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Multi-granularity linguistic large group decision-making based on cloud
model and multi-layer weight determination

WANG Pei', ZHANG Jing*!, ZHANG Wei-wei®

(1. School of Business, Guangdong University of Foreign Studies, Guangzhou 510006, China; 2. Experimental Teaching
Center, Guangdong University of Foreign Studies, Guangzhou 510006, China; 3. School of Business, Central South
University, Changsha 410083, China)

Abstract: For alarge group decision-making problem with partly known attribute weights and completely unknown expert
weights, a new decision-making method based on the cloud model is proposed. Firstly, an expert weight determination
model based on the trust network is established to obtain the weight information of each expert. Secondly, the linguistic
preferences with different multi-granularity are transformed into clouds, and then a clustering process is applied. Thirdly,
an optimization model is constructed to compute the attribute weights, and then the comprehensive evaluation value for
each alternative is presented and the ranking results can be derived. The expert weight determination model can solve the
decision making problems where exists a large number of experts and the weight information of each expert is difficult
to be provided objectively. In addition, the defined intuitionistic trust set is a good way to describe the trust network
among experts, which can help to exploit the information of experts. By transforming the multi-granularity linguistic
variables into clouds, it can describe the fuzziness and randomness of linguistic information and avoid information losses
and distortions.

Keywords: large group decision-making; multi-granularity linguistic information; cloud model; multi-layer weight
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1)) 58 2 2, TR P ASORA V8 5 O 7 2B 22 i
SRAR S RN 5E 1k, SE AT & O HE AR L. 3
TR IE T R R 2 T E N AMAE R Z K
VE, IR T SRR RRT TTRCR PO A STk (31 /2 T
A T R SRR KRR R RO, TR R
B I R AE . SCHR (410 7E 1 & S 58 4R K
T AR DR SR ) AL, A3 T XSUR R SR AR T VK
SRAPE RSN L B, SCHR [S] 0 KRR s s
FUFER IR HEAT 1 0 7E, AR AR T IR AR AN TR R it S
B SCHR (6] #4185 R R HON TR, R 1
— P RERELVEN R A AT IR, Bk Ty
P B — i AT AT HE R RO, R X Ly i,
T PR AL R [F] — 4L F VA5 S, E R
RS W N NSl IS RS W PO AR
BRI E N, ZR A & R R — 4198 5 1F
W5 S AR XMERE R IR BT R L. R, R
2R RE TR 5, Bl 50 AT DUARYE 75 B 3 th A [F) 15
H VAR H KR 1R PR, T LUSE N5 ek ot X
J7 SEREAT VAL, SR A AR L B RE B E. H
T, R T 2R EE T 5 AR R SR T U LA/, 4
SCHR [7) 4R 1 — i 4 22 R0 BE )RR D 5 T,
SCHR [81F3E 1 — P T 2 WL 5 70 A PR SR K
RER R HTTVE. BT —FhO7 iR 2 R 5 R O X
() K, BRG] R (AN REZ 18 5 5 S R k5
Ja — TP IT 0 2L O R — AR EE R 5 4R,
EERXT R ST 1G5 A R AR, N, = 2t — 2Bt
VIEZVEAEEPN (LS LT

R R AL PG AR T BEE RS 2
5 5 S AR, [R5 8 2098 5 1 B REAL
P IR, AR AR ACEI R T2 %#H
(R SGEERS100 4 SR [2) $2 1 1 — PR i B AR AL
Nz I SCRR (910 7T 1 X TRD L RO i 5 e ik
AR SCHR [10] 52 17— R IX 8] Z B4 oN = 1)
J7ik, (B IXEERIE FOAT X () 02 B LV 5 AR B AT
VAR IR SCRRCRE 2R A F AR B O . I8
B AR AR RA AT RIS, A SR A
iz B 2R R S MR D, A Bl — D R S A
T R S A E

YRR DU 8 5 A2 KRR PRI — S EL 2R
e T RNBORE, R H/NUE BEE AR AE TR
B R BA AIAR DR TE 55, JEiRHERA 4 R R 5% O AL
HAE S (75 8 B AL B[R] PSR a1 R 53 AR A R
B T ARBLUK, IR 2 A AT BEA EAAR B A L T,
PR 1 T D3 2o ke S RS 57 22 T8 PR TV ik SR 72 R SR

i B3 AL S R SR B 2 T PR AT LR 2R AT AR
JlE — FME AR AR, AT B2 R PP A4 7T LA AR
e R EARAE, BV T VP XAl AR ZE AL 551
DU — R FIUY, Lo RRZKP R e L30T AR
SUITEA G ARV B . H AT, A A 22 X 2k
TARAENUEI ) PR HE ] BEAT 1 W FE, A SOk (1] 22 T

ORI SR O AR 15 A R R, 2 2 A
2 Z IS AR EE AN RS AR L. (B2, Sk [11] K
5E T T BRI R R R AN RE ELBON HLd AT
MBS, TR, AR XX — A2, 42— R T A5
A B8 K, M T 2E 25 DR B A LA .

B BRI, AR T EERR N
FALESRAFTTIE, T UL RO R TR DR SR 2 o ik
SRNBARZ + o SR ME LAAERR RS A 1) R 1
RAAT DN R F E I, S — Rk T A
IR BEAR RS T 1% ST E K 2 KR S AN s
R, AT LA 24 20 1 5 A S RO 1 AT B AL, e
G A5 B AR UMM i, AT PRAIE R 3 45 SR I T 52
P,

1 EAhEnH
1.1 ZRHNEIES

WH = {hli =0,1,...,21,7 € N*} &2—/Ni&
SR, Hh 2r RRESG T U R INEH. 2R EE
5 A FIRLEE 5, R IR R H P A RIS 5 G
O H IR S VPN AR N R L E B W VAN AR
(AR ZE, 22, — M U AR U} BROREFE D S, (IR AN L 1R
AN, AN, — R, T R AR R, AR ) IR
.
1.2 =EBREXBS

EX 1B B U R R, T HE U B
ARME—EMEME MR ICERs REEMETH
—KBEHLSE I, Hif &2 ~ N(Ex,En'2),En’ ~
N(En,He2),y € [0,1] &R a & T & MHEME T 1IR)E
FERE, i 2

_ (z—Ex)?
— a2
y=e 2(En) )

T A3k U X (8] [0, 1] BB yr(X) « Vo € U —
0, 1), 8 A= F—H (z,y) TEL—D=0H.

=BT HRIE 2 A = (Ex, En, He), 3 /M8 &) 5
TR N AR (expected value). i (entropy) A J
(hyper entropy). 15 Ex #2 i 2= i 7E 12 42k 7% 8] 4341 ]
HHCME ;185 En 205 58 YRR 0 ANE € PERR L, B4 Bl
WU AR M P AN 77 18T 405 He 270 M ANl 7 1
PR
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121 =HEHE

EX 2 e Wid s Ay = (BExy, Eny, Hep ) Al
Ay = (EXQ,EH27H62),D]\U Ay A A, BE X INF:

1)A + Ay =

(Exy + Ex», \/Enf + En3, \/He% + He3);

2) M = (AEx;, VAEn;, vV AHey), A > 0.

EXIM HAG=1,2,....n) h—H=, H
CWAA: A" — A NI5E LCWAA N = (I I BUE AR
HET HA

CWAA, (A1, As, .o Ay) =D wiA;. (1)
=1

HAw = (wy,wa, ..., wy,) &KX FACE A &, 3%
Rw 0,1, i=1,2,... nHY w=1L
=1

122 =RIHE
EX A S F =i (v,y), s = ay NiZ i
XS T — k7. th o8 s I BUE I8 s(a — 7
BLE Sumia) PR = RHHE AR RS040
FE XS S TR B E MW e s Ay
FH Ag, TR BB T 70184 81,82, 81 > S, FH
Ay > A8 < 81 H A < As.
123 ZHEE
EX6? A = (Ex;,En;, Hey)(i = 1,2) 4
Wiz, Ay F Ay 2[RI BE 25N
d(Ay, Ay) =
(|Ex; — Exsl, |Eny — Ens|, [He; — Heg|).  (2)
EXTE ®A = (Ex;,En;,He))(i = 1,2)°4
WigEz, M Ay F Ay Z [RIRIARABLRE A

_ 5(d(Ay, Ag))|
S(Al,Az)—l—m~ 3)

Hr:d(Ay, As) = (|JEx; — Exal, |[En; — Eng|, |He; —
Hes|), 5(-) B2 = ST

B —H A = 1,2,...,T) AT LRt N
B, D HE NG, Ge, . .., Gy, B AN R A
BN, g2y g0, RRBE AR T AW HE— e m 2
B RO — TR e, BARRENR.

BiR1 mEREREEN,

step WAL =i Es t = 1L,IIPB R EREN =

GBIV EEFZNEICNT, ERKEHE A.

step2:ici = 1.

step 3: NEE B U IR — 26 =, I 1Z 2 = W&
AR MR g = 0, WP Z 2 = B Gis B
THRZa = 5 G AL, an BAHLE K T HME A,
NP IX S = BLeh Gy, i HIX %= 5 G N A -,
5% J5 AT step 5; 75 M, $4A4T step 4.

step4:ici =i + 1, AT step 3.

stepS: it Egst = ¢+ LRt > 7,0 IEE

ICSR T TR LS J; 5 M, AT step 2.
2 RERBRR

BEXTHE— SR AR T RENX = {z1, 20,
o B BHEENC = {1, ey b BYERGE D
Hw = (wy,wa, ..., w,) T, BEEANTELE EXERN
E = {e1,ea,...,e, RELEFHINEILNw = (wi,
Way .« vy wp), H SR T GOBUEAS B 58 4 R . PSR AR
T B P A I TS R R PSR R A AR B H
OO A 53 BB AT 0% RSk @S E AT HE R R
HR ek =1,2,...,p) WA e(l =1,2,...,n,1
# k) BB AEVEAEIC N v, B4 BT AT TR SRR 145
VAT LR TR AV = (0p) pp. — 20T T
ATVPAR ST R SRR, BT R SR R A AR KT A
200 7K DA S R4t 5 S5 7 T HS AR R 22 7, DRSR
FAENE R — J& P AT VAl i 2 SR F AN R 178
BE RELFBISIESIENEH = {(h), K, ...,
Ky, € N*} 1 = 1,2,...,q, %77 RBEAT VAN, 1
BB RN T RKIPSEIEFE N R, = (1) )nxm. £
rh(ig = 1,20k = 1,2,...,p) BARVEL K
ex XTI N7 R AN RPN (. R & T &
IHET.
3 KEHMEGRSEITE
3.1 ZREIEBSHIRER

GE—HARESIHNES H = {hl]i = 0,1,
o2, € N*LIZEAFIMTE—JuER (i = 0,1,
o, 2m) AT DTG oA A B 2=, 18 AL = (Ex,
En!, He!). 2 I [Xunin, Xmax), W {hL]i = 0,1,
L 2m )y PR O R SRR {A), AL, ALY
HWOTR AR

D it
TI _ QTI—1
%, 0<i<m;
o=y 02 )
CEEET =2,
2ﬁif— _2 b 1 ~ [
M4 Sk [16], 7 B ~ 1.37.
2) 1
Ex! = Xinin + 01 (Xmax — Xuin)- (5)
3) iHE
el Xmax - Xmin .
il 5 ), i =T
En'
Enl={—— " _ 0<i<m; 6
I T l ©)
Enéq ci<?
a0 a0 T SN
1266 ,)
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4) VM Hel(He! MM FHEWRAE, —MBHel =  WBRIE A = (u, 1) B Ay = (o, 1v0), H A1+ 4 =
0.1), B (p1 + pra — papig, 1ve), Wia = (0,1),b = (1,0), T2
He! 0<i<m a+b=(1,0). SR E RIS RIINEAAAE— E /]
Hel — 1—2(0,—6) ’ o R, DR R 365 0 R S ox B HLAR 2 IR S R SR IR A e
' He!_, i< B AR R N T ve R B R AR s
1—20i -0l ) ' " AN R, AN S8 ST W R 2R PRIk is ORI 2 14 % oke

32 ZENEKRMFIRE B

321 ETEEXRRNEZERRE

TERBEAR DR, TSR NS 2, B R
MEVERE T g — O B RS 5, TR IREE R
MR A7 B DR AT VAL - HE R 45 HORUER. H2, Yk
FSCAATAE SR EAH [R5, At AT 2 TRV AR AT BEAH B IR A
TR, AT DARIEABAT T A ) “fBAE” SC Rk HE BhE B
TR EAS B HET O A TR [17-19] WS AF 34T
TR T, AR SCHER [20] 48 B AT 2 3R T 50— AL
RS L X I AN 45 FA 5 15 100 1 — Fof 9. R FH ok
FeL R B IX S AT 5% 2 ] DAAIE {3 4150, AT
SR AR AR RS .

SCHR (111328 HAE AT e &, FH T 208 F P 22 T8 {5
AT FERAEASAT . AR, i AR — R PR —
SEAGAT R A REZ S AT FE AN AR B AL RS, T AN Be 2 i)
MG 2 K LT EAEREUN A P R R, HEARE
B H AT IS 5. R, A SR A B e X
B S EEMEREEENAHIEE.

ENXS8 HEiui{E1F%E (intuitionistic turst sets, ITSs)
3N IC R ARG B (Td) A-EAESE (D). R E
(Hd). A —A B EEEIE N

A={a=(Td,Dd)|Td,Dd € [0,1]}.  (§)
Hr:0<Td <1,0<Dd < 1,0 < Hd < 1, [FI#

i

0, Td + Dd > 1;
Hd = ©

1—Td—Dd, Td+Dd < 1.

BEREMEA = (u,v) BRH3INTTERAE R H
B e (0,1 AEREE Yy e [0, |RREEr =1 -
p—v e 0,1]. EUMBMIENE XERy +v e [0,1],
KR U IR ERGE p My WE—HE)E, 55—
AME R 2 A 52 3 T 295, AN BE 52 I AS BUE 1 AH
HOMOT M. AR 0 B RS AT S AT DUE R B
B4R 1) — P B 2, B (B E AT AR
5 AT BE 2 0N AH B (A &, IR &R0 <
VTd? +Dd? < V2.

N X BTG BT L, F B L E G
E 4 2 18] 3 B30 . 1 B 9 A5 A 4R s S ) 5
R AR B FIE AN, R R AR E

EX9 %o = (Tdy,Ddy) May, = (Tds,
Ddy) 2 BN PA BSR4, T4 ay Al o 2 1A 28
PRIz H R & SR

1) ay Ml ap Z AN 2R VE RIS B0 N

o+ a9 = (Td1 + ng, Dd1 + Ddg)7 (10)
2) oy MENEHRIZFAL A
)\Oél == ()\r:[‘dl,/\]:)dl)7 A 2 0. (11)

N T BRI B AR BI RN, AR SCE X
TR E QE B EEME R TH R S B Ao 4
4573 BR HCA 2 ).

EX10 ZHEBEWFEEE e = (Td,DA), B4

TS(a) = Td — Dd (12)
BRR N EHWAGAEE o« WG RS 70 ME, HTS(a) €
[—1,1].

T MR — A B AS AT AR A R P, A SO
TEAEIRAA.

EX11 ZEEWEEE e = (Td, Dd), B4

_{Uﬂ+D®L1H+Dd>L

TC(a) (13)

0, otherwise
B RN BB AT & o MBS AR vh R, A TC(a) €
[0,1].

AR FAT R AR I 2 B (ST 38 Ak
3 P A AN AT 1 1984

1 BEAINMREL K e e Mg, AL LR
B H BB AL XS AL T AT VA e
ST E RN P = {—,(0.4,0.4),(0.5,0.1)}, e
AHER NP, = {(0.8,0.2), —,(0.4,0.1)}, es 4 HH
HIfE 2N Py = {(0.2,0.7), (0.6,0), —}.

W SR AR A ) im0, AT AR A B
WL R EATE A EHEAS AT E 7 5 o {(0.84,0.14),
(0.76,0), (0.7,0.01) }, H3 4% L5 A% R 55 175 50 B B0 AT
FE R RGN 0.84 —0.14 = 0.7,0.76 —
0 =0.76,0.7 — 0.01 = 0.69, T-4& 3 M 3E%H FISAF
HFF ey = e1 = es.

I F AR AR R 2 1 im v B U T £ (A H0.5):
0.5(0.8,0.2) 4+ 0.5(0.2,0.7) = (0.5,0.45), 7l LA P2 fi#
Xt ey I BB MG N 0.5, 1 R HEEAT
FE 25 0.45. [F) 3 0] LR 15 B 6 & 5K 11 3545 £ FE A0
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AAEAERE, 45 58 {(0.5,0.45), (0.5,0.2), (0.45,0.1)}.
TRA G AR 73 R BOR AR & R & KN EAES5
9 TS?(e1) = 0.05, TS?(e5) = 0.3, TS?(e3) = 0.35,
TRIMRELERKMEETTF ey - ex = er. RE

FET0h Fopth o SRR B L RKPEEDT

T T AN AT A A SRS R DL ESE R ATSR T

RPN Bt = (wi,wa, -+ wp) T RRRIEL
P

FHREIE, K w, € [0,1]HY wp = 1L RIR

V= (0pt)yep, v FRREE K ep BRI ER e 10
PR .

T BE AU 12 ) A B %, P 5 TR
DRI 4 T RS 5 A T T N N T 5
P 10 UL B, e S K e T LURAR 2 00
W BT e 5 ST VP A

FURR (10) HF BLUE 55 e T 5 0y —

kal/con(vkl),l = 1,2,...,p, W0 vy = null, N
ﬁ%@ﬁwmm):&éwﬂMW):Lﬂ%
XA HHEREL K e, KRR EEBIEN
TS (ex) = TS(w), k =1 = 1,2,...,p. [FIFEH, 7]
PAFIFH 2 (13) THE SR T K ey, 1) BB IS AT 58
HTC (ex) = TC(vy), k=1=1,2,...,p.

PR K ey, BLEE SR AR &3 W 4> T T

1) HASKEERKe (I #p, | =1,2,...,p) X e
PEAEFESE, RIMEAEAG . PR T K e MIEIE1R 5
B TS (e ) B 7, W B L 5K o), B P SE 0K 5, B4
SIBCLE TR T K o), BIBLE LR ST ]R 2, R L K ey
PIEAEAF I E TS (e ) BRAK, FB4 W3 L 5K e, AL E
I ERATE.

2) e A E L KRN EE NS
R, RS AT ph RAH. W3R & K e MBI RAA
TC’ (e, ) BN, Uk BH PR 3K 1 5K e, 10T SE 10K w31, I8 4 49
BO4h T3 5K e IBLEL RLER 515 )2, R L SK ey B
B RAE TS (e ) 857, A4 R EL K ey, (AL R
A

254 DA R, T DL ST a0 A A

we =1 p(TS’(ek)) +(1-n) 1 —pTC/(ek) .
> (TS (ex))” p— TC(ex)
k=1 k=1

(14)
Hodrn A S5 H PURE TSRS 2 FUE AT o
FIFER, HO < n < 1.340 < n < 0.5, REE
B EERE K 2405 < n < 1TH, REEIEHEL

VBRI B K. — b, {5 AT 153 20 FIE AT 1 9B AT D
I, AT Hn = 0.5.
322 RENBMNERMRE

1) REERUE K.

I FH 5095 108 Y 3 1 O B 2R AT 2R 28, I T B
LANTREG,G,, ..., G BREE—TREG T
1 TR L BN q, & & FA B BCE 17 & 1id N
(wh,wh, ... wh ) AR 7 TR N RIS XL
5 RHEAT B AT DL BRI RCE S B R RE
BEFERILAN = (A, Ao, 2) WIBATREG,
AL E

qi
A=)l (15)
=1

AR A5 TR RENNERFE NN =
(A, Az, An) T R E M B HARF R IR
TR I HIE LA g = () nxm L = 1,2,
L.

2) JE TR SR A

BT REG WP EERER RN =
(wh, wh, ... wh,), T — ZrE AR SRR A % 23R
T REMEAESRS R

ﬁ%ﬂ%i%ﬂﬁﬁ%%ﬁ%*%ﬁ%ﬁﬁﬁ

IZ?Q = (gij)nXm,/H\:EF'gij = Z)\lgéj. WATREG,

%%r&ﬁ%ﬁ%j¢ﬁﬁf%ﬁﬁ5ﬁ%%%mﬁ
ALLEE AT AR
_ 13(d(gl;, 945))]

8(g4;) +3(95)
Hh:d(A, B) RIs = AN BRIBRI S, 3(A) 25 =
AR 1H.

TR G AE AN RN 1 O 0 AF 5 1 £ i £
() — Sty BAsE SCR

St=>"8(gl,9:), i =1,2,....m.  (I7)

i=1

T RE G SRR A8 1) — By i, R A
SCEENLAR AR

m

lal

maxg ijj.
j=1
m

sty wh=1,wlen (18)

j=1

Ho: QRRBYERER BA T ENES, — BT e
WS RE ST

D {w} > w};

2) {w} —wh > &}0< & <1

3) {w] —wj > wi —wi},j £k # L

S(gt,9i5) =1 (16)
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H{wl 2 &ui}0< & <L step 7: PR I FE. 4R o® < 6, WA R =
5){& < w! <& +6}0<E <&+ <1 g§§t+1) :79§§t) +(1 —’Y)gg), 21

B AS BT BLZ 5 G T v — Ff 8l 2 Fh i 41
HEU R AR W] DA 3 % AN SRR TN B 1t AL
HAF S, AT SRAAFE A (i 107 P S A ) w0 =
(w1, wa, ...y W) T, H A w,; = wé/L
3.3 BFRRER

Rt bR, BT 2 R EEAE F IS 2 KR
PR B,

step 1: Fe e Z KL B4 545 B A 3.1 /T i
(1) 22 RLFE T 5 T e Bt SR ) I 115 5 e 460
Nz R FERETE A Y = (15 ) nxom-

step 2: PR3 A H R AR, 1 5E n B HUE, R H X
(14) RIFRFEL KN EF B w = (w1, wa,y ..., wp) T

step 3: i 1F 58 K. i i€ TR R BIH A 1 BUE, A H
SR 1 K BT I Ml e 6 B R AT SRERTE L L AT
R I EE T RENMIFEFEN G = (9)nxm.
BRI HRAS) KRS TREMNERBEN = (i,
Aoy Ap) T

step 4: J& PEAL SR M. A A 20 (18) K g
JE IR BN w! = (wh,wh, ... wl)T.

step 5: T & B B4 1 o8 B EE S B0 B, 0
FLIRBIE o, i 12 1IE 2 8y, BB MRS K e =
0. H.g" = (g5 s 9 = (947 Jxom-

step 6: MM B2 T 5 SR A 1 5 B A (e 47 2 [1)
IR o O FIFE IR o), H

RET

1 n m
Ul(t) - % ZZ S(gfgt)agg))a l= ]-7 27 e aL»
i=1 j=1
(19)
1 L
) — = Ut
ot =2 ;a . (20)

W o ® < 5, WHAT step 7; 75 W), $44T step 9.

BIERE ¢'O BRIFE B,

step 8: LA HH AR LT Wt =t + LA ZHAR
12151 ER 45 %% SR I R O, AT A5 S Al 47 R
B g0 = (55 s BT step 6.

step 9: 77 R A HEF. FIH = H ARV H 7 KR
F R EEA VA, 8T 2 (@) SRR & 77 Ry,
W€ 77 B AR
4 FHESH
41 BHIER

i T ARRR T —MH &R Tr, JF
Btz i HE R T . BTz R T % AR
(R0 SR}, B LB it I T2 ) SR D 38 5 2 R 1) Sk
AR RS 22 1A ) T 3% T AR A A, A 44 SRRk
L AT AR B, 7 e Y {2, 20, 25, 24}

H1 - 4 R JEURHIE I s P4 Ak 10 TR A% 22 1R
/N, AT TR SIS AN R AN A DR 2R () s ), 2 R
RS 1) HE LR B AE PR RE T (1), FEEHE A 2L
LT B (At SR 5T B 7K 2) AR SE 7 PRV 55 B8 7 (ca),
= B I B N R DU v A 3) Bt S R A R R
(cs), T BB GR35 (1) IR 557K~ A S 151005 4) B B
P PRI JS2 66 77 (ca), 32 B T M T A2 ) RV i

WS TR S, RIS TR R A G
H0.2 < w; <0.35,0.25 < wy < 0.35,0.15 < wy <
0.25,0.1 < wy < 0.2.

N T g IR P SRR R, SR RS T R
TP SR IN L FEAT PSR IR BN R 12 R RS
KU, 73 MIE N E = {e1,eq,...,e12}. MFR 1R,
B 5K T B HoAh i 52 ) BB AR B0 =
(vij)12x12. PRI L FAER J7 EFAT VIS, AT LA EA
T3INE S IEI R S E IE S AR &

R1 REERZEMEREFEEESR

el e es ey es eg er es €9 €10 €11 €12
ey = (0.5,0.2)  (0.7,0.6) (0.9,0) (0.2,0.7)  (0.7,0.3) . (0.5,0.1)  (0.6,0.1) — (0.8,0.3)  (0.9,0.2)
= (0.9,0.4) — (0.6,0.1) (0.4,04) (0.8,0.2) (0.7,0) — (0.7,0.2)  (0.8,0.1) — (0.7,0.1)  (0.3,0.8)
es - (0.6,0.3) — (0.1,0.8) (0.9,0) (0.8,0.1) (0.4,0.8) — (0.7,0) (0.5,0.1) - (0.4,0.2)
es (0.7,02) (0.4,0.7) (1,0) — - (0.7,0.1) (0.5,0.2) — (0.5,0.2) (0.7,04) - (0.7,0.1)
es (0.6,0) (0.5,04) (0.6,02) (0.6,0.3) — (0.9,02) (0.1,0.7) (0.3,0.6) (0.6,0.3) (0.8,0.3) - (0.4,0.6)
e (0.7,0.2)  (0.6,0.2) (0.9,0.1) (0.8,0.1) (0.8,0.4) - (0.5,0) (0.7,0.1) - (0.9,0) (0.7,0.3) -
er — (0.6,0.3) (04,0.1) — (0.6,0.1)  (0.6,0.5) — (0.6,0.3) (0.4,0.1) — (0.6,0.1)  (0.6,0.5)
es (0.2,0.5) - — (0.9,04) (0.6,0.3) (0.5,0.5) (0.2,0.5) - — (0.9,04) (0.6,0.3) (0.5,0.5)
eg (0.7,0.1)  (0.5,0.4) — (0.8,0.3) (0.1,0.5) (0.3,0.6) (0.7,0.1) (0.5,0.4) — (0.8,0.3) (0.1,0.5) (0.3,0.6)
eio (0.6,0.3) (0.8,04) — — (0.3,0.7) (0.9,0) 0.6,0.3) (0.8,0.4) — — (0.3,0.7) (0.9,0)
err  (0.504) - (0.7,0) (0.1,0.7)  (0.8,0.3) - - (0.2,0.9) (0.9,0) (0.5,0.4) - (0.6,0.1)
el = (0.6,0.1) (04,0.1) (0.3,0.8) — (0.7,0.1) (0.8,04) (0.5,0.1) (1,0.1) (0.6,0.1) — —
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Al fe 5 BALE KRG 542 K

RN N 2263

®2 RRERRRER

c1 C2 c3 Ccq c1 Co c3 Ccq c1 C2 c3 Ccq

xy  hi  hZ A2 A2 xy  hd  RE  RE R} x1  hy  hy hi  h}

e, 32 R k2 K R? e 22 A VA 5 S 9 o T2 hY ki h} R}

z3  hZ R A2 RS zz  hd  RY  AE R} z3 hy  hi hy  hy

xy R hZ  hY  h zy B3 R3 R3S R xzs hi K2 AS  h}

x1  hy hl  hy  h} xy  h2  h3 A2 h3 PR S SR -

ey 22 Ry hy hy R} s 22 R hy h3I R ey 22 R ki hI R?

x3 hy hl Ry R} z3  h3 R h:  R: x3 h R hZ R

x4 hi h} hy R} zs h3 R  h?  h2 zs h? R hZ R

zy  hd R A} RE zy A3 RE AT R} zy  hi R A2 RS

o 2 RS R R3  nd . T2 IR B 5 S - o, 2 h:  hZ B R

z3 h3 R h3  h3 z3 hy h3 R R z3 h3 h? h? R

zs A3 RY A% R} xzg A3 B3 RS B3 xs h2  h3I AT R}

z1  hi Rl R} R} zy hE Ry n3 nd zy  hy hY hl R}

e 2 hy Ry R} A} o 2 R h3 hd R ey 22 Ry hY Ry A}

xs hy hi} hi R} zs kS RE  AY R} x3 hi hi hl  h}

xa hy hy hy  hj za A3 RE  AE B3 xa hiy hl Al R

H' = {h} = 0% 0l = 2 hl = —f&, step 4: JB VAL KA. Iz AU A 25
hy = U, hy = 1REF}, SR A 47 REL R
= {h2 = JEHE W =R %E hd = &, (3.9,1.8,0.3) (4.0,1.5,0.2)
= M, b3 = U, hE = 1A, o |(40,1.202) (38,16,02)
h‘% = ARk, / (3.9,1.5,0.2) (4.9,1.9,0.3)
H3 = {hg = MHZ b = AEWE b = 1RE,

= B3 = —f D — _(3.7, 1.0,0.2) (4.5,1.2,0.2)

h3 = 1R4F, h3 =
2 SR
42 HEEIE
step 1: 4 Z Wi FEIE F 15 8. WIRE KGR
IR FEA [Xmin, Ximax] = [0, 8], A 3.1 /N5 42 H
ZRLFETR T F B SR L R I w15 B e 4
=R ERETTE N rF = (rE) . X AR
i PR F1) V3L A 20 ) A 8 J A R 15 2.
step 2: ¥ 5 ZALE K AR, R K (14) SR AFE R
LRINEFE, ERUWT iy = 0.5):
w1 = 0.082, wy = 0.064, ws = 0.128, w, = 0.047,

EHIF, hd =
5 RINER 2 R,

JERY,

ws = 0.060, wg = 0.141, wy = 0.045, wg = 0.057,

W9 = 0151, Wi1o = 0.111, w11 = 0054, W12 = 0.062.

step 3: IF SR K. A ERKBEA = 0.82,FH
SREVE 1R R B L S ) A B R R AT SRR, R SRR AR
BB N AN T IR TR G IR {e1, e, eq,
€10, €12}, T REE G IR H {ea, e5}, THE G5 E’J
R A {eq, es, e0}, TREG, E’J):&Aﬁ{emen}
JE R 15) RKEE T REMEGF BN = (0.430,
0.124,0.349,0.099)T.

(4.2,1.4,0.2) (5.3,1.5,0.2)]
(4.1,1.5,0.2) (3.9,1.1,0.2)
(4.9,1.4,0.2) (3.9,1.3,0.2)
(3.8,1.7,0.3) (4.7,14,0.2)

A (18) L% T RE ST ML 10— 2
PEDEAAE AL, ISR M5 R A TR AR BN

=(0.35,0.3,0.25,0.1)",
=(0.2,0.35,0.25,0.2)",
=(0.35,0.25,0.2,0.2)T,
= (0.35,0.25,0.25,0.15)".

step 5: #fi 7€ BB S 4. 1 e B S HUE, 3
HWEE 6 = 0.80,RIFIBEIESE Yy = 0.5; W HE M RIH
A = 0, Hg'® = (1) sems 9 = (92 rsm-

=g

step 6: P M . R 2 (19) & /ﬁﬁmfﬁﬁ?'ﬁﬁiﬁiﬁ
Iz [E 4R R o1 = 0.736,020) = 0.704,

030 = 0.825, 040 = 0.744. %Uﬁﬁft(zo)?%ﬁﬁiﬂzt;%
Ho® =0.753. W 0O < § = 0.80, N AT step 7.
step 7: SV i FE.

step7.1: 25 1 %8, T 3R 4E Gy 3L UK & 1K,



wH

2264

5

xR %36%

I FE ZRH 1) & IE R Gy B 5 8. A
3 (19) BEM 15 BRI 2 18 1 LR o1 =
0.745, 0> = 0.756, 0" = 0.833, 041 = 0.759. F
3 20) 15 BIHAEIL R oD = 0.773.

step 7.2: 55 2 0. TR 5 Gy M ILRIKPF &AK,
I ZAH R QD B IERE G M irE S R H
X (19) BEM I 5 BEAR R I Z [ LR 012 =
0.775, 0% = 0.781, 0% = 0.845,0%? = 0.763. F
3 20) B BB IL IR 02 = 0.791.

step7.3: 55 3 %0, T WA G4 B IR P ]RAK,
e 7F ZRH K 21) 158 I R Gy IR 5 2. R H
3 (19) REM U 5 BEAR R IF 2 18 1 3L 10H o1G) =
0.789, 0% = 0.791, 0% = 0.855,0*(®) = 0.805. F|
0 (20) 3 B BRI R 03 = 0.810.

BT o® =0.810 > § = 0.80, 47 step 8.

step 8: FE G HEAR R If. FIH = H AN H 1A 45
5 TR B L I, DT 5 B8 B A O 46 By
[(4.3,1.8,0.3) (3.7,1.5,0.2)

(3.9,1.1,0.2) (
(3.9,1.4,0.2) (4.8,1.9,0.3

| ( ) (

4.5,1.1,0.2

o 3.5,1.6,0.2

)
_>
)
3.8,1.0,0.2 )

4.2,1.3,0.2) (5.3,1.6,0.2

(

(
<_

(4.7,1.4,0.2

) ( )]

3.7,1.5,0.2) (4.2,1.1,0.2)
) (4.1,1.2,0.2)
)

(4.0,1.6,0.2
step 9: T ZRFHHT. FIH = FA 57K
&I BN EVHE A
21 = (4.257,1.553,0.233), 2o = (3.774, 1.377,0.207),
25 = (4.371,1.528,0.229), z4 = (4.210,1.298,0.195).
WiER@RKBETENBS N0 =
3.003,5(22) = 2.673,8(z3) = 3.088,3(z4) = 2.976,
T RRA P Ny = 21 = g = oo, BIERNTT
2=

(4.9,1.6,0.2)

ES
43 stteotr
43.1 AEZBREIETHHRTERANH

N BAIE A ST IR AT ATV, W 2R B 1 4
N = AL AR S BRI = A SR R
TG &S WIS B, BRI AN T REH
{H. AT HOEAR SO ) 2 060 A 5 e 4 7 iR A
B TE LA BT R A FH 48— 1) o SR 6 SR EL (S IR AN
J& AR (S R, B EE A R 1 s, v
e
FIFH 25 BRS39S SR At T SRR A 1) A 4 5

xXs3.

B ARG A = EAR P E T RRBENTTRE
FHMEN 2 = (4.362,1.500,0.225), 20 = (4.033,
1.394,0.209), 23 = (4.325,1.517,0.227), 24 = (4.050,
1.319,0.198), F ) H 20 (4) R & A T7 R IR N
3.082,2.847,3.050,2.870, [A It fx £ 1 HE P 45 RN
X1 > T3 > Ty > Ta.

FIH = MM AR 7RSS &k
W F B G 1E B, T 1S 2B 4 R 47 R RE; 2R
Ja R = MR B R 3 7R SR S AT
RFHFHEN 2 (0.384,0.549,0.701), 2,
(0.332,0.501,0.667), 25 = (0.389,0.548,0.703), 24
(0.338,0.512, 0.678), FFFI| FH SCHR [22] v 54N T %
PR PR LG IR R e B B, TS 21 %A 7 R4 2
23 9124 0.220, 0.289, 0.217, 0.274, A 1t &% 2 11 £
G Ny = 24 = 71 > T3,

TR WL, K FE T = AR T T iR ML,
W 5T = B ) 77 10 v M2, T B 7 1k I T Ak
b 4 SR a0 3R 3 Frow. AR, iRl 5 ik A5 B 1) 7 &
He P AR, M1 P 453 21 1 S A8 77 58 42 2o, T M2 JIT 15
FIH B 77 F 0N 2y ML B8 21 1 1 AR 1 AR
P, T A e Z1 1 1 S AR & BE AL, B AR i 4 R
2 S HUE B E KA. T M2 A GE %) 15
AR i (RSO PE, T HL R BT DA E F S BE AL
PRI M2 115507 %8 2 M7 36 3 (R 48 4 1A A 40 59
& (4.033,1.394,0.209), (4.325,1.517,0.227). B8 7
F2 1)V 41H 4.033 /N T 07 S 3 13415 4.325, H 2
J7 G200 1.394 /N T 5 3 HIME 1.517, B 7 2
BRRE. FET UL o, A ST R 7 AR B
A Rk G H DTV RIAN A2, T L T DU U B S S
SR BOR I AN BENL I, 72— E R B3 B2k
HHH & — P Ab 38 22 00 B2 18 5 KB R 5 ) R A
RO

®3 FENH
UE

T2

Herp4

ik

] 3 T4

M1 0220 0.289 0.217 0274 2 > x4 > x1 > T3

3.082 2847 3.050 2870 x1 > x3 > T4 > X2
A FEAERBOS AN KIS b

AR EER B NE R SR TH
U R A PO 5 A R 5012 SR8 A770] B, T BRI A
TR RN, 9 7 R BB T A, AR T S AR
PG — R PEALE A B, A B BRI ILR
LRI SR A ey = 21 = 1o - 24,5
ARTTER BN RN, = 23 = 14 > 29

M2

4.3.2




%9H

IR F A TS ARERMN SHEIET KBRS T & 2265

AT g 1 TR, T B AROR AR (1432 BRI i 3K
il RV 3545 AT R AF L ) L, I AN g 31 5 B R AN &
FIEAER 2 EE R FlafEER 1T
P {(0.6,0.4), (0.4,0.6)}, B X B HIVEMN N
{(0.6,0.4), (0.6,0.4)}, HR 4 5 T H 3 B 4 118 5
R AT LLAS 3 5K 1L K 2 B AR5 40 9 0.02 A
0. X B B 5 AT E A, BN L K 1 PSS
PIAZART & K 2 WS ATEAT . AR 42 i ia 5]
PATH 2 & F ML F2 MG 801 0.2, %45 1
A FRATTI B . DRt 1) FH A SCH HE I R 1 I vdiis
STHEAS B 45 IR G B, 48 1S B AL
G BT 45 R & 2
433 AEBERBE TR

WA S BB SR AR 7725 STk [4] 38 H 1) 7 ik
A7 B2, AT B8 AIE AR SC 7 V2 0 B B DR T AR AIE 7 ol
J7VE R AT LM, A SCAS 2 R A SR 1 52 i, ) S
BR 41 TR B R S RN 2 = o1 = a3 =
T AR TIFEARBIMGE R N, = 23 = 24 = 29
PR 5 R BT AR B HE T 45 R ), R 2R R R B K
TR SR A SR 5 AT AR 2 5. 76 STk [4] 0, T8
R R — SR AR N T AW U 22 S B /MR TR R SR i
RN RAE W I T FKBE; 48 J5 8 1 i BUE 2 Sk
SR ARAF SR AEMALE N (0.313,0.288,0.238,0.163) .
T A% 3¢ 3 Bl i ) L 5K 2 [R) B AT I ok K i
LR E EN LR EATRRE N TREN
T R ERAT KRR T BN RENEN
(0.430,0.124,0.349,0.099)T. BE G, Gav Gs Gy
BERER NS HNS. 24 3. 2, A Gy FIBE i
K, Gz IRZ, Go TG B /. TR G Gy #R L
200 FKAH G B 260 % ZXBLE 9 0.064 F10.06, /=
T Gy 1250 FALE 0.045 H10.054, 1 Go (IR E
T Gy BT UL b, AT 5 E R R T iX 5%
JE D - SR A P9 R %) SRR K 12 TR AR I B A
R T RAE NI L R NEGH 2, 1% R A AL
K. Rl I, AR SR A 1 SR E SR AR T DL 7R
SRR 2 (M SRR, NI £33 & 2 AL

= H

5 & @

AR SCET I JE MR E Ay LA R E A E A R
SEARMER, I T — T oA 2 EAE
SRR 22 b0 BV 5 KRR v 5 07 s, BB TR 34
J7 18]

1) 51N Z TR SR 22 00 5 1 35 e o [F] — 183
(2, AT L B8 BAE 55 45 2 ARSI M, 17 FLE £

B 7SS S RIBELE.

2) B0t A B AR R A R MR, $R T — il

AR AR ML, I 45 Y 7 AR LAY B0 (5 AR AR ek

e AP
3) FIE T 2 SR SRS TR R Wt R S PR

e IS
ARSI AR T R R R R R SRS ) AR AR T

— A B T RSN 2T R B R T

B R K Z AN 22 57, A1 AN TR 7T LR

& E IS & R0 77 AT PR, SN AT & SEPR ik 58

T O RV 25 R8BI R 3L K A AEAH LR &R, il i

HE S T 5K A RS AR B SRR A 1R SR X RS

B PRAE T PR SR SRR & BV 55 8 22 WL R T8

B ARy BRI AT AL B, A RO S SRR R E R

AT i, 32 110 AR ARG R SR DU, 2 vy R SR B, 7 S B B

P AT 75 50T AN 2 ) FORHR B . K

T RE R S5 1), 3 B AR DR A B AT R, B

BRI S i ORI .

T R B FE IR PP PR A5 2 A L
FEIT. 346, BT ORAGE T B B R S R, TTRE S
BURGERIPFONE S A — 7 10 U S PR, 7T
K g 105 O HR S 1 AT S kg AT I L, dn S
Wk (23] M 1 X AT A5 BE DN B AR A, A S T T R
X AT BEREAT DN RE: — & & S B A5 S ) — B AR
FE: R L F MR B 5 R A 15 B 18] i 22 5=
PR RE. T DA 46 SCHIR (23] FT A 22 A B f ] 5 2 5
AT E. b AT FENE 22 1) PR SR, W] LR L E R IR
BEPPAN (5 B B A5 R HAVEO 5 B IR TR 0E, K AE
LUJE B 7E o EAT IR
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