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Risk mixed multi-criteria fuzzy group decision-making approach based
on prospect theory

MI Wan-jun*, DAI Yue-wei
(School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: According to risk multi-criteria group decision-making problems in which the criteria value of decision
alternatives may be fuzzy numbers, a multi-criteria group decision-making approach based on the prospect theory is
proposed. Firstly, the paper offers the group reference points by analyzing their variances, and the normalization methods
of interval number and triangular number and trapezoidal number are analyzed. Then, the value function of the above
fuzzy numbers can be calculated. The decision steps of integrating group information are presented. Finally, a numerical
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example illustrates the feasibility and effectiveness of the proposed method.
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c1 C2 c3 C4
a1 [8.3,8.7] [88,90,92,95] [0.5,0.2] [0.0,0.2,0.4]
as [6.8,7.1] [91,92,94,97] [0.7,0.1] [0.2,0.4,0.6]
as [8.0,8.2] [90,92,94,95] [0.2,0.5] [0.6,0.8,1.0]
as [7.5,7.8] [80,82,83,84] [0.4,0.2] [0.4,0.6,0.8]

®2 ORKE I REPFRIRTHORRIEM

c1 C2 Cc3 Cq
a1 [6.1,6.5] [76,88,90,91] [0.4,0.1] [0.1,0.3,0.5]
as [5.1,5.3] [91,92,94,97] [0.3,0.3] [0.3,0.4,0.6]
as [6.5,6.8] [81,83,84,86] [0.2,0.5] [0.7,0.8,0.9]
as [5.4,5.8] [67,69,71,73] [0.3,0.4] [0.6,0.7,0.8]

®3 ORKE 1 RHORFERTHURRIER

c1 Co Cc3 Cq
ar [4.3,4.6] [58,60,62,65 [0.3,0.5] [0.1,0.2,0.3]
as [2.9,3.2] [61,63,64,65 [0.5,0.4] [0.2,0.3,0.4]
as [4.0,4.2] [60,61,62,63] [0.6,0.3] [0.5,0.6,0.7]
as [3.7,3.9] [60,62,63,64] [0.2,0.4] [0.4,0.5,0.6]

T4 RRE2R/BNSFIRTHIREER

c1 C2 Cc3 Cq

a1 [7.3,7.5] [91,93,94,95] [0.5,0.2] [0.4,0.6,0.8]
az [6.5,6.7] [89,90,92,93] [0.6,0.1] [0.6,0.8,1.0]
as [6.9,7.0] [86,88,90,92] [0.2,0.4] [0.4,0.5,0.6]
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c1 C2 €3 C4
a1 [6.3,6.5] [85,86,87,89] [0.4,0.2] [0.3,0.4,0.5]
as [6.3,6.4] [81,82,83,84] [0.2,0.5] [0.5,0.7,0.9]
as [6.9,7.0] [76,77,78,79] [0.2,0.2] [0.3,0.4,0.5]
as [7.0,7.1] [77,78,79,80] [0.4,0.3] [0.3,0.4,0.7]
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c1 C2 C3 C4
a1 [3.3,3.4] [69,70,71,72] [0.6,0.2] [0.3,0.4,0.5]
as [2.1,2.2] [66,67,68,69] [0.3,0.5] [0.4,0.5,0.6]
as [2.7,2.8] [63,64,65,66] [0.1,0.5] [0.1,0.2,0.3]
as [3.0,3.2] [65,67,68,70] [0.4,0.4] [0.3,0.4,0.5]
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C1 C2 C3 Cyq (5] C2 C3 Cq
a1 [6.6,6.7] [85,86,88,90] [0.5,0.3] [0.6,0.8,1.0] a1 [0.26,0.27] [0.60,0.80,0.90,1.00] 0.3 [0.40,0.75,1.00]
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as [6.7,6.8] [87,88,90,91] [0.6,0.3] [0.2,0.4,0.6] as [0.24,0.25] [0.10,0.30, 0.50, 0.70] —0.2 [0.40,0.63, 1.00]
as [7.2,7.3] [91,93,94,96] [0.5,0.2] [0.4,0.6,0.8] a4 [0.25,0.26] [0.00,0.20,0.40,0.50] 0.3 [0.40,0.63,1.00]
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c1 C2 C3 Cyq Cc1 C2 C3 Cyq
a1 [5.6,5.7] [75,76,77,78] [0.3,0.5] [0.5,0.6,0.8] a1 [0.23,0.25] [0.69,0.80,0.80,1.00] 0.2 [0.30,0.60,1.00]
ay [5.8,5.9] [80,83,84,85] [0.4,0.4] [0.1,0.2,0.3] az [0.23,0.24] [0.38,0.50,0.50,0.60] —0.3 [0.60, 1.00, 1.00]
as [6.1,6.2] [77,78,79,80] [0.5,0.3] [0.2,0.3,0.4] as [0.26,0.26] [0.00,0.10,0.20,0.20] 0 [0.30,0.60, 1.00]
as [5.1,5.3] [81,82,83,84] [0.3,0.5] [0.3,0.4,0.5] a4 [0.26,0.27] [0.08,0.20,0.20,0.30] 0.1 [0.30,0.60,1.00]
R RREIHHMRTRTHIRRIEME ®15 RREF2BUHMERFRTHORRIEMTENUR

C1 (63 C3 C4 (5] C2 C3 C4
a; [4.6,4.7] [65,66,67,68] [0.5,0.3] [0.4,0.5,0.6] a1 [0.28,0.31] [0.70,0.80,0.90,1.00] 0.4 [0.50,0.80,1.00]
ay [5.1,5.2] [75,76,77,78] [0.3,0.4] [0.0,0.1,0.2] az [0.18,0.20] [0.30,0.40,0.60,0.70] —0.2 [0.70,1.00, 1.00]
as [4.7,4.8] [81,82,83,84] [0.6,0.3] [0.3,0.4,0.5] as [0.23,0.25] [0.00,0.10,0.20,0.30] —0.4 [0.20,0.40,0.75]
as [5.2,5.3] [71,72,73,74] [0.5,0.2] [0.2,0.3,0.4] as [0.26,0.29] [0.20,0.40,0.60,0.80] 0 [0.50,0.80,1.00]
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cq1 C2 C3 Cq

a1 [0.24,0.25] [0.00,0.09,0.27,0.50] 0.2 [0.60,1.00,1.00]

1 cs 3 ca az [0.23,0.24] [0.46,0.73,0.82,0.90] —0.1 [0.20,0.38,0.67]

as [0.25,0.25] [0.18,0.27,0.45,0.50] 0.3 [0.20,0.50, 1.00]
a1 [0.26,0.28] [0.47,0.59,0.71,0.90] 0.3 [0.00,0.25,0.67]

as [0.27,0.27] [0.55,0.73,0.82,1.00] 0.3 [0.40,0.75,1.00]
as [0.21,0.23] [0.65,0.71,0.82,1.00] 0.6 [0.20,0.50,1.00]

as [0.25,0.27] [0.59,0.71,0.82,0.90] —0.3 [0.60,1.00,1.00] %17 AEEIAHNPEER T LEEE LSRN E
as [0.24,0.25] [0.00,0.12,0.18,0.20] 0.2 [0.40,0.75, 1.00]
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a1 [0.24,0.25] [0.00,0.10,0.20,0.30] —0.2 [0.60,1.00, 1.00]

a ez cs Ca az [0.25,0.26] [0.50,0.80,0.90,1.00] 0 [0.10,0.30,0.60]

as [0.26,0.27] [0.20,0.30,0.40,0.50] 0.2 [0.30,0.50,0.80]
a; [0.25,0.28] [0.30,0.70,0.80,0.80] 0.3 [0.10,0.40,0.70]

as [0.22,0.23] [0.60,0.70,0.80,0.90] —0.2 [0.40,0.70,1.00]
az [0.21,0.23] [0.80,0.80,0.90,1.00] 0 [0.30,0.50,0.90]

as [0.27,0.29] [0.47,0.50,0.60,0.60] —0.3 [0.80,1.00, 1.00] =18 REEIALMNEERTHREEMLERALE
as [0.22,0.25] [0.00,0.10,0.10,0.20] —0.1 [0.70,0.90, 1.00]

C1 C2 c3 Cq

R12 RREIVQHMRFRTROREKIERETENU R

a1 [0.23,0.24] [0.00,0.10,0.10,0.20] 0.2 [0.70,1.00,1.00]

. s cs s az [0.26,0.27] [0.50,0.60,0.60,0.70] —0.1 [0.00,0.20,0.50]

as [0.24,0.24] [0.80,0.90,0.90,1.00] 0.3 [0.50,0.80,1.00]
a1 [0.27,0.31] [0.00,0.30,0.60,1.00] —0.2 [0.10,0.30, 0.60]

a4 [0.26,0.27] [0.30,0.40,0.40,0.50] 0.3 [0.30,0.60, 1.00]
az [0.18,0.21] [0.40,0.70,0.90,1.00] 0.1 [0.30,0.50,0.80]

as [0.25,0.28] [0.30,0.40,0.60,0.70] 0.3 [0.70,1.00,1.00] Step3: %5 5E 3 FURASHIMEZ 73 71 4 0.25, 0.45 A1
ay [0.23,0.26] [0.30,0.60,0.70,0.90] —0.2 [0.60,0.80, 1.00] 0.3, T5&, %N EN R AR B IR 19 ~ 3R 21 P,




> K5 N
1284 #= % 5 Xk K %32%
#z19 ZFMNENRHZEERCREE D Fz22 AREBIMERHEER
c1 c2 c3 cyq C1 C2 c3 Cq
1 01 2 —0.
a1 [0.26,0.29] [0.25,0.55,0.69,0.90] 0.15 [0.10,0.33,0.67] “ 0.108 0.018 0.283 0.576
as —0.378 0.321 0.175 —0.308
az [0.20,0.23] [0.65,0.77,0.87,1.00] 0.18 [0.30,0.50,0.88] " 0.100 0.033 0.476 0179
3 . . —0U. .
as [0.26,0.28] [0.44,0.55,0.63,0.70] —0.12 [0.70, 1.00, 1.00] as —0.169 —0.746 0.282 0.085
a4 [0.23,0.26] [0.09,0.23,0.32,0.40] —0.06 [0.60,0.83,1.00] A )
+23 REFB2NERHE
F20 EFMNENMERRER(RKE?)
C1 C2 Cc3 Cq
1 ez cs ca a1 —0.211 0.336 —0.060 —0.051
as —0.314 —0.083 —0.341 0.148
a1 [0.25,0.27] [0.66,0.78,0.87,1.00] 0.285 [0.40,0.68,1.00]
as —0.060 —0.886 —0.201 —0.254
az [0.22,0.23] [0.37,0.47,0.58,0.70] —0.07 [0.60,1.00, 1.00] o 0.084 0638 0398 0,092
as [0.25,0.26] [0.03,0.14,0.26,0.40] —0.17 [0.30,0.53,0.93]
sh & (A N
a4 [0.26,0.27] [0.10,0.25,0.37,0.50] 0.12 [0.40,0.65,1.00] *24 REEINERHR
Ry Ry C C C.
221 FENRIEERCREED) “ - ’ -
a1 —0.149 —1.055 —0.041 0.153
c1 c2 cs ca as —0.022 0.214 —0.486 —0.617
0.24,0.25] [0.00,0.08,0.19,0.30] 0.02 [0.60,1.00, 1.00 3 0089 —0-513 —0-351 —0-214
a1 [0.24,0. DA ' DA ay —0.050 0.043 —0.100 —0.083

]
az [0.25,0.26] [0.50,0.72,0.80,0.90] —0.06 [0.10,0.30,0.60]
as [0.25,0.26] [0.39,0.47,0.58,0.70] 0.26 [0.30,0.60,0.90]
a4 [0.24,0.26] [0.50,0.61,0.69,0.80] 0.08 [0.40,0.70,1.00]

Stepd: 12 F 7 22 43 i 43 1 3 AN R S I W i)
ZE 5. AN HENIBEAR 22 550 N
[0.245,0.255], [0.347,0.514,0.607, 0.705],
0.09, [0.425,0.718,0.981].
Step5: T HE AT SN E. &
a=L0=0.88\=225,
v =0.61, 6 = 0.69, 6 = 0.5,
Y8 B BN 22 ~ £ 24 TR,

Step6: B & HE AL 4371 25 0.3, 0.35, 0.2, 0.15.
3N N LEA BT S E 7N
0.009, —0.012, —0.028, —0.243;
0.035, —0.169, —0.406, —0.292;
—0.399, —0.121, —0.294, —0.032.
Step7: AR B S ME T TR S E AL, 4170 N
0.249, 0.4, 0.351.
Step8: HEARHTSUME N —0.124, —0.113, —0.273,
—0.188, HIF Nay > ay > ay > as.
U SR SCHR (114 AL 0 J7 9%, WA e 33 93
e 2% i, Nk 25 .

®25 BEPMRRENSER
c1 Cc2 c3 Cq
DM, [0.236, 0.264] [0.359,0.522,0.628, 0.752] 0.0388 [0.416,0.667, 0.886]
DM, [0.243,0.257] [0.290, 0.410, 0.522, 0.638] 0.0412 [0.425,0.718,0.981]
DM3 [0.245, 0.255] [0.346,0.469, 0.564, 0.659] 0.0737 [0.355,0.640, 0.874]

sk E B 9 0.327, 0346 A10.327. £E BURT S
flih —0.112, —0.045, —0.18 F1 —0.161, FEFF N as >
ar > ag > az. SEFE PHET A ), AE R A SR
() 5 VRN T 5 22 Tk BH T T s B IR R A SR
o R 22 R U R R B R T R R R A
PSR A S E 2 R AL B2 = TR % A
RS RURDL T BIAR L.

USSR SCHR (171 3R AR 1) 7325, W2 2% 538
PLE, T EAH B PSR 228 SR BT SUER B2 S
BT 5HE 73 0 4038 26 TR, SR S ME A a1, BN REST
HEBATHT. M TR HELE LR S% AR, 5

B Es R tWAF e — E I ZE R

F26 REEINERH

c1 Co Cc3 Cq
ay 0.000 0.255 0.000 1.000
az 1.000 0.000 0.879 0.387
as 0.147 0.931 1.000 0.540
ay 0.187 1.000 0.164 0.000

5 & »

AT SRR 7E 2 A T Lk 58 R 45 8 T T2 I
FHL ORI, B0 222 SR T30 SR AR 1 22 W 0 e 3
I 0 g — A T T A AR S 220 F O 22 40 T R
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RN 25 AN PSR A 1 R AR, 43 M 22 S 4k, b
W€ & B BEAR S 25 55, A0 8 2R B W 8 SR AL AR
il EE XA [F] SR 7Y ORI EL, 2 s T TEE N TT
AR B I A0 oK B T AR SR BORINR & AL 2
T DU e 52 10 R, 26 1 T — B e R 1 2 1 U e S D R,
N i e 2 HE DN T L 5 0] R AL 1 — MR IR A AR A
I %

B TAT NI 2 0 R 552 24 4 T SR BB I T 1Y
J3 ), A S 3z R s B A 0 A A R 08 AR AU R
$, 18 F 77 22 53 W S BRSO AN 5] ok SR 2 2 [R] F) 22
S A X 5 T AR T 56 R 22 e, B 5 R
PO T IR SR
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