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Many-objective evolutionary algorithm based on vector angle
decomposition

ZHAO Yu-liang”, SONG Ye-xin', KANG Li-wen?

(1. Department of Basic, Naval University of Engineering, Wuhan 430000, China; 2. Marine Map Information Center,
Tianjin 300450, China)

Abstract: Selection is the main driving force of evolution and is a key feature of multi-objective evolutionary algorithms.
However, when dealing with many-objective optimization problems, with the incease of objective dimensions, the
conflicts between convergence and distribution will intensify, and the selection operators in the traditional multi-objective
evolutionary algorithms is difficult to effectively maintain the balance between the convergence and distribution of
population. To solve this problem, this paper proposes a many-objective evolution algorithm based on vector angle
decomposition (VAD). Firstly, the individuals themself are used as a reference vector, and the angles between the target
vectors are used as the similarity measure to estimate the population distribution, which reduces the burden of the
algorithm pre-specifying the weight vectors. Then, the achievement scalarizing function is used as the convergence
measure of the individual, which plays an important role in guiding the population towards the Pareto optimal front.
Finally, an elite selection strategy based on vector angle decomposition is proposed, which uses vector angle information
to dynamically decompose the objective space in the process of environment selection, and then uses the achievement
scalarizing function to select better individuals from better distributed regions into the next generation, so as to dynamically
balance the convergence and distribution of population. Comparative experiments results indicate a highly competitive
performance of the proposed approach. And it has sufficient selection pressure while maintaining the diversity of the
population, which can effectively guide the search of high-dimensional objective space.

Keywords: many-objective evolutionary; vector angle; achievement scalarizing function; dynamic decomposition; elite

selection strategy
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FEBLSE AT A % P BRI 1] R S AN 1k —
ANAREL PR R A H bR, 3 L8 18] R RR N 2 H AR AL
/@l (multi-objective optimization problems, MOPs). I
RO L S 4 A B BLE F AR, WU ] AR
FE 42 B bR AL A /8 (many-objective optimization
problems, MaOPs). MaOPs ]~ iz b A T % Hl & G {1
AL TE AU SS BRI 300 H i T 3 52 1 45 i) i,
FAT e A BV AN 52 bR B AN A

% H b5 3t 1k H % (multi-objective  evolution
algorithms, MOEAs) 1 4 — 28 Ja & A R 5k
2 BT 2 HARIUAL iR R SR AR I 7t R B, MOEAS
BEWS AT RO K A 2 4 B 3 4 %2 H AR AR AL 1) R, 281,
T2 B bR R rh R A AR 2, A S
B SURIGIN, (54514 Gt 2 T Pareto o5 L 5% R HI#EAL
SR (R 38 % I 77 T B 5 I [ I i 3 e 4 4 )
Pareto B YT i AR Bt R AREON K, RBOHA
IOk R 2R AE P 0 O e Ab, H PR BRI 3 hn 2542
ey L 2 8] PR 2205 ., i S8 Xk LA 83, JHe o A 1t B
e AGE R, PRI, 422 H b il S [ A Akt Al
AU A5 AR R 2 52 SV A ) e —

AT $25 MOEAs Xf MaOPs [f) ] 1 & 1, A A T
FT ParetolS1 | FeJ- 70 108 R T-4RH5 75 019 ()
MOEAs #E4T 7 K& sk, AT Je (A 8 R B, A4
) B A A5 B AT DULE — R B B2 A AE H A A1)
Hh AR ABA I, S BEAR A M it S WS S B, 4R AR U
SHE 5 o3 A 1k 22 18] R 1T SCHR [12] BRI AR
Hh R X ] B A AN A AR, n X A A A
AR R R B 1 2 72 KT — N T SR AR, MK 5
S AEL R KPR R AN AR T ok, 5 DU, A B 5 A
AN ) B A N AN, 4RSI R BB AR R AT
N. X TEAEN g Sk 25 H bn 2 MR 9 A A I Sk
ik, SR TS 2 F AR S S e i A TR Y
I B A, IR AT D 2 BT A AR Al T, B e il i
RRIRTE TR i /LRI 73 D94 AN LRI A 1 1] i
B, AnD FEVEM E S P B — 0 )& A N Y
AN, SR 5 M 3 TR0 4% 3 A T SR =5 S L A
PRSI, I B A 22 ) — A, 4R Sl Bk L 1) A4
% H ST N. 5 AnD 55 R 0L, HE e SR
MaOEA-APD S5 A8 M8 58 106 FE i BE - $R A RE b 1) &
R /N — 0 AN, SR JE R A T BE B APD 1%
WU B AR AT I IR, BE IR IR 4 e o e g WAL AP A0 4
Ak, VaBA FIEIOD I MAR BB AE S A &, (E
T EROR T B A 00 S TR D R 45 e e 2 T P R A 231, T

FEMSCSIOME T3 TR FH T 265 F I B2 AR 8 3 I 3 5 22 (1
AN, LB e St

P Sk A A 28 FH 3 MOEASs H, H 4t [F]
R mR B MER S S &, s 2 A EEA
PRFRIARABLE, 5 ) P YO 0 B IS T 1 R
MRS, SR a5 L R 2 (M. AR, B
R TR S R A RE S L AR, |
PR KT, 3R — M T M = A 42 H bRt
. 5 UL R RS R), 1Z5H0R B S b & R AL
PR AR WS S, AH T Y0 B000E 55, I Gt = BR AL
B B8 75 UL B Bl A (R W SO R TR 95 R B R
W, T 2 T U — b i T ) = A 0 AR (D RG  IE 5 SR S,
e 20 78 - 48 R 11 4 A M RTUST S R0 45 ) 1
LR SRR, R R T BOE RE S 4L
THELI (] 52 2% BEAR. v, 2T 1) 5 A 40 i (100G D 0%k
PEORWE T RS G0 B S, A 52 B 3 AR A A
Phidk 5 Tk AR G 2 A 1) 5 A d R I 2R
Ja s B bR 23 (81K 4 5% AR 2 ) ) 2 A /N DL R
5 Ol AMERER G 2 ) ) 5 A RN AN X, 5 i 1%
AR 22 T 1) B LA /N 1 X338 9 A VR A0 B i AL
T3 A PR AR DX 33 I 2 98 A A i Bk gk Wi Sk
BIFRNMAREE N EE L FPR HR Ok
MRS O PRI R . S50 3R W, T HY SR g
RERETE =y 4 H A 2 ] Hp oA 20 075 348 HA o0 A B 38 2
s RAF i/ MAk N —AR, B 8ER m L 1 o
APE WS L RERE 70, SRR s 42 R 2 B AntiAb
I R A — b 11 R .
1 MESEE X

AR — ek, CAdse /M B, = 4t 2 B AR A il
AR IE AR

ggfﬂw:(ﬁ@%h@%~whdwf- 6]
H:z € RPRNIRIERR, F(z) = (fi(x), f2(2),
o fu(@)T € RMERA EbR &, R n 45K~
6], RM gy M 4 B Ar2s ).

1) H—1k. HARE— 4025 B br 8RB H Ax
25 [) S 21 3 — £k H bR 2 8] ) — A AR e, 2 R e A
oy A i T R EUS T B, 5 80N Z A )
AN ECECOR T, XA — R R . 1
£ MOEAs AL FE H I U T FR N P = {24,. ..,
oy}, BN N, Ve, € PIIEE i 48 B AR =i
— R R

_ filay) =&

fi(xj) Z;nax _ Z;nin ’

i=1,2,...,M. (2
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¢ 1
€ PRIHE— L HIRIEN F(z;) = (
co P ()"

2) [F)E A PSSR AR AU AT DLE R A A
VF) %) o) A B2, VA — A L 22 T o P A 2T R 1)
LA AL T

. N N
Horr: pmin — r_nirll fi(z;), 2 = max f;(z;). MVz;
j=

(P Pl y
17| TE )

Hr || - (AR ER 2965, YV, x; € P,angle(z;, z;)
€ [0,7t/2].

3) SR & R ASF. B SbR 5 R O AR S
AR S, BEARTE U B BRI AR RS St
HEAT VPN (H I ) 52 Pareto BTV THI AR 5200, 171 ASF
SEET B SR W &7 1) USSR B, R ML
AMRSEDS). Vo € P ASFAE TR I R:

ASF(z;, 2™ w) = max {M} ()

i=1 w;

angle(z;, z;) = arccos(

Forfr: pmin r;i:??fiuj);wm\ﬁsxj Sk 87 ) {4
o [ B AR S

w; = — LRI 5)

2 RHAE
2.1 EE{REZE

BT M= A o iR m e 2 B AR B I R A
HESE 5 NSGA I Fll VaBA AL, ik 1 fTs. 1%,
TE PSR 22 0] Q WAL= 2 — AR S N 4G
Rt Py ARG, KA AR 1) ASFAR, I — osbr 28 5
RIEBR T /M I NI EC i P B2, SR P A —
HEHIAE X SBX A2 T A8 St 77 AR 1 R B Q; 5, )
A EEIE AL S P A Q B IFEE ki N Sl
A A A I AMEEN T — R EE LRI, B
B3 AT b 25 M Lk A AE 2R &5 R 87 ., BT DA {8
5 B bRIa A R B A G

Bl VADAEZE.

1: initialization the population P containing [V
solutions

2: t=1

3: while ¢ < Tax

4: P’ =mating_selection(P)

5: (Q =variation(P’)

6: S=PUQ

7: P =environmental_selection(S)

fReg &% % BARSALHE & 763
8: t=t+1
9: end while

10:  return P
2.2 IRETIEREEALE

SO P I BN 0 B 2 . AR E A
RSN N, A HTR e P s i £ AT g % (52 XA
F)HET T MR Q, &R T IAMABEASS =
PUQ, K/NA2N. J 1 NS ki N MIEF5 AN
AR, 1 e R H 2 T Pareto JESCHCHEF 792, 8 S R
IR A ERE GBI By, By, SRS AR ICHS
B—EHMEIMAE] —Dm RS S, b HELS, >
N ARG I BIZERE 9 1 WFR Fy 9w 2.
RIS = NP RS S, BHEAE NN — AR P, 40
RIS > NULKE S, /Fy o BRI T — AR
P. 54, e 4E H AR 7S 8] A B A7 AE S T Pareto
AT BEA R ERE R, E = FL By >
N, eI 75 28 SN Fy Pk MASRAE I P, 2R
Je WA ASFAE Bkt /iy A AN WSSk 1 B i S A
PR FHR SOR ZEA 8 BT ) B A 20 A R RG S ¢
FHE M F/ Pkt K = N — |P|MME{R B 2
AR FEAZIR B P, FE T Pareto 3 SCACHE
P75 1 e A R B AR BE B T SR R) 52 2% 2 T x4
T Pareto JF SCRCHE Y Tk A %003 2 B L, LK
HSHAZ SRS RN

#¥E2  environmental selection(S).

input: S;

output: P.

1: normalization(S)

2: angle(5)

3: ASF(S5)

4: P=¢g,i=1

5: (Fy, F»,...) =NDSort (S)

6: while |P|+[F| <N do

7: P=PF;

8: 1=1+1

9: end while

10:  the last front to be included F; = F;

11: if|P|=N

12: return P

13:  elseif

14: sort K = N — | P| solutions from F;/P
to P by AD(F;/P)

15:  endif

_
<

return P



764 # % 5

xR %36 %

2.3 ETEERSMBIEIRIERRE

5 VAEA s KA B A LS S R0, 2 [ &
o RS DL FE R e i R AU B/ Pk E S P
(A B A KA o

= 1 1 . .
o arg(mrgg%(gglgang e(zi,z;))), (6

AN Z AL T AR A BT B a A P,
Ml FAEES /PR alERNTSP
F T R A S

A = {z|z € F;/P,angle(z, ) < angle(z, P)}, (7)

B4R G B/ PrAILE PSRN o I9ME, 1SR & A;
SRR KR A ASE R By HH AT S #3181, R o
A P k245 E K Ik, B2 |P| = N. 5%, VaBA 1)
B R ARG JEIN R 25 FE AN R 3 A A, R EE SR TR
8 737 1, T 200 1 A A IS, AN T R A AR
HREAY, T HE T A R Fy ) P oy R TR R 23, NG A itk
BT ISR E A bkt Sk RE B A I P,
By o e T AR R A P AU S BT R R A
I3 g ARG S SR U0 SR 3 IR,
HiE3 AD(F/P).
input: P, Fj, K;
output: P.
1: fork=1to K
/find the index with the maximum angle
from F; /P to P
2: a = arg( max (min angle(z;,z;)))

x; €EFy /P xje P
//find the candidate solutions close to «

3: A =
angle(x, P)}
//find the best solution from A based on ASF
4: for i = 1 to length(A)

{z|lz € F;/P,angle(z,a) <

5 if ASF(z;) < ASF(«)
a=x;
6: while |P|+|F;| < N do
7: end if
8 end for
9: add o to P, delete « from Fj
10 k=k+1
11:  end for

12:  return P

W1 s, Bk o Flag BT P iR 4E R (6)
T o = 24, A = {3, 24, 75}, R ASF & X 7]
0 s W SIOVE BB, MOR LI P ain SRR F B oK 1) &
RS IR, BEREK o = 24 M P, oy BIINTE SR

A T e 23 A7, B I SR R S e, T
s RTINS 1 R ) AT A AT S

A
/i

X,

»

S
E1 ETREANSBRIEREERERER

24 HEREEZE

VAD [ 1 5 I 18] &2 2% FE R T H AR 5
R T BA M A H bR 2N A
HATH— 0 L2 5 VA7) I RO (R 2 2% N
O(MN). R N [a) & ff1 /& 75 2N AR 9 9 2 T8] 1
S, BT AR 1) 2 24 BN O(MN?) (B2 55 2.47). /NVE
B E R AR 2N O(MN?)GEiE25317). &
8L T B B R) A 2% B O O(MUN) (325 2 56 4.47).
3 S e HE 0 B 1) 5 4% B O(Nlog™ 2 )T (4
152 B SAT). SR 3 R B T A R 0 ) AR SR IR 1)
WA BT SR 2% BE A O(MN?). A Ik, VAD
T8 JE A0 A — AR U1 S50 TR) R A% P T B R 1
max{O(Nlog” 2N),O(MN?)}.
25 ¥ #

VAD 5 VaBA &5 KL (BA Rl 2 A 7ET: 1) 78
M fif 1% 45 U7 TH1, VaEA SR FH 8 K ) & A A0 2% J ), T
VAD 3R FH 3 T 7] 5 A1 (1) ) it SR, AH LE VaBA 721 B
B R ey M RE S A6 P, VAD [5) I Sife i 7 b 2 ) 40 A
PRI S ; 2) VADAX R AR A B 34T 140, AT
5 NFIANSHL, 1T VaEA TF 25 it 1 B i F vp 75 227
VA FE B, B AE LA €, H. 5 52 Pareto HiT # 1 )
AN

ST E, VAD BA UML) A —H%
EMZH S W ENA N 2) SHFE R &H
SRR H 7, 32 SR EE W) & A1 ASF B3 47 B
B 3) ¥R R m 4E )R %2 B bR 0] R A 0
BRI R AR 4) REARARE M) 2 A 203 P A R 4
A RIS S
3 fiEER

A B TR I I SIS A AT SSIE VAD [P BE. K BT
A 5 NSGAIIT® . MOEA/DD!7', RVEAP! Al
VaBAU'S 26 B R R M1 2 H hndifb BiEfE — 4
WFG 251 3 HE MRS 47 % L s 6. BT se a6
FEAE A4 B 4 Intel Core, CPU: i3-2350.4 GB 1%

o %
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REZ F ATOEALMGS

% % B ARt E K 765

A512.3 GHz [+ E WL Bk 47, 72 77 K A Matlab 2015b
0’5, HA1EZ H s L EVE IR & PlatEMO-2.1019)
FiEer.
3.1 MEEIER

T8 BV SRR B SR M1t B, SR B I8 A 1 S
A = (inverted generational distance, IGD) #E47
.

IGD: X F4F — 51k, % P NZE LR B br = 16
RAF B — N IE AR EE, P* v H 5K Pareto i ¥y b7 —
IS oA AR, WIGD TR A

1
IGD(P) = > d(z", P). ®)
1P| =
Horr:d(z*, P) N A K Pareto Bl VE LA fiz* € P* 5P

I8 /INER B BE 9, | P | P (2R3, B L 52 Pareto HIf
W AR e AT, IGDE%ﬂL;L%%?LIWZT
AT LA R 20 A7 1, FLAE B/, R L I 25 6 MR
LT
32 LIGBHIRE

ARSI N T ORUE SR A S, YR SE U R
B, SEBG HAR S HO B

1) FEE K /N, NSGA-IIL A RVEA [ F L K /N 5
51 5] 4y A B EE ) B R D%, I HLOR FH SCHR (6]
[IR)Z 3 Ak, WE A S % S H K4/ A
5% %t T MOEA/DD, A F STHR [ 7] 475 1 A R /s
N = H, X HAWNEFEANH. VAD. VaEA 5
NSGAII FIFEE RS AR [, 28 1 AN H R AR
FERUASE.

*1 BEREMEARERSE SR EMMEFIER

M H NSGAIII MOEA/DD
3 91 92 91

8 156 156 156

15 135 136 135

2) ML E TS HRE. A B iE R H SBX A
2 W 5= A TR, A8 X p. = 1.0, AT A%
Hpm = 1/D, K DN FET A K 4E5. SBX %
T RAS I 3 AT Fa A5 3 I e = 30,1y, = 20.

3) Hi% S % B. MOEA /DD )45 38 Ji A i3 &
NT =20, SHBE N = 5, A RERFRMR
WE NS = 0.9. HCHA[8], RVEA [ FE T K] A8 kR
B = 2, 5% SR f, = 0.1. 3k [16], VaBA
HAEREEE Aw = (1/2)/(N + 1).

4) IBAT RN 2L %A, T A 5 AE PIatEMO
w2 R, & VR B A T S 4 i 372 4T 30 4K, 24
H b 2R EE Y U B0A 3120 000 YR (B K Bk ERE Tk
#, MFE) I 55 2% 1k,

3.3 LWERDR

VAD 5 NSGAIIl. MOEA/DD. RVEA #1 VaEA 7
9N WFG 2 51|k ok £ i) 8 _F ¥ 1GD i Gu it 45 R
W2 ~ R AFTR, 55 38 30 ML B 4T 45 R (1) 35
(BRI 22, SR IR A 1 45 SR PR AR AR R, 4, A ST
K F Wilcoxon FR A 56 6} S 06 K 347 2 35 P LU R,
BEMACPFREN0.05, K “+7 “—7 “=" HRIF%
REAh R BT BE S TR ZER T VAD.

FT2 SHWEEAAE3IBFRWEGKE)# L3RS IGD EFHESIREE

RVEA VaEA VAD

7.30843e-1 (1.22e-1) —

1.91043e-1 (5.71e-3) —

2.44245e-1 (2.18e-2) —

6.778 44e-1 (1.06e-1) —  5.46243e-1 (8.78e-2)

1.63446e-1 (3.12e-3) +  1.669 44e-1 (4.23e-3)

1.43342e-1 (1.39¢-2) —  9.21342e-2 (5.79¢-3)

problem M NSGAIII MOEA/DD

WFG1 3 5.9754e-1(8.32e-2) =  1.37440e+0 (1.44e-1) —
WFG2 3 1.62746e-1 (1.12¢-3) +  1.79044e-1 (3.24e-3) —
WFG3 3 1.22249e-1 (1.14e-2) —  3.32242e-1 (1.24e-1) —
WFG4 3 2.23542e-1(1.01e-3) =  2.43148e-1(1.95¢-3) —
WFG5 3 2.31348e-1 (1.03e-3) =  2.48045e-1 (1.8%e-3) —
WFG6 3 2.5604%-1(1.38e-2) =  2.85845e-1(3.87e-2) —
WFG7 3 224147e-1(8.0le-4) = 2.49042¢-1 (4.72e-3) —
WFG8 3 3.00645e-1(5.18e-3) =  3.12345e-1 (6.70e-3) —
WFG9 3 227444e-1(1.95e-3) —  2.68844e-1 (4.90e-2) —

2.51045e-1 (7.36e-3) —

2.408 40e-1 (3.26e-3) —

2.90948e-1 (2.11e-2) —

2.43047e-1 (5.36e-3) —

3.42540e-1 (1.02e-2) —

2.354 40e-1 (6.50e-3) —

2.254414e-1 (4.50e-3) =

2.33841e-1(3.57e-3) =

2.65846e-1 (1.49e-2) —

2.22642e-1 (4.10e-3) =

3.094 40e-1 (5.46e-3) —

2.23446e-1 (5.17e-3) =

2.23845e-1 (3.61e-3)

2.32042e-1 (3.90e-3)

2.51146e-1 (1.49e-2)

2.217 45e-1 (3.07e-3)

2.989 d1e-1 (4.94e-3)

2.244 48e-1 (4.46¢-3)

+/—1=

172176

0/9/0

0/9/0

17474
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*®3 SHEAAES B WFG el EIR1SHY IGD FIE SR EE

Problem M NSGAIII MOEA/DD RVEA VaEA VAD
WFGI1 8 1.908 0e+0 (1.63e-1) = 2.2457e+0 (1.67e-1) — 1.8737e+0 (1.74e-1) =  2.3912e+0 (8.09¢-2) —  1.795 3e+0 (1.56e-1)
WEG2 8  1.2542e+0 (2.35e-1) =  1.317 le+0 (6.59¢-2) —  1.2367e+0 (1.0le-1) =  1.1989e+0 (4.62e-2) —  1.027 0e+0 (2.30e-2)
WFG3 8 1.7569e+0 (4.42e-1) =  2.783 7e+0 (9.45e-2) — 2.6517e+0(591e-1) — 1.5663e+0 (8.87e-2) = 1.393 1e+0 (2.28e-1)
WFG4 8 3.6199e+0 (8.80e-2) —  3.9359e+0 (1.32e-1) —  3.5598e+0 (5.38e-2) —  3.4247e+0 (3.90e-2) —  3.337 8e+0 (3.23e-2)
WEG5 8  3.5296e+0 (1.65¢-2) — 3.9325e+0 (1.37e-1) —  3.5508¢+0 (4.82¢-2) —  3.4016e+0 (3.7de-2) + 3.517 le+0 (2.93e-2)
WEG6 8  3.8126e+0 (6.49¢-1) — 4.1643e+0 (2.28¢-1) —  3.964 7e+0 (2.75e-1) —  3.6528e+0 (5.11e-2) —  3.563 8e+0 (4.43¢-2)
WFG7 8 3.6554e+0 (1.55e-1) —  3.769 8e+0 (1.46e-1) —  3.676 6e+0 (9.24e-2) —  3.5012e+0 (4.69¢-2) +  3.584 le+0 (3.83e-2)
WFG8 8 3.8489e+0 (1.80e-1) — 4.167 le+0 (2.22e-1) —  3.9340e+0 (1.20e-1) —  3.5805e+0 (3.81e-2) = 3.5747e+0 (3.15e-2)
WFG9 8  3.5831e+0 (4.34e-2) — 3.9863e+0 (9.53¢-2) — 3.5169e+0 (4.17e-2) —  3.3745e+0 (3.12e-2) =  3.384 3e+0 (4.08e-2)
+/—/= 0/6/3 0/9/0 0/7/2 2/4/3
F4 STEETE 15 B WFGR a7 L3RBHIGD EESINEE
Problem M NSGAIIT MOEA/DD RVEA VaEA VAD
WFG1 15 2.5586e+0 (2.19¢-1) +  2.727 6e+0 (3.97e-1) +  2.4374e+0 (2.12e-1) +  3.560 1e+0 (1.18e-1) —  3.133 le+0 (2.15e-1)
WFG2 15  2.9454e+0 (1.07e+0) — 2.2158e+0 (7.68e-2) —  2.3468e+0 (9.35e-2) —  1.846 6e+0 (6.44e-2) +  2.040 le+0 (6.17e-2)
WEG3 15 5.0494e+0 (7.88¢e-1) —  7.147 le+0 (1.14e-1) —  8.543 0e+0 (1.96e+0) —  2.963 3e+0 (7.88e-1) —  2.076 9e+0 (6.53e-1)
WEG4 15 1.1903e+1 3.44e-1) —  1.2966e+1 (2.67e-1) —  1.2428e+1 (1.43e+0) —  8.9258e+0 (1.60e-1) —  8.788 2e+0 (9.60e-2)
WFG5 15 1.1878e+1 (3.02e-1) —  1.2089e+1 (1.10e-1) —  1.263 8e+1 (5.54e-1) —  8.704 5e+0 (8.42¢-2) —  8.460 6e+0 (7.90e-2)
WEG6 15 1.2437e+1 (6.23e-1) — 1.436 0e+1 (6.68e-1) —  1.5374e+1 (2.70e+0) —  8.7447e+0 (1.34e-1) —  8.521 0e+0 (6.75e-2)
WEG7 15 1.1720e+1 3.14e-1) —  1.2029e+1 (2.81e-1) —  1.2874e+1 (2.05¢+0) —  8.3777e+0 (1.28e-1) —  7.997 8e+0 (8.87¢-2)
WFG8 15 1.216 5e+1 (1.85e-1) —  1.3627e+1 (7.62e-1) —  1.4838e+1 (2.50e+0) —  8.2929e+0 (1.20e-1) =  8.288 8e+0 (6.52¢-2)
WFG9 15 1.1373e+1 (3.47e-1) —  1.1696e+1 (7.94e-1) — 1.161 7e+1 (2.00e+0) —  8.456 0e+0 (7.20e-2) —  8.116 9e+0 (1.26e-1)
+/—/= 1/8/0 1/8/0 1/8/0 1/7/1
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