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Aircraft carrier formation replenishment strategy selection based on
hesitant fuzzy power Bonferroni operator

XU Yang', BI Wen-hao"?', CHEN Hao', ZHANG An'-?

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China; 2. China National Key
Laboratory of Aircraft Configuration Design, Xi’an 710072, China)

Abstract: To address the selection of carrier formation replenishment strategies with both qualitative and quantitative
indicators under complex environments, a multi-attribute decision-making method based on hesitant fuzzy linguistic
weighted power Bonferroni mean (HFLWPBM) operator is proposed. Firstly, based on the influencing factors, an
evaluation index system incorporating both quantitative and qualitative factors is established. Next, for the three
replenishment strategies — delivery boy, gas station, and circuit rider — path planning models aiming to minimize both
voyage distance and replenishment time are constructed and solved using the NSGA-II algorithm. Then, the hesitant
fuzzy language term set is used to characterize the evaluation information of experts and construct a group decision
matrix. The indicator weights are determined using an integrated weighting method, and the HFLWPBM operator is
used to aggregate information and rank the strategies. Simulation examples and comparative analyses show that the
proposed method can cope with the ambiguity and uncertainty in the selection of replenishment strategies and provide a
basis for the selection of replenishment strategies, which verifies its feasibility and effectiveness.

Keywords: hesitant fuzzy linguistic set; multi-attribute decision making; Bonferroni mean operator; power average
operator; replenishment strategy selection; NSGA-II
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AT D 25 SR 3 o] R AAAE B T 1) ISR B
I, M GBI AR K 32 IR ; 2) PP 48 4 7] 47 72 S BBk
P, &M N 1 T0EA UL B X R & C R 3)
AN FE B A PR I S 5 B IR LR, AT
T T FE A ME DA A TH] S AN [7) S 1R [ A 1k e

IR, g AN AR R i) RS2 3] R 2
W 5GE, B B 7T 3 B FL 2R B 4% SR AT 7 1) et
(traveling salesman problem, TSP), % F % §¢ 11t 4k &
EAEBRAT IR TP A3 31 1) 2 AL SCRR [19] 456 02
TN (VAV) BIER Z A RGN 7% T2
B4R IR B 28 Brown 257 LU % 75 SRAE )
SR, A58 BRI T S5 e SR IR AT B AR AR
%2 S S 20T A 1 R A PR R LR R R 1
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R AR SRR, 80 PRI 25 e 2 1 P 1 203K (23) 29 h
BALTER — 1P BUANA SEAE BT IS, 75 kB BOMAE
R RN 290K (24) 1 (25) BRI A A H R B T
LU B TSAITE; 30 (26) 45 BN A E b HEAT
AN AL F s 1)
3.2 i EAMEBRMRIE R

BEXESS 3.1 FTEEAL 3 Pl S s 2 H AR IR 42
FHRIARE A SR NSGA-IT 535k 012 1% 4% 10 ol A 70 5k
A7 3R fi# . NSGA-I1 5 ik 42 75 Ak 3CBE HE 7 82 4% ik
(NSGA) Byt b 47 o453 208 — 2 H Ar itk
vk, FL IS S SR R S C HE T v R

Femg, H B NI THE, AR ER R AR, fRIE

Pareto i fILfif I 2 FE 1, 72 B AR AL U A R
TP I,

1) Fwhs.

ASCARYE AL S (1) TSP 0] 8, SR A et k133t
il i i, A5 FH A ARR AR R AN s o 20 5 1R A7 S .
REBARFTAN B MUANE GG AN, S ok 7 51 B R oR b 4
I &1 5%F CR SRME A GS S, *hA AT [H] i A %
R SR R AN 2, SR B gm b, 565 1 B an A
VERAL I HERIGE, 26 2 BeAE GS Sl i RR 54 s
i o0 e B A A B, E CR SRR KRR ANATE & 2
TP IE =, & 3 BT CR HHE A1 GS 3R
W& Fr s 7 =X

?[Am—'

IIII

(a) CR HEng 4wt

B AL 1—
EE%I‘%Q

e
GRS )

(b) GS KmEGTG
B3 RerhmErEE

2) IEFIRIE.

NSGA ik — BOR FH AR FE L 3. A ORI =
TR bR BRI FE T, BEUCEE R BE AL £ A
A, FIWTH E AR SCRCHEFP SO0, SE R Lt N T
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— BN

3) & X ARAE.

A 3K H B 43 UL A &2 X (partially-matched
crossover, PMX), fRiEAEAS e Ak b 1 3 R B
— K. AT ULEC AR S5 W RS SCRARL, Rk £ A
A RGBT 3 2H, B DU R AR BEALAE O

SERE, —ER AR IR E R I, HE
5 X AN ik IR AE A2 SCIX 3k Ay g ST R OC R, AR
Vg HE AT () R 4 B B O R AE A XX I B
AN 73 B0 B G A v AN B 5230 4y () B et A

4) B HRAE.

AR X A% S SR B AL 7 A A A2 e A
PP AL ) 2 R B A B, DL S I RN 25 T
Az,

5) PUEAECRCHE T SR ETEELT

T8 o AN AMME SIS S S, A SRS Hon, 1
i ot o AR EIT A EHESCRLZ, R EE—
PRI — NS5 2] rank, S5 ERAR 19 MAER R 75

T HRORFPEE I 2 1%, NSGA-IT 51\ T 44
FEE SRR, A H0 A B4R % B 2 B b o £ 00 4R 41 i
PRIEL A 2 AN A0 RS AR B ASF ) rank, WG
Je i PRI rank MR G0 2R P9 A g B G AH R rank,
D i ) T R A5 B2 ) .

6) o OR BE TR

PR AR A G A L R E E R B
BN — A, BRI IR rank 1) K /N 3E4T HEFF, rank
AN SE DR BE . 24 DR B B8 R R /N 3R
SCHC 2 G, AR S A4 P 0k 1 7 LR BRI M.

5T NSGA-II FIfT BE BA AN 45 B A% AR
o 3/

step 1: WIAAAL MM AL FR S WTAT 8 B FIEE A% B0k
FHRSHL, WA PRRE T R B B A

step 2: X ANHEREAT AR SCRCHE R AR BT FETHEA

step 3: 1T IE R & X\ A7 H T A Bl T AP
B

step 4: A A FACMEE, FECHEAT AR L HE
JF R 5% BE 5

step 5: K FH A SO B SRS A2 T —AOME.

step 6: W7 & 75 /2 15 QL k2%, 15, IR
[A] step 2.

4 ETF HFLWPBM H-F R R

2 JE A BE g AW E kI 25 S B G 5 1 ) R 1
K H HFLTS X pHAME B AT R, Jlb v i 1
A A iR R 3 B AE S I 2 . 7R SRS AL B SR A

PBM 1E R & H 1, v LA i & 14 18] (1) OBk, JF
355 B v AT (E e RIS, SINES 3 T AR AR
AR J5 BRI AR VI TB) DR AT 68 A2 B0, E vk 5
(1) EFRAR AN, 45 G 8 PEFR AR 0T D 25 SR BE 12 AT 2%
GIFOY, R IRINT.

X T BE G A %I 25 55 I 348 56 1 1 55 ) A, IR 1
Am MGG A = {a,,as, ... a, } NP5
WU = {uy, uy .. u}, PP FEARXT BTV =
{wy,wy ... w.}, w; € [0,1]. RIEEREHFAND =
{di,d,,...d.}, e NUSEL FZEE. ACHTE S RIE
S ={so =%, s =5k, s, = WKE, s3 =5,
sy = WEUF, s;=1UF, s¢ = W}

step 1: R 3R d, LA FZ M 1E 5 ARG T 4R
ft HWE @, TEF8 bR, B9 VF OB, AT 15 30 R 38 46 B
R, etk t &M rY = H{s® s® ... ,sﬁ}i)h
(s, €S, 1=1,2,...,#h)Fom, E&EITEMLY
= {ny &,

step 2: X HRFEFFE R® AT IH— 0 AL 2R, T R &
AL, B E0H — (b G AR RE R®) . 6 T AR 2

SRR, B = 1=, /3 s X R R
j=1

b5, b = ’Yij/ > i
%Tﬁﬁf%ﬁ)%%;”éﬁi“éﬁﬁﬂﬂﬁ, & Y]
Rt BB AR A A AR R AR R, BN T R AL R A,
Wy = D HF AR, b = (h)*.
step 3: ¥ Bt B € MR AR B VR M B B, BP
HFLS { H ¥ AL s 5% A8 HFS: f: [0, 7] — [0, 1],
PR ={F(s)=Z|n € 0,71} = Y sk, 3t
HHRE N ITA T AT RS, FEARTE E X 4 4%
HH A R TR XS T 2R AT P R, 19 BAR AL L AR
RS E R™ .
step 4: Z5 3R [12] ISR EPLIRBM RS 155
FE—IIERR T h A, A
af(h) + (1 —a)n(h)
a+ (1—a)n(h) -
#h
St BOBIEO() = D (1— 2, — 0.5), i
JFEN(R) = [ = Yoninl» K F b (0,1).
4k, J@ i, PR WA E TR A N
,_ 1-E,

wJ = < )
c— E E;
=1

Lo
Sorh:Ey = — > B () RV i, 10T SR,

E(h) = (27)

j=1,2...c.  (28)
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xR E41%

E(h) B4R 7) #A7HE.

5, R JZ IR 53 M b A o B O,
SE A E ) B AT — BUEAL LR, BRI B E
MBE w? = (w2 w?, ..., w?). KHLEINE T R
TR, A BE N

w; = wiE; +wi(1-E)), j=12,...,c. (29
step 5: THH SRR Sup (Y, hY), A
Sup(h, hY) = 1 — d(hi?), h),
1=1,2,...,¢c, j=1,2,...,m,
p,gq=1,2,...,¢e, l #k, (30)

(R, b)) R R 5 i e V1B,
step 6: U1 5 ML 5 B KA 2% hﬁ?)ﬁfﬁz 1) > 5 &
T(h), fi

T(h) = Y Sup(h,A).

q=1,9#p

step 7: R AR FR MR L A % 11 ol b A w7

(31)

H
w,(1+T(h))

S (1 4+ T(hE))

(P —
W = (32)

step 8: % H HFLWPBM T4 45 &% e S & 45
H PSR RERE R, B BIPSRAEFER = (hy))cxms B
h;; = HFLWPBM*'(h{), (Y, ... h{)) =
u_A{r{e-(C I a-a-

Vo €Hqvp €Hp ¢,p=1,97#p

(1= )=y (1= (1 =5,)=))) ") T ).

H: H, = f(W\?), H, = f(h{¥) )9 HFS.
step 9: X HE IR FBE R P I G R THH SRS

Sup(h, i)~ T(hiy ) FURALE w, ;, F5 RIS
AU Bonferroni 1 ¥ 5 - A2 45 AN MH, 43 31 % ik
WS a, (025 B VP 2, 2,00 O B e =,
j=12,....m. H

2, = HELWPBM** (hy,, o, . .

0., {0

MEH, v €Hy

)hcj) ==

T -0

Lk=1,i#k
1

A==y =a=w=)) ")}
H: Hy = f(hy), H, = f(hy;) N HFS.
step 10: % 2, I\ HFS &3040 HFLS JEa, A
f7t:0,1] = [0, 7],
f7Hz) = {7 () = syaly €0, 1]} = 2.
FIHE 2 tHR LRG99 S (2,) FITT Zv(2) N

1

(0,46, +...404,),

#h

. 1 5 \\a
v(;) = #h\J Z(G, —s(%))*

step 11: XF % % VG SIS I 2R G 159 S (2,) HEAT L
B, 1950 B SR mE AR 5B 1350 S (2;) MR, T LE
B ZEv(Z;), 77 ZE 0N SRS AR
5 SHlsir
5.1 B{REHER NSGA-TI fHELER

AR 3L RS RE g B E 1A 0 2S BRI (V).
1 AL (CG). 3 M UK B AL (DD). 1 # 47 TR
(FF) 1 1 fEANA LM (AOE) 41k, LA 2 BEAR T 76
AL AR R s ST AR AL BR R, 1L AMA LAY (AOE)
AEXS AARR A (o, Yo ), Fo A AR KB KT A BR R (4, ys),
t=1,2,...,6. 4 PO =MILRRIANALE.
BB MU AT v, = 16 kn, 505 T
FAT IR E v, = 22 kn.

*DD(a)
10
£ o | DD AOE cv ca
=
_10 L
.DD(b)
20t o
-20 0 20 40
x/nm

4 MAEIES

RSB A8 FH NSGA-IT FVE AR AN [F] SR BE T ifg
Hh o B A5 R K IR R T R ORI HE B PR, AR SCAE
Window10 ¥ 3% T {8 ] Python 3.12.4 {5 B #4347
T,

JC B DA AR X AL bR B AH DS S ECR FH AR 2 50,
A HL LI IR AN 20 Wk, FPEERLE population Ay
30, F RIEAIEL iter = 150.

x2 MEHEHERMK
AT FEALAR 2, /nm PAEBRyy, /mm B IFA], /b

AOE -8 0 /

(6\% 0 0 4.1

CG 45 0 23
DD(a) 20 15 1.7
DD(b) 20 -15 17
DD(c) 5 -20 17

FF =25 0 1.1

MR SRR B AN S 4, 73 5t 3 Fihgh 4 5K
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WESAN 20 YR AT LSR5, SRR I I /N RN A sl B 1) A e
FERUAT BEFE. 3 FhoRh25 SR 1 S5 L AH X A 4 B A2 R K
WK s s,

10
g 0 | DD(¢) AOE ¢a
S
BN
,10 L
20, . . .
-20 0 20 40
x/nm
(a) DB FEHEHHRTFM 5 %12
g
S
BN
x/nm
(b) CREISHIXSHMA FR 1R
CG
g (2)
BN
-20 t . L2 (2) L
-20 0 20 40
x/nm

(c) GSIRESAIXI IS AR
5 iMAERMRMMER

Bl 5 H 2Lt 28 5 AN A AT Bk B AR R B 4%,
R EAESARAT B A X B 4. B S(a) 2% L
IE T R HNE IR, B 5(b) 20 R RN AT A
B S(c) HRAE R AR AT 55320 (B80T R BB R R /N I
AN 7 RN AS [ (RO . 3 ek S A B P e A
filt oA el 6 B,

=YY __ 1340
= 121 = 47 AR
= 1300 g
5 10 E 1260 E
& 1220 b
&8 =
= 1180 =
oL - - 140
DB CR GS
KN TN

El6 3 MiMARBRMEDT

K 6 7] LA H, CR RI% 1453 7 —2H Pareto
AR, HANAIEAIZE 7 h ~ 9.5 h 8] 3, “F31E

A 8.2 h. #MNA AT HFELE 230 nm ~ 290 nm [a] % 51,
SFH1E N 259.9 nm. N M Pareto fift 1 BEHUE BT &,
NS WAT B AL O AR5 AR LIS 18] O, 24T 13— 1k
AL B, Fe) i B A RO N

O, — Oy Oy — Oy i
01 max Ol min 02 max 02 min )
FH, O s Os a7 5124 Pareto fif 45 A B4 A2 5 B [H]
M /MMES B RKME, VIREFHERT. KE
A = 0.5, T 5% AR I E AR, 158 21 8RR /s
R AL N (8.1,265.26). 3 Fh k4 R WS 1) o AT A 5ot
ik 3 Fiow.

0=\ F(1-))

®3 BRBMAERIIE

Hh R S AN AR [7)/h AT R /mm
DB 12.6 160.18
CR 8.1 265.26
GS 6.40 330.77

XT LG AT DB SRBE AT % A B R, BRAE A5, &%
AR FE i ORAIE T AT BE g BA B 2 i A, AR 25 AL
I [] 5 K GS M IR 1) B A, (R AT B8 R A oK, PR A
R¥FFELSS; CR KBS 7] LUFE /2 DB SRES I GS 5%
AT e, 25 B T AAT B AR Y, i Pareto fif
SRR T 2T RikE

7RI T AN R Ab 45 SR WS 1 VR IS AT I ]
DB &, CR 5%, GS SR0& 1T 2135 47 1 18] 43 51
1.15s. 1.6 s #10.94 s.

. 15t

= =

7 1.3} a

= =

llﬂ) L1r T
0.9t =

DB CR GS
FNE TR

7 AEREEERTITHIE

5.2 i Rkgw B\ L AhaS SRR I FESL B S

PAH 5 8B AT 55 N 5¢, % DB(a, )+ CR(ay) 1
GS(as)3 Fl#h 45 SR Mg BEAT 16 35, LA A
= {a1, az, as}. VNS FESP PR IY: o8 BARbR L4
K AR R DO 45 35 s VESRAR U i 5 fr ok 3
HRKd,(p =1,2,3,4,5) I HEAMG RIS PPN T b 1A R
G IR 3 BN 45 SRS HEAT VA . TR d I A TR
TR R INTE 4 Fos.

K15 F HFLWPBM 1 (1 ¥ 5 07 vE A % %



2198 #= # 5 *x K F41%
FT4 RREJBVRKERERD F6 PRKERER

et ay a, as Eiztan ay s as

s 6018 6396 23077 s {0.79,0.79} {0.65,0.65} {0.56,0.56}

s e ol 640 U {0.54,0.54} {0.7,0.7} {0.76,0.76}

. o} - - U {0.78,0.83} {0.27,0.55} {0.17,0.39}
Uaa {0.79,0.83} {0.4,0.56} {0.27,0.39}

e {o0, 55} {2 50} {2, 50} Uy {0.17,0.44} {0.78,0.83} {0.55,0.67}

Usy {51, 83} {85,586} {85, 84} Ugo {0.39,0.5} {0.67,0.78} {0.78,0.83}

Ug {52, 55} (54,55} (50,55} Ugs {0.83,0.83} {0.5,0.61} {0.1,0.27}

s (5} (50,51} (50.5) Ui {0.22,0.33} {0.67,0.78} {0.27,0.5}

. - - - U {0.44,0.5} {0.5,0.72} {0.22,0.39}
Usy {0.5,0.67} {0.49,0.67} {0.22,0.27}

e s} (85,8} a2} Uss {0.27,0.39} {0.44,0.61} {0.72,0.78}

Us1 {55} {54} {s1}

sy (54,85} {55} {5,} #=7 BT AHP-HEZEMITENIEREAESNE

Jog 1 R SR i LA T SR .
step 1: X % P AN 5E F 6 b 70 ol BEAT A AL b B
A P HEB, K BT R0 a8 B 48 b e A0 9 BRA L R A,
H¥s BT HFLS ¥ 46  HFS, 13 245 10 74 50
PUSEHEFE R® . LIRS dy NI RN a3k 5 Bis i)
PRAEAL R SRR
RS ORERERIROEICRRIERE RV

Eiztan a s as

i {0.79,0.79} {0.65,0.65} {0.56,0.56}
Us {0.54,0.54} {0.7,0.7} {0.76,0.76}
Usy {0.83,0.83} {0.5,0.17} {0.33,0}
U {0.67,0.83} {0.33,0.5} {0.33,0.5}
Usy {0.17,0.5} {0.83,1} {0.5,0.67}
Uso {0.33,0.5} {0.67,0.83} {0.67,0.83}
Uss {0.83,0.83} {0.5,0.67} {0.17,0.33}
Uy {0.17,0.33} {0.67,0.83} {0.33,0.5}
Uo {0.5,0.5} {0.5,0.67} {0.33,0.33}
Us, {0.5,0.5} {0.67,0.67} {0.17,0.17}
Uso {0.33,0.17} {0.5,0.5} {0.83,0.83}

step 2: | F§ HFLWPBM %5 7 X % & 5K 45 tH (1)
AR R®) AT SR 4, MR USRI IS RUNE 6 Jir
7N

step 3: 70 A AR BUEANZ R Hridifs 26 AR
(7 AL ! AN E AL E w?, IR (28) #EATHR
PR EAE TR, SRR 7 Foi.

step 4: B S5 X T B8 2 TF 5 iy X gy, () SCFF 2
Sup (i, hir). N TR, #5 Had S, PL B =
{u317 Usz, u“}?ﬂfﬁﬂ, H

bR AHPHUEE ! R w? HEBHw,
Un 0.2 0.161 0.173
Uy 0.2 0.155 0.169
Uy 0.053 0.09 0.067
Usy 0.107 0.08 0.097
U 0.186 0.083 0.149
Ugs 0.077 0.083 0.079
Usg 0.031 0.1 0.061
(o 0.04 0.076 0.052
Uy 0.013 0.044 0.019
Usy 0.056 0.059 0.057
Uss 0.038 0.071 0.048

S = 8% = (0.888,0.938,0.804),

§19 — 5§91 — (0.554,0.749, 0.575),

57 = §9 — (0.666,0.8,0.379).
step 5: [FIFE LA B RITHET (h,;), AT 1S

[ 1.441 1.687 1.379 |
1.554 1.739 1.182 |.
| 1.220 1.549 0.954

step 6: 1M B Hw,;, A LA H|

[ 0.515 0.516 0.545 |
0.309 0.302 0.287 | .
| 0.175 0.183 0.167 |

step 7: # ] HFLWPBM # 1 it 5 #E U 2 B, 1)
CEETHNME (s =t = 1). ITEE R T
2y = HELWPBM" (hyy, ha, o) (v = 1,2, 3) =
£71({0.343,0.538}, {0.611,0.733},
{0.493,0.597}).
Kz EI R, 7T DR BRI R SRS
VA 21, 2o, 24, 25. WU HE W) 25 1) 0 SR 0 BE Ry 59
= [21, 2,23, 24, 25|, WK 8 7K.

T, =

ws =




F8H W F R TR R Bonferroni F- T 89 At AR S INE L ANS R ek it 4F 2199
&8 ENEHREIERE ®9 TRIBH s t WERL
f7 a as as B4 ABEN(S(@),S(), Sa)  HTER
B, {0234,0234)  {0.712,0.712}  {0.317,0.317} S—t—02 (2.9,3.31,2.42) 4 >y > a
B,  {0.769,0.823)  {0.317,0.545}  {0.209,0.379} s—1=2 (3.29,3.6,3.01) 4 = a5 - ag
B, {0.396,0.563} {0.611,0.702} {0.485,0.591} s=t=5 (3.77,4.18,3.99) Ay > Q3 > Oy

B, {0.283,0.372}  {0.498,0.665}  {0.213,0.382}

B; {0.366,0.5} {0.465,0.634} {0.399,0.467}

step 8: X HRAHFE R FHIBHATSCRFELS™ . T (hy;)
MR E w,; B, 35 F F HFLWPBM 81 it 5
FT A %1k 4N A M a, (1=1,2,3) ISEATRE N
S = §° = (0.909, 0.801, 0.638),

5% = §5 = (0.904, 0.938,0.872),
3.14 355 2.97
2.86 3.73 3.22

T(5><3) = . . . )
3.08 3.63 3.4
0.330 0.332 0.315
0.156 0.162 0.170

Wh(sx3) = . .

0.115 0.113 0.117
BA ML GV EN

z, = HELWPBM" (hyy, hor, - .., hsy) =
F71({0.456,0.555}),

2z = HELWPBM" (h12, Bag, - . ., hss) =
F71({0.521,0.612}),

25 = HELWPBM" (hys, hog, - . . , hs) =

£7'({0.396,0.484}).

step 9: T EAMNA MG a, (1=1,2,3) WZEE1E N

S(ay) = S3.03, S(ay) = s34, S(as) = Sy.64-

M4 25 A 15 7 0 45 B0 %0 25 55 w1 HE 7, /P
ay = ay = ag, BITE HHIE T 5T MR A e £
A SRS K (RIS SRR (ay).

2 JE AN A B IR s, e e 27 e 45 SR B 52, A
s, T AR ME, THEH R AH T 4R, if5e8 o
PR BN 7 45 R W3R 9 s,

3% 9 v LA H, S8 s FE U FRME R, % Fh s
FHWE 1557 BB [F], B g R 7 — 0
SO B s A HUE ¥ 85 K, HELWPBM 51115 5)
PR OB TG K. IR IR AR T s AN ¢ U ) 1 2
X PRS2 AR, ZREH T TR R ) R
AR, ot s e 0 HUE Wi A8 4k, HE P 4 R s A A
SRE CR KBS (a,), XR AR TTIEAE— € SHTEH

WA B S H M. Y3 T DU S Bk ok o 2R 35 o
JR M 1] 5% AR 25 IR 2R A BB S BUIUE, 13 B AR
s R
53 FiEXH

RIS A ST #E 7R R, R AL L
P AT X b e B RUIA 5 I AL LA - 2
(IFOWGA) 57117735, 36T BB RN BCE Ly
(IFPWA) 57777 5T B 5 BOW % Bonferroni
B4 5 IFWPBM) (#7730, B T K
3 (plant growth simulation algorithm, PGSA)™" ]
BEERSTE, B RN 10 Fik.

x10 AREFHEHRGR
Ty 33 EL(S(ay), S(as), S(as)) HFp 4t R
IFOWGA (4.21,3.72,3.5) ay > ay > ag
IFPWA (3.54,3.92,3.65) ay = az = 4
IFWPBM (3.12,3.64,2.83) Gy > Gy > A
PGSA (3.24,3.56,2.78) Ay = Ay - Ay
AT (3.03,3.4,2.64) s > a, > as

M R 3 PN o5 SR R HE Y 45 SR AT LR,
IFPWA. IFWPBM. PGSA 5 7 3 /7736 CR TR
B NEAR, HA 715 IFWPBM 1 PGSA J7v2: 5%
AHEF 45 B — 3. IFOWGA 81 [ i & HE 7 45 B
DB W& VT 5 e i, 5 AR TR AFAE R 2 5 i
76 510 3 B PR AE T SOk [23] 7 A0 SR [13]
T3 V5 BT P - R 25 18 1k 1R) (0 A B I T A
FiOTEI T BM HF, BB 5 B AT W JE M A 1)
RIRME, Rl i 4 HE P 45 R — B, R TiZE T
AT DUA R4 BEELAT T PR SR I e 5 1) R LUK, AR
YRR T RA T PA 5L, dkK T Hk 55 i 1
51 B B AT 5. STk [23] 5 46 IE R 18 ] PA B
T, BT R SR R o v SO AR PR (A A S, X
T CR W& (a,) MV S5 R 5 HoAh 7 L3 AN, T
KRITIERFE T — E WER e 1.

Ak, PSGA 1EN—Fhmkt A ks B R AT
V%, AT DU kA B0 PP 40 f s 1) SR, e AT
SE 5RO 8, MIGAIE T A SO R A R
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FEANE SRS FE A R 28 PRE TS 1N, A SCT7 iR HI3KR

R =T PGSA, HAEMWUR MESCHR S B+

YOO R A IR i, £ ORIESE R HER 5 BB F

I, SEAT B 25 PR SO I R 5 ) SE A A O 5 3K

6 & i
AR T — R A5 T 9 HT A

%% Bonferroni V¥ 7 (HFLWPBM) )% & 1t 1k 5K

Tiik, SE T RE T PA BT BM BT IO A B

A 25 2 g A 18] 5% 3B I R 559 A o T A RS L. A

SCIRIN 25 58 T MR E B AR KR, X 3 Fhrh 4 SR

I AR T UL /N AR S ) A0 B JE R 45 AT %

T2 H Fr B8 B AR R, IR ] NSGA-IT 55

VRBEAT SR AR, I SR BE DA SR AL 1RSI E 2 A,

FEFH T PSSR 20 5 s L d s T BE 4 A

g A2 SRS (1R 8 % G2 451 5 5% B A BRiE 7 AR ST

AR Z ) B R AR TR kb s SRS TR T

A0 B AR B, AR P B 1 S AR

T, CUERE Bt 220 1 R SR T AR R, A DR SRAS R 0t

— P SEE RS A WU .
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