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Abstract: Group decision making problems with linguistic preference information are studied. Two measures of group
consensus are defined to reflect respectively the level of agreement among all the experts and the difference degree between
the experts’ individual opinions and the collective one. Based on the consensus measure indicators, an optimization model
of linguistic scales granulation is constructed. An improved PSO algorithm is established to obtain the optimal cutoff points
for the linguistic scales. A group decision-making method is developed, and a ranking order of alternatives and the best

alternative are obtained. Finally, a numerical example illustrates the feasibility and effectiveness of the proposed method.
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R e L2 45 6% e Ak oy W E B A Fp (6%), k = 1,
2, ,m. Hr: BUMBREI Q(y) = v2, KESH A
= [l Q)dy = 5. B R EE N1
OWA%W(E)U) MiFEFFok),k=1,2,--- ,m, #F
S AR, ) LL G (GPMF)* (B =1,2, -+, m)
(RN LA 2 5 37, AN RE T T-OWA 57 (i
S A ] 2O el A

)nxn

[6]677 (5k+]7 k - 17 27

(k) s(k—1) B
wk_q(s(m))_q( s(m) )’k_l’Q"”’m'
k
Mo BORIE S 2 q(r) Z (5°®),

EARILLE Step 2 F1 Step 3 H.

4 HHl5H

AR LA, SR SR [6] HH ] 1. (B4
A A RIS AT GRAEAT I g1~ B AT M yo s T
HHATIE yg 2 TAT ML ya s FARAT ML ys) R IE 14
AT REAT $E0 . g PRILIE FE I R E, ok 5 RE T i
AN AN AL FN S AT OF %) AT V. B AR
B T U C R IO TR R 7 i L, Ho 4
PG R IT SA T S BAME 5 BT RE W R

Pl =

- VL M M H |
Neg(VL) - M H M
Neg(M) Neg(M) - Neg(L) L |,
Neg(M) Neg(H) L = VL

| Neg(H) Neg(M) Neg(L) Neg(VL) — |
P? =
[ — Neg(L) Neg(H) Neg(VL) Neg(M) |
L —  Neg(VL) Neg(VL) Neg(VH)
H VL — M Neg(VL) |,
VL VL  Neg(M) - Neg(M)
M VH VL M -
P? =
- M H L M
Neg(M)  — M L L
Neg(H) Neg(M) - Neg(M) VL |,
Neg(L) Neg(L) M - VH
| Neg(M) Neg(L) Neg(VL) Neg(VH) -
Pt =
I VL H Neg(VL) M |
Neg(VL)  — VL VL M
Neg(H) Neg(VL) - Neg(L) L
VL Neg(VL) L - VH
| Neg(M) Neg(M) Neg(L) Neg(VH) — |
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Rt S KT R EE S AR A AR 795

BEAh, N R A5 556 5 AN 7 ST 1 Rk
IR ZE S, FRE 40 R E B S Bk !
= pler) = I, p* = plea) = VI, i = p(es) = LI, p*
= ples) = VI R I TS Fok L 55 B
BATN (5 %) HEF, 4 thitE )y %.

1) sl e Je gt .

Step 1: #ff & fmlifit 5 ARiE%E S = {VL, L, M, H,
VH} MR EEEE G ARESRE D={L1,1,VI}. {4
W ARIERORL > AR & X = (a1, a2, a3, aq, b1, ba),
BB g =2, g =1. JEF 70 F s b3 1 55 Jo V8 1R X I) 36
KRB, WL =a1,a0], VH =[as,1], Neg(L) =[1 —
asz,1 —ay],Neg(VH) =[0,1— a4], VI = [ba, 1].

Step2: WM A = 0.67. M M3, Hh 2
M = 500, 6s = 6p = 0.05, RBEEL T4 F i
B S i O i, 5T 2ok PSO B v (UL 3.3 ), AL
Matlab g =K i, 15

X* = (0.26,0.49,0.54,0.59,0.86,0.91),
f*=PM =0.0867, g* = CD = 0.67;
ma (17) %4

(GPM)* = (0.0643,0.0940,0.0806,0.1031).

Step 3: AR 4% [ 5 X KE PR pk 4K O X R) 4L
FANAIBIHERE RE = (1l ) pcn, P THEL 6% G017

- 0,0.26]  [0.49,0.54]
[0.74,1] - [0.49,0.54]
R'= | [0.46,0.51] [0.46,0.51] - -
0.46,0.51] [0.41,0.46] [0.26,0.49]
| [0.41,0.46] [0.46,0.51] [0.41,0.74]
0.49,0.54] [0.54,0.59] |
[0.54,0.59] [0.49,0.54]
 [0.51,0.74] [0.26,0.49] | ,
- [0,0.26]
(0.74,1] -]
- [0.51,0.74] [0.41,0.46]
[0.26,0.59] - 0.74, 1]
R* = | [0.54,0.59] [0, 0.26] — —
0,0.26]  [0,0.26] [0.46,0.51]
| [0.49,0.54]  [0.59,1]  [0,0.26]
(0.74,1]  [0.46,0.51] |
0.74,1]  [0,0.41]
— [0.49,0.54] [0.74,1] |,
- [0.46,0.51]
[0.49,0.54] -

- [0.49,0.54] [0.54,0.59]
[0.46, 0.51] - [0.49, 0.54]
[0.41,0.46] [0.46,0.51] - -
[0.51,0.74] [0.51,0.74] [0.49,0.51]

| [0.46,0.51] [0.51,0.74]  [0.74,1]

0.26,0.49] [0.49,0.54]

0.26,0.49] [0.26,0.49]

< [0.46,0.51] [0,0.26] |,

- [0.59, 1]
[0,0.41] -

- 0,0.26]  [0.54,59]
[0.74,1] - [0,0.26]
0.41,0.46]  [0.74, 1] - -
0,0.26]  [0.74,1] [0.26,0.49]
[0.46,0.51] [0.46,0.51] [0.51,0.74]

R =

0.74,1]  [0.49,0.54]

0,0.26]  [0.49,0.54]

< [0.51,0.74] [0.26,0.49] | ;

- [0.59,1]
[0,0.41] -

51 =0.86,0.91], 62 = [0.91,1],
6% =10,0.86], 6* = [0.91, 1].
Step4: H1 & L2 FlE X315 21 0 =2 BRI ) Wi K
M Fo(RY), k=1,2,--- ,4; HE X332 H 2
H Fo(6%), k = 1,2, ,4; € L 113 BRI 1
W 6
pPC = (pg)nxn =
[ 0.5000 0.3842 0.4756 0.7500 0.4982 |
0.6158 0.5000 0.5881 0.5882 0.2930
0.5244 0.4119 0.5000 0.5373 0.5970
0.2500 0.4118 0.4627 0.5000 0.4812
0.5018 0.7070 0.4030 0.5188 0.5000
Forh: LOWA S5 T Sy '
o(1)=2,0(2)=4, 0(3) =1, o(4) = 3;
JA a) 1
w = (w1, Wa, W3, Wy) =
(0.5540,0.2295,0.1678,0.048 8).
FRYE (18) THE PC R4 ) &
z = (21, 22, 23, 24, 25) =
(0.2086,0.206 8, 0.205 6, 0.1684, 0.210 4).
T 25 > 21 > 20 > 23 > 24, TEHF N

Ys ™ Y1 > Y2 > Y3 > Y4,




K

796 = 1 5 * % 30 %
TR s, IR B AAT VAL R2 TEREIEMER
2) &5 KoM e KT A = 0.67 Sk [5] 7 i Sk 161 71
JRHE M3 A B AU, B ER BRE bR e bR R by
IR A R (7 27 45 R a3 1 o, didk 1 ml g, o 02086 2 (M02) 1 054 1
\ N o N \ 2 . M, 0. .
b5 SRR (B A PR s, S T SR8, % vr 020083 (L0093 080
o, L Y3 0.2056 4 (M,O.lO) 2 0.51 2
T 7R 4 A — B SbAbh, H 88 T AR 4 o oasst s an-0s0 s ous s
A—Fé}t@éj:; PSO iﬁ{{ﬁ’ﬁi%i@?ﬁﬁﬁf E@%’f’t%%, ys 0.2104 1 (M, 0) 4 0.48 4

Wik 4 s, B 4 0] BV, i AR%L 31 200 I,
FE A Y 2 AR 1) - 2%, U0RH Tk BB E 1 i
Pefidt, I FLBEAE B A (4 =, S OUHE RS 3 e 5
FOX0) BAH P3G 0, 36076 1A 2 AR S LA Rk R v,
b LRI B2 AH HL 2 1.

*1 TRAEATHAEHFER
‘ A =0.60 A =0.67 A =0.70 A =0.75
TR G b OE T USE HE IR Y
y1 0.2146 1 0.208 6 2 0.2074 2 0.2010 3
y2 0.1930 4 0.206 8 3 0.198 8 4 0.1997 4
y3 0.2015 3 0.205 6 4 0.204 5 3 0.2069 2
ys 0.1824 5 0.1684 5 0.1794 5 0.1821 5
ys 0.2086 2 0.2104 1 0.2099 1 0.2103 1
: i
0.105 -}-:\_.-\ ........ A:0:70
‘ Wb = 4=0.75
fhi( _1(‘ ....... -
0,095 --
% ) S
& o.ossﬁ\k T
0.075 - - -
0 40 80 120 160 200
HEAACHL

4 EZPSO BT RHATIIRIAE (f) MEHES

O U AR SC 5 R R B AN B, 4 ) SOk
(51 ANSCHR [6] (¥ 5 35 SEA SO, I 5 A S5 %3t
TTRELE, X LSS RN 2 Pros. KHISCHR [5) Tk b 5
ASCH B R Skt B R ANTE 5 i 2 A AN
R TR 5 6 B AE 8 ME SRR 4 Ra 3t
e 4ty —o0ih LRI 3 foeJm 2k —nih SRR
WS OR S AR BT AR 4. AR 2 T DU, SCRR
(5] 73 I HE P 45 R 5 ARSI 45 R A 22 5%, TR IRAE T
ASCHR I 7 iR E AR R R b Bk T
TRAIE 80 T8 5 15 S HER AL 40, BN L KR T 5
FE T IFEIRPE A AL T 2R NR 238 AT L
A Y, SCHR [6] 53 M HER? 45 RS AR 45 R (U
A=0.67 A1) AN5E A F], SR KA T AR VA I
P 5 bR EERURLAL IR AN 8 4, JE T AN fe e
UKL 7 i 10 8 PR DR 45 R A7 P 22 57 SCRiK [6] B
AL R — Pk, A SRR ) — 2k
AL SR A T LR 73 L.

SEbr b, B 3 AN, 5 RORL Ay BT ) X A
Xo AL, X3\ Xy 80 X5 MBI 200 BETE /N, HBE
P —BUEA/NT Xy B Xo 6 IR, PRk, AAEE
PRILI B, ) X X B X5 IR 45 o 4 2,
BT S e i G A S A s A AR 4.

x3 TREFNS R SEETRHEAILIRMEKF

WORL ) Ft AR A X
LR
X1 Xo X3 X4 X5
BT —BU%ECD  0.56 0.67 0.67 0.70 0.75

PR PM 0.1000 0.1167 0.0867 0.0869 0.099 1

F371: X;=(0.20,0.40, 0.60, 0.80,0.33,0.67),
TR RIURE 3 F 5k Y850 4 AT IS FRRURE 23 57 A5 1) B X
= (0.50,0.58,0.66,0.74, 0.38,0.73), 2 7~ H1 3CHk [6] 13
H SR LR 23 S 5 ) 5 X5 = (0.26, 0.49, 0.54, 0.59,
0.86,0.91), X, = (0.33,0.42,0.47,0.52,0.90, 0.95) fl
X5=1(0.44,0.49,0.54,0.59,0.73,0.78) 73l F /= B {H A
=0.67, A = 0.70, A = 0.75 B A S A B 0RL 43 5 1
=4
5 4 @

AT R T A5 S I R 2 1) g T
— TIPSR T, T IR RARE R L T e 0 S AR
B e FERURE 23 S AR BRI SR A 0. 5 O AT VA
Lb, A SO R RUARBIAE AR LT I 1) TEG$E
PR E T ARE IR 73 A FTE S 2) SR F T 5 AR B OB
HIRIJT i, RN i G vh 55 br B2 A B R (A5 A 2k B
. 5 AR P S T7 VR 1) 45 RN EE R W], A SR T
—FOREREREE T (3 T ORI A T, e A R AE A
A5 DA R AR 1) — B NI
J7 ) ST Z RS ) g J 2 Bl 5 i X RS &
i e (R R SR ) Y 22 o MR R S 55 1) R, DA Rk —
SR TR T RV RIORL A AR TR A S v ) 8 .
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