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THE ACZEL-ALSINA NORM-BASED SEVERAL TYPES OF
FUZZY RESEARCH ON MULTI-ATTRIBUTE DECISION-
MAKING METHODS

ABSTRACT

On the basis of existing multi-attribute decision-making theories, this
paper analyses the decision-making methods based on the theory of Aczel-
Alsina norm, combining the Aczel-Alsina norm with some kinds of
operators, namely, Maclaurin symmetric averaging operator, Hamy
averaging operator, and Heronian mean operator respectively, in different
fuzzy environments, and applies the above methods to the real-world
problems.

The first chapter is an introduction, sorting out the research
background and significance of multi-attribute decision-making models. It
reviews the domestic and international literature according to the current
research status of multi-attribute decision-making in different
environments; then it introduces the research content, technical route,
research methodology and innovations of this paper.

Chapter 2 is the theoretical foundation, which describes the definition
of Aczel-Alsina norm, introduces the application of Aczel-Alsina norm in

interval-valued  Pythagorean fuzzy environments, multi-valued
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Neutrosophic  fuzzy environments, and 7, t spherical fuzzy
environments, and provides the theoretical basis for integrating with each
operator based on Aczel-Alsina norm in different fuzzy environments.

Chapter 3 investigates the decision-making method based on in
interval-valued Pythagorean fuzzy (IVPF) environment. The Aczel-Alsina
Maclaurin symmetric mean operator (AAMSM) is constructed in the [VPF
environment. This chapter first analyses the properties of the IVPF Aczel-
Alsina Maclaurin symmetric mean operator (IVPFAAMSM), proposes a
multi-attribute decision-making method for [IVPFAAWMSM, and finally
applies it to a real-world case and performs a sensitivity analysis.

Chapter 4 proposes a decision-making method based on decision-
making in a multivalued neutrosophic fuzzy environment. The
construction of Aczel-Alsina Hamy mean operator (AAHM) and AA dual
Hamy mean operator (AADHM) combined with Aczel-Alsina norm in
multi-valued WI fuzzy environments is investigated. Combined with the
improved IDOCRIW method to form a new decision-making method, the
decision-making method is applied to a renewable energy case to show the
feasibility and effectiveness of the method.

Chapter 5 investigates the decision making method in 1,5t
spherical fuzzy environment. A new decision-making method is
constructed in I, S, t spherical fuzzy environment in combination with
Aczel-Alsina norm and Heronian mean operator and the effectiveness and

VI
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practicality of the method is demonstrated through case study and
sensitivity analysis.

Chapter 6 is the conclusion and outlook, which summarises the results
of the research work in this paper as well as the problems that need further
in-depth research and exploration in the future, and looks forward to the
direction of Aczel-Alsina norm in complex fuzzy multi-attribute decision

making that needs further research.

Li Longlian(Applied Mathematics)

Supervised by Zhou Jinming
KEY WORDS: Aczel-Alsina norm, Multi-attribute decision making,
Maclaurin symmetric mean operator, Hamy mean operator, Heronian

Mean operator
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T (X, y) =e (e 45 0 2.7)

S?(X,y) = 1 — (@) +(-In-y)" )" 0>0 (2.8)
BT IVPFS R AE X 2.2.1, #£H T IVPFN [ Aczel-Alsina i85 EH
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(4)

ip <[\/1 @ (P19 NN [) g (-log—u Y7 )”“J [\/e‘”( g7 (- logs ) } >
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BT NEE M A5E X 2.2.1, #2H T NEE 1) Aczel-Alsina 125 €
SEX 22308 B NE, =((ar,,€1), (11,€,), (e, 81)) 5
NE, = ((2r2,€12), (@15,815) s (Xe5.8¢5))
JEMANEES, @>1, A>0, N Aczel - Alsina H-F & IEH T -

(D

NE. @ NE. = <[(1_e«Iog((lan»wIog«lam»“’)”“’ ) (1_e,((,.og((l,en»w+(,.og((HT2)))«:)w )}
1 2 ' ’

[(e(<loga.1)“’+(Ioga.m”” ) (ef«floge.l)h(floge.2>‘*’)”“’ )l’ q}

|:(e‘((—logapl)‘”+(—logapz)“’)W ) (e_((—logep1)“’+(—logepz)‘”)”‘” ):|> .

(2)

NE, ® NE, = <[(e«Iogan)“’+(logam)<")””* ),(ef«flogen)%(floga2»%”“’ )J

[(1_ p~(Clog((t-c,))” +(~log(-a )" ) ) (1_ o~ ((1og(@-e11))° +(~log((1-e,,)*)** )J

[(1— p~(-1og((t-c,))” +(-log(1-¢ )7 ) (1_ o ((-10g((1-ec1))" +(-log((1-e))")"” )D .

(3)
NE, = <[(e—(ﬂ(—loganw>”“’ ) ' (e—(z(—logen)h”“’ )J 1
[(1_ - (A(-log((t-a1))") ) , (1_ o~ ((-log(1-e)")" )J ,
[(l— - (A(log(l-ap, ") ) , (1_ o~ (A(-log((-er1))" )" )D
(4)

ANE, = <[(l— o (A(-log((1-ar; )" ) 1 (l— o~ (A (-log((1-er )" )J ,

[(e—u(—logau)”)”w ) (e—w—logeumw )}
[(e—w—logam)”)”w ) (e—u(—logemmﬂ"’ )D

11
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EX 2248 & NE,,NE, N/~ NEEs, Hi
NEl:<(aT1’eT1)1(all’ell)l(aFl’eFl)> 3

NE, = <(aT2’eT2)’ (@15:8,), (aF27eF2)> ;

KEES Y %-3CIRE

(1) NE,2NE, © oy, >ay,,61, 26,0, 2,6, 26, 0, >a e, >e., ;

(2) NE, = NE, & NE, 5 NE,FINE, 5 NE, ;

(3) NE,UNE, =((a, v 75,811 Ver,) (@ Vv 15,8, V€, (G, V Uy 8 VEE,))

(4) NElﬂNEZ=<(aT1/\aT2,eT1/\eTz),(all/\alz,ell/\elz),(aFl/\an,eFl/\er)> :

(5) (NE)" =((cty,81). (11, 811), (1, 811))

HFr, s, t-SPFS MES A1 3L 2.2.1, #2171, S, t-SPFN 1] Aczel-Alsina iz 5
SE

EX 225 Ky, w,w, MIERZ=/T,S, t-SPFNs, ¢>1, JFH A>0, X}
BAIH AA - t-NM 1 +-CM I8 R A

v, Oy, =
r\*/l—exp[—((—ln(l—ﬂ;l))w+(_|n(1_ﬂ;))¢)w}
oo (e (e,
T
Joo{(mscy (i)
2y, Oy, = s\*/l—exp(—((—'n(l—ﬁii))w+(—'”(1‘6’53))¢)Wj’
don{{(m ) e |

12



RT3

O

(4 Ay = s;/exp(— /1("”95*)¢)1/¢j'

r s, C-EREARI ARz S th e 2 2.2.2 45

TH 222 Ko, 0,0, RIEBR=AMFEr,s5,t—SPFNs, &

1.®p,=0,00;

2090, =0, 8¢;;

3.Up @ 0,) =10, ®Ap,, 1 >0,

4.(A+4)p=4p+ 20,74, >0,4, >0,

5.(0,90,) =0/ ®p,",1>0;

6.0" ®p™ =" 1 >0,1,>0.

A e EARIR RO A M DL S Aczel-Alsina YB3 5 X A 4E B

BRI TEISE . SAE RO, S, EERIAE

i Aczel-Alsina iz

FOEM. PR, EEIRREAFBRIMAET T Aczel-Alsina JEHUH 45 & 1 95K

Jrids N T bR R

13



RT3

£ 3T ET MSM HIXEJ A FNEMEMZ BIERR G A

TEIEAT 2 SR USRI, Yook 3 A 2 HOLHIBOR TG AS D i 1 0, e 3 L
fe Bt 5B M M %M. Aczel-Alsina Maclaurin SFRMESH T (AAMSM)
FETE X [ Bk R TASOR) (TVPF) s g i o FLAI s 2 w5 mT AR AR XU fi
TP SR, 3E T A BRI E R T I R A . B SR T T X A BRI R
WrH] Aczel-Alsina Maclaurin XFRS{E (IVPFAAMSMD B7HIPERT, $2H T
IVPFAAMSM £ J@YERHT75, AT T RBUE ST . S5, B 175725
TR PRI R R, W] TR A AT A R

3.1 F&ENIR

T SR PS5 2 TR HEAT A0 T, T T 24 Hh 15 5 R RS 7 3 01 4
st L
RS 300 e p= ([t i [ [ve Y ]) M e RSO, TS
4 BRME S
S(P) =3[ (00" +(# 0O) -0 (0 00) | B
X 3.2 p=([ i [ [VEY ]) WX I A T BRI B, UG
T B K SN
HP) =2 )+ (4 ) 4000 +(F00) | 62)
5E X 3.1.3000% X Nigldk, #p, 25 X AR IVPFS, i=12,
(1 #S(p)>S(p,)» Wp,-p,, Blp, T p,;
@) #HS(p)<S(p,)» Wp,<p, » BIp, 5T,
() #S(p)=S(p,), WH
(i) H(p,)>H(p,) Wp,>p,, Bip, T p,;
(i) H(p,) <H(p,) Mp,<p,, Blp, 5T p,;
Gii) H(p,)=H(p,) Mp,~p,, Bp, 5p, KFo

14



RT3

R E X 2.2.2 IVPFE LRI HEN, % p,(i=12,...,n) N—F|IVPFE ,

HANE R 0=(0,0,....0,) » HLEo 200 o =1, IH
i=1

(1) [X[8) Bk B fr o inACF 15 (IVPFAAWA)  B-F[630;

IVPFAAWA(P,, Py ..., P,) = @1 o p,

\/ f(Enlw.(*'og(<1—(mL)2))"’)w \/ 7[&:“’1(409((1*(/4“2))4’](”
=|[Vl-e = ,V1-e ™ ) (3.3)
\/ _[im,(—log(v#)z)‘”] \/ —[fw.(—log(vi“ )2)‘”]

N , Ve i=L

(2)  XIE) Bk aF R R i AL L] (IVPFAAWG) HE-f671;

IVPFAAWG(p,, P, ..., D)= o 0" = {\/e—[gm. (—log(uiL)2)¢]”«’ | \/e‘@m_mg(ﬂiu )2)¢ju¢ }
i=1

\/ S (oaa-0 ) \/ —[anm. (~log(@-(1)? »4’]
l1-e = Nl—e '\ =
(3.4)

EN 31458, (i=12,...,n) 2 —HIEH, HHr=12,...,n, WH

1/r

> [la
MSM(a,,a,,...,a,) = —Ki““‘iér:]j:l (3.5)

MFR N Maclaurin A7 P57, FFRMSM O o Har@,2,....m FEHHEER r ot

B (riyrenni), C7 M TR IR

rT ri(n—r)!

15
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3.2 XigEeik IR HER Maclaurin SFRFEHHEF
(IVPFAAMSM) K H 4R

FEX 320 Bp(i=12,...,n) &4 X AL S S e, Hr=1,2,....n,
e
r 1/r
® @p
IVPFAAMSM © (py, Py.-.., By) =| =50 — (3.6)
MFRH A X [a){E Be ik B R AR Aczel — Alsina Maclaurin XfFR-FE T, f&icN

IVPFAAMSM ") 85 7, Mo @ 2,...,m i B4 & 10 r e 4 (iy,hyseeo0i,)

cre— MY TR AR

" ri(n—r)!

SERE 3.2.1 W p(i=12...,n) % IVPFE , WiZH IVPFAAMSM ") 574
BT BB 9 IVPFE , HA

IVPFAAMSM ) =

Ur Ur
r r
=X (~log((4; )M ~(X (~tog((u; Y 2P0
2. (log-e 1? )? 2. (logi-e 1% g
= s
1 < <ij<..<ip<n o )Uw l — <ij<.. <ip<n = )1_/0,
—e i 3 —€ ’ 3
Ur Ur
r r
(X (~logQ1-(; -2 )M (X (-log1-( Y Y20 )M”
> (-loga-e )? > (-log(t-e Did
_(]S|1< <ip<n = e _(K|1< <ir<n = e
e r s e (4

UER: (1) MR E T4
ro- ﬂ \/ ~(Q (log((4; ")) \/(Z(Iog(wij“)zrf’)”“’}
— = j=1
j@l pij - e y € ’
~(Q (Hlog(-(vi; ") )?)" ~(Q (Hlog(i~(,")?))? "
l-e = ,Vl-e ™=

(3.7)
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S ®p,

I<ij<..<ip<n j=1

(5 log((ua; =207 )% y “EC tog((ua ;Y 1207 )* y
-( Y, (-log(a-e = )P -( Y, (-log(a-e = )P
I<h<..<ir<n 1<h<..<ip<n
l-e " ,V1-e " :
(£ (~loglt- ;D20 y (£ (~log(t- 0,020 y
-( Y, (-log(i-e = )?)e -( Y (-log@t-e )P
I<h<..<ip<n I<i<...<ip<n
e , V€
r _ TUr
® ®
I<i<..<ip<n j=1 _
- =
CI’
1Ur Ur
(£ (a2 )0 (£ (a0
> (-loga-e )? > (-loga-e % )”
1< <. <ip<n 1o 1<k <. <ip<n 1
~( = ) ~( o )
1-e " AVl-e ' ,
Ur Ur
e Ly2yo Ve o \Up
(2 (~log(1-(vi; 12 (£ (roga-(1,9)2)9)
> (-log-e I* )’ > (-log@t-e % )’
7(]si1< <ip<n )yw 7(]si1< <ip<n )yq,
e < e <
1

£E020. vH(020, 0<(u(0) +(W () <L

Mie{l2...nf, ROy <’ <1, 0<vp <V <1, H

Ur
r
~( Zl(flog«u}} 2P ye
_ — 1= @
OS giz'<(log(le ) Sl,
_( ij<..<ir<n )1/¢
1-e G
Ur

5 (il( o121
(~log(1-e ! )?
;Fn 0 S 7(]si1<,,,<ir<n )ﬂ{ﬂ S 1 5
o

e

B 00) +(W) <1o (s (0) <1-(Wo) » HERIe{l2..n}, A

\/ *(Zl(*log((ﬂﬁ)z))")”" S\/ () (~log(1-(u! )7
e - (S

] j=1

(L Iog((y 2P yte ) ~( zl( log(1- (v 2P )te y
(Y (-logie Py < Y (-log@e 7)o
1<ip<.. <ip<n - 1<ij<.. <ip<n
1 —e <...<ir l —e <. < ,
2/r 2/r
(3 IOQ((u ) )e ~( 3 (~log(1- (vU 2o
> (-log@t—e % )? < > (-log@a-e i )? .
1< <...<ip<n Vo = 1< <...<ip<n Vo ’
~( o ) —( o )
l-e " l-e "

Hl
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Ur Ur
COE Clog( Y22 yve ! U \2yy0 Ui
(x( |09((/1ij) )7y -( Z(*lDQ(HVij) NeYe
S (-logie ) + 3 (-logie )
_ (k=< <ip<n Vo _ (lsi< <ir<n 1o
( = ) ( = )
l-e " e "
2Ir 2/r
7&(40 1LY 22y e r U2y \lgp
2 (ogla-(ri%)) (2 (oo )7
< S (-logi-e - ) + 3 (-log-e )? <1
= _(]Si1< <ir<n Yo _(:Isi1< <ip<n o =
r r
1-e i e G

E322 2 p=([ 45 u” ] [vt o’ ]) R4 IVPFNs . IVPFAAMSM ") T3

.0

JELLRER :
(1) CRZMSE) PN TERiI=12,...n#H p=p, N
IVPFAAMSM ") (p,, p,r... P,) = P (3.8)
(2) CBAREM & p (i=12,...n) 5 p, (S8R, 0l
IVPFAAMSM ) (p,, ps...., p,) = IVPFAAMSM " (p, . p, ..., p, ) (3.9)
(3) CRIEYE) %5 p, 1 p, WFMERE IVPFE , % FAE&i=12,...,n, W
But>utu > vt >y vt v
IVPFAAMSM ) (p,, p,...., p,) = IVPFAAMSM ™ (p, , p, ..., p. ) (3.10)
(4) CHRM % p =-minp, = ([min 24", min 2”1, [minv;", miny;’]),
p’ =max p, = ([max 4", max 4, ],[max v;", maxv,"]),
ES)

p <IVPFAAMSM (p,, p,,.... P,)< P - (3.11)

3.3 EF IVPFAAWMSM B FHIZEMRRER R ENF

3.3.1 IVPFAAWMSM &+

e 330 #p =[5 u” L[y )R FIIIVPFE, HFi=12,...n,

MR E RN 0= (0,000 0,) > W@ 200=12n) Y @ =1, #

18
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1/r
S)
I<ih<..<i<n\ j=1 p'J

IVPFAAWMSM @ = o =

Ur Ur
X any (-loala e (£ oy Clogtas 200 e
D (logi-e & )’ Z (~log(1-e I g
_(Ll <ip<n . )u,,, _( <ir<n . )u,,,
1-e Cn AV1-e Cn ,
1Ur Ur
(o] (-logi- 20V (£ o) (o PV
2 ( log(1-e 1= )? Z ( log(i-e 1= )?
— Vo _ 1/
o & cr ) o = cr )
il

(3.12)
TIFR IVPEAAWMSM ) Ky X 7] Be 3k BT 47 Hr il AA N4 Maclaurin P35,

IR RHL

(i dyedy) TS Q2. W HETE r e, ¢l =

nt
ri(n—r)!
3.1.2 Bk

BRI X = (X, Xgre s X, b C={CyyCoreenC, ) SR, JRELIE 1
0= (000, s R, 20 LY 0 =1, WT W RPEIRE %, D
=1
54 SO R 0 P LR P EAT 42 0 Y 54550 22 A X 1 S B o
WIS T AR 0 X T8 5 B 3 B o S E = (p, )
i=12,...m; j=12,...,n

HARGIRUE
BB 1R FET FAMRIRTAT D, WA R X 18R Hk =T i e

AU SR E = (p, ) -
B2 UG B R SR I E VT A A N RTE RE R
P> C e T
"k
BB 3 iEH] IVPFAAWA H 1. IVPFAAWG 5.7 IVPFAAWMSM % 715
BRI X LA R p, .
BB 4 HERIEFETT RSB p, K50 RS (p) MRSHEEH () -
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BB S XMERFETT R, EEEHIR T R AR R S T R
3.4 =B

TSR BEIRR B IR AT (IMEV) HITT RIS ZEE R IR A F A 2.
HEA T Er & . AREETHRBERENIA . #E. HEMIRS, KR
G - %0 ) Ay BEAE AR OKR TUAE N AT 18 2 0BT BRI 4 42 B MBS BB T B 1o

IMEV 7y B9 FUBT REUEIR A 1 FLM B 36 T LI BE I 7, AR i e T 3 4
1o GBI, LAN TU AN T AR T E [ HL it (4 I e
X KRB AR AT Xy T HERACHT BRI A A TR 2 7] 5
Xg S ARAR IR HT REIR A PR AT X, RN L A A A PR 7
Xg P (IR FHD HRRAH .

NRVESRPSREELNSETEX ={x), 1, WA RIS PR R
MR . XLEIEC ={C,)’, BRIk,

B A% (C) « R T BRAR AP B vh B BRI RE R PR W) AL B B AR AT, A A% MK
FR ) PR L 3 B PRI T ARG A o SR AN B i v A b 7 28 M RE 0 AR AR 22 5 2
fi, IERERY TRV T

R & (C,) « TENIARFEARA TS — 5, it i 2 B B &%
RIPEREAT T A58 TRIIME, 136 A 6 SR e ot B2 ) L I 75 25 R S8 S ]
7, LUl R PR AR T ISCRF R F R

PIR R (Cy) « JRbRE ™ iz 16 240 58 b 0 TR FR 25 7 6 8 BEAT T 37477
B REE. SRYIR RG] A B ARV BRI RAS, SR A 0%, # iR il
I ik 1k H ).

B2 4 (C,) « BARHEMZEIRATH W AE P A RRIAEIR, (H1E s E A
M fE RN R, 24, R ERmAS. Fik, dibeelyEE,

N T PRAE A EE R A B, 4558 00V A HRL it (3t 0 7o AT PP 2 TR SR O
BIATAE « AT PR 4R AR AL 1A 28 o = (0.25,0.28,0.24,0.23)" , WM HdE
IVPFE . Jy T 4E5 i AT IEAE I, X — 1Pl R 2 e 22, DR OR FL it
RO T FR) B8 o 7 i JoR RS 125 8
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#< 3-1 IVPF RRERE

C, C, C, C,

« ([0.55,0.60], (10.55,0.60], ([0.50,0.55], ([0.50,0.50],
! [0.25,0.30]) [0.25,0.30]) [0.30,0.30]) [0.25,0.30])

y (10.45,.0.50], ([0.45,0.45], ([0.50,0.50], ([0.55,0.60],
2 [0.30,0.35]) [0.35,0.35]) [0.30,0.50]) [0.25,0.35])

y (10.50,0.507, (10.55,0.60], ([0.60,0.60], ([0.50,0.60],
3 [0.30,0.30]) [0.25,0.30]) [0.20,0.30]) [0.20,0.407)

y ([0.60,0.65], (10.50,0.50], ([0.55,0.55], ([0.55,0.65],
4 [0.25,0.30]) [0.30,0.35] [0.20,0.30]) [0.25,0.25])

y ([0.40,0.55], (10.45,0.50], ([0.50,0.55], ([0.50,0.55],
> [0.10,0.40]) [0.30,0.30]) [0.30,0.35]) [0.30,0.30])

BB REHCIORER, M IVPF JUSRAERE, W3k 3-1 P,

BB 2 R EAREE, WA RIS T s, BRI TE /00 & XK
B AR FEREAT IR AR

BB, 3 MR 3-1 Pron B RFE B, FIA IVPFAAWA 517
IVPFAAWG F1 IVPFAAWMSM ") S 7 [ A 6 5 B 5% 7 RN &5 A
p.(i=12,...,m), Hfp=3, AIfHUIT&R.
x, =([0.5302,0.5739],[0.2600,0.300]); x, = ([0.4963,0.5289],[0.2968,0.3730]) ;

X3

([0.5485,0.5840],[0.2312,0.3166]) ; X, = ([0.5564,0.6072],[0.2456,0.2968] ) ;
x; = ([0.4709,0.5388],[0.1952,0.3302]).

IVPFAAWG H.F 2 E1E N

x, =([0.5241,0.5580],[0.2671,0.300]); X, = ([0.4790,0.4988],[0.3131,0.4209]);
x, =([0.5319,0.5667],[0.2567,0.3403]) ; x, = ([0.5433,0.5669],[0.2644,0.3131]) ;
x; = ([0.4542,0.5339],[0.2866,0.3514]).

IVPFAAWMSM, (r =1) 5 F I ER &6 0y

x, =([0.6810,0.7004],[0.2082,0.2400]) ; x, = ([0.6450, 0.6707],[0.2355,0.3023] ) ;

X, ([0.6916,0.7305],[0.1947,0.2355]);

([0.6939,0.7116],[0.1832,0.2558]) ; X,
x; =([0.6323,0.6792],[0.1586,0.2658]).
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IVPFAAWMSM,, (r = 2) 5.7 48 18N -

0.7506,0.7646],[0.5234,0.5943]) ;

X

([0.7744,0.7958],[0.4859,0.5182]) 5 X, = (|
]): x, = ([0.7883,0.8087],[0.4788,0.5234]);

x, = ([0.7806,0.8027],[0.4676,0.5427]): x, = (

X5

([0.7358,0.7815],[0.5033,0.5541]).
IVPFAAWMSM, (r = 3) -T2 5 1E R
x, = ([0.8224,0.8388],[0.6332,0.6593]); x, = ([0.8012,0.8118],[0.6669,0.7308]) ;

x, = ([0.8286,0.8435],[0.6225,0.6843]) ; x, = ([0.8324,0.8450],[0.6295,0.6669]) ;

x; =([0.7905,0.8275],[0.6485,0.6930] ).

IVPFAAWMSM , (r = 4) 57 48 18N -

x, =([0.8508,0.8643],[0.7189,0.7401] ) ; x, = ([0.8319,0.8404],[0.7480,0.8054]) ;

x, = ([0.8540,0.8676],[0.7118,0.7638]) ; x, = ([0.8586,0.8677],[0.7170,0.7480]);
x; = ([0.8210,0.8548],[0.7317,0.7699])..
BB 4: W3R 3-2 P, T T HR 2 I8 54T S5 B J A X vl 2 R 704
SRS IR REUERRAN, WA T MR AT 3ME
B, A B DURRLT ,  ATRTE H B R
*3-2 BETFERABMENMITSEBUKLEER
HF 4R XX, X, X, X HERP 4

IVPFAAWA 0.22650.1494 0.2441 0.2650 0.1825 X, > X3 = X > X5 > X,
IVPFAAWG 0.21230.10150.2111 0.2243 0.1429 X, = X = X3 = X5 = X,
IVPFAAWMSM, 0.42670.35950.44440.4593 0.3826 X, > X3 > X > X5 > X,
IVPFAAWMSM,, 0.36420.26050.37030.3861 0.2959 X, > X3 > X > X5 > X,
IVPFAAWMSM; 0.27220.16110.27110.2829 0.2045 X, > X, > X3 > X5 > X,

IVPFAAWMSM, 0.20320.09500.19600.2082 0.1383 X, > X; > X3 > X5 > X,

T8 AT AL I B A RE VR VR Rk R 45 R, X & 3-1 B0 #r vl DAS 4
1%, XT IVPFAAWA , IVPFAAWG Fl IVPFAAWMSM O [ s 5%, & H BT
FRETRVR AT X, o X UL R T v & B 2 .
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g M N e e 2 VAT

sC

—= -\VPFWA
040
- «IVPFWG
0.35 IVEFAAMS M1
[VPFAAMSMZ
0.30
—— |VPFAAMS M3
0.25 cooeee [VPFAAMSMA
020
0 » v ~
"~ - ]
", .
0.10 L
0.05
0.00 X
x1 %2 %3 x5

B 3-1 BMNETHENME

T r Mo RSHARE, AFRKSEATREXT R A A AR R . N,
FATE r Ao ZHAACKS XA 7 I HEFF SR K520 . O 1 W T8I 5 SN 45
R, EESHr e[L 4 Mo e[2,21] A FIE.

5C

060 - x2

3-2. IVPFAAWMSM, (r =1) B915353 18R ¢ M3 1L

23



g M N e e 2 VAT

sC

— ]
045 - 2
xd
040 .
5

030

015

010
2 3 5 7 9 11 13 15 17 19 21 4

5C

= x2
¥3
®d
" e e o
020 ——— =—x5
-‘-‘h"—u-h-.
e
015
010 - .
-
T
T -
-
T
- = = —
000 P
3 5 7 9 11 13 15 1 19 1

& 3-5. IVPFAAWMSM,, (1 = 4) 81858k ¢ B2 1L
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W r e{.2,3.4}, ZH @ VURHTEIX 8] [2,12] N, K 3-2 FIIE] 3-3 BoR, Hr=1,2,
i o Bk, HEFERER, x REIRIERE. Hr=3 BENEL, xfMx K
RN, ER R x, (WE 3-4). Hr=4, BBEEBNER TR
& Xy MHBEESH @ K, BT R X, A HARIR I HE P R 5 58 2
HEGS

3.5 RE/ZE

CEEAE IVPFS 31358 R 85I\ T Maclaurin XX FHIH T, 5T Aczel - Alsina
R T XA BT AA Maclaurin SFFRCFEISE T CIVPIFAAWMSM @),
VRN IR FOAE S BT e S, B AN, BN R R BE, RIS
ro AR DL T IVPIFAAWMSM O [ JLRE R IG LT HE, i
FET IVPIFAAWMSM O SE711) 2 @ Mk pe SRR s fge ), PR N T AN e 20
BN R BEH LR PR I, d i LU A A I ELRE IVPIFAAWMSM @ 5 5 A 55
THRATHORL, 45 RR WA SR RS T A RS 20, Yook g R aehs
WRRREN B S RIFETRRK. A CRHEFAG LT

(1) BT, o BUERIAZS), HPRW S BN, RHAH
ST B HAT RIS

(2) P32 AT DARAE N N B3 B AR I e A8 28, AR AN [R] P 3R 1 75
Ky T AEALF

(3) ARSCHEH S 0T LA B8 MR AE 2 (A AR AH O, DA AR e S 2 vh 1 45
Boeett, R REEE g T s R R s BBk,
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£ 4F T Hamy EFMXE Hamy EFHZEFELZRE
MERRFE

= B A T X R HE L B R T B R B R, Aczel-Alsina Y4
Maclaurin X535 5507 AH S5 A (087 10 7 10300 T R0 0 AT 5 BURRFEE AT . (HLEE
T EF BT ROR PR 55 T0 A AN 58 FE AR DG ), Hp R ORI R TSR B R 4, FLsE
ESRIBIE, R EAESR S B 8 B I Ve FEREAT 20 M e AT R EAE S P
FOIIRE T, 454 Aczel-Alsina JEEUMAEE Aczel-Alsina Hamy “F-# (AAHM) %
T Hamy 135 (AADHM) H 1. 5 %6, 5T & 702 Aczel-Alsina Hamy
F¥HE T (NEEAAHM) M &G 3 Aczel-Alsina X {5 Hamy V3% 1
(NEEAADHM) ). ik, $ig 28 BT B i) IDOCRIW %4
SERE, ¥ 5 NEEAAHM fl NEEAADHM 5745 & I G v sk 5 i
JG, WBREITEN T AR IR S, RWIZ TR ATAT A R

4.1 IR

N T % NEEs #4732, AiT5E T NEEs 11550 ARG ek 2 DL 2R 44
FEX 4118 B NE, = ((or, ), (@r €0, (@ ) (K =1,2) P NEEs. A3
G BRES RS R BT RO -
S(NE,) = 2+ ay, €, — 2y x€, — g X )1 3,S(NE,) €[0,1] (4.1)

A(NE,) = o xeq —a, xe,, A(NE,) €[0,1] 4.2)
[Alot, NE, #1 NE, iX 4~ NEEs 2 /& DL~ HUEEHE T
(1) # S(NE;) >S(NE,), WINE, > NE,, EJNE, fi+ NE,.
(2) # S(NE;) <S(NE,), JINE, <NE,, BEINE, %F NE,.
(3) # S(NE,)=S(NE,), M
(i) H(NE))>H(NE,), NINE, > NE,, B} NE {£F NE,;
(ii) H(NE))<H(NE,), N NE, < NE,, HINE, % T NE,;

(iii) H(NE,)=H(NE,), I NE, ~ NE,, ElNE, 5 NE, 5.
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EX 4120 ¥ra (k=12,...,n) f—HIE=L, HHy=12,.,n, WE

v
© (9a)”
HM " (a,,a,,...,a,) = = c;l , (4.3)

JFR HM Py Hamy PRI T Ho (K, Ky, k) 8IHE Q2. iy It

W, cr=— " R RM.
yi(n—y)!

EN 4130 ¥ra (k=12,...,n) &A=, HHy=12...,n, WH

ucy
/4
®a,
DHM " (a,,a,,...,a,)=| ® |& (4.4)

1<k <...<k,<n 4

JFR DHM © A5 {8 Hamy FHIEEF . Hor (K, Ky, k) SBFILLE @2, 1)

y e, cr =— "M IR RN,
yi(n—y)!

(1) #a>0 HxMEZEmi, #Ea=a, WHM(a,a,...,a,)=a;
(2) #Ha<h, MHMP(@,a,,....a)<HM"(b,b,,....b ) ;

(3) MIN(a,,a,,...,a )<HMP(a,a,,...,a ) <MAX(a,a,,...,a,)

4.2 P ERPTEE T REMRXIE

42.1 P EWTEMN Hamy BEF (NEEAAWHM)

5B 4.2.1 W NE, =((amy, e, (@ 800), (@i, €)Y (K =1,2,...,n) 52 —4] NEE,

NEEAAHM 1] DL 5E XM

y Uy
® (@ NEkjj

1<k <...<k, <n | j=1

C}’

NEEAAHM “(NE,,NE,,...,NE,) = (4.5)

A, NEEAAHM HTEAGLLITNEH.

SEH 4.2.1 % NE, = (o, €, (@ ) (g, € )) (K =1,2,....,n) & —%H NEEs,
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| NEEAAHM &HF 1454 NEE,

NEEAAHM @ (NE,, NE,,...,NE,

1
2oy

N 1<ki<..<k,<n

—( (-In@—e 7

1-e

- A& (-loga-a yPNe
7 j= J

N )

&

N I<k<..<ky<n

(=In(1-e

~ A E (-rogaa

o yYe
) Fk; N?))

1
2oy

N 1<ki<..<ky<n

—( (-In(1-e

Wk :

Y
®@ NE, :<{e
R

-
s

(Jé_l NEkj )117 = <l:e

s
-

Y
=X (-log(aty %)
j=1

4
~(Q(Slog-a, )"

j=1

vd
~(Q(-log(i-ap, )Y

=

1 Y
~C () (-loglar

j=1

V4
~CO (-logt-a, )
E

1-e

~C (Y (-logli-ay, )7

- & (-toglag,, nOWP
i i

NNYe

V4
-(X (~log(a-e, )N?)'*
l-e ™ '

- (-log(t-e,, )
l1-e 7 ’

Y
—(%(Z(—log(l—eij DY

Y
7(%(Z(flog(kepkj Do

HA
)=

~AE (togce

("
JE Clogten WO
(=In(l-e "~ 1=

~X¢ N’

&2

N 1<ki<..<k,<n

D
Jd-—e
~AE (-togti-e

D D

e n I<k<..<k,<n
1

1/
Wy VO

NeNY?

“Ak

1/
£ Clostoery neyre

L

>

N l<kj<..<k,<n

(~In(1-e NHYe

(4.6)

e

Y
~(X (~log(ey )7 }
j=1

.
]

(~loger, "))
-1

-
)

7Y —(%(
e

J

=1

=1 j=1
1—e
¥ 1y
® ® NE,
1<k <...<k,<n\ j=1 ]
C/ -
n
1,7 m 1,7 "
A (-loglag, WoNYe (£ (togter, NOOYe
1 = Tkj Vo 1 7 i Tj Vo
_(?( (-In(-e 7% D7) —(C7 (-In(-e 71 7))
n 1<k k, < n 1<k k, <
1—e 1<k <n 1-e 4ok <n ,
1 - iil(—logu—a,kj e . - §1<—Icg<1—e,kj e
S e T W X e D)o
N 1<k<..<k,<n n 1<k <..<k,<n
e Q@ Y , e 1 Y, ,
1 -GS gty e ) N -G gty ) )
(Y (cIng-e TP WO (Y, (e T DIV
e Gl 15g< <k 2n G 1sig< <Ky =n
1

IR R, SRR S T35 NEE.

SEHE 4.2.2 75 NE, = ((or, ) (@, 84 (e, €)Y (K =1.2,...,n) & —%1 NEEs,
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NEEAAHM ) 0] i /& PS4 i
(1) TN BN FEE (k=12,...,n) #H NE =NE , N

NEEAAHM “(NE,,NE,,...,NE,)=NE .
(2) HUAHE, # NE, MINE, AW MEEM NEE, X T4ERi=12,...,n, R

A o Z o\ 28y oy 2 a8y 28y g 2 ag e 2 ety
NEEAAHM ©(NE,,NE,,...,NE, ) > NEEAAHM ”(NE, ,NE,",...,NE, ") -
(3)H FHE, #F NEEs 1 KB A/ MEFR R -

NE, . = <(mkax(aTk)’ max(ey,)), (min(«,,), mkin(em)): (mkin(aFk)’ mljn(enzk))> )

NE 5, = (min(ar,).min(e, ). (max( ) maxe, ). (max(ce, )y mas(e, ) )
JUES)
NE,. <NEEAAHM Y (NE,NE,,...,NE )<NE __ -
SEHE 4.2.3 ¥ NE, = ((ory, ), (@ €4 (@ 81) ) (K =1.2,....,n) &2 —4 NEE,
ARy W= (W, Wy, W) R W, €[0,4] HL ' w =1. W] NEEAAWHM 4
F54 NEE, HARLH:

y w Uy
® [@ NE, " j

1<k <<k, <n\ j=1

NWWAAWHM @ (NE,, NE, ..., NE, ) =

C7
n
17 1/, 1,7 9
~(Z( & w; (~log(aqy  N?)? ~(2( £ w; (~log(er . NP
= TKj Tk 1/ ALY | Tk i
SO Y e T T ey S Y e T eyt
n 1<kj<..<k,<n n 1<kj<. <k, <n
l-e e 1-e N
1 -G £ g (logti-ay )7 ) 1 - £ g (log(i-ey )7 )
(S 2 (-Ing-e 7% WO (= D (-In@e T NN
Ci 1<kg<.. <k, <n e Ci 1<ky<.. <k, <n
y

1 —(%(éwl (Clog-arg W L —(%(éwk,(—lugu—e;kj e
(Y e PO Y e T D)L
Cn 1<ky<...<ky<n cn 1<k <. <k, <n
e ,€ ’

4.7
422 PEETEMNXTE Hamy (NEEAAWDHM) HF

SE N 4.2.2 BENE, = (o, n0)s (@, €4 (g 80) ) (K =1.2,...,n) /2 —%H NEEs,

NEEAADHM %71 Bl i SN
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DHM " (a,,a,,...,a,) = ® i (4.8)

1<k <...<k,<n Y

Ritt, NEEAAWDHM BT HAEUL T EH,
SEH 4.2.4 NE, =<(aTk’eTk)l(alk'elk)i(aFk'eFk)>(k =12,...,n) &4
NEE, Il NEEAADHM & 71458 NEE, AR H:

NEEAADHM @ (NE,, NE, ..., NE,) =

. -GS ogta-apy ) ) N -G ogta-ep, e y
(Y (ogae " DI DO
1

r

e Cl ey < <ky<n e N 1gkg< <k, <n
i)
1 ~C(E logtag )7 ) 1 -GS ogteg e y
(S Y (log-e T ) (¢ > (-log-e "% DIt
1_ e N 1<ki<. <k, <n ,l— e N 1<ki<. <k, <n ,
~A(E (-loglag, )PP - § (ctogleg NPVO
{ —<C—1;,< > (-logi-e "I e —<Ci,< > (-logi-e © i e
1_ e N 1<ki<..<k,<n 1_e n k<. <ky<n
(4.9)
R :
N 1 N u
y —(;(—'09(1—05Tkj N —(;(—'09(1—%(] N7
®NE, =\[1-e ~ l-e © ,
J:

Y Y
(> (loglerg, NP ~(Y(—loglen, )7
e = ! , e I ! ,

=1 =1
J , e J

Y Y
[ ~(Q(loglarg, NP (R (-log(eg, D7) D
e

4 Y Y
@ NE, GO (logta-ar, ) -G (-logtt-e, )7
(E—y=\l1-e " 1-e 7 ,
Y

{ f%(_ﬁ(flog(awj Ve
e /1 e

;

Y
~ES (—logley, NPV }
4 j=1 J

4 4
—(%(Z(—Iog(aij D —<§<Z(—Iog(epk1 )Py
e " e 7
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4

® NE,

j=1 J ) _
1<k <...<k, <n

G E (log(iag, D) -& (~loa(i-er, D)

(3, (ogte "7 VN =3 (oge T

I<ki<...<ky<n

M)

e ’e 1<k <...<ky <n
1
~ A (toglag, NPIVe - (togleg, NPIYO
(Y (logi-e "I oo Y (ogae TET T ey
1_e 1<ky<...<ky<n 1 e Iky<.. .<ky<n
L ' 1
[ ~ACE (-rogap )OO ~ACE (-logeq PO
- 2 (loga-e "7 PO Clgae T ey
1_ e 1ky<...<ky <n 1_ e Ikp<...<ky<n
, e
(izl ki ) _
1<k <...<k, <n ¥
L -G logta-a )P0 1 - AL (togta-ep, nOYe
(S % og-e T oy (S Y (ogte T D)D)
N 1<k<..<k,<n 74
e ” e N Iski<.<ky<n
1 i)
1,7
~AE loglag, NPIUP Ak a4
1 “$ g 1 C(E (logeg, NP
(S0 D (logi-e "I D) “(=( Y (-loga-e "I ! D)l
Cn 1<k k. o4
l— e q<...<ky<n 1_ e N 1s<ki<.<k,<n
H
1
1,7 Y
A& (-loglag, NPIYP Ak 9o
1 e FKj 4 1 (=CX (=log(eg, . NP)
(= D (log-e "7 i) (¢ > (-logie "2 : D)
1_ e N Is<ki<..<k,<n 1_e N <ki<..<ky<n

R ATEH, ERUJERE T2 NEE.
SEH 4.2.5 4 NE, =((ar. en0)s (@ 40)s (@ €5)) (K =1,2,...,n) /& —4 NEEs,
NEEAADHM ) AT i & BA T P4 -
(1) FE2rk. R TR (k=12,...,n) #4G NE, =NE ,
NEEAADHM ¥ (NE,, NE, ..., NE,) = NE
(2) CELUPE) #5 NE, FINE' APIAMER I NEE , XI T{EEi=12,...,n,

R ap 2a'y ey 2e,a 2a' e 28" ag 2a'y e 25, N
NEEAADHM Y (NE,,NE,,..., NE,) > NEEAADHM ”(NE',,NE",,...,NE" )
(3) CHAE) # NEEs g KAE A i/ ME A R R N

NE, . = <(mkax(aTk)’ m?X(eTk ), (mli(n(alk)1 mkin(elk ) (mkin(aFk)’ mkin(eFk ))> ’
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NE,;, = <(mkin(aTk)’ min(ey, )), (max(a,), mkax(elk))1(mkax(aFk)1mkaX(eFk))> ’
=)
NE,;, < NEEAADHM m(NEl NE,,...,NE,) < NE,_,

SEBE 4.2.6 B NE, = ((ay. e ). (. 80), (@, €5)) (kK =1,2,...,n) /& —41 NEE,

HACE Ry W= (W, Wy, W) S 2w [0, HY" w =1, W NEEAAWDHM 5
THI5 N NEE,

1cy

@W NE,
NEEAAWDHM “(NE,,NE,,...,NE,) = ® (”’ Y
7

1<k <...<k, <n

1<ky< <k, <n Gl 1<y

(sz (-logta-am DPNVP (y(zwm og(i-epy NNV
~( C,( > (logt-e "7 NPNYe ( ~( Y, (og@t-e NPNYe
e .

= ,e
&% wk (log(argy WMo A% wj (~log(eg NPNYY
~( C,( 2, (logie "7 DI —(C,( Y, (logi-e "7 B0V
1— e 1<kg <. <k, <n ,1_ e 1<kg<.<ky <n ’
S wj (-1ogta g W - £ wg (-ogce i )M
~ ,( > (-logi-e "% NP (Cy( > (log(i-e T WY
1_e Gl 1< <ky<n 1_e 1<k <<k, <
(4.10)
bl b e B 4.2.4 GEH

43 BT HEEWIME THZBMRRER R HEN

4.3.1 IDOCRIW 3%

4.3.1.1 fRHAGEE

TRRN 68 7 Y AR AR A 0 £ [ A 1SS o 5 1 D R 7O, 1 5T LV RN
() L BB LA R AR 1, AT 8 G A A IR AE AL B R 72 o [RIIN & A2 i T A5 ik Uy
R SEhRERE RS, Ik, 0 e BCE AT R AT & Sk bR. v T RE AL, 1
ZHEANA={AA,,...,A}, C={C,C,,....C.} ABMEE. NT M Ry Rhix#F
BRAETT 5, DUBAEAH K AU — B & 208 F h 8 2 AE M AR 0 T Rk AT SR G VP Al

NMVE

ND; <MT”,MIU,MFU> <(aTu,aTu, ,aTqij),(a,lij,alzij,...,aﬂj),(aéij,a,iij,...,a,ﬁij)> o
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MFRE . A EEARBEFS], it 0<supMy, +supM,, +supM g, <3l
Oy a0y €[00, q e Z" T — b 8 2 E B R HAEREM = (ND)),,.,
i=12,...m; j=12,...,n,

BB MRIEE X 2.1.4, % NMVEs HEATH AL NVEs, H ND; = (o, 5 ) »
Hag, o0 €[01], i=12,...,m, j=12..n , HEPERIER R
N = (ND,)p» FIHIEEHR BRI R 25 X = (X %), X)) o

SR 2 S PRHEREA AT LA, B R — S0 —
ANFEA, T RR A e R R S A A UME B RS

T
T ij

S
2%
i=1

Vi = - 4.11)

F ij

ij = n '
F
D%
i=1

Forprvy REER T ANIET, AR jNEN bR CE A R

SRR 3 SRR MENREE E(j=12,....,m 0<E,; <])

1 n
El=———Y vl In(V]
! In niz_l“ N0V
1 n
E; :—I—Zvi'j In(v;) . (4.12)
nni;

1 n
EF =———— Y 'vi In(vh
j |nn§ ij ( u)-

B 4 1 KRR E R AR (D) N

Dl =1-E],
| | (4.13)
D! =1-E!
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Df =1-E;.
BB 5 N (J) R W, D, L YW =1 S w! =1
1

j=1

m

dwh=1; j=1.2,...m;
j=1
T
i m !
D!
Dl
W|: i ,
! Zm:D! (4.14)
j
j=1
F
W

=1

—

4.3.1.2 Criteria impact loss (CILOS) TR J53 3%

S0 FRY S FH (8] — AR A B 7R PR AE GE B A (R ) J L P AN 32 b v 25 3 n 1)
s A, RV IRAS AR E R R W] R S T Al T . X AT R R B
MK . 9 1 e IROX Ll @, SKH 1 CILOS Jiik, bR 1 — Mk
B R B/ IMERT, 5 RS APR R IR . PSR, Bk dn R

BB 6 Ml M s /MU (G0 HE N B4 g e KA (IE)HEN, T ie— A =X )

Wi FE R,
min(v;) min(v)
v 'V“F ,%J/I\{E‘/)ﬂﬂjﬂﬁl{ﬁmﬂ’ YIS ' ij SRR Dy v U
Vi, SR HEN g TEH#E N Vi, SN A TEAE U
min(v;) e por
VI vt /’E/)ﬂﬂjﬂﬁ/ﬁ)ﬂﬂ’ Hhj=12,.m.

ij ij

vE, S ANHE DA TEHEN

I (4.15)
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r”I: Vij
] n !
Vi
i=1
K= i
1 n
2.
i=1
S LS 416

BB T SRR R A S (R E D) B R KA o MRE R R B g, FRELTE T
BEG et BT a o k AT I S AN PRUE R R K AE . FEJTREG b, T AR R
{EAL T 13X 24t

T T T I I I F F F —
Xj =max () =rd;» X =max (i) =1+ x; =max () =r¢;» K ZonH |5

B K IC R AT HL
& ~laill 6=+ 6 =ry:

G' :”9:,—”: gilj =ri| ’ gilj :rKljj;

G" :||gi'j:||l gi'j: =1, gijF :rKFjj;

T T _ T
ngj :gii Fgu (piszo;i,j:]_,Z,,,,,m);

BB 8 P oy | ok pr ="
XJ gii

P — ot Stehp =99 (B g j=12,..m):
Xj gi

E

_gi": gi'i:_gi": F i
i o, (R =0;i,j=22,...,m);

PF =[pf . et pf ==
i i

TR b B AR R R AERE P
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> P P, Ph
i-1
ET = p;l _Z piTz p;m
= i=1 ’
p;l p;z _Z piTm
i=1 Jmxm
> Pi P Pin
i1
FI N pZIl _Z pilz pzlm
= i=1 ’
prlnl prInZ _Z pilm
L i=1 dmxm
_z pi'; ple o plFm
i=1
= F p;l _Z p.z p;m
= i=1
pn'jl pniz _Z pi'r:n
i=1 Imxm

FRARERUE RGUEE "
BB 9 MEQ =(q,9,....07) » 9" =(q %, 0n) > " =(t .G ..., C0)
(i=12,,m), WENR t R 5 R b R 21

ﬁFTXqT:07 ;H\:E':lz];q]—:l; FIXqI :0’ ;H\:Epzj;q::l; FFXqFZO, ;H\:
j= =

1Y qf =1,
j=t
BBR 10 FIH X BORIER CILOS JvEdEAT Ay, 52 T HEIIAUE 1
it 45 5 1 E (IDOCRIW),  Hor iwj =1,
j=1

1 1 1 1 1
§q} +§q})+(§WJT +§w} +§WJI-)

5,1 1 1 1 1 1
2((3q} +§q} +§q})+(§w} +§WJI- +§w})
J=

1
(gcﬂ +
W. =

J

j : (4.17)
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4.3.2 EF NEEAAWHM #1 NEEAWDHM & Fa ks is sl

RN S
BB 1 REL L X5 AKX, X NMVEs # 1T # L N NEEs,
Ng; =< (aTij’eTij)’(alij’elij)l (aFij’eFij) >, Hr i Qi s Ol €[0]], Crij» €iij 1 €rij € [0,1],

i=12,..,m, j=12..,n, HIEDERIBR RGN = ((ND), )

BB 12 RS R AR AL o B TR SRR B B RS AL B 1k O Y R R

N :(NEij)mxn ’
NE_Nq,g%ﬁﬁﬂ%&
" |NDJ, CouAR R,

B 13 FI ] NEEAAWHM A1 NEEAAWDHM 5T+ 5 & &30 77 % A 44
JEHEE Ng .

BB 14 IPEAKETT REEE TR MEAE B NE, 19155 BRI 3 S (NE;) AR i 2R %4
H(NE,) .

WIS W8 &k T RTINS HEF, EHEE TR AT TR,
4.4 ZH55HR

T A AL AT BB AL, R T4 5 00090 T VB 0 T RS
BT ST A R T T A AL 0 S K LT T R R

FEL A U518 AR 1 2020 477 A AU 25 7+ 2000 45 43R T 2
REVE AR K E B 12—, L 2020 4EE, T AT AL RLIR B LA
BHAT] 934 (LT I0, 5 ABRAT A AR B HUBE IO =20 2 — . BEALRIRE X
thy JEARTE S AEFRENLL 12 LTI, M AR . SRRFHEE LA R
Db B ASBR AT A AR A T I R,

BREMITEA(1=12345), HitA: KIAE A BEREDIE A
EYIRAE, A WEE A RifE.

B 4-1
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*®4-1 BERE

it S
C, HaRER Haiiat. e ks Y
C, HORN R (H KRl 4. ERAETHE) B AAY
C, LU R (BORBAE . BRI . 20%) LYERIE]
C, WEER R (B0 s Y
C, BUR IR (BB RAS . B BRA) R an Y
<42 SEDERMIER
C, C, C, C, C,

(0.961,0.754,0.431),
(0.342,0.342,0.675)
(0.532,0.112,0.332)

(0.432,0.654,0.342)
(0.454,0.245,0.422)

(0.745,0.435,0.432)
(0.854,0.632,0.321)
(0.431,0.135,0.457)

(0.454,0.332,0.432)
(0.432,0.323,0.432)
(0.642,0.354,0.521)

(0.732,0.323,0.543),
(0.369,0.542,0.441),

(0.541,0.231,0.432)

(0.543,0.135,0.533),

(0.675,0.253,0.435)
(0.342,0.346,0.435)
(0.752,0.223,0.436)

(0.285,0.213,0.237)
(0.342,0.434,0.564)
(0.843,0.432,0.649)

>
>

(0.545,0.355,0.532)
(0.542,0.342,0.762)
(0.354,0.135,0.422)

(0.154,0.745,0.432)
(0.453,0.654,0.453)
(0.531,0.335,0.421)

(0.575,0.243,0.632) (0.555,0.532,0.522)

(0.723,0.456,0.643)
(0.532,0.432,0.451)
(0.441,0.521,0.539)

(0.426,0.163,0.543)
(0.322,0.134,0.543)
(0.531,0.349,0.531)

(0.543,0.765,0.654)
(0.624,0.342,0.431)
(0.531,0.153,0.220)

(0.234,0.764,0.543)
(0.521,0.127,0.579)
(0.434,0.254,0.522)

(o) (smmsoeen) (
) (ommeimn) (cmem) |
<E§:§i§:2jii§:2:iiiii> <E§:§§iﬁ§:§;‘i§:§§3ﬁ> <
) (o) (cmeeas) |
) o) |

(0.723,0.311,0.322)
(0.564,0.134,0.542)
(0.462,0.345,0.431)

(0.567,0.435,0.422)
(0.432,0.654,0.453)
(0.432,0.343,0.521)

(0.321,0.342,0.533)
(0.621,0.455,0.542)

(0.434,0.356,0.632)

(0.432,0.223,0.543)
(0.321,0.234,0.532)
(0.353,0.531,0.451)

(0.543,0.554,0.435)
(0.343,0.334,0.431)
(0.335,0.254,0.529)

’
’
’
1
’
’
)
’
’

) |
) |
)
)
)|

(0.237,0.342,0.543)
(0.453,0.234,0.534)
(0.745,0.253,0.524)

(0.345,0.345,0.421)
(0.773,0.342,0.654)
(0.532,0.323,0.321)

(0.432,0.423,0.543)
(0.232,0.234,0.543)
(0.342,0.324,0.527)

(0.345,0.353,0.432)
(0.321,0.671,0.572)
(0.183,0.223,0.451)

(0.542,0.265,0.542)
(0.342,0.331,0.348)
(0.535,0.585,0.234)

)
)
)
)
)

T
W =
T
W, =

-
W, =

1-5 BRI AR T 45 21«
0.1422, w, =0.0259, w =0.0811;

0.0720, w, =0.2822, w; =0.2711;

0.0694, w; =0.4244, w; =0.1367

w, =0.2184 , w, =0.1728 , w; =0.1884 ;

w, =0.4980 , w, =0.0948 , w} =0.3228 .
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$I% 6-9 i CILOS JEn 1531,

q" =(0.2887,0.4749,0.0912,0.0545,0.0906) ;
q' =(0.3662,0.1921,0.0840,0.1107,0.2470) ,

q" =(0.2089,0.1691,0.2847,0.1426,0.1947) ,
ABE 10 B3 (407 R REX RS IEAT CILOS Tkt ATy, MR8 T
AE I RUAE H 2t 2575 1 7€ IDOCRIW ) i2: :
w=(0.185,0.244,0.182,0.148,0.241) .

IR 11 MRYEE X 2.1.5 53] NEE Y5505 Ny

APR 12 bR, B 4-1 19 C, A,

N

% 13 FIFH NEEAAWHM Fll NEEAAWDHM i1 5% #1577 2 A M4 E
JEHEEE N, Hrfp=3.

NEEAAWHM (y =1) 455 B PHEAE N
=((0.6979,0.9999),(0.1908,0.7245),(0.3234,0.8397 ) ;

= ((0.6680,0.9907),(0.2396,0.7426), (0.2958,0.9076)) ;

A
A,
A, =((0.6922,0.9866),(0.2243,0.7897),(0.3210,0.9351)) ;

A

Y

{
{
((0.6279,0.9922),(0.2020,0.7883), (0.3365,0.9434) ) ;
A, ={(0.6375,0.9808),(0.2465,0.6842),(0.3094,0.9018)) -
NEEAAWHM (y = 2) KIZ5A B PEAE -

= <(O.6767, 0.9657),(0.1998,0.8219),(0.3398,0.8635

A
A, =((0.6596,0.9806), (0.2611,0.8204),(0.2992,0.9266)) ;
A

)
) -

)
(0.6465,0.9846), (0.2318,0.8650),(0.3321,0.9477)) ;
A, =((0.6262,0.9762),(0.2500,0.7449),(0.3241,0.9468))

A, =((0.6044,0.9902),(0.2322,0.8288), (0.3432,0.9549
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NEEAAWHM (y =3) HIZE & TR PEE 7

((0.6683,0.9539),(0.2034,0.8562),(0.3466,0.8819)) ;

(0.6554,0.9721),(0.2739,0.8468), (0.3006,0.9374)) ;

A
A =((

A, =((0.6322,0.9842),(0.2341,0.8888),(0.3350,0.9561)) ;
A, ={(0.5905,0.9890), (0.2440, 0.8755),(0.3460,0.9613)) ;
A, =((0.6238,0.9731),(0.2515,0.7645),(0.3304,0.9561)) -

NEEAAWHM (y = 4) MZE & B HEE A :

((0.6647,0.9526),(0.2053,0.8724),(0.3502,0.9056)) ;

(0.6528,0.9681),(0.2823,0.8773), (0.3013,0.9465)) ;

A
A =((

A, =((0.6234,0.9841),(0.2353,0.8974),(0.3363,0.9648)) ;
A, ={(0.5810,0.9882),(0.2500,0.9374),(0.3475,0.9681)) ;
A =((

)
(0.6228,0.9706),(0.2522,0.7708),(0.3338,0.9603)) -
NEEAAWHM (y =5) MIZE & @ HEE A
A =((0.6627,0.9519),(0.2064,0.8784),(0.3524,0.9701)) ;
A, =((0.6510,0.9653),(0.2881,0.9499),(0.3017,0.9555)) ;
A, ={(0.6172,0.9840), (0.2359,0.9018), (0.3371,0.9790)) ;
A, =((0.5739,0.9876),(0.2532,0.9480),(0.3484,0.9784)) ;
A, =((0.6222,0.9686),(0.2527,0.7740),(0.3358,0.9623)) -
NEEAAWDHM (y =1) 22 & @ HEE A

= ((0.3408,0.7804),(0.5230,0.9809), (0.6745,0.9978)) ;
A, ={(0.3100,0.8253),(0.6269,0.9949),(0.6344,0.9975)) ;

A, =((0.2974,0.8708),(0.5685,0.9886), (0.6742,0.9990)) ;
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A, =((0.2553,0.9069), (0.5585,0.9958), (0.6807,0.9993)) ;
A, =((0.2871,0.8398),(0.5776,0.9541),(0.6671,0.9980)) -
NEEAAWDHM (y =2) A BHEEAN:
A =((0.3488,0.8179),(0.5055,0.9685),(0.6703,0.9778)) ;
A, =((0.3313,0.8791),(0.5750,0.9631), (0.6326,0.9915)) ;
A, =((0.3277,0.8822),(0.5496,0.9786), (0.6606,0.9958)) ;
A, =((0.2824,0.9128),(0.5414,0.9784),(0.6762,0.9962)) ;
A, =((0.2987,0.8520),(0.5766,0.9365), (0.6537,0.9959)) -
NEEAAWDHM (y = 3) & & @ HEE A :
A =((0.3523,0.8562),(0.4997,0.9558),(0.6692,0.9746)) ;
A, =((0.3396,0.8468),(0.5545,0.9525), (0.6321,0.9880)) ;
A, =((0.3453,0.8888),(0.5399,0.9685), (0.6563,0.9942)) ;
A, =((0.2949,0.8755),(0.5324,0.9588), (0.6744,0.9950)) ;
A, =((0.3031,0.7645),(0.5763,0.9202),(0.6460,0.9934)) -
NEEAAWDHM (y =4) A BHEEAN:
(0.3542,0.8870),(0.4971,0.9426),(0.6687,0.9735)) ;
((0.3437,0.9022),(0.5470,0.94277,(0.6319,0.9863)) ;

A=(

A, =

A, =((0.3564,0.8918), (0.5344,0.9605), (0.6542,0.9927)) ;
A, =((0.3011,0.9168),(0.5266,0.9577),(0.6735,0.9938)) ;

A=

(
(0.3053,0.8612),(0.5761,0.9089), (0.6409,0.9892)) «

NEEAAWDHM (y =5) HI%iA BHEE M-

A =((0.3553,0.9951),(0.4957,0.9253),(0.6684,0.9729)) ;
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A, =((0.3458,0.9065),(0.5429,0.9331),(0.6318,0.9848)) ;

A, =((0.3633,0.8945),(0.5311,0.9525),(0.6530,0.9917)) ;

A, =((0.3046,0.9177),(0.5223,0.9572),(0.6730,0.9928)) ;

A, ={(0.3066,0.8637),(0.5760,0.9060), (0.6373,0.9807)) -

B4 WRA&IET REGBIEER A R RES(A)-
GRS X i Ts ST IS HE R, ISR A PR RE R R ) T 5

T NEEAAWHM 51,
NEEAAWA 57~k 58 J7 V21 8 1) d R vl ek

SCHR RS OTVE B & BT Rt
=43 BEETHENESHF

NEEAAWDHM .17 Fl NEEAAWG &1 DL
REURY AN A (LR 4-3), UiBH TR

S(A) S(A) S(A) S(A) S(A) HeFp ot R

NEEWHM(y=1)  0.7627 0.7385 0.7352 0.7155 0.7258 A >A =A>A>A,
NEEWHM(y=2) 0.7319 0.7185 0.7071 0.6928 0.7061 A >A >A>A >A,
NEEWHM(y=3)  0.7192 0.7078 0.6979 0.6793 0.6996 A=A, =A > A > A,
NEEWHM (y=4)  0.7123 0.6997 0.6926 0.6678 0.6965 A=A >=A>A>A,
NEEWHM(y=5)  0.7025 0.6888 0.6882 0.6620 0.6947 A >A>A >A>A,
NEEWDHM (y =1) 03600 0.3331 0.3411 03317 03414 A>A>A>A>A
NEEWDHM (y =2) 0.3801 0.3701 0.3645 03515 03545 A=A >A>A>A
NEEWDHM (¥ =3) 03906 0.3783 0.3772 03589 03532 A=A ~A > A=A,
NEEWDHM (y =4) 0.3982 0.3904 0.3850 0.3675 03684 A>=A>A>A>A
NEEWDHM ( =5) 04149 0.3949 0.3905 03705 03726 A=A >A>A>A
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Gk 43 BEETHSHMESHIFSER

NEEAAWA 0.5950 0.5834 0.5796 0.5496 0.5578 A-A-A-A-A
NEEAAWG 0.5381 0.5191 0.5200 0.4899 0.5193 A >A>A>A>A
4.4.2 BURE 577

T 7.0 RSHAR, AFERPSHTRT RS R EAF K. X y,0
BEATEUREE 3 M, AT DLW 7, @ BI85 AR S5 AR .y L 4] A1
@ €[3, 21] A [FMERAS B8 06T #6426 075 56 IR

core Values

(@ y=1
\ ‘\\.
g ' ‘\\
Ne~—
L
b)) y=2
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g M N e e 2 VAT

g
>
@
—— ] —
() y=3
07s
;’:
o
(:;]I
088
045 p
3 5 7 9 11 13 15 17 13 21
@ y=4
07
065
kil
=
kel
-
@
I3
I
ns
] P
1 13 1 1
——i1 & A3 —_ A
(&) =95

[ 4-1 NEEAAWHM 18 53185 o F0 y B2
My BUN 2,3,4,5 B, 540 7E[3, 21 MR N, K 4-1  NEEAAWHM

HPHEF AR R A, Rl A, AL A, ATIHET KB, (B A IRZH 2
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i 2y =10, BEE o IR, HEBRMEma e, A BB IE .
Yy BUNL2,3,41, S8 o fE[3, 20 KITEHE N4, 1K 4-2 o NEEAAWHM 57

HEFP 25 BB AT, FERR A, A A, A THEFE R AR, (B A BERHS R R AR AR

Hy=5IF, BEE MG R, HELMIMEE R EDL, A BARIIEEE.

Score Values

Score Values

(b) y=2

45



g M N e e 2 VAT

Score Values

Score Values

Score Values

045

(e) y=5

4-2 NEEAAWDHM 1545 18RKE ¢ 70 7 B4
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4.5 KRB

MADM HAE—FhE 2 IR T H, T2 T ER . HEEAEY
. SROMERIE RS AR RER A AN S PRI R AR 2 A A TR S R
Aczel-Alsina 8% T HIIRR Mg KW EBLCEREA, T RESE R+
s B X%k, FIH HM SRSk Rk 2 Al FE AR NS 8 5]
M ERR, AR, —28E R %84 NEEAAHM . NEEAAWHM .
NEEAADHM 1 NEEAAWDHM £5-. 4 1 IEBFATHR 1 51~ RO AS g PR AT m) 5
Y, B FH S B0 SRR 90 SR PG AN [F) S FEe B 1 T B ARRRUR, JF T I 4
RS HETHEH I E 85 R AT T X

R ET HA LU A

(D) FHESH y, o BUERZRA, 8 M R 245 5 e kR LR e

(2) ASCHEHALE P BB AL T ¥ IDOCRIW J7 0 5@ MR, T3y
R B AR

(3) FIAHASCHR H 1 SR SRR A B e PEAE B AT A RPE I 2 SR I P s i i
SEINAHA I AT RERE S 1 R HAS SRR T 1S B
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% 5F ET Heronian EHEFHI r,s,t BRI B MR TR
F3 7%

S E AR DY B A B T IX A HR gk BR LT ROR R Hh R RO R SR T
Aczel-Alsina JEEU5 A S AR E TG TR M RSE 775 HHEAIAESRRE, H
PPN G AN TG ZELE [0, 1] 2 18], T HIE T 2V 7 sl 77 I B/ T4 F 1. A
r, s, t BRIZAEM AT LLIE F 2 8048 [F) 38 K30 Bl M 2 9 i 5 BRI 2 ol . AREATE
r,S,tEREBOMIIAEGE 5 Aczel-Alsina JU3(F1 Heronian 51454 ¥ HURT 1 ¥ 3K
JPIEFEIBIE R S BT, UE B 7 1R R A R s

5.1 Fis&EniR

SE S SR F—HAE ALY, , £=1,23,...,n. HMIBFFFE SUN:

P — 2 (n . j e 5.1
HIMP (v, 15,0 0,) Hﬁ(ﬁﬂ)j @g(%@/ﬁ)
X 5.1.20 Fry = (u,0,v) RALERI r,s,t —SPFN , 1§43 pR EUE SN

S =21+ (4 ~0" )] 5.2)

EX 5130 By = (1, 0,v) RATER r,s,t—SPFN ,  TKEHH & EE SN

AW) = [+ (" +0" )] (5.3)
B X 51405y = (u,0,v) RALERI r,8,t —SPFN , v, = (1;,0,,v,)([i=12), &
(1) # S(yy) >S(ywy) » Wy, =y, By, LTy,
(2) 7 S(y) <S(wy)» Wy, <y, My, 5T y,;
(3) # Sy.)=S(y,), WH
D Al >AW,), My, =y, By T y,;
G Alyy) <Aly,) > Wy, <w,, Bly, % Ty,;

(i) A(y,) = Aly,)» My, ~vy,, By, Sy, R
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5.2 1,8 t Bk 4&E4 Heronian HF (r,s,t—SPFAAHrm ) R E MR

EH 521 By, (i=12,...,n) N—Fr,s,t—SPFN , MiZ ] r,s,t — SPFAAHrM

Hr RS BIR R  r, s, t—SPF ., HAT

1

2 n n p+q
s tmSEE ME @) [(n(n+1)j(r€alj6_)1(l//’ Oy )ﬁ

J{ (plq]['{lr{ [(Zl)j[ZZ[I[lp((p(w)q(ly ))D]Hm”

_ (ﬁj —In|1-exp| - [n(n2+1)j g]zn;(—ln[l—exp(—(p(—ln(l—g;:))"’+q(—|n(l—9;*j))m)ﬂijw NG

= SJlexp

tJleXp . (ﬁj _in| 1-exp| - (n(n2+1)] gg(_ln[l_exp[—(p(—ln(l—v;*,))“'+q(—ln(1—v;*,-))‘”)ﬂ¢mw v \\Y

(5.4)

(v? @y")

ool (o) val ity |
e e e ]|
e[ {olntc )] val o))
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O 0 (v ey

—exp [Zg(—ln(l—exp(—( p(=In ﬂ;)w +q(=In ”ﬂ)w)w))jwjﬂj

: J {83 wfr-en{-{pbwt-azystno-a| )

T —— ]

(w25 3atrom)] -

- [Lj —In| 1-exp| - [ 2 inf1-exp
p+q nin+1) )| 54

UEBHARHIE .

rl
"
-
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SERE 522 iy, =(u,0,v,) B—4lrst—SPFN, r,s,t—SPFAAHIM Al /&

DL 15 -
(D CEZM mENTFARZEr=12,...n#Hy, =y, N

r,s,t—SPFAAHIM (v, v,,...,.\,) =¥ (5.5)
() (BN #Hy,'(c=12,...,n) 2y, F{EE—HE#K, N
r,s,t —SPFAAHIM (v, v,,...,v,) =1,5,t—=SPFAAHIM (v, \ v, ',...,v, ) (5.6)
G RN FH v, My, NHEAMERM r,s,t—SPFE, X} & r=12,...,n,
WMARF 200,26, v, 2v. ", W
r,s,t—SPFAAHIM (v,,v,,...,,) 2 I,S,t —SPFAAHIM (v, v, ..., ) . (5.7)
(4 CHFE &
y_ =miny, = (mTin ,ur,mrin er,mrin v.)
p; =maxy, = (max u,, maxd,, maxv,)
A
w~ <r,8,t—SPFAAHIM (v, w,,....,) Sy . (5.8)

53 EFr s t-SPFAAHmM BEFZEMARFREE L ENA

5.3.1r,s,t—SPFAAWHIM EF

EH 530 By, =(un,0.,v.)&E—&¥rst—SPFE, Hfr=12..n,

KR EREN 0= (0, 0),...,0,) s WL o >0r=12n)H) 0 =1, %
=1

1

2 non b q)) \P+a
_ p.q — W,
r,s,t —SPFAAWHIrM " (v, v,,..., v,) (n(n+1) (T(JB“@l((a)rt//r) ®(a)1y/J) )D
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T R RN —

AR ———

TR r,s,t — SPFAAWHIM A T,S,t BRI AA AL Heronian “F34 5 1.

5.3.2 EAtER

VT RIEN X = (X, XX, )+ C={C.Cypror, G} WRHESE, R 5
0=(0,0,...0,) . WLo, >0 LY o, =1, N T MFEPEERIETR, Wil
j=1

L A RS T 0 LR T SR A VR A B 2 A s, t BRIE AR 8, i3
TR 2 H A S FD 1, 8, BRI IR SR AR E = (W) » 1=1.2,...,m 5 j=12,...,n.

HAB RN

BB 1 RSB RARIVGRE R, KA 1, s, t BRR RO T HE
FFE = (¥)nen -

BIR 2 PRAE EARHE R R HHERE E TS IERERE E = (W) e »
:{%,q%ﬁﬁﬂﬁﬁ

v, COATL B

B3 isHlr,s,t—SPFAAWA ST r,s,t—SPFAAWG H T,
r,s,t —SPFAAWHIM H it B & EFE T EX NSRBIy, .

BB 4 ISR RGE R v, S RES () ARSTHERECH (1))

BB S S IEE T BHT, R X R LR A R E R T R

Vii
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RT3

5.4 Z=BsrHh

HUASR B A S5 G (TR WL 38 A A . 55— ARS8 A SR R G R P i
BT S, T SRR TR, 558 TR R, 45—
ML A SR RGORIN T SSPEROBOAR , 7T DS W MR, [ 2 5] P BRI
G, 5 AN AR R GG RN AR A R A, TR AT AT A 4
i, 3 EL7E R RLHOFRES th T AR T LB AR AR B A L AR . AR T 9L
SRR, T 07 R R 2 S0 A0 1 P A B T SRR . WL
IR R BN IR BRI . TR I L BRI A A1, BOKBLANRE . TFAY
FERUEZ. 70 A i R LR AR, 0% R 1K 26 R . ABFC T 98
SRR Tl L A . P PO ANBGE RIS N, AT FAS T el Aok
[ %% 1S3 T 0 R D 2 1) SR SRR ML 38 AT M . 75 75 7 B8 A 3
B TN SR Fe Kt SUOATTR = 55, VA5 T S BRAT . 22 3 B T g
5 AT 75 5 I A T 00,
A AT %0=(0,,0,,0,,0,} L EFHARIEC ={C,,C,,C,.C,.C,} -

R AE(C)): BRI E R JE i AR AN C
NEAR @M.

WEEIE (G SRS ANE S MU TAERRE . W, SHlLl=ZK e
PritAT e . C, hRad B

Htae ) (C): NS ARBIRERTSHRALER. 2%, @F,

HEREHEEUATER. C iR E .

BRBIEEERS (Cp0: JEHLE A 58 B T LA (K B R TR ELRI KPG8
o XM BRI E L . 0, P ABRRIE A L= Koy fil & . C,
N B g

WL Aizsl (Cy). FRHLES ATEHSLBAT SRR 12 2% s BN 3] .
FERANLAS NI, B BRI AR L 34 @R, Hlas N
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A EOKRET FFRr. Co AR A g,
F5-1 1,S,t BRIARMISERE

C, C, C, C, C,

O, (05,03,0.4) (0.4,020.5) (0.8,0.4,0.3) (0.6,0.6,0.4) (0.4,0.50.5)
0, (0.5,03,0.6) (0.7,0.50.6) (0.4,0.5,0.5) (0.5,0.2,0.6) (0.5,0.4,0.6)
0, (0.6,0.50.4) (0.50.4,0.6) (0.3,0.60.7) (0.4,0.3,0.5 (0.4,0.3,0.5)

0, (05,0.6,0.5 (0.4,0.7,03) (0.7,0.4,0.6) (0.6,0.50.4) (0.6,0.5,0.6)

B AREARSCY SRS B, M3 XA HRak BT ROR D SR AE R E = (1) en -
N 5-1 Fior.

B2 MR LTS B4 C O R bR, HoAb B 345 C, (= 2,3,4) ¥1h
MR BUARRR, 0B RS AR AT AR HEAL AR 2 D = () e -

W, 3 MR S5-1 HAS BHRE, r,s,t— SPFAAWA BT r,s,t — SPFAAWG
T r,s,t—SPFAAWHIM B it BN & IEFE T Z NG a @Ity (1=12,3,4), &
p=2, r=35s=3t=31%#,

Hr,s,t—SPFAAWA BT 15 B 25 5 @ 1105«

O, = (0.6956,0.3484,0.3993) ; O, =(0.5881,0.3501,0.5489) ;

= (0.4206,0.4031,0.5795) ; O, = (0.6237,0.4985,0.4473) .

Hir,s,t—SPFAAWG B 115 2|5 & @ 11 09

O, = (0.4977,0.4914,0.4567) ; 0, = (0.4985,0.4543,0.5672) ;

0, =(0.3772,0.5150,0.6268) ; O, = (0.5445,0.5881,0.5427) .

Hir,s,t—SPFAAWHIM (p=2,q=2) BT EINLZEEBIER:

O, = (0.5587,0.6026,0.6447) ; 0, = (0.4721,0.5984,0.7377) ;

= (0.3359,0.6309,0.7548) ; O, = (0.5021,0.7164,0.6745) .
PR 4 HESER T REGE B v, B35 RS () AR R H () -
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* 52 EETRHIRBERAFER

BHT 0, 0, O, 0, HErai R

r,s,t —SPFAAWHrM 03438 0.2447 0.1784 0.2260 O, >0, >0,>0,
r,s,t — SPFAAWA 0.6153 0.4976 0.4072 0.5146 O,>0, >0, >0,

r,s,t —SPFAAWG 0.4547 0.4238 0.3354 03991 O,>0, >0, >0,

A1 r,s,t —SPFAAWHIM . r,s,t —SPFAAWA . r,s,t — SPFAAWG 5T
HF#8 N0, -0, =0, =0,
AT AT BURME T, DO A RSBz Hi 4 458 . BT e, s>
Ft* LUK p,g, o RSEERE, ARBFISEAT RN R A AR 0 .
%531 ERERER

P, s*,t* R 4h
r*=5g*=3t*=3 0,>0,>0,*>0,
r*=7,s*=3t*=3 0,~0,>0,>0,
r*=9 s*=3t*=3 0,>0,>0,*>0,
r*=13,s*=3,t*=3 0,~0,>0, >0,
r*=17,s*=3,t*=3 0,>0,>0, >0,
r*=20,s*=3t*=3 0,>0,>0,>0,

B, FATIE r H o ZHARAMS XA T B PP 45 R . Oy T eos =
BRI ATSEEA — B, BATE —DNEMAER N E T ARSE (W, s*
Ft*) WU ik, ATRE T s* =3/t =3 E, FHFERR T r* A FE.
M AR T M, ARG AR 45 R R — 3 BDO, -0, =0, = O,, I 5-
3 Fian. WA, FEWHE r =3 t*=3 J 4 I r,s,t—SPFAAWHIM % ¥
t*={3,5, 7,10, 13, 17, 20} (It /55, M 5-4 il DUt e PRROHE S 46 ot
LA B H R RAFREA, B0, =0, =0, = O, . A, WA IE & r*=3
Fs*=3 , JF r,s,t—SPFAAWHIM 1 t*={357101317,20} [fifl, HE44h
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REFAAE, BIO,>=0,>0, >0, (Wk 5-5), Ht, 7Er,s,t—SPFAAWHrM &1
T, IR EEARER e s* FIt* EH R R
%54 STETERSER

r*, s*,t* HEF4ER
r*=3 s*=51t*=3 0,~0,>0,>0,
r*=3,s*=7,t*=3 0,>0,>0, >0,
r*=3,s*=9t*=3 0,>0,>0, >0,
r*=3,s*=13,t*=3 0,>0,>0, >0,
r*=3,s*=17,t*=3 0,>0,>0, >0,
r*=3,s*=20,t*=3 0,~0,>0, >0,

%55 1" ERRRER

r* s* t* HEFF4ER
r*=3,s*=3t*=5 0,>0,>0,>0,
r*=3,s*=3,t*=7 0,>0,>0,*>0,
r*=3s*=3t*=9 0,~0,>0,>0,
r*=3,s*=3,t*=13 0,>0,>0, >0,
r*=3,s*=3,t*=17 0,>0,>0,>0,
r*=3,s*=3,t*=20 0,>0,>0,>0,

R 5-6 P, ETREIHLER

P.g HEFEER
p=1,9=5 0,>0,>0,>0,
p=50q=1 0,~0,>0,>0,
p=2,q=10 0,>0,>0,>0,
p=10,q=2 0,>0,>0,>0,

HIR, T p,q o BATHURE 5381, W3R 5-6 Heronian 5 FH S8 p,q X T
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BAHE T & R B AR, O T2 m ik H. 1570 B o K78k o
N 5-6, (HEHFEAERENE O, ~0,>0,=0,. @[5, 21] 2 [AHF4E R
BHRERNL, HFER—ENO,>-0,>0,>0, (WK 5-1),

S 0.75

C

0.7
0.65
0.6
0.55
0.5
0.45
0.4

0.35

0.3 (p
5 ) . 3 5 7 C 2

5-1 184 REHE ¢ EREHILE R
5.5 KE /N2

RIELET, S, t BRIEBOMIIAEE FHEH 3T AA JE% Heronian “FHH T, FF
W LR FH BN A BiE B, @ BURFES Kb, O, HF A MRyEL
BT, MR HESL AR AR T

(1) 5 H AR VP AL HESEAH LG, HE B2 07 i 0 H 38 & B0 S N B, B
r,s,t — SPFENs SR IPAG B 220 SRTAT, oAt PPAS HE S b (i i 80 A R = A Rg
B, s,t . KEETTIHSHR MY KT R VSR, I 5o VF 58 -G B b SR A .

(2) AIAET,s,t—SPFAAWHIM 45 T 5 AA JEHM Heronian B 1454,
I R S E G Ok, R A RE .

(3) Frig i rIESE R R BN B, R T AR . X Rl ]
U i) PR AR & A R SR SR
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Fo6E RESRE

6.1 E45

ARIAENS Z PO (5 B —— X EE ek AR e . ZEBRE. 1, s, tHE
B SERT RIS, X Aczel-Alsina YOAU 2 J& M ST 055 T 4R UL
BEAT T W R AL

(1) B 2 8 M RS 7 VELE PSR g v (1 Ao R B B B2, DG T IX [A] Rk
FHAL RO PR B (A DG TR SR 7 VA4S B T E— P S o R X [R] HE Ik BRR TR ER
BN, T 5 Aczel-Alsina Ja%(45 4 1) Maclaurin X #F5E . ZIER S
S8BT BOAR DG, IR AT Rk St SR A5 R R 15 BBk

(2) TELMEPREBIIHE T, #2175 Aczel-Alsina %454 1) Hamy F
BB ASAE Hamy ~F5 T, KiZ5 75 IDOCRIW L85 Gk R, kR4
HHARENE. 58 LG b BLAEUREE 73 i, R B L SR g SE R

(3) 1,8, t ERTEBMIFAEN TIROE 3 RA G, 93 D A wE
PGS BT A RGRSE . 2T r, s, t BRIEERILE, 115 Aczel-Alsina {0545 &
() Heronian “F¥J8 7, JEXIr, S, t-SPFAAHIM &7 HIVE BT M. ) ilit
EE T AL R T 1, 8, VS HEIBUREZ 0, B0IE 15 iR R T 47
M.

6.2 FREE

KT 2 JEVE R AR TS AR RIS 78 B 5 A, HE— BT TAE I T

(1) $RIHTE =B Aczel-Alsina JEHOTHF 7%, RRHAENTEEE. KA
AT EARETH IR . Aczel-Alsina Y5 BAEE LML EEZ(EH, MR
PR IT AR IR S i R T 1) SRR R T

(ORLFE B T Z RIS Aczel-Alsina U AR A 1) 2 J8 M LR,
AT A R A ST S 7 R b e T TR (R B0 2 o, ol JHC I P T A e L i
7] 7L

(3) A3 A X ) Bk BH B A 5 40 T Aczel-Alsina J84, R
KA TN AE B 2 S8 L VSR AT IR R AL, R T8 2 sEBRig st
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