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Grey multi-attribute group decision making method with consideration of
psychological behavior of decision makers

LUO Dang't, ZHANG Hui-hui*, SUN De-cai?

(1. School of Mathematics and Statistics, North China University of Water Resources and Electric Power, Zhengzhou
450046, China; 2. School of Management and Economics, North China University of Water Resources and Electric
Power, Zhengzhou 450046, China)

Abstract: Aiming at the fact of reference dependence and loss averse of decision makers in the actual decision making
process, a grey multi-attribute group decision making method of considering the psychological behavior of decision
makers is proposed. Firstly, to fully reflect the idea of “rewarding the good and punishing the bad” , the original
decision information is normalized by using the “rewarding the good and punishing the bad” transformation operator.
Then, the global priority of alternatives is obtained by calculating the priority of benefit-loss value of each alternative
relative to other alternatives about attributes under decision makers. Furthermore, to calculate the comprehensive value
of alternatives and rank them, a weight model of decision makers is constructed according to the maximum entropy and
group’s consistency. Finally, a case analysis is given to show the feasibility, rationality and practicability of the proposed
method.
Keywords: multi-attribute group decision; psychological behavior; interval grey number; TODIM method; the
maximum entropy; transformation operator
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EX1 BEA EFta XA N5 a KEFRR A X ]
WAL, E a(®) € [a,a], Ha < a.

EX2 Ha(®)b(®) NIXIEZKE N
a(®) +b(®) € [a+b,a+ b,
a(®) —b(®) € [a—b,a—b].
rd(a(®),b(®)) = |a — b + |a — b| NPIRKELIAHEE.

EX3 CHXEKE a(®) € [a,a], %

E(a(®)) = (a+1a)/2, L(a(®)) =a—a.
FH SCHR [181 R &1 DX 18] AR E 6 R/ BB ka0 R

D) HE((®) # Eb®)H:%# EQ(®)) >
Eb(®)),Ma(®) > b(®); 4 E(a(®)) < E(b(®)), N
a(®) < b(®);

2) HE((®) = Eb®))#:#H La(®)) >
L(b(®)),Ma(®) < b(®); # L(a(®)) = L(b(®)), W
a(®) = b(®);# L(a(®)) < L(b(®)), M a(®) > b(®).
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T A EL SRR IS 25 AR R O 4

2, R i T, 7% 5 BT % s TE TR
¢; FIHEB

d(rfj,r{“j) =
|7’fj—rfj|+|r -7l T — i > 0;
0, 5 —rp; = 0; 4
—(|r rlj|+|r Ffj|), rfj—rl’“j < 0.
SR, [t ) K, o 5t 2 A B R
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0 < p < UIREE A B AR 58, —
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F Lingol 1.0 % | #HEAT A, 75 B8 44 vl 57% o 4% ok
SRERIRE I BEAN = (A, A5, ... A)).
EEL ARACKIR M B RATTE.
TEBD TR M R PR A AR
I R SR 24 B 4 e 0 S22 ST 002 2 W A7
TELE ELAT Gt SR AT 7 AT AT S0 S 0 5 B b )
AT AT E A B AR, B LLBAAELE B, O
25 HFREANMEMTESE®ES RHFEMR
L5 U TS BB B B 8E T R s,
g A il
p
E(si) =D _E(sHA- (10)
k
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MR £ 77 RN LRE M B T7 S AT HE P 2R G e
E(s;) BRR, T7 SR

7 L& RS O BRAT D9 () X TA) K E Y 22 e 1t A A
RFITVEAUS IR T PR 535 1O BRAT AN A5
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AN, S A S SRS B — SO ] RS
B ATRHE, B — € R 1 S A s - E, B
PRI TR AL T — 2 B IR LA,
26 RELE

2k BT, B R R O AT NI K 6 2 SR PERE
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step 1: AR 2 (1) ~ (3), % i 46 R VP B £ 4
P “ A7 7 AT AL AL B

step2: FHF(4) ~ (DI EIREE T T RRT
JaB 1tk AL 33 B DA e #3807 R ) 4 SR AR 34 B

step 3: FH X (8) ~ (10) THEA B TR 35 2% e 2R 3
R B ] B 4

step4: A5 PR EE B R QD) IR &ETT
ZEIMERE W IR HAE T £

3 ZBIathrEXHaT
31 RIARERIERFEPOAEL

201544 H 25 H, JBTH/R KA 8.1 it g 7 {#
PR 3 & A AR RO i, FUE Dolakha 55 6 /4™ 31 [X
BALINEEAE 0, 1L 6 MHLIX NS = {s1,89, -,
6} AER, I I A7 FR O R ST TR I Bk = R 55 4
ARk A%, 75 X 6 A il A7 7 0 IR R 1 7 R kAT HE PR,

GEE A G, RWRAL T — A4 NiE 3 LS
D = {di,ds,ds, ds} HRIIZ 5123, 5 B IF T [A] 1)
AT EER AT eI NEEC = {a,
Coy.vycgh. W = {wi,we,...,wg} = {0.147,
0.147,0.129, 0.112, 0.129, 0.076, 0.130, 0.129}.

step 1: FIH] “ AT 957 SF75F SOl [21] 0 R 46
ROR VP (B 2040 AT IRV AG AL 2, 79 2R EA oh SR
B

step 2: 5 R & KUK HLEE A, BT 9 = 0.88. i
@) ~ () THE R d), FHUX s, (4 7 035 B
FHFE, 335 1.

R1 OREKE G THX s N2 BN EERE

X dy d2 ds da
Dolakha 0.326 0.369 0.476 0.421
Gorkha 0.659 0.684 0.795 0.749
Kathmandu 1 1 1 0.967
Makwanpur 0.955 0.967 0.988 1
Okhaldunga 0 0 0 0

Sindhupalchok 0.298 0.336 0.429 0.404
step 3: 5 8 PR S 0 R L — BRI AN DR AR 4 DI
FRIAS [0 i i 2 T, 0 2 R S RO 1) 4 (X L
= 0.5, R P X PIAS H b b8 2000 i 45 R L AR
7)), fHIR AL M
min 1.271()\; — 0.25)% + 1.326(\; — 0.25)%+
1.509(\3 — 0.25)% + 1.419(\4 — 0.25)*+
0.5(A1 InAp + A2 In Ao 4+ Az In Az + AgIn \y).

stAd+X+ A+ =1
0< A1, A0, A3, 0 < 1. (11)
i3 Lingo1 1.0 THRLA5 BB A4 ph 3 v 1R SR AL
B NN = (0.25,0.25,0.25,0.25).
step 4: IRAE A DG S LRSI
€(s1) =0.3981, &(s2) =0.7221,
€(s3) =0.9917, &(s4) = 0.9776,
&(s5) =0, &(sg) = 0.3665.
O MK MHF AR N s3 = 54 = 52 = 51 >
s¢ > Ss, B 46 %F Kathmandu 257 i 77 710, SR 5 &
Makwanpur. Gorkha. Dolakha. Sindhupalchok, % &
/& Okhaldhunga. 12 F A% 3L 77 75 BT 15 45 R 5 Sk [21]
T G5 R — B R SO R FTAT A R
3.2 ¥EEoAR
321 SEHBURIEL BT
AR AT ZH00 (P TR 0 2K K
FHO I pu (PSS H bR e B0 e B R0 1) — A%
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&Y O BRAT N I IR 0 22 B M B AR UL SR U V. T
Xof AN [R] P 3 ek 2 250 0 R 47 2R 20 g, T A5 BIAS [R] 1 4
Je B0 45 FEE R B, AT 43 B AS [R] A 25 64018, B 51 R HE
J7 45 AR A 53 2 B T 2R S HUE 1K,
I3 THE T SR ST 45 R AR B L.

1) R 3R 0 0 2K () S0 R 0. 43 Bl HL O
{0.1,0.5,0.8,1.0,1.5,2.0}, i+ H & T 0 A [ BU{H F
J7 RIGHEP 45 3, 45 R ik 2 firos.

w2 TRSHMETHRHFER

ZHE 75 BRI

0 =0.1 S3 > S4 > Sz > S1 > Sg > S5
0 =0.5 S§3 > S4 > S2 > S1 > Se¢ > S5
6 =0.8 S§3 > S4 > S2 > S1 > S¢ »~ S5
6=1.0 83 > S84 > S > 81 >~ Sg > S5
0=1.5 83 > S4 > S2 > 81 > S >~ S5
0 =2.0 83 = S4 > S2 > S1 >~ Sg = S5

nw=20 S§3 > S4 > S2 > S1 > S¢ »~ S5
n=0.5 S3 > S4 > S > S1 > S >~ S5
n=1.0 S3 > S4 > S > S1 > S¢ »~ S5

N 2 I BB 23 AT 45 SR T LAt R SR TGS
TR ) B IR B0 AR A 22 51 7 R A ARk,
R O BB 75 Sk P 45 AU,

2) tRIEE XA B AR AW I R E . 53 H R
{0,0.5, 1.0}, THEEE T o (AN [ HUE N 5 BRI HET 45
R AR INR2 PR,

F & 2 AT R0, SR S AR Ak B A R D 47 2R e 1
AT X 25 A I BB s, A 5] e 7 4
JF A4k

FH 2 I U 23 BT 285 S 0T, S 800 A ) AR
WAL 51 S 7 HE T BB AK, Ui A AR SC 515 R R g
). —ELO = 0.88, = 0.5, F 7~ R 53 T 2K 72
AP R 7Y EGHEI Ak, B b 14 D G P A 1.

322 S5IAETERRT AT

RN BB BB AR SO VR A Rk, 31X BLRE S
Bk [22] $ L A 366 I T U (00 A A A v 5 0 vk
KAl BRG], KRB HIX 28 & AT S E N

£(s1) = —0.246, £(s2) = 0.276,
&(s3) = 0.757, £(s4) = 0.804,

6(85) = —0823, 5(86) = —0.129.

HET R N sy = 53 = 89 = 86 = 51 > 85.

BT EE 23 BRI AR ST 92500 R S X Kathmandu
A A7 P 0y, P& Makwanpur; 11 SCHR [22] A 8
e %F Makwanpur 22 37 i 17 # 0y, 5 /& Kathmandu. P
b 7322350\ M #i J % Okhaldhunga ST A% A7 0. JR
DR 2 P A e SR 7 SRR R SR R 3 5 i T SR I

O FRAT A, B AR SR TH S i R 2R I B A AN R
TSI B . T R e 2 R A [R] A 2 2 S R T
BRSO STV B MR 48 b (B A0 % 1R SR 3
ST SRR A B S B0 B, A B AT R
TOAG AL B T AR SC 7 S 0 JE R B AT AL 2, DA
A HE 78 70 AR I 2051 25 1 RBAEL, FR 0 T RIEAT HR
L. BeAh, A SCT7 i HESCHR (221 75 3 BN AF A B sk
THOL. STHR [22] B0 B 8 e 0N
vi; = —A(—dq;)”,

ASCTTE IR B R HON

EARBESHAMOBE, H 3 = LIER T A |v;] <
|7, |- X UL BAE PSR e v, 2 T A R 2R i, AR S
TR L SCHR (22] 5 12 B DS 3 U, X R
6 SEBR SRS AR, 2 — U0 T A SO R AR
A3 1.
3.3 JAEE 0T RREREMIZE S

T 55 e A PRV A R AR I — B B AR
F, B R ST ) R (A R AR
P8 T R AR A3, i A TR A 2 22 5 I R R R AN
IKFIRAETE P G 1 H 25 28 H, T 5o FE xR E RO &
G 0 P B H ™ 2, AL T 5 B RO IR E A2
LU RS R SR I B A R R IR A e R E
TR B A 7 R, (52 28 UM S RS A, MUK,
o R B A P R AR K B . AR R T3 B 5 kB, b
LR G FE B, 1F 9 R A I SR LA B RO G
WD G BFIR AN GG T, — B T 5 0 XU B B
GRS 1) 32 B AR, R T A S R LSS U ).

A BT T S T S AR 10 A b T 52 0 S R
£, BRKD = {di,dy, d3} I NHREHEM IR
ST o M. LB I R R B 1) 2 R
BBl K 2) FREEI A (R AR JE AR L), 0 56 P2 5 3) TR
P F 42, A DL BN, £ 58 134 1959 %2 1961
ISR R, B R 2 1845 1965 22 1966 -1 4 2 4F
K, B 5 30615 1985 28 1988 4F 14 4 4 4F K 5 34 it
KBS E % B 2 5 104N T AT 5K
S3 T BRI TSR [24].

step 1: T 567 FE 52 9 THAFURT A o< THD AR R A i 1A,
FIF “ 2R 957 S50 AR RCR PP B B AT R0
TOAL AL PR, 75 B RNTE A P SR A R

step 2: ARG AL AR BE, il@d () ~ (DI HE LXK
di, T s; 12 R AR 35 FE R R, 1935 3.
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=3 ERd, X s IERMNAEERK

ZIH iz 1#BH PiE:) (Gl B Ao UEE 5FH mRH

51 0.000 0.132 0.412 0.596 0.265 0.959 1.000 0.235 0.127 0.832

£52 1.000 0.446 0.562 0.031 0.000 0.350 0.216 0.666 0.739 0.094

LFK3 0.457 0.550 0.311 0.211 0.479 0.000 0.868 1.000 0.372 0.668

x4 ZEEMNE

2B i W PH T [l B JAI R )R {5FH FBH
2R R AR P 0486 0376 0428 0.279 0.248 0436  0.695 0.634 0.413 0.531
o BT AR 43 L e 0.688 0.602  0.458 0.358 0.163 0.461 0.599 0.626 0430  0.193

step 3: B3 (8) ~ (10) FFHL AL B M
min 1.648(\; — 0.333)2 + 1.342(\y — 0.333)%+
1.610(\3 — 0.333)% 4+ 0.5(A\; In Ay +
Az In Ay + A3ln Az).
st AL+ A+ A3 =1
0 < A, Ao, A3 < 1. (12)

step4: FE4E 3L KM B MR HE X (1) B R
B 10T 45 A I, IR 4 FTR.

A3, B2 9 BLOR T AR o A i T AR ) 4 B X
PR T 1 2 B8, 1 I T iR 4 A AT AR 5 25 b B
TR LK d, FHUIX s; B4 R A0 34 FE AR B, 43T F A
10N T ZREANME, IR 4 P,

B F i g B ] A, A 34N U R AR 2 2 R
% 9 I A T AR A JE PRI, 10 T f 25 A (8 e
KBV O S5 )5 BEFE 2P0 W& FH L 1F
B, B, Brg. A, BrREAD, E5E,
A BHAN 22 fHAE T 5 9¢ T iR 25 &) IR T AR T 515
L. B RS2 O AR B LT AR B 2 LA
PR S5 AT, 22 BH . SRS RE L B 2 A e 5k
FHRZ G RO THIAR o B R Bl SR K Ak, 7E 3
YOK S, Bk I )5 ) R0 22 BH AR S 32 < TRTAR 40 ) A
361.9. 338.2. 269.1 (J3 hm?), & %K THIFA N 232 208
179.8 (J3 hm?), 70 B 44 &b 52 5 THI AFURH Js B THT A 1)
41.95 % F140.02 %o. FH A A1, 5E 55 | J& A2 fHAE
TR IR G i R ML 2 B R, R AR B A
A NI 2 A% IR . BURE 3G iRt 5 9 7 B [X 3
IR RN, B 4 HE R TR, 32 e W e 7,
IR R RR TAE, R B o ik B —
TR SCRIE SEA A
4 4 »

RS e 5 7E SE PRk S FE R I S 1R
T4 2% R T (R B R, B8 H 25 R s 3 O B AT A
X R A E 2 22 JR PR TR SR 1 1T« AR

T 97 AR H TR IR A ok 345 2 HEAT R AL AR 2R, I
K45 TODIM J5 VA RNk SR (5 2, i 55 Rk TR 1k
IS 2t A5 2R I 95 R, SR 6 08 T SR I R A T
X HHE R R, fm, B A ST i R H /R R e
P A7 o (10 S S AT R A 10 1L T 52 572 5 R 1
UL, R W] T ARSI AT R S B, @ S
DU J5EAR G, 3 — 2B U 1 AR S5 B R AT
BRAEPEANSE I, HUEAT & kSR IR L BRAT . %05
AT T 2 I VERE AR S SR 0 B N L i LA A
DRSEBR i R T — PRI R
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