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PYTHAGOREAN FUZZY MULTI-CRITERIA GROUP
DECISION MAKING METHODS AND APPLICATIONS

ABSTRACT

With the complexity of decision-making problems, decision makers
cannot use traditional exact mathematics for the expression of decision-
making information, and the proposal of fuzzy sets provides an effective
solution for dealing with decision-making problems with ambiguity. As a
generalization of traditional fuzzy sets, Pythagorean fuzzy sets (PFS) have
more versatile information representation capabilities and are broadly used
in multi-criteria group decision making (MCGDM).

However, the existing Pythagorean fuzzy-based MCGDM methods
still have some improvement in integrating uncertainty information and
handling decision-making opinions containing fuzziness and stochasticity.
Therefore, this paper improves the above deficiencies and constructs a set
of decision-making frameworks that take into account both scientificity
and practicality through theoretical expansion and methodological
innovation, with the following specific research contents as follows:

Firstly, based on the existing weight calculation methods and ranking

models, combining Pythagorean fuzzy with Stepwise Weighted
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Assessment Ratio Analysis (PF-SWARA), Pythagorean fuzzy Entropy
Measure (PF-EM) and Pythagorean fuzzy Combined Compromise
Solution (PF-CoCoSo), we constructed the dynamic subjective-objective
synergistic empowerment model based on Pythagorean fuzzy set to
improve the assessment precision of the guideline system in the fuzzy
environment, and the PF-CoCoSo method is used to rank the programs and
determine the optical program; the method usability was validated by
selecting an example of an optimal medical waste disposal program
(MWDP).

Secondly, the integration operator is considered to be important in
exploring the interrelationships among the norms. In this paper, the
interval-valued Pythagorean fuzzy normal weighted Bonferroni mean
(IVPFNWBM P9) operator is extended to improve the shortcomings of the
original fuzzy expression of decision information. Construct a GDM
method based on the interval Pythagorean fuzzy weighted average
(IVPFWA) operator and the IVPFNWBM P4 operator by combining the
assignment models, and demonstrate the effectiveness of the method
through case studies.

Further considering the existence of fuzziness and randomness
situation in affiliation and non-affiliation, combining the cloud model with
Pythagorean fuzzy sets, giving a new form of Pythagorean fuzzy Normal
Cloud (PNC), constructing the affiliation cloud model and the non-

v
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affiliation cloud model, and expanding the Pythagorean Normal Cloud
Weighted Arithmetic Average (PNCWAA) operator and the Pythagorean
Normal Cloud Weighted Partitioned Bonferroni Mean (PNCWPBM %)
operator, using the operator to integrate expert opinions, form a
comprehensive evaluation cloud of alternatives, and finally rank the
alternatives with a score function. It makes up for the lack of considering
the randomness of fuzzy set affiliation and non-aftiliation of previous PNC
concepts and reduces the information distortion and risk error caused by

randomness.

Tao Shengnan (Mathematics)

Supervised by Zhou Jinming
KEY WORDS: Pythagorean fuzzy, MCGDM, normal weighted BM

operator, Pythagorean normal cloud, weighted partitioned BM operator
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F1E 4P
1.1 IREEREN

1.1.1 fiRE=

PRI TG NATEL T APRAG SRR 2R, TS B & R . — 2R A R
Rk SR 1) b 55 T B BRI 2 RV DL SOIRAS AN e 1, [F)IN IR R 22 IE 2 AN A
[ PRI HE U], 3 2K ) A Ry 22 HE DU 5 (MICDMD) [) J e 55 1R 5 1) 8 & X
RIVER G, AR A Z MBS (MCGDMD [, 40 257 & 75 sk bk
A b AT RRSE N ) BRI R . ZAEN TR B AR BT SR T AR E
FHEL M SR ) 46 306 77 SR I AR R B I R 58 JFL v A s 1 225 ) R o AL B 2 22 Y DU
SRR T A DB 1 o 4 T B0, S R 5 i R PR A TR 3R 3 BUE AT TR SRS, A4
TCIEAE AL GRS IR T 08 AT VS BRI, ORISR (Rt D Ak 3 EL A SR 1 11
PRI I R A R R TT R

Zadeh B IREH 7RI M-S . ORI, ORI SRR B 1 R B TR
A, 1-p R ANETHRE, HARMRTHYRE. N TRNERET. NET
AR ST =MORES,  Atanassov FHSOHISE I B A BLACIBORIERE,  ELOBOMI BRI AN R
FEARED SR R AL 1 v AERIR RS 0 ML 7 R =FORSE, Hrr=1-u-v,
0<u<l, O0<ov<l. BIFERIM, BELAEMILE SR ESEHTE K4S EEUN,
PRIk Yager! 5] A B ik BFRLTHOBISE (PFS) [HES, UE 18 +0° <1, RHRI,
B B 20 s 2 A R AR P R G T R T B SR R AR RN AR PR G T B
& BRI S AR O P SR R A TS ORI RS

ST He kBRSO R B R AN E AR B R IK R D), F AT 2 A
PSR 5 HE IR B R TSR AR 45 &, TEIEA bR R H— R 51 Rk B TR B e SR
SR FEA RS T I S ) e o o 127 U 1R AT AN A T AR TR SRR (R A
(7] I g 52 24k e SR ) 30 ) SRR AT R R S HE
1.1.2 fIRENX

ASCR R R T N TRz, AMBSRJE 1 SR R A ORI AR AR 5%
AR, 1M BN P AR R B IAE AN, AT o P S A B R4
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MR JRTE, X Bk R o S8 BT (7T, A B IR N B AR (5
B REANALE T IFH AT DL X4 I PP (5 B AE R IR 22 - X ik
FOITEMBRI S, REe 5 R B A R BRI 2R, AT A I 56 3 A9 i 22 1
VUPHE R SR T i, DR R AR % R SR ) LR 4 B e S [ PR S il

MSRESR G, BT EARRSRIIATEN, £ xX01rs P& B A e
22, H 22 AP HE U 18]t 2 AH L2, DA 7 22 56 36 AT 10 22 HE AR S ST 7%
AR SR A RN R 22 . ZHENRETT A e bt . T H PPl SR BCSE AR
A 2 A, AR R T SR AR B, RENE S A RIS RS b
PRIE, A R SR S B SR

1.2 EAIMNARINIK

1.2.1 EEE TR TSR SR T

VTR BT ASOR) £ S 22 Y T e 1) 752 B8] [ P A/ 38 0l SV, AR ST
FEZNERTHAPIRE: TRITS5EEEL.

Zhang Al Xul?'%5 | PFS AT, 52 Bk BHR oI 20 (PFND (14
B BEEN L B i DA R PR BN o Zhang PR HA 3T I3 FEE BR B BRIk B
WTRSOR 22 I PR 58 7715 Gou %615 ST PEN A FIBRIZIE 5, FE0EFL T EAiT
FIPEST . GargPHE T BRI G A OC REM S5 A, IFHR H— Rl i) S B A
PR SR AT G R AN AUAT ¢ 230 A o Dick A1 Yagerl® R F Bk B 47 1r B 2 F
FEHIEHE . N T Z AR RIS S, Zhang! 7 H X [A) B 1k B iy s
BIgE (IVPFS), A H X R %1 H 55 & 2 5 R B

B N A1 52 238 AN [ A FEE 42 H AR W 3 38 1) L S 2 465 ) DA B A D A R
BLAL, AnfBGEE (EMD. E IR HTIEL) (AHP) . BB A E Tl L& 4 ik
(SWARA) %, JRH L5 Bk AR TR AR 255 . Xue £ Xul "' R ADR) 5 2 18
FIN BRIk BRG], $2 HH— b 25 AN 56 4 (5 SR M 1) B0 B hr BT RERY) 22 4 M
TFoP AT I BRI, FH TR T B 4 R S I b o DR B O T (R BR A
Saaty!"?I% AHP £ TY &, $EHMLZ IR HTiE (ANP). Karasan S5 EEIA
FHA B AR EIR 5l AHP Y, JE RS VS BT PF-AHP IR H T hi 3k
SRR NE A . Kant SE0M32 HH2H & () SWARA-WASPAS 7772344 FL R A T
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il S0 RN TE 2 SCAHE 7 A8 P s 4 e 1R 77 2 o o RanitIFE BRIk SR B BOBI A 56 T
¥ SWARA 5 VIKOR 454, i SWARA N HTEEAE . Zhou Fl Li Z A
BT B MAE VG R ENE S Rk S I A 5 b . Habib A1 Akram!!”!
1) FH B I8 B fir SR 8 A TOPSIS 2R AT )L 28 9 iE AU PEAili o Yazdanil'® 42 H
CoCoSo Z N YTk 7%, S5HA MCDM FARAEL, CoCoSo J5ikfE v s 4k
HAF ] SEPEANRE 2 PEIL % . Liao A1 Yazdani 250 )UK PEN 5| A\ CoCoSo, 1#15
B R TR R SR T R AN E R R A TR o Liu SRR 1 Bk B i
WAL B AN CoCoSo HEZLRELST IR B HL AR VPAN . Wang2! 4 Hi BE ik FFhi i
SEITRER 2 IR PR TR S Tl FR S LS BE B B . Gupta 28124 4 PF-Delphi-
AHP-CoCoSo VEIRZ B i AT MV AT FF A 97 4 s 1 A1 22 At (i s

BB R SR W RN PR SR U T IR JE, Yager! 1 th H H At P2 514X
Fr T PS5 {E R HET Bonferron ¥J{H (BMD, i1l Choquet FR /3 A 5 INALC T 141 4
T BM BEF1EN—FRERI P E TR 5 B (E B2 M EAEH, Oy &
BV Z BRI o (HAESERR IR FE A, v 2 (R P BB AETEAH ELR R
Ik, A BRI 5 A AR R34« Dutta A1 Guhal?* & T HF Zocdlig 5
FEHZrIX BM (PBM) 57 Liu ZPHRH 125 858 8 B AR SR & B BLAE H
I ESEB LI BM 5 ¥ Lin 25290 PBM H-7 A48 X LT BM 514 15
Rk BRI AE . Alhamzi SEPTHE M T —FoBi B> SR 2, SR TVPF
P J& Dombi HERH T, FHRALEE U5 P FREAS R 15 2.
1.2.2 =ERMRIER

N T SHRIBUANG 58 PR RO R AT, 2R PR SO R Y 1 AR A B 1
I FER AR (B, (En) T (He) = AMETFRHERR R it
AHEM S, Il oA SCHUE TEM & 5 e EUE 18] e . BitioE =AY 3
I BB BN R SR IR 5 ARIE SRR T — MR A S AU E
JiiF e IKMEAEDOEE & A AR D-S AESR G, 45 AR o SR TP i 5 B O
FANTHG T P 1) 8 0 22 @ PR ok SRAAL SRV o )R- AED IS 5 2R G, Sl E%
WA AAL, FEREFEAE EAR S — AT i S B 2R 5 KIS PR T 1% B 4802
T AR RS A B B AR bR AR, FFR I RS AT 1 PRl . RSB A 2238 K 2R
EETH OB EEK, Wang SEPHRI T 2 IBUE A 55 Az AU Lo
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YT . BJR, Wang Al Yang™ il T B3 IES R To A S0 B0 72
ELSEBERIILTE N BM 2 BURAHE RS T 43U T VPl {3 B RG24 7. Zhou
A1 Zhan COFFIT T SH4EZ MM 55 TOPSIS % Ar ikl & MRS, Mk arhrly
HOBIEREE 1, 2 05 2 BUR T K BRI IE 465 2 (PNC) DIAUSER 457 PNC
HBULTF 4 5 T 07,

1.3 ARAB R AREL

1.3.1 HHANE

AR A R T BRI R R TR PR B T (0 22 v IR e ST, T ST LT
T, SRR e S8 FE A7 V8 SOBRA T « o DU S IR 1k 5 D Bt ) i, 3
WA T, PRS2 B R SR . AN, FEN
BN

H—E, B0 AT R R T A A st S TR S iR T R HET
5 RGN R R BUIR S [ 9 A B U AT 2, T B R AR SO E A
SRS EEE [

W, BRI AR T RN T BRIk BRI O B s SCRORH HLAE A
X 17 B ik BHRL SO B 58 SCRORH HAE AR . AR BB R AR AL 30 ) = R AR B
WAL, 2 AEIRE DR SRR (B JEA .

W=, TSR B SR E R O 2 B R SR TR . AR
TR T — M AH A RS HE T O E M G U R . e i B R
ST R AL FE 7 € (MWDP) SRk IGHIE 77 v B AT AT %, 38 I 2 80 B0 AL
18 SR 56 1F 7 VE 1 R E k.

SEVY R, T X R) BRI BRSO 1) 22 v B TR SR T A AT . AN T AR R
S5 e 2 X [B] M B R SRR, 42 H X [R] BRI By DR RS AL Bonferroni 33
5 (IVPFNWBM ) 87, 0T 88 7 B S o e 2. Mgt 1 21
IVPFNWBM P4 B [ e S i 72

BT, TR 5 E 1 R T ES SRR B T . AT —
A2 G SRR LB AE BRI L S RENLIE S %, R SRk B ES =
IBUEAR18) (PNCWAA) B3~ AL AR i IEZS = A&l 7 Bonferroni HE
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(PNCWPBM ™) #.¥, WHFE & L. BB SR, I8 75T PNC
FROTF R SRR
BN, MEEHEE, RN A I BT N S GE R AT AL, JRE
X S AR AE ) — SE A SR MR SR HE — 5 75 S DOt I ) R EAT JR B

1.3.2 HOREELL K

1.4 S¥ 5

1-1 AXHZHESR

v

i

%

=

il

I e —
P |
| 3k B BOm 2 1 R sk T 9 5 1

I i

. ! il Il

H H3TL T A E AR AR o X (] Bk BT B A4 5% H AR 53 5T 19 SRk
ﬁ}F =Y R FEulid bl e ) 2 1 UL ph SR 7 VT B HIES TR R ED R
53 {7 i U

g HAERBUT A | I IVPENWBMPE 7 | PNCWAA LT ‘
i | wismtpmmasenws || || SrE A \ [ PNCWPBM “§ 1 |
I

: [ PR-SWARA-EM-CoCosofiit || || mummriverNmstaite | | mFmmFoRELE |
|

[ i

Vo S [ ] S 7L | \ S5 |
Bl

%

&

tE:EB

AL EG M T AEERIE ER ORI PR B T 2 R LSRR T R IR
AT AR AR DR, O T VRIME BRI ) w22, $ v R SR A5 SR (A i
W, EEEHT A LR LA
(1) A J T HEIA B b TR 45 (1 3 245 2200 P R IR Y, P 92 e R
ISRV RIGVP LS, KR T BT R AR Ry IR R TR, R
A BB JE i [ SR AE A S DA SE L N 2R SR, D BRIA S 16 R T
TR TTVE o
(2) FEX[A] Bk & b s s 7 gt IVPFNWBM P9 5L, B ailye
JNAL Bonferroni #J{H (NWBMP®) S5 15 J5UA B PR 58 T 4778 BT A5 R RIS Y
R, AT v e S 445 R 1) A B PR AR S FH 1
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(3) RS R FEAAE S JE T AF B VE SRENLIE S, oA 5 Bk
BRI AEAR 25 &, S —FPHT ) PNC 220, 9R%N T DA PNC & AR5 e
WA S A AR SRR LA M S BRI A L . $R I PNCWAA 1 5
PNCWPBM ™* 5L A% 1 BEHLIE T S5 2 it BL& PBM 55 AR I XU IR 22
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F2E IEIPEM
A2 A Ak B R RIS . X ) Bk B R TRORIZE (IVPFS) 4
TR (A S

2.1 EEIRAEFRIHTREE
2.1.1 ik R AR 45

RN 21020 et X, SRR = 564 P = (X, o (X),0, (X)) x € X} 2
IR BRI, JEH g, (X) B CE x BT P IR, s €[0.4]: 0p(X)
KR E x NIRRT P W, v,e[01]. HX T VxeX ki, #HL

1 (x)+ 02 (x) <1,

X AR SIS R BAE Py X e X, 75 (X) =1 22 (x X) FiA x
J&T P WIIRTE .

FEX 2020 Frxe X, W—AJesdlb i a =(u, ()0, (X)) #FR R —
AR BT, b a0, €[01], 7, =142 —0? ik 1l +02 <1
7, WA PEN , (RS .

SEX 2.1.3% # o =(u%,ual) o, =(ua2,ua2 ) NP PEN, & CHARIEH N

(1) a1®a2 :(\/ﬂ; +1Ll§2 _/uozqﬂjz’ualuaz);

(2) ¢ ®a, = (,u%,ua2 \/u +0’ —Ual) );

(3) /Ial:( 1—(1—y;)i,uij,l>0;

(4) of ( 1-(1-02 ) j,bo.

FEX 2147 ¥a=(u,0,) A AR, DL E X PFN, 1073
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BN S(a)=12 -0, KR BN H(a)=12+02, H S(a)e[-11],
H(a)<[0,1].

T S(a)e[-11], ik, SU#/E1 PEN , 135> A E 3 2.1.5 s

e 215 Ba=(u,v,) N PFN, BT S(a)e[-11], St PFN,, H—
AT 53 B ERANT 58 FE RN

“):%[S(“)“]’ (2.1
H'(a)=1-H(a).

RS (), H (@) e(0,1) .

X 2162 Bk oy =(u,.0, ) @=(u,.v,) FAPFN, T

(1D 248" (aq)>S" ()N~ oy KTF ay, By >

(2) %45 () =5"(a,) B
#H ()>H' (o), WMEa<a,;
#H'(a)=H' (), i&ffa=a,.
2.1.2 X[BEJEEASFRIHTIR SR

S 20705 Bty X O, R P = {(x [ 425 (%), 5 ()], [ 05 (), 05 (%
J)Ixe X} R—A DX I A BT, Forh [ 4 (), 24 (X) | RATLE x BT
P HIRREEIX T [0p(X),05 (X) | #m70% x ART P IOFREIX . Hoh g (x).
vp (X) S BIRFEFIBE SAERBREN LI, 5 (X) . o5 (X) 4 BRESR B 5
RIFEHT A

X T VX e X K F 45, aap,08,05 €[0.1], AL (2 (%)) +(u5 (%)) <L,

Fr P — X A Ee ik BF R BT BRI (IVPFND. x RET P IR E X AN

75 (X) :[ﬁ; (x), 7 (x)] ={\/1—(ﬂ; (X))Z (v (x))2 1\/1_(;1; (X))2 ~(vs (x))z} .
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X 208 o =([ 41, 4 | [02.00 ]) M IVPEN, 5 L 07353 B80S ()
FHEERHH (@)

S () =5 [S'(0) +1].

H (@)= H (o) =5 (s +() + (o) +(02))

(2.2)

ﬁtlﬂS'(a):%((u;)z+(/,l;)2—(u;)2-(u;)2), HS(a) H'(a)e(0).

2090 o =([ i, [0 ])e 0o =([ o, J 00, ) ot
IVPFN, N
(1) 245 (a,)>S ()M, &>,
(2) 45(c4)=5(at,) ¥,
FH(a)>H(a,), it >a:
P H (@)=H(a), iefia=0,.
WA, Moy > o, WG g 2 g, 10 2 1y 0, <, 0, Su, 5 HS(q)2S(a,) -
RN 2.000%9 oy =([aey i [0n05 ))e oo =4t 0, ] 0,00, ) Do
M IVPEN, €& UHEARIBH LT

\/(ﬂal ) () -

(D o®a,=

(2) & ®a,= ﬂaluaz,ﬂ;ﬂ;],u

(3) /lal—q\/l(1(;1%)2)&,\/1(1(;1;1)2):},[(0 )A,(u;:)l:;
@ af-U(ﬂ%)‘,(ﬂ;)ﬂwl(1(Ual)Z)ﬂ\/l(1(0;1)2)1} .
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EHE 211 Ho z([ugﬁ,y;l][u;l,u; }) a, :([u;z,y;},[u;z,ugj) FA

IVPEN, W IVPFN 2 [a] ) AH B.AF F iz S0 2 LR PR
(1) C,®C,=C,®C;;

(2) C,®C,=C,®C;
(3) A(C,®C,)=AC, ®AC,;
(4) (C,®C,)" =C/ ®C};

(5) A4C, @ 4G :(ﬂ'l—i_il)cl'

X208 o = ([ a0, on v ))e o =([ 02, | [0, 00, ]) o

AN TVPEN,  JEH PSR $2 17] Hamming J5 25 d (o, @, ) € SU:

d(al,az)—lx ‘(ﬂ;l) _('u;Z) +‘(ﬂ;) _(ﬂ;) +(U;1) _(U;Z) (2.3)

O o el el )

Hik/: d(a,a,)€[01], d(a,a,)=d(a,,), d(a,a,)<d(a, )+

d(a; ).
22 mIRBIEIR

AR AT Ab FE ELA RO P AT B AL B 1) R, RN T AR SRR AR FE A S AR
WIVER R PR o JEId AR, B DOBE A ZRE S PR e S e &= 8UE, R
BY HOANHA AL .

SEN 22,19 ZHPHCTRHIEH 3 N BEORFR, TR Z B (Ex,En,He) ,
AR Ex R Be R e NS A W En B EREMTEE, &
R 2 Vi ) SRR s B He S E MR &

TN 22208 5 — Ntk U, TN U PHI—NeEMES. HXxeU 2T
(IBENLREA, H x W2 x~N (Ex, Enz), HEn ~N (En, Hez) , WIAELSE x 4y
&M, x BT THHEE y N
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2
y—exp[—(XEX) } (2.4)

2(En)’

HAt, y AU x IESZ, (X Y)NEW, EREWMI R E S
2 e

R 160 25 2 ROV AR O S M AL 3981 2 2 B 2
e

BB 1SR Ex= 3 DL B g

X —EX

1 N s ar a2 1 n 2
Ezizl ’ ﬁéjiﬁﬁs =E2i:1(xi_EX) H

BB 2 K1 Ex,En, He HIftiit: ExX =Ex, En*:\/EEZT

. 1 .
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BB 6 AN o,
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j=1
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BT BF SRS 6 N 52 R % S IS Hh I 2 ) R RS R, 3 iR A DU TR )
AT R 22 e, I SR R A S A VR U A, DT B 7 40 s Bt )
P E B, RIEGHERKL R . PF-EM tHE ST

B E N (3.4) B R AN R E R T AL P SRR AT S
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) = (3.5)
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=33 ERNE
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E, S (0.60,0.50) 0.2158
Es ES (0.95,0.15) 0.3568
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BB 23 (LR ZOF IR 3-4 TR S SR 10 MRAEREAT PRI, Ik 3-5
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=34 ENTHMNIEST=E
PR SR PFNs
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Cs (M,H,PH,MH) (PH,H,H,PH) (LM,M,H) (L,MH,M,H) (M,MH,M;M)
Co (PH,L,M,M) (H.M,MH,M) (H.M,M,H) (PH,H,H,PH) (PH,MH,H,H)
Co (HVLMHH)  (HMLMPH)  (HLMMH) (MH,L,M,M) (MH,H,L,M)

18



g W N 2 e S A

B!, 3 5 EEEIML, KR 35 FRE SRR TONMHNE PEN, FiH
A (2.4) FHATER, 53] PF 55 RE
BR] 4 E K 3-4 152K 10 MENME IR, EEHH (2.1 /53]
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% 3-6 EHRIRIFES LERG HEVENITR
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Co H H MH PH (0.7505,0.4306) 0.6889
C1o L ML L VL (0.3142,0.7522) 0.2664

BB 5 I PF-SWARA It (3.1) £ (3.3) , B & Hehmxf Bk HiE
HIRENHET, 138 RbR R AR E, 4R FHIR:

o) =(a, - ")
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(Ml’M27”"MlO)
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BB 8 i PF-CoCoSo 25, TR FI F _FiR 15 3 ) PF vk 340 5, A (3.7
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5 0.8 S >S,>5,>5,>S,
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8

—h— HR1

{REKIE

T T

L L

r r r

32

2

3 4
CERRAINE

[ 3-2 NEHAR T &k REETHE

3

28

26

24—

FAKIE

E

22

AMARESH

TEISH 0 T &k Rt THF

21

45



g W N 2 e S A

B Ji » WEHBOR T SR AN 2 IUBUE A I R BE AN, S804 R A AR
ik TT RIHE PR TR A, 2

2={0.0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1.0} ,

ANFEZECT 1 #3877 7 E 3-4 Fros.

32

26 —*—s1

LREkiE

‘iﬁ)ﬁma@%
3-4 ERARISEX&IE S RAITHIF
M 3-3 0T LUE Y, L 500 32 WA P (i 28 A 7 5 1 e 24 K A R i A
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3.3.3 XfEE S
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SEBS FATR (4.9 HHEHENZEWAE.
o) = nC" (4.9)
2.6

-1

SRTIAESE PR F R, B2 TEVE 78 40 25 8 Wk o6 35 1) B 00 = I A e, o]

AESEBRELSE R S LR NAAEME .. NILERATEREH T (4.10) HBFEEM
PR S5 EHEATIRAL,  $2 5 43 B A YA A A A F R

@ x @] (4.10)

I
N
Z@x@
=

Horr @) ARZR 4 7 AN ) LWL EE, of [RBEIRLE , o AN S RUE.

®; =

28



g W N 2 e S A

4.2 EF vPENWBM P B F I BERRIER

TOPSISV: BA RSB 2 AR SER: i, BRI A] 1% % 2 % TOPSIS
e AR, B RMAETRE EABEAMOER, MM &iE
Z s R

18 B P 1) B AFAE mAS #5377 R S ={s,,S,,-, S} s KN IRIEH E=

{e, &6} Fin N HEN C={c,C,-orC, ), WM ENEN o=(0, 0, a,)

Y 0 =1, >0, (j=12,n), My dH AR ¢ R i
j=1

BEGERLE, PFALE R A IVPEN @ =([ a4, (%), 22, (X)L [0 (.05 (¥)])-

2 U B R AR LA TR F
BB 1 LR YR AL R T A 4 i 7 AT
G, HIHEAE FH R I
R

(ﬁ,—),(ile,m,m;j=l2,---,n.),
i IVPFWA 578 E R E I, MiiiyiE PF-DM
ﬁz(dij),(i:LZ,---,m;j=L2,---,n.),

HrArd, A IVPEN.

BB, 2 AL FAT A RN EMRE o, B CRITIC %
A I 1 25 WAL )

BB MG (4100 KGR ETT E 0N A G RE.

BB 4 A (4.11) X PF-DM AT BG40 Ab 28, 45 3 8 AL 5 1
B HHERE D=(d; ), (=12 m; j=12,--,n).

- o0 0)
_ [% (X)’”ci(X)vaj(x)ﬂc{j(x)}, jeB, (4.11)
[0y ()05 (0] 45, (%), (¥)], TeC
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S 5 [ ] IVPEFNWBM P93k 15 % 1%k 75 2 1 28 & ¥E i IVPEN.

BB e AN (23) BARXETEMEZEWMES EEAERK W
B d(s,87), ek st =([a (). ()] [ ()0 (0], )-
BT AR d(S,07) M & T RIATHY d BN, TR

4.3 NEAZA

43.1 ZHIFR

BEE SRV, SRR R AR A ) B Rk @ . Nk, & E S
T ZRIRENE IS, B K SRS S, X TR, @
T 9D A S S G R HETG, SRS AT RS R R I G (o {3k 7 B T AIE W 2 R e
YEUR 5 R 1) FR A RO k. TS E 3R I R A R G G (3t N B 1) R AT, Bk
BFH BTSN FE ) nl Fr e K, SEIAHE. S F R iR & & .
I, AR IS EBEN T, AMUE BT AL AR L R B HL I SE L 5, 1B
RE IR B AR E B SR

BUA 4 D RIEIGEMRITTS ={5,5,,5,,S,) » LA 4 &5 54 s 8N
E={e.e, 6,6} . TRAXGOMR AT ILAL T HELLT 4 TEN: 7= 5 AR
KR E(C1)~ JEAR(Co)~ ATRFSEAE(Cs)s FEZR(Ca)o H Civ C3v Ca R R TLHEN,
Co NEAEIEN], p=q=2, LHENESIN©=(0.1,0204,03) . HEuF:

BB, 1 LRANFEUEN T AR T AT, METE = R AR,
gERER 4-1 Fros. HH IVPFWA BEFER L HE W, Mg PF-DM, 4553

W 4-2 FiiR.
S 2 AR (22) Bk IVPEN IR S(r ), A (45) X

Iy B RE AT RE A AL B, 1S BRE A S 15 0 IR BUERE, S5 5Rnk 4-3 PR
BB 3 LRI AMEEFHEN I EWAE o, PR (4.6) THEEN
IR R oy, SRR 4-4 PR

o =(al,af, 0, 0)=(0.3,01,0.2,04).
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% 4-1

ERENREN T &k 75 REFN

S

S2

S3

S4

(O]

C

G

Cy

€1

()

€3

es

€1

()

€3

e4

€1

€2

€3

e4

€1

€2

€3

e4

([0.4,0.51,[0.2,0.5])
([0.2,0.71,[0.2,0.6])
([0.3,0.5],[0.1,0.4])
([0.4,0.6],[0.3,0.7])
([0.7,0.81,[0.5,0.6])
([0.1,0.6],[0.4,0.5])
([0.4,0.6],[0.2,0.7])
([0.4,0.51,[0.3,0.7])
([0.4,0.6],[0.2,0.5])
([0.2,0.31,[0.4,0.8])
([0.4,0.71,[0.3,0.7])
([0.3,0.6],[0.3,0.5])
([0.2,0.41,[0.2,0.6])
([0.2,0.51,[0.4,0.7])
([0.5,0.7],[0.2,0.4])
([0.3,0.6],[0.3,0.5])

(10.3,0.6],[0.5,0.6])
(10.3,0.51,[0.5,0.8])
(10.2,0.6],[0.1,0.4])
(10.2,0.31,[0.3,0.8])
(10.2,0.71,[0.5,0.7])
(10.1,0.41,[0.4,0.5])
(10.1,0.2],[0.2,0.97)
(10.3,0.51,[0.2,0.8])
(10.2,0.7],[0.4,0.5])
(10.1,0.51,[0.3,0.7])
(10.4,0.71,[0.3,0.7])
(10.3,0.71,[0.2,0.6])
(10.6,0.71,[0.5,0.8])
(10.4,0.51,[0.3,0.6])
(10.5,0.81,[0.2,0.6])
(10.1,0.71,[0.3,0.6])

([0.3,0.41,[0.2,0.7])
([0.4,0.6],[0.3,0.7])
([0.2,0.4],[0.3,0.4])
([0.3,0.71,[0.3,0.7])
([0.3,0.4],[0.4,0.6])
([0.3,0.51,[0.2,0.3])
([0.3,0.5],[0.3,0.7])
([0.3,0.51,[0.2,0.4])
([0.5,0.6],[0.4,0.5])
([0.3,0.51,[0.5,0.8])
([0.3,0.7],[0.3,0.8])
([0.2,0.51,[0.3,0.6])
([0.3,0.4],[0.3,0.6])
([0.2,0.6],[0.2,0.4])
([0.1,0.31,[0.5,0.6])
([0.3,0.41,[0.3,0.7])

(10.3,0.51,[0.2,0.6])
(10.2,0.71,[0.3,0.8])
(10.2,0.51,[0.1,0.6])
(10.2,0.41,[0.5,0.8])
(10.2,0.6],[0.4,0.7])
(10.1,0.51,[0.4,0.7])
(10.2,0.51,[0.1,0.5])
(10.2,0.51,[0.5,0.8])
(10.2,0.51,[0.3,0.6])
(10.5,0.71,[0.4,0.5])
(10.2,0.41,[0.2,0.7])
(10.2,0.71,[0.3,0.6])
(10.5,0.7],[0.6,0.8])
(10.2,0.51,[0.3,0.4])
(10.3,0.51,[0.1,0.5])

[ ]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
([0.2,0.51,[0.4,0.5])

® 4-2 ERCE ST B EEA ST TR MR SR AE M

Si

S

S3

S4

)

C3

([0.3304,0.5813],
[0.1712,0.5247])
([0.4174,0.6053],
[0.2844,0.6444])
([0.3410,0.6107],
[0.3051,0.6284])
([0.3796,0.6165],
[0.2595,0.4981])

([0.2351,0.5156],
[0.2253,0.5891])
([0.1941,0.4304],
[0.2518,0.7532])
([0.3145,0.6702],
[0.2734,0.6463])
([0.4234,0.7216],
[0.2685,0.6175])

([0.2917,0.5613],
[0.2881,0.5596])
([0.3000,0.4914],
[0.2521,0.4919])
([0.3049,0.6061],
[0.3420,0.7002])
([0.2206,0.4226],
[0.3393,0.5795])

([0.2124,0.5307],
[0.2164,0.6928])
([0.1846,0.5117],
[0.2456,0.6369])
(10.2937,0.5940],
[0.2702,0.6153])
(10.2885,0.5276],
[0.2259,0.5012])

% 4-3 BEEIS D REBEN

Si

S

S3

S

Ci
G
Cs
Cs

0.6811
0.2080
0.0000
1.0000

0.4941
1.0000
0.2919
0.0000

0.9122
1.0000
0.3078
0.0000

0.0000
0.1156
0.7228
1.0000
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2 4-4 HEN[E)FE K R BERE

C G G Cy
C 1.0000 0.5942 -0.7669 -0.5401
@) 0.5942 1.0000 -0.1964 -0.9970
G -0.7669 -0.1964 1.0000 0.1196
Cy -0.5401 -0.9970 0.1196 1.0000

BB, 4 I A7) HEENMEN KR HER 2 o), 3 (4.8) T
NFEHC,, A (4.9) BEMENEINE o, HEHR (4.10) 133
B AT o, 455 0% 4-5.

% 4-5 ENARETHETIZER

0 C, @, o
Ci 0.1503 0.5579 0.1734 0.1841
C 0.2356 0.8481 0.2635 0.0933
Cs 0.0884 0.3397 0.1056 0.0747
Cy 0.3333 1.4725 0.4575 0.6479

S8, 5 AR (4.11) XHER)G PF-DM 347 MG 1k b 28, i
IVPFNWBM P9 3R #53 2% 3%k 77 R 25 & PFAN IVPEN, ZEETEME R T

IVPFN, =([0.0147,0.1446],[0.4165,0.9070]),
IVPFN, =([0.0119,0.2217],[0.5726,0.9252]),
IVPFN, =(][0.0043,0.0614],[0.3439,0.8299]),
IVPFN, _( [0.0049,0.0980],[0.4688,0.9108]).

H 2% 08 77 R L5 5 VE A IVPEN W) 45 1E 28 A8 g
5" =([0.0147,0.2217],[0.3439,0.8299)).

FB, 6 X (23) HEIFIETT R AVEOME S IEEARME 07 [ E 2
d(S;,07), R4 d(S;,87) H/NBIRHET, W RIA RBAHF NS, -5, =S, =S,

Rl AT B B L ar Bt i N So, SRR LS SRR 4-6 Fis o
432 EREVERL

N T RIS S B B R AR A BAER, DL B A
BURFERE, N S8 pg EEL 16 FAFRIFIEUME: p=q=1; p=19=2; p=19=3;

p=2,d=1; p=9g=2; p=2,0=3; p=2q=4; p=3q=1; p=3,9=2;
32
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p=0=3: p=30=4: p=49=1; p=409=2: p=404=3;: p=0q=4.
£ B 16 MSET RS RtEr:, Ard R 4-1 Prox. ATRLRIL, K
W SH R ANE R RS AN AN Sy, VA R AR E .

F*4-6 SIEIBBMEBEMREHA

S S$2 S3 !
d(s;.6%) 0.1241 0.1132 0.1570 0.1508
4 2 1 4 3

FERNFRLHEFER

4-1 TRIBHTHELTRHFER

4.4 REBING

AR AE X [A] Bk SR ORI A R, A% T BT IVPFNWBM P4 57 (1 2 1
UIFELR SR 7V, A8 ] CRITIC V0% 54T 7k v S HE N B 21 & B, 455 TOPSIS
SBAEXS 2 T RIATHE , BRI i R R AL Gk 0 Ak L 7 1) SR A5 R AT SRR AT
AR Z T ER AR .

FEZAEN RS b, il X 8] (T 26 2 AN 07 RIAT R G TAL, AR ARk
FAS SRR, I Re s B TR ZE S B E M, (ERRa R nnr 5. Jf
H. IVPF A ] X (W8-S i BEATAE S B2, A1 ok SR A0 J7 TP N
TR R
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BT ETHWNX 2 E TSN ESTRIR R AN

Py

|

\

AR X TR) Sk BRSO B R R TR SR AR BN, SRR AN RSB R X
[ W] BeAAAE B BT, 223G N5 BRI BRI PR IR ) /L, AR 2 45— FloR (1
PNC T, 25 i3 AN S Jg B2 th A7 AE BRI P S RN L BT T o I 45 45 1 0 1)
A E R R, ¥ th SRk BHRL T RS B AU AR P 57 (PNCWAA) FIHETA Y
Fr B IEZA = Ak BM 7 (PNCWPBM &), #% 75T PNC IR RS .
B Jr, W RGRRIZITERA R R PNC FoR ik G 8, SRS
J& 35 LA AR R e SN R AL BN E S S

5.1 BIRFHHIES =

BEXT e X2 HE RO HE U PP A5 B T BEAEAE R 22 [ AL, R SRR AR O AR S =
BRRHEAT S5, FEH — B PNC, M B ARBEA LI T 20 3 BE A A S A5
S

BN 5112 3 T4FEErs>03FHr+s>0, n 4 BM BE5E T HER—
AN BM :(R*)" SR, BAABRMT:

BMr‘s(al,az,-n,an):

1 n r+s
ot | (5.1)
n(n-1) i%a, a’}

SEN 51209 3 AT, s>0Hr+s>0, fFE—1MES
T={a, - a,}, & TR dFRRERNFEB,P, - Py, WL
UiaR =T.R, AR, =@, (i=]j), 17 BMERSE T (PBM 57 3 LN

r+s

(5.2)

d
PBMr’S(al,az,---,an):%z

h=1

1w . 1 S
{FZ“‘ et

h|ieR, ieP,
i#]

d
Jorb P | 2 RIS S, d FI AL DR =n.
h=1
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SEX 51353 g — M U, X U FEEZE4E, X B PNC N
C = ((Hex Hen: e ) (VecrVen: Vs ))

Hoit, B (e ey e ) T (Vg Vg Ve ) B JEE 2 AL AN S B 5 BE A
e, 1 U, ST R 25 I B A BEATLPE RSO I SR 5 2., H e, A U, KRR
PORAE S B EORRIE , F e R Oy SRAMIR g, 1 g, 1 BSEOREFE - 225 3R [54],
AJ133] PNC LA N F

S 5.1.4 #C ((,uEXi,yEni,,uHei),(UEXi,UEni,UHei )) i=1,2,3, H=4 PNC,

ALY, PR PNC Z IR E R &R, € X PNC Z |8 A E.
PRI -

L\/ Mo + 1, — 1 12, ]

(1) C®C, =\ My, + M, g, + M,

(UExluExz 1Ugn, T Ugp, 1 Upg, H Upge, )

;uExl:uEx2 huEnl + :uEn2 ’:uHel + :uHe2 )

(2) C,®C, = \/u - +UEX —UEXquXZ gy 00 | |1
re, T Urte,

1-(1- 42, ﬂﬂn,ﬂﬂej,
(3)1C=( (1-s T

Vg, AUg, ,ﬂUHe)

( Ex
(,uEx Al J“/"He)

(4) C*= ,7
( 1 UEx /u)En ! ﬂ“UHej

EH 5.1.1 %C, =((,uEXi,uEni,,uHei),(uEXi,z)Eni,uHei )) =123, N= PNC,

A NAEZESZEL, W PNC 2 [8]) FAE EAE H s S0 2 LR P -
(1) C,®C,=C,dC;

(2) C,®C,=C,®C;;
(3) A(C,®C,)=AC, ®AC,;
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(4 (C,®C,) =C!aCs

(5) AC®AC =(4+4)C.

i

(1) HI5E X 5.1.4 FIH

(\/ﬂéxl + Hey, = Hex e, » Hen, + Hen, » Hie, & M, )

C,@C,=
(UE><1UEX2 1Ugn, T Ugp, 1O, + Upe, )

(\/luéxz + luéx1 - luléx2 :uéx1 ’:uEn2 + luEnl y :uHe2 + ,uHel )!

(UEszEx1 +Ugn, T Ugn, s U, +UHel)
=C,®C,.
(2) HEX 5.1.4 /13

(U, e, » Hen, + M+ e, + i, )
C,®C, =

2 2 2 2
(\/ UExl + UEx2 - UExl UEXZ ’UEnl + UEnZ 1UHel + UHez )

(/’IEXZ Hey s Men, + Hen s Mg, + My, ),

(\/Uéx2 + Uéxl —Uéxz uéxl Vg, + gy 1 U, + uHel)
-C,®C, .
(3) HEX5.1.4 51

(*\/1_ (1_ /uéx1 - /uéx2 + :uéxlluéxz )/1 ’/I(luEnl + :uEn2 )’ﬂ’(:uHe1 + :uHe2 )j’

A(C,®C,)=

UEXIUEX UEn1 + UEn ) X’(UHel + UHez ))

{
[ ~(1-42,) ) (1—(1—;1;2)1)—(1—(1—;1;1)*)(1—(1—;1,;2)A),
(ve

Aty + Aplen, s Aty + Ay,

Ut EX AUg, + AUg, AUy, + AUy )

A
( —(1- s, qunl,ﬁuHelj, o [ 1-(1- 44, ) ,ﬂuEnz,iﬂHezj,

(UEX1 , ivEnl , /IUHel ) (uéx2 1;“)En2 ,ﬂ.uHez )
=AC, ®AC, .
(4) HEX 5.1.4 Z5n
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((’uExi’uEXz :uEn1 + :uEn2 ) )’(:uHel + /uHe2 ))!
(\/ l UEX UEX * UEX UEX )/1 ’A(UEW + Ugn, )’Z(UHel T Uy, )j

(i 1, A, + Aty Al + A, ),

= \/1_(1—0,;1 ) +1-(1-02 ) —(1‘(1‘”'31 )ﬂ)(l_(l_u';z )E)

(C,®C,)

(/uéxl ’ /li',uEn1 ' ﬂluHel )! (:uéxz ’ﬂ’ﬂEnz 'ﬂ’ﬂHez )’
= ®

( 1- (1— Vg, )/l AUg, Al j [ 1- (1— Vg, )/l AUg, , AUy, j
-C/®CL.

(5) HEX 5.1.4 /15
()1+,12)C (\/1_ 1_;uéx3 11”27(ﬂl+ﬂz)/uEn3’(ﬂl+ﬂ'2)luHe3ja
3 M (et 7)o (e )
1 :uEx +1 (1_:uéx )ﬁq _(1_<1_1uéx3)ﬂl)(l_(l_:uéx:;)ﬂ?)’
- ﬂ’l/uEn3 A’z:uEn?, ﬂ'lzuHe3 +ﬂ’2/uHe3
(UEX3UEX3 AluEn:% +220En AluHeg +/1’ZUHe )
( 1 IuEx ﬂlzuEnS ﬂlﬂH%J ® ( 1_(1_/1;;3 )AQ’AQIUEnS’ﬂZ;UH%j’

(UEX3 ’Ail)En3 ' ﬂluHe3 ) (Uéig ’/’IQUEn3 ’Z’ZUHQ3 )
=AC,®AC, .
5.2 EF PNCWAA EF#1 PNCWPBM ™ B FHyE R EIER

52.1 PNC ERREF

NT &I RVGATIN SR, FEIEFE UNHE T RER S EME
B PNC. Z% CHR[37]42 ) PNCWAA H 745 ! PNCWAA KRB R .
EX 521 #X={C,C,--C} 4l PNCs [5E#A, LI PNCWAA 511
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PNCWAA(C,,C,,- - z (5.3)

$oh 0,09 C HURUE IR, =120, #E0<q <141 =1.
i=1l

SEH 5.2 % X={C,C,---C} —4 PNCs 5. M4, PNCs HIIL s4h
FASRAE PNC, HERUWF:

. [(1ﬁ(l—u;)”jz.iwuaiw.um} e

PNCWAA(CPCZ,...’C — i=1 i1 )
(HUE; ’Za)qunI ’Za)iuHei j
i=1 i=1 i=1
UEEH :

PNCWAA(C,,C,,-+,C,) = ch Z [( ~(1-u ))wﬂwu]

(UEX, U, O, )

: L( T16- uEX)“jZ . z%} |

i=1

(1Tes o, Sow,
i=1 i=1 i=1

EX 522 % X={C,C,,-C} NPNC WA, Hrs203iEr+s>0,
BRI d MAFEREAEIR, P, Py, R UL R, =X . It PNCWPBM

5 BT HOE N

. 1 ] 1 r S r+s
PNCWPBM " (Cl,cz,...,cn)za ;[W ((coiCi) ®(a)J.CJ.) )J . (5.5
=1 h h i,jeP
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Hc =((#Ex,,/lgn, Mg )(UQ Vg, + Uy )) (i=12,---n),

P, |2 B, 23 IX 1
d

B, d R XN Z|Ph|=no a):{a)l,a)z,---,a)n}%PNC{Cl,CZ,---Cn}E’\]
h=1

B R, R20<m <1 =120 e -1.
j=1

EH 522 WX ={C,C,,--C,} NPNC )&, {T=r,s>0Hr+s>0,

M| PNC S R&5 R8N PNC, TR

(5.6)
1 1
1 % res 1 2 i ?
Hr, t_[(l—(l_yz)lah(phl)] } k= [1£ ph(Phl)JJ ’
1
N )P
y=[1-T]1- {(1-(1—#.; )@) ] {(1—(1 12, )”’ﬂ :
i,jeR,
i#]
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N

77zpkﬁ[l_(l_(”gjzy(l_(ugjf)s].

]

WEEH. EdE X 5.1.4, FRATAT AR

[(1—(1—%; )’ )E O ey O, j

a)iCi = ’ JH:

{((l— W) (s 02 )’ )

[N

N |-

’a)iUEn a)UHe J

((1—(1—;é&)@-+(1—;é&-—Lé&)@)r—((l—[é&-—Lé&)@)rJ;,

(a)|C| )r = ra)quni J ra)lluHe, ,
1
(1_(1_(1_ﬂéxi )(q +(1_ﬂéxi _Uéxi )(q ) jz ) ra)luEni ) ra)luHei ]

I 0,C, 5 (0,C,) BRF L. 4, ((@C) )= v ((@C))=n.

M ((a)jCj )S)zyj ) Ug ((a)jCj )S) =n,, BIEATAT LG 2]

1
(7 +7=nr =rtmt=vim 2,
) . VO Hey, + SO Hey VO e + SO Lyye,

(a),al) ®(wjai) -

1
2,2 2 2\;
(77i /i )Z’ra)quni + S0;Ug,

[V, + S0y,

é\yEx((a)iai)r(@(a)a)) t, o (( a) ( jaj)) MAGHZHYNE B,

177
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a)a)r®(

I I
i,jeR,
iij

1

RIORI-2) 3=

.A.

i

[11-t

i,jeR,
i#]j

Z r.a)i/uEni + sa)j/uEnj’

1
2

1- ,
i,jeR,

1

T

Z I’a)i:uHe, + Sa)jluHeJ
i,jeR,
i#]

|

D Tov,, +30u,,
i,jeR,
i#]

i#]

[T1-¢-]1-t*-K

i,jeR, i,jeR,
i#] i#]

D, fov,, +so,,
i,jeR,
i#]

|JZ;> ((a)iai ) ® (a)jaj )S)

S| =3 (@) ®(o
“{mumug(( ) el

jeR,

> (@) ®(o
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LI s

(Vg Vgn Ve ) MEWAA |, K1 PNCWPBM ™ (C,,C,,-++,C, ) = C f3HiE.

SEHE 5.2.4 WAtk BB C = (g e M )+ (Vg Ve o Or )]s 112,001
SEPNCs 54, (GGl o) (CouCareen, G, ) HI—AMERHEA, WRC, 5
C! (i =1,2,+,n) AATHIF I, T4

PNCWPBM"*(C,,C,, +-,C,) = PNCWPBM"* (C;,C;,-+-,Cy).

UER :

d
PNCWPBM“S(Cl,CZ,---,Cn):é >
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= PNCWPBM "*(C;,C;,+-,C;).
Rk, EEE 5.2.4 131k,
SEHE 5.2.5 LAY B (o, 0,000, B (B By, By) R4 PNC (4
&, FHMNTAERI(i=12---,n), FHLE Hey, Z Hey, Vg, S Ug,
Hen, < Hen, 2 Uen, SV, » Mg, < iy 1Ure,, S Upie, Il
PNCWPBM " (e, a1,,+++, @, ) 2 PNCWPBM "* ( B,, B, -, /3, )-
R ABOBE phe,, 2 Mo, Ve, Vs, Hen, < HenyrVen, < Vg, »
e, < Hige, 1 Upie,, S Uy, » WIHTEEE 5.2.2 AIRIR A )
Mgy 2 Mgy, Vg, < Ve, » M, < Hen, » Vg, < Ugn, » M, < Hie, s Ure, < e, 3
Hitt, ARG > B, R, @&ER 523, 524, FLk
PNCWPBM " (e, a1y, @, ) 2 PNCWPBM "* ( B,, B, -+, /3, )
Rlk, €2 5.2.5 131k,
EH 5.2.6 A BXC = ((,uEXi s My s i ),(UEXi Vg » Ui )) i=12---,n
PNCs {55, C =min{C}, C"=max{C}, I

C” <PNCWPBM"*(C,,C,,---,C,)<C".
TEWT: (62 Cy = (g Hen 2, ) (Ve Ve U )) =C 7 1 =12,00,n, i 5.2.2
3 PNCWPBM*(C*,C",--,C")=C", JfH.
PNCWPBM"*(C,,C,,++,C,) < PNCWPBM"*(C*,C",-+,C") =C";
FIFRAEBEC, = (( Moy Hen £, ) (Vg Ve s Ur )) =C s 112,000, T F4
PNCWPBM"*(C",C",+-,C")=C", JiH.
PNCWPBM"*(C,,C,,-+,C,) = PNCWPBM"*(C",C",---,C")=C",
Zi I, f3C” <PNCWPBM"(C,C,,--,C,)<C".

n
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K, EFH 5.2.6 5HIE.
522 RELESSE

BBk BRI S5 22 HE R D 3R 0778 F PNCWAA 5 PNCWPBM ™
HTHRIMERGEEEMEE R, S5E7155 BN &1k 77T RHATHER .
BT RS = (s )], JREE={e ) MNIC={c ) . WNREN

:
mﬂqayw@f,E$@>Q(Fszu,2@=L!M%%%Wﬁﬁw
a
WA 3T FHEATIR . S 4 B4 PNC.
AR 4 4 BN WS SN 2 AR RE Y PNC, e (038 2 1
FREES B SIS MBI [ X o X | FEBHGRIR B 0 R 250 2585
% 8 U=[010,090] , He, =01, 4 s ki F N 9 M iF iE £

L=[la gl o bl L, ] XEREf O 45752 3 5-1.

%= 5-1 THMEFRHNIEE T ES5S PNC

HEARE PNC

Wl (1) ((0.90,0.22,0.69), (0.10,0.22,0.69))
L () ((0.81,0.13,0.42), (0.19,0.13,0.42))

U (b ((0.75,0.08,0.26), (0.25,0.08,0.26))
LSO QID) ((0.65,0.05,0.16), (0.35,0.05,0.16))
g (ly) ((0.50,0.03,0.10), (0.50,0.03,0.10))
Wz (L) ((0.35,0.05,0.16), (0.65,0.05,0.16))

7 (1) ((0.25,0.08,0.26), (0.75,0.08,0.26))
2 (U3 ((0.19,0.13,0.42), (0.81,0.13,0.42))
Wz (1) ((0.10,0.22,0.69), (0.90,0.22,0.69))

Z WERE D s R FAAR B R0 T
BB, 1 LHRMAER 5-1 EARMEN T XKk 7 BT R, WIEES
PSR R
P=(pij),(i:L2,---m;j=L2,~--n),
[} PNCWAA H 7ML FK BN, MMiHiE PF-DM:
P=(p;).(i=12m;j=12--n),
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o pij = ((:uExij 1 Moy » Hie, )’(UEX“ 1 Uen; 1 Uhe, )) °
BB, 2 A (5.7) X PF-DM AT HIVEAL AR IR, 75 2Bk J5 BORA e SR AR
D =(d;),(i=12mj=12--n),

((luEx’luEnUuHe)’(UEx’UEn’UHe))’ J € B!
((UEX’UEn’UHe)1(#Exqun’ﬂHe))’ jeC.
(5.7)

dij = ((:[lEx s gy e ) ) (DEX + Ogns De )) = {

B3 i 1] PNCWPBM " 31581677 RV ZR G 1R o
BB, 4 ITHEANRETRGMMES(C), BRI EERETRERESE
ERBRE RS EIAE, AT (5.8 1R &1L 7T REEG155), 45 BT .

1((1&. & 1a o
s©=2(23n Tv25x S )] o

SB S RIS EN &% T RIATHE, S E R Es SR .
5.3 ARG

5.3.1 BHIEAR

A FAE REUE S A A E PR . A FIA TR IR, N SRR RIRE, afeTik
PRIE I ] AR BEVRAE A% G A0 A MR I T R0 38 AR — A B 2 1) 22 HE U v
I A 5 PP FEAERRIE, TR PIEE-ANBRAEENRE, TRAF 3
LG5, ICEE ={e, 6,6} AT A RRIE N ABHBE(S1)~ AT RE(S2)~ HIFABE(S3)
JBE(Sa)s TKBE(Ss). T RAVE &L T RTFHRELLT 10 THEN]: AIATE(C &
FERURL(C)s TGYIIHER(Ca)s LI TER(Ca)s RAAL B FHE(Cs) thex RBUAE:
ZREE(Ce)s KIGH(Cr)s FRFAR(Cr) RRIRHER 22 42(Co) REVRTH ATE(Cro)o
AR VU] (A LR R, A HE DI 4 A T4

R ={C,C,.C,,C,,Cy}>» P,={C,C,C,,C,,Cyl,
Fooh, PRSPy RURT, BT =5=2, BS54 51
o, ={0.0824,0.1188,0.0382,0.0794,0.1462,0.1623,0.0950, 0.0781,0.0336,0.1660} .
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BB 13 Z L RAE 10 TIEN T X 5 FhT iA RIS HEATWI AR L IF RO, Ry g
B H RSEAERE, W3R 5-2 PR, #HHEAL Y PNC, ik PNCWAA HFE&E L K
L, mal (5.4) 182] PF-DM, Wi 5-3 fiR.

HB,2 H (5.7 FEMTEM S PF-DM, W5R 5-4 Fs.

BB, 3 PNCWPBM ™ B A& 1577 B GE T =88, K 5 Fh &
%77 B B LA TN s BB N 2000 A i L = B (2 LBl 5-1),

ZEVFM R R

C, =((0.1547,0.0051,0.0165), (0.9421,0.0051,0.0165)),

C, =((0.1800,0.0061,0.0199),(0.9340,0.006,0.0199)),

C. =((0.1927,0.0071,0.0230),(0.9273,0.0071,0.0230) ),

C,, =((0.2207,0.0080,0.0258), (0.9165,0.0080,0.0258)),

C, =((0.1903,0.0058,0.0188),(0.9295,0.0058,0.0188) ).

% 5-2 ERIIREREN
Criteria Si S, S5 Sy Ss
C (b, 11, b) (1, lo, 1) (h, 11, 1) (Lo, Lo, lo) (h, b, Ih)
G (lo, lo, I) (5, h, 1) (l2, L1, ) (h, b, 1) (b, h, 1)
Cs (lo, 1, I) (h, I, ) (h, b, Ih) (L3, 13, 13) (L2, lo, I)
Cs (Lo, I, o) (h, o, 1) (b, b, I) (5, 13, 13) (b, I, L)
Cs (L1, lo, Lo) (53, 1o, lo) (lo, I, 1) (b, 11, 1) (L1, lo, lo)
Co (h, 11, b) (I, I, b) (h, 5, 1) (b, b, L) (%o, Lo, lo)
C7 (lo, 11, 12) (11, ll, 13) (12, 12, 12) (1-2, 1-2, 12) (10, l]y 12)
Cs (lo, I, I) (L1, lo, I5) (b, b, ) (L2, 15, b) (I, b, )
Co (1, Io, o) (s, L1, 12) (o, I, ) (s, s, o) (s, b, )
Cio (2, L1, lo) (lo, lo, 1) (lo, lo, 1) (b, b5, bo) (55, 12, 1)
= 5-3 EREEIA TR AT RMR R IERE
Criteria S S» S3 Ss Ss
((0.7212,0.0700,0.2267), ((0.5591,0.0367,0.1200), ((0.7212,0.0700,0.2267), ((0.5000,0.0300,0.1000), ((0.6881,0.0600,0.1933),
Cl

(0.2794, 0.0700,0.2267))

((0.5591,0.0367,0.1200),

(0.4440, 0.0367,0.1200))

((0.7170,0.0767,0.2467),

(0.2797, 0.0700,0.2267))

((0.4687,0.0600,0.1933),

(0.5000, 0.0300,0.1000))

((0.6881,0.0600,0.1933),

(0.3129, 0.0600,0.1933))

((0.6881,0.0600,0.1933),

© (0.4440, 0.0367,0.1200))  (0.2855, 0.0767,0.2467))  (0.5546, 0.0600,0.1933))  (0.3129, 0.0600,0.1933))  (0.3129, 0.0600,0.1933))
((0.6082,0.0433,0.1400),  ((0.7212,0.0700,0.2267),  ((0.7212,0.0700,0.2267),  ((0.5625,0.1300,0.4200),  ((0.6524,0.0533,0.1733),
© (0.3942, 0.0433,0.1400)) (02797, 0.0700,0.2267))  (0.2797, 0.0700,0.2267))  (0.4995, 0.1300,0.4200))  (0.3524, 0.0533,0.1733))
((0.5591,0.0367,0.1200),  ((0.6524,0.0533,0.1733),  ((0.6524,0.0533,0.1733),  ((0.7177,0.1300,0.4200),  ((0.6283,0.0600,0.1933),
“ (0.4440, 0.0367,0.1200))  (0.3524, 0.0533,0.1733))  (0.3524, 0.0533,0.1733))  (0.3081, 0.1300,0.4200))  (0.3846, 0.0600,0.1933))
((0.4579,0.0367,0.1200),  ((0.6494,0.0633,0.2067),  ((0.6902,0.0633,0.2067),  ((0.7212,0.0700,0.2267),  ((0.4579,0.0367,0.1200),
Cs

(0.5457, 0.0367,0.1200))

(0.3622, 0.0633,0.2067))

(0.3150, 0.0633,0.2067))

(0.2797, 0.0700,0.2267))

(0.5457, 0.0367,0.1200))

49



g W N 2 e S A

457 5-3 SERE A THHTIE MR SR AE RS

Criteria M S S5 Ss Ss
((0.7212,0.0700,0.2267),  ((0.6881,0.0600,0.1933),  ((0.7921,0.1133,0.3667),  ((0.6695,0.0700,0.2267),  ((0.5000,0.0300,0.1000),
“ (0.2797,0.0700,0.2267)) (0.3129, 0.0600,0.1933))  (0.2082, 0.1133,0.3667))  (0.3438, 0.0700,0.2267))  (0.5000, 0.0300,0.1000))
((0.6524,0.0533,0.1733),  ((0.7170,0.0767,0.1733),  ((0.7500,0.0800,0.2600),  ((0.5223,0.0800,0.2600),  ((0.6524,0.0533,0.1733),
“ (0.3524, 0.0533,0.1733))  (0.2855, 0.0767,0.2467))  (0.2500, 0.0800,0.2600))  (0.5200, 0.0800,0.2600))  (0.3524, 0.0533,0.1733))
((0.6524,0.0533,0.1733),  ((0.6250,0.0700,0.2267),  ((0.7500,0.0800,0.2600),  ((0.5158,0.0967,0.3133),  ((0.7212,0.0700,0.2267),
“ (0.3524, 0.0533,0.1733))  (0.3953, 0.0700,0.2267))  (0.2500, 0.0800,0.2600))  (0.5335, 0.0967,0.3133))  (0.2797, 0.0700,0.2267))
((0.5591,0.0367,0.1200),  ((0.2728,0.0867,0.2800),  ((0.5094,0.0533,0.1733),  ((0.8332,0.1433,0.4567),  ((0.7978,0.1167,0.3700),
“ (0.4440, 0.0367,0.1200))  (0.7336, 0.0867,0.2800))  (0.5082, 0.0533,0.1733))  (0.1861, 0.1433,0.4567))  (0.2061, 0.1167,0.3700))
((0.3856,0.0533,0.1733),  ((0.6110,0.0467,0.1533),  ((0.6110,0.0467,0.1533),  ((0.7189,0.0800,0.2600),  ((0.6550,0.0867,0.2800),
o (0.6274,0.0533,0.1733)) ~ (0.3969, 0.0467,0.1533)) ~ (0.3696,0.0467,0.1533))  (0.2874, 0.0800,0.2600))  (0.3681, 0.0867,0.2800))
% 5-4 ML EEIA SR AR PR SRAERE
Criteria M S S5 Ss Ss
((0.7212,0.0700,0.2267),  ((0.5591,0.0367,0.1200),  ((0.7212,0.0700,0.2267),  ((0.5000,0.0300,0.1000),  ((0.6881,0.0600,0.1933),
“ (0.2794, 0.0700,0.2267))  (0.4440, 0.0367,0.1200)) ~ (0.2797, 0.0700,0.2267))  (0.5000, 0.0300,0.1000))  (0.3129, 0.0600,0.1933))
((0.4440,0.0367,0.1200),  ((0.2855,0.0767,0.2467),  ((0.5546,0.0600,0.1933),  ((0.3129,0.0600,0.1933),  ((0.3129,0.0600,0.1933),
“ (0.5591, 0.0367,0.1200)) ~ (0.7170, 0.0767,0.2467))  (0.4687, 0.0600,0.1933))  (0.6881, 0.0600,0.1933))  (0.6881, 0.0600,0.1933))
((0.3942,0.0433,0.1400),  ((0.2797,0.0700,0.2267), ~ ((0.2797,0.0700,0.2267),  ((0.4995,0.1300,0.4200),  ((0.3524,0.0533,0.1733),
© (0.6082, 0.0433,0.1400)) ~ (0.7212, 0.0700,0.2267)) ~ (0.7212, 0.0700,0.2267))  (0.5625, 0.1300,0.4200))  (0.6524, 0.0533,0.1733))
((0.5591,0.0367,0.1200),  ((0.6524,0.0533,0.1733),  ((0.6524,0.0533,0.1733),  ((0.7177,0.1300,0.4200),  ((0.6283,0.0600,0.1933),
“ (0.4440, 0.0367,0.1200))  (0.3524, 0.0533,0.1733)) ~ (0.3524, 0.0533,0.1733)) ~ (0.3081, 0.1300,0.4200))  (0.3846, 0.0600,0.1933))
((0.4579,0.0367,0.1200),  ((0.6494,0.0633,0.2067),  ((0.6902,0.0633,0.2067),  ((0.7212,0.0700,0.2267),  ((0.4579,0.0367,0.1200),
“ (0.5457,0.0367,0.1200))  (0.3622, 0.0633,0.2067))  (0.3150, 0.0633,0.2067))  (0.2797, 0.0700,0.2267))  (0.5457, 0.0367,0.1200))
((0.2797,0.0700,0.2267),  ((0.3129,0.0600,0.1933),  ((0.2082,0.1133,0.3667),  ((0.3438,0.0700,0.2267),  ((0.5000,0.0300,0.1000),
“ (0.7212, 0.0700,0.2267))  (0.6881, 0.0600,0.1933)) ~ (0.7921, 0.1133,0.3667))  (0.6695, 0.0700,0.2267)) ~ (0.5000, 0.0300,0.1000))
((0.3524,0.0533,0.1733),  ((0.2855,0.0767,0.2467),  ((0.2500,0.0800,0.2600),  ((0.5200,0.0800,0.2600),  ((0.3524,0.0533,0.1733),
“ (0.6524,0.0533,0.1733)) ~ (0.7170, 0.0767,0.2467))  (0.7500, 0.0800,0.2600))  (0.5223, 0.0800,0.2600))  (0.6524, 0.0533,0.1733))
((0.3524,0.0533,0.1733),  ((0.3953,0.0700,0.2267), ~ ((0.2500,0.0800,0.2600),  ((0.5335,0.0967,0.3133),  ((0.2797,0.0700,0.2267),
“ (0.6524,0.0533,0.1733)) ~ (0.6520, 0.0700,0.2267))  (0.7500, 0.0800,0.2600))  (0.5158, 0.0967,0.3133))  (0.7212, 0.0700,0.2267))
((0.5591,0.0367,0.1200),  ((0.2728,0.0867,0.2800),  ((0.5094,0.0533,0.1733),  ((0.8332,0.1433,0.4567),  ((0.7978,0.1167,0.3700),
° (0.4440, 0.0367,0.1200))  (0.7336, 0.0867,0.2800))  (0.5082, 0.0533,0.1733))  (0.1861, 0.1433,0.4567))  (0.2061, 0.1167,0.3700))
((0.3856,0.0533,0.1733),  ((0.6110,0.0467,0.1533),  ((0.6110,0.0467,0.1533),  ((0.7189,0.0800,0.2600),  ((0.6550,0.0867,0.2800),
Cio

(0.6274, 0.0533,0.1733))

(0.3969, 0.0467,0.1533))

(0.3696,0.0467,0.1533))

(0.2874, 0.0800,0.2600))

(0.3681, 0.0867,0.2800))
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%;& %;% %M“ %;% S(C) E =
S1 0.1548 0.7055 0.9420 0.7053 0.2224 5
Sz 0.1805 0.7151 0.9342 0.7039 0.2357 4
S3 0.1931 0.7060 0.9287 0.6977 0.2442 2
S4 0.2214 0.7070 0.9160 0.6976 0.2588 1
Ss 0.1906 0.7086 0.9294 0.7043 0.2403 3
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r=s=1

r=s=2

r=s=3

r=s=4

r=1s=2

((0.1498,0.0051,0.0165),

((0.1547,0.0051,0.0165),

((0.1585,0.0051,0.0165),

((0.1614,0.0051,0.0165),

((0.1540,0.0051,0.0165),

¥ (0.9452,0.0051,0.0165))  (0.9421, 0.0051,0.0165))  (0.9397, 0.0051,0.0165))  (0.9379, 0.0051,0.0165))  (0.8810, 0.0051,0.0165))
((0.1683,0.0061,0.0199),  ((0.1800,0.0061,0.0199),  ((0.1867,0.0061,0.0199),  ((0.1916,0.0061,0.0199),  ((0.1763,0.0061,0.0199),
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r=s=1 r=s=2 r=s=3 r=s=4 r=1s=2
Si 0.2200 0.2224 0.2225 0.2298 0.2413
S 0.2245 0.2357 0.2391 0.2427 0.2525
S5 0.2376 0.2442 0.2413 0.2514 0.2617
S 0.2499 0.2588 0.2638 0.2682 0.2764
Ss 0.2336 0.2403 0.2448 0.2478 0.2573

kK57 BERAREARSHTHENE

r=1s=3 r=1s=4 r=25s=3 r=2,s=4 r=3s=4
S 0.2636 0.2815 0.2288 0.2466 0.2326
5 0.2775 0.2972 0.2423 0.2614 0.2442
S5 0.2849 0.3101 0.2543 0.2709 0.2531
S 0.3012 0.3217 0.2733 0.2813 0.2703
Ss 0.2820 0.3066 0.2544 0.2673 0.2563

< 5-8 AREIBERATHLENEE

A,=-01187 A,=01 A,=03 A,=05 A,=08 A,=08810
C 0.0935 0.0730 0.0543 0.0356 0.0076 0.0000
G 0.0001 0.2188 0.4188 0.6188 0.9188 0.9998
C; 0.0433 0.0339 0.0252 0.0165 0.0035 0.0000
Cy 0.0901 0.0704 0.0524 0.0343 0.0073 0.0000
Cs 0.1659 0.1296 0.0964 0.0632 0.0135 0.0000
Cs 0.1842 0.1439 0.1070 0.0702 0.0150 0.0000
Cq 0.1078 0.0842 0.0627 0.0411 0.0088 0.0000
Cs 0.0886 0.0692 0.0515 0.0338 0.0072 0.0000
Co 0.0381 0.0298 0.0222 0.0145 0.0031 0.0000
Cio 0.1884 0.1472 0.1095 0.0718 0.0153 0.0000
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