe-1 (9.20e-3)
3.1353e-1 (2.43e-2)

1.3729¢-1 (6.42¢-3)
1.845 5¢-1 (7.87¢-3)
3.1262e-1 (2.32¢-2)

2.000 0e-1 (2.79¢-2)
5.8224e-1 (2.79¢-2)
6.1117e-1 (3.26e-2)

3.3322e-1 (1.96e-1)
5.156 5e-1 (4.18e-2)
4.901 5e-1 (3.55¢-2)

1.5823e-1 (1.03e-2)
2.197 0e-1 (2.05¢-2)
3.1274e-1 (3.05¢-2)

2.5294e-1 (5.99-3)
4.7208¢-1 (8.81e-2)
7.939 5¢-1 (8.90e-3)

MaF3

10
13

2.5524e-1 (4.39-1)
1.373 Se+1 (1.56e+1)
1.968 Oc+1 (4.11e+1)

8.153 2e-1 (1.81e+0)
5.4917e+1 (1.71e+2)
1.226 6e+1 (2.08e+1)

2213 2e+1 (2.02e+1)
8.457 5e+2 (5.11e+2)
4.0657e+2 (2.51e+2)

2.6803e+1 (1.59%+1)
3.3133e+4 (1.67e+4)
6.637 4e+1 (6.75e+1)

1.537 4e+2 (2.90e+2)
1.170 5e+3 (2.01e+3)
2.710 5e+2 (3.95e+2)

4.6124e-1 (7.94e-1)
1.8932¢+1 (2.98e+1)
3.626 0e+0 (3.87¢+0)

MaF4

10
13

5.838 0e+0 (3.18e+0)
3.878 6e+2 (2.62e+2)
8.5762e+2 (1.10e+3)

7.655 3e+0 (5.12¢+0)
6.859 5e+2 (8.27e+2)
1.301 3e+3 (1.46e+3)

2.032 le+1 (4.71e+0)
2.645 Se+2 (1.57e+2)
2.4469e+3 (7.49+2)

7.2526e+1 (3.52e+1)
9.119 7e+4 (1.74e+4)
3.114 4e+4 (2.08e+4)

3.513 8e+1 (3.56e+1)
3.786 0e+3 (2.42e+3)
3.2949e+4 (1.68e+4)

9.895 9e+0 (4.49e+0)
3.863 8e+2 (4.80e+2)
1.472 1e+3 (1.04e+3)

MaF5

10
13

5.5908e+0 (1.93e+0)
4.814 0e+1 (1.97e+0)
3.618 le+2 (2.45¢e+1)

5.413 7e+0 (5.74e-1)
5.0834e+1 (1.81e+0)
4,063 2e+2 (3.86e+1)

1.128 4e+1 (1.04e+0)
2.107 8e+2 (1.49¢+1)
1.5234e+3 (2.87e+1)

1.199 5e+1 (2.25e+0)
3.039 8e+2 (4.41e+0)
1.996 2e+3 (2.07e+0)

5.9064e+0 (1.91e-1)
8.480 6e+1 (1.07e+1)
8.6727e+2 (8.30e+1)

7.580 4e+0 (2.34e+0)
8.1824e+1 (2.62e+0)
8.365 3e+2 (1.08e+2)

MaF6

10
13

7.802 3e-3 (1.05e-3)
2.133 3e+0 (1.43e+0)
2.311 6e+0 (1.41e+0)

7.743 9e-3 (1.02e-3)
1.968 9¢+0 (1.27e+0)
2.1120e+0 (1.09¢+0)

3.4169e-3 (8.77e-5)
2.996 5e-3 (1.35e-4)
3.3879e-3 (1.05e-4)

6.5547e-1 (1.23e-1)
3.777 3e+0 (1.21e+0)
6.418 6e-1 (1.79-1)

1.083 2e-1 (2.23e-2)
3.2730e-1 (1.18e-1)
2.709 8e-1 (1.00e-1)

6.743 8e-1 (1.22¢-1)
5.404 5¢-1 (1.97¢-1)
6.907 8e-1 (1.01e-1)

MaF7

10
13

3.9153e-1 (6.98e-2)
7.9920e-1 (3.67¢-2)
1.445 6¢+0 (2.71e-1)

3.6950e-1 (6.62e-2)
8.606 3e-1 (5.25¢-2)
1.3559¢+0 (1.28¢-1)

6.4113e-1 (6.82¢-2)
2.076 4e+0 (3.46¢-1)
2.5793¢+0 (2.55¢-1)

9.244 6e-1 (5.71e-2)
1.309 6e+1 (2.00e+0)
1.882 6¢+0 (1.10e-1)

5.619 5e-1 (4.26e-2)
1.184 0e+0 (1.07¢-1)
1.783 2¢+0 (4.45¢-1)

6.9064e-1 (2.08e-1)
4.837 1e+0 (5.30e-1)
7.823 7e+0 (6.86¢-2)

MaF8

10
13

1.2444e-1 (1.51e-2)
1.871 1e-1 (1.19-1)
1.727 3e-1 (3.13¢-2)

1.2244e-1 (1.34e-2)
1.8739e-1 (1.08¢-1)
1.9527e-1 (5.41e-2)

5.670 5e-1 (8.07¢-2)
2.2265¢-1 (5.81e-2)
2.9640c-1 (8.99-2)

1.0559e+0 (2.25e-1)
7.329 Te+1 (4.13e+1)
1.786 5e+0 (4.84e-1)

3.6218e-1 (2.29¢-2)
6.9943¢-1 (1.55¢-1)
8.4492¢-1 (1.25¢-1)

3.4278e-1 (3.19¢-2)
1.357 7e+0 (1.49¢-1)
2.037 3e+0 (3.12¢-1)

MaF9

10
13

1.3227e-1 (5.06e-2)
1.567 6e-1 (8.91e-2)
2.4293e-1 (1.92¢-1)

1.1242e-1 (1.26e-2)
1.173 8e-1 (2.03¢-2)
7.619 6e-1 (1.99e+0)

1.637 7e-1 (4.87e-2)
1.872 5e-1 (4.92¢-2)
7.021 6e-1 (1.90e+0)

1.118 4e+0 (7.44e-1)
5.4728e+1 (2.58¢+1)
5.915 6e+0 (4.64¢+0)

5.218 le-1 (9.73-2)
7.410 6e-1 (7.66¢-1)
1.624 le+0 (2.47¢+0)

4.9319e-1 (3.74e-2)
1.546 8e+0 (8.09-1)
5.957 0e+0 (4.03e+0)

MaF13

10
13

1.404 9e-1 (1.96e-2)
1.148 2e-1 (1.37e-2)
1.457 4e-1 (2.27e-2)

1.574 5e-1 (2.72e-2)
1.286 4e-1 (2.15¢-2)
1.480 9e-1 (2.44e-2)

1.426 5e-1 (1.70e-2)
1.419 Oe-1 (1.83¢-2)
2.1834e-1 (3.59-2)

9.310 le-1 (7.72e-2)
4364 de-1 (8.74e-2)
1.397 6¢+0 (2.49¢-1)

4.8767e-1 (3.47e-2)
4.9402e-1 (1.16e-1)
7.4530e-1 (1.75¢-1)

3.909 Oe-1 (4.40e-2)
1.021 9e+0 (1.84e-1)
1.467 3e+0 (1.31e-1)
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problem

MaOEA /ABS

MaOEA /IBP

One by oneEA

MaOEA /IGD

EFR-RR

MOMBI-II

WEFG1

5.3602e-1 (2.50e-2)
3.7609e-1 (2.63e-2)
3.978 0c-1 (2.34e-2)

5.7059e-1 (1.56e-2)
4.7293e-1 (2.88¢-2)
4.1940c-1 (2.85¢-2)

3.957 le-1 (2.79¢-2)
2.5349e-1 (3.41e-2)
3.050 6¢-1 (3.78¢-2)

2.1196e-1 (5.22¢-2)
1.448 3e-1 (1.31e-2)
2.1148e-1 (3.37¢-2)

5704 le-1 (4.32¢-2)
4.099 5e-1 (2.63e-2)
3.3759-1 (3.32¢-2)

2722 6e-1 (8.55¢-2)
3.4744e-1 (2.70e-2)
2.747 6e-1 (2.31e-2)

WEFG2

5.5003e-1 (1.81e-2)
6.017 3e-1 (2.35¢-2)
5.140 0c-1 (2.59¢-2)

4718 4e-1 (2.19¢-2)
5.7336e-1 (1.38¢-2)
4.5463¢-1 (1.81e-2)

3.668 3e-1 (1.22¢-2)
3.787 4e-1 (1.53e-2)
2.9572e-1 (1.23¢-2)

1.383 8e-1 (2.17e-2)
5.408 8e-1 (5.02¢-2)
3.3149-1 (8.14e-2)

5.4367e-1 (1.99¢-2)
5.365 le-1 (3.10e-2)
3.5590c-1 (3.98¢-2)

2.966 le-1 (1.05e-1)
2.9842e-1 (6.26e-2)
1.537 8e-1 (4.12¢-2)

WFG3

1.504 8e-1 (1.56e-2)
1.3484e-1 (7.61e-3)
1.1354e-1 (1.33¢-2)

2.4349e-1 (1.45¢-2)
1.5464e-1 (6.71e-3)
1.2909e-1 (1.37e-2)

1.839 Oe-1 (8.10e-3)
1.050 5e-1 (6.93¢-3)
7.105 2¢-2 (4.58¢-3)

5.6155e-1 (3.61e-1)
1.299 Ge-1 (4.51e-3)
6.788 8¢-2 (6.90e-3)

2.3412e-1 (1.28¢-2)
2.135 6e-1 (1.89%-2)
1.615 8e-1 (9.30e-3)

1.6754e-1 (3.21e-2)
1711 9e-1 (2.78¢-2)
7.871 le-2 (1.88¢-2)

WFG4

6.3047e-1 (1.10e-2)
4.6707e-1 (2.71e-2)
4282 le-1 (2.66¢-2)

4773 le-1 (1.92e-2)
3.6229-1 (3.34e-2)
3.2362e-1 (3.04e-2)

4.864de-1 (2.14e-2)
3.6415e-1 (2.17¢-2)
3.0679e-1 (2.16e-2)

3.257 le-1 (1.52¢-1)
2.5459¢-1 (2.11e-2)
2.2489-1 (4.14e-2)

4.949 Oe-1 (2.60e-2)
2.562 3e-1 (2.26e-2)
3.079 7e-1 (2.5%-2)

2.9364e-1 (6.35¢-2)
1.966 8e-1 (2.40e-2)
1.249 Oe-1 (1.98¢-2)

WFGS5

6.216 le-1 (1.32¢-2)
4.5308e-1(1.97¢-2)
4294 le-1 (2.49¢-2)

4.422 6e-1 (2.10e-2)
2.7813e-1 (2.05¢-2)
2.2483¢-1 (2.29¢-2)

4.7217e-1 (1.95¢-2)
3.3223e-1 (2.15¢-2)
2.969 5¢-1 (1.81e-2)

2.5955¢-1 (8.11e-2)
3.0589e-1 (1.14e-2)
1.866 6e-1 (1.60e-2)

4.5452¢-1 (1.57e-2)
2.497 6e-1 (1.98e-2)
2.978 le-1 (2.80e-2)

1.8129e-1 (3.25¢-2)
1789 8e-1 (1.02e-2)
9.032 le-2 (2.47¢-2)

WFG6

6.2750e-1 (1.82¢-2)
4.347 Se-1 (3.40e-2)
4,090 le-1 (1.99¢-2)

4.130 6e-1 (1.43e-2)
2.4128e-1 (1.40e-2)
1.783 6e-1 (2.38¢-2)

4.0183e-1 (1.74e-2)
2.8524e-1 (1.89-2)
2.4745¢-1 (1.85¢-2)

4.402 6e-1 (3.53¢-1)
3.0363e-1 (1.79-2)
2.2176e-1 (2.20e-1)

4.2825e-1 (2.18¢-2)
2.0709e-1 (2.36e-2)
2.618 5¢-1 (1.56e-2)

2.3338e-1 (6.31e-2)
1.845de-1 (1.21e-2)
1.694 2¢-1 (3.51e-2)

WFG7

6.201 4e-1 (1.66e-2)
4.5979e-1 (2.24e-2)
4.3699¢-1 (3.71e-2)

4.4938e-1 (1.61e-2)
2.889 le-1 (1.98e-2)
2.657 0c-1 (2.46¢-2)

4.1589e-1 (2.18¢-2)
3.5209-1 (2.18¢-2)
3.899 9¢-1 (2.92¢-2)

1.2652e-1 (5.56e-2)
2.9079e-1 (1.68-2)
2.7462e-1 (4.25¢-2)

4.5733¢-1 (2.35¢-2)
2.526 le-1 (2.32¢-2)
3.611 le-1 (2.58¢-2)

2.8725e-1 (6.41e-2)
2.1443e-1 (2.56e-2)
1.704 8e-1 (2.82¢-2)

WFG8

6.647 2e-1 (9.78¢-3)
4.891 1e-1 (2.97¢-2)
4791 5¢-1 (3.08¢-2)

4.6482e-1 (1.21e-2)
3.142 1e-1 (3.17¢-2)
3.0712e-1 (3.43¢-2)

4.4720e-1 (3.91e-2)
2.9968e-1 (2.92e-2)
2.9335¢-1 (5.34e-2)

2.7449e-1 (3.22¢-1)
2.5863e-1 (1.58e-2)
2.8922¢-1 (3.61e-2)

4.682 6e-1 (2.03e-2)
3.2249e-1 (2.71e-2)
3.761 8e-1 (4.23¢-2)

1.050 5e-1 (1.27e-2)
2.148 0e-1 (2.78e-2)
1.261 le-1 (2.52¢-2)

WFGY

6.3337e-1 (1.30e-2)
4.8404e-1 (3.26e-2)
4.6258e-1 (2.66¢-2)

4.803 6e-1 (2.19¢-2)
3.881 2e-1 (2.86¢-2)
4.097 Te-1 (2.54e-2)

5.1416e-1 (1.52¢-2)
4.133 6e-1 (2.12¢-2)
4.159 6e-1 (3.46¢-2)

2.3519-1 (1.55¢-1)
3.055 Se-1 (1.40e-2)
2.709 8e-1 (6.42¢-2)

4.759 6e-1 (2.16e-2)
3.135 le-1 (2.60e-2)
3.679 5e-1 (1.76e-2)

1.198 4e-1 (1.37e-2)
2.3180e-1 (1.73¢-2)
1.1162e-1 (3.71e-2)

MaFl1

4.1755e-1 (4.47e-2)
3.838 le-1 (3.68¢-2)
3.3526¢-1 (4.61e-2)

4.248 le-1 (5.29¢-2)
4.062 4e-1 (4.15¢-2)
3.2030e-1 (2.12e-2)

4.197 8e-1 (4.80e-2)
2.881 6e-1 (2.36e-2)
2.5683e-1 (2.05¢-2)

2.4378e-1 (2.82¢-2)
2.6738e-1 (3.55¢-2)
1.966 Oe-1 (1.68¢-2)

1.826 le-1 (7.39-2)
2.1048e-1 (3.62¢-2)
2.191 6e-1 (3.05¢-2)

3.066 6e-1 (4.21e-2)
2.4608e-1 (1.77¢-2)
2.1351e-1 (1.41e-2)

MaF2

5.1322e-1 (1.65¢-2)
5.747 Ge-1 (1.29¢-2)
4279 6e-1 (2.22e-2)

5.0452e-1 (2.08¢-2)
5714 7e-1 (1.22e-2)
42102e-1 (2.52¢-2)

5.558 5e-1 (2.40e-2)
1.8253e-1 (1.94e-2)
1.500 Oe-1 (1.95¢-2)

3.449 6e-1 (1.15¢-1)
2.0814e-1 (1.60e-2)
2.4992¢-1 (3.93e-2)

5.0482e-1 (2.41e-2)
5.0104e-1 (1.37¢-2)
4.4093¢-1 (2.84e-2)

2.3710e-1 (1.05¢-2)
1.914 7e-1 (5.59-2)
3.1125e-2 (2.48¢-3)

MaF3

4.4527e-1 (4.87e-2)
4.4902e-1 (5.45¢-2)
4.2202¢-1(7.00e-2)

4.3326e-1 (6.66e-2)
4.1807e-1 (5.54e-2)
4.409 0c-1 (5.94¢-2)

1.917 6e-1 (1.27e-1)
3.2342¢-1 (2.81e2)
3.2508e-1 (3.91e-2)

1.8502¢-1 (1.45e-1)
1.8697e-1 (4.71e-2)
1.551 8e-1 (5.12e-2)

9.085 6e-2 (5.04e-2)
2.179 6e-1 (5.07¢-2)
3.003 le-1 (8.06e-2)

3.5902e-1 (1.34e-1)
1.195 6e-1 (5.02e-2)
1.0814e-1 (2.05e-2)

MaF4

5.7323¢-1 (8.17e-2)
1.776 3e-1 (1.34e-1)
4.1548e-1 (1.12e-1)

5279 5e-1 (1.45¢-1)
1.5280e-1 (1.25¢-1)
3.5499¢-1 (1.67e-1)

1.9257¢-1 (9.63¢-2)
1.590 le-1 (8.00e-2)
1.811 le-1 (6.29-2)

1.304 5e-1 (1.19-1)
4.589 5e-1 (1.92¢-1)
2.2390e-1 (2.26e-1)

1779 2e-1 (9.63¢-2)
4.6385¢-2 (1.28¢-2)
6.771 2e-2 (9.79-3)

3.5760c-1 (5.48¢-2)
2.5488e-1 (1.96e-1)
1.8219-1 (5.57e-2)

MaF5

4.927 le-1 (5.95¢-2)
3.087 le-1 (3.65¢-2)
2.0520e-1 (3.97¢-2)

4291 le-1 (3.59¢-2)
2.4557e-1 (2.69¢-2)
1.651 le-1 (2.54e-2)

3.4537e-1 (2.44e-2)
2,017 0e-1 (1.39-2)
1.927 le-1 (2.25¢-2)

1.157 6e-1 (4.27e-2)
4.099 2¢-2 (6.90¢-3)
7.041 5¢-2 (5.44¢-3)

2.4710e-1 (1.15¢-2)
1.996 8e-1 (2.00e-2)
1739 8e-1 (1.41e-2)

2.6919-1 (2.68¢-2)
2.1909e-1 (1.63e-2)
1.7232¢-1 (1.98¢-2)

MaF6

7.878 4e-1 (1.66e-2)
1.978 2e-1 (2.56¢-1)
2.0720e-1 (1.51e-1)

7.8020e-1 (1.62e-2)
2.166 6e-1 (2.46¢-1)
2.4093e-1 (1.92e-1)

8.0750e-1 (1.19-2)
6.927 de-1 (1.97¢-2)
7.339 5¢-1 (1.36e-2)

5.1068e-1 (2.45¢-1)
5.9458e-1 (1.56e-1)
8.053 3e-1 (1.60e-1)

5.789 le-1 (1.08e-1)
3.8179-1 (1.90e-1)
5.2059-1 (1.52¢-1)

1.209 3e-1 (1.53e-1)
2.706 5e-1 (2.50e-1)
9.564 5¢-2 (9.73e-2)

MaF7

25
29
32

6.2157e-1 (7.78e-2)
9.2959¢-1 (4.18¢-2)
8.423 6e-1 (9.56e-2)

5.8029e-1 (5.18e-2)
6.539 le-1 (6.66¢-2)
6.920 7e-1 (7.88e-2)

5.307 le-1 (5.19%¢-2)
8.803 3e-1 (4.39%-2)
8.0104e-1 (3.15¢-2)

3.148 2e-1 (6.79-2)
6.554 le-1 (5.90e-2)
5.6292e-1 (2.45¢-2)

3.469 Se-1 (6.49-2)
6.8264e-1 (6.60e-2)
7.0552e-1 (6.72-2)

4.9337e-1 (4.6%-2)
7.293 5¢-1 (5.63¢-2)
6.5102e-1 (4.28¢-2)

MaF8

6.490 6e-1 (1.54e-2)
6.426 5¢-1 (4.51e-2)
6.689 5e-1 (9.59¢-3)

6.5154e-1 (1.46e-2)
6.3529¢-1 (4.62¢-2)
6.644 6¢-1 (1.27¢-2)

3.1324e-1 (4.98¢-2)
5.483 0c-1 (3.06¢-2)
5.696 6e-1 (3.63¢-2)

5.0417e-2 (3.79-2)
7.6250c-1 (5.59¢-2)
1.301 8e-1 (1.07e-1)

2.968 0e-1 (3.02¢-2)
2.399 le-1 (5.95¢-2)
2.3294e-1 (3.94e-2)

2.6208e-1 (2.58¢-2)
5.4633¢-2 (3.27¢-2)
2.1145¢-2 (8.62¢-3)

MaF9

7.049 de-1 (2.20e-2)
6.549 2¢-1 (5.20e-2)
6.381 le-1 (9.87¢-2)

6.958 le-1 (2.09e-2)
6.8355¢-1 (1.79¢-2)
6.2860c-1 (1.53¢-1)

6.449 9e-1 (3.20e-2)
5.5904e-1 (3.36¢-2)
5.9729-1 (1.35¢-1)

1.064 3e-1 (5.86e-2)
1.617 8e-1 (2.84e-2)
1.408 8e-1 (9.63¢-2)

3.899 5e-1 (2.91e-2)
3.262 Se-1 (4.66e-2)
3.173 3e-1 (6.68¢-2)

1.6539e-1 (2.40e-2)
8.658 2¢-2 (5.39¢-2)
1.768 1e-2 (1.03e-2)

MaF13

6.733 le-1 (1.65¢-2)
6.798 6e-1 (1.36¢-2)
6.791 le-1 (2.02¢-2)

6.608 7e-1 (1.31e-2)
6.8297e-1 (1.43¢-2)
6.823 5¢-1 (1.53¢-2)

6.644 6e-1 (1.67e-2)
6.462 0e-1 (1.56e-2)
6.298 8e-1 (2.68e-2)

8.868 8e-2 (3.83e-2)
4.727 4e-1 (5.58¢-2)
6.509 9¢-2 (2.68¢-2)

3.269 0e-1 (4.35¢-2)
2.9383e-1 (3.22¢-2)
1.907 8e-1 (3.91e-2)

1.853 4e-1 (5.80e-2)
1.308 6e-1 (4.06e-2)
9.064 2e-2 (2.60e-2)
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