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A Risky Multi-criteria Decision-making Method with Three-parameter

Interval Grey Number

LI Cun-Bin! ZHAO Kun' QI Zhi-Qiang®

Abstract In view of the multi-criteria decision-making problem that probabilities and the criteria values of alternatives
are both three-parameter interval grey number, a risky decision-making approach based on prospect theory is proposed.
In this method, firstly, the distance and the exact function of three-parameter interval grey number are defined, and on
the basis of the analysis and discussion of its properties, a three-parameter interval grey number comparison method is
defined. Secondly, we give the definition of the prospect value function and the probabilities weighting function of three-
parameter interval grey number. Then, the prospect value of each alternative is calculated based on multi-reference point,
and the integrated prospect decision matrix is constructed by giving the reference point aggregating operator. Moreover,
the integrated prospect value of each alternative is aggregated by the integrated prospect decision matrix and the optimal
criteria weights given by the optimization model. After that we can order these alternatives by comparing their integrated

prospect values. Finally, an example is presented to examine the effectiveness of our method.
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Table 1  The distance result comparison of [6,15—16] and method in this paper

a1(®) b1(®) a2(®) b2(®) a3(®) b3(®) as(®) bs(®)
[75,80,92] [74,85,90] [75,80,92] [70,81,85] [75,80,92] [74,81,85] [75,80,92] [69,81,91]
D, 5 7 7 6
D; 5.477 8.66 7.141 6.164
D 3.16 5 4.123 3.559
a1 =0.1,68 =09 4.219 3.924 3.715 1.826
D,y o = B 4.183 3.606 3 2.614
a; =0.9,8, =0.1 4.147 3.256 2.049 3.215
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a(®) b(®) EX 4 3k [17]
[10,35,45]  [40,60,70]  31.25 = G(a(®)) < G(b(®)) =57.5  a(®) < b(®) P(a(®) > b(®)) =0 a(®) < b(®)
[20, 35, 60] [20, 35, 60] 40 = G(a(®)) > G(b(®)) = 37.5 a(®) > b(®) P(a(®) > b(®)) = 0.5714 a(®) > b(®)
[20,35,50]  [15,40,45] 35 = G(a(®)) = G(b(®)) = 35 a(®) = b(®) P(a(®) > b(®)) = 0.5 a(®) = b(®)
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B, K& TRGEEHHMN Vi(®) € [0.436,
1.226, 1.75], Vo(®) € [1.134, 1.82, 2.47], V5(®) €
[1,1.66, 2.23], Vi(®) € [1.313, 1.868, 2.522],
Vi(®) € [1.644, 2.078, 2.786]. #ify, Wl il it
3 L (2) KRAF & T7 F R B 2 R
BAAAMA GV(®) = 1.159, G(h(®)) =
1.8109, G(V3(®)) = 1.6398, G(Vi(®)) = 1.8923,
G(V5(®)) = 2.1466, W& 7 EHP R As - Ay -
Ay = Ay = Ay, I EE N A NESESS 5 N4l
GVES
A BRI al b R U AR Ty vk B 1S
SR BRI AETE, AR SCR A SCHER [14] 8 H AR
DA A HEIAE S 22 5 (1) 73000 A Ap)

Herr4h
T s e
HTUEAT KA.

M Sk [14] R O AR B &
SN R R KA Mk 8 iR, W AR
— bR E R HEAT W B, MEMIRCE Y W =
{0.287,0.332,0.381}, W & 77 & B &% 5 BT 5AH
Hh Vi(®) € [—6.187,—2.825, —1.144], V,(®) €
[—1.41,-0.201,0.893], V3(®) € [—2.479, —0.734,
0.404], V4(®) € [~1.558, —0.1535, 0.957], V5(®) €
[—0.813, 0.166, 1.379]. Bk, ke X 4 =54
DX TR] AR B LR NI R ATHE T, 45 Ay = Ay >~
Ay = As = Ay, X5 AR HE T 25 5L S A
[, B, XAl i B A Sl I 2 255 ROk AR S5 15
T IR B 2 S B T HEI.

Ub b, g Ut B Ay vkl 2 22 i R ik A 4G
75t HE P a5 R IL3AE, AT 50l AIE S 3R
Z:2% RORER A SCHR [13] A4 1 2 s 3 e DA
WA S I LR A HEAT SR A, LA 25
£ 9 PR,
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Table 3  The data of risky decision-making
. LRI py € [0.4,0.5,0.8] F AR po € [0.2,0.5,0.6] Hv /N ps € [0.1,0.25,0.4]
i
C, C, Cs Cy Cy Cs Cy C, Cs
A, [50,65,70] [180,200,210] [20,40,50] [35,45,55] [100,120,125] [20,30,40] [15,25,30] [95,110,125] [15,25,30]
A, [50,55,70] [100,150,180] [55,75,85] [20,30,45] [115,125,150] [45,60,65] [15,20,40] [105,120,130] [30,50, 65]
As;  [40,50,55] [110,150,160] [50,60,65] [15,30,40] [110,130,160] [40,50,55] [15,20,25] [80,100,130] [20,35,40]
Ay [45,50,60] [180,190,210] [75,85,95] [20,30,50] [95,130,135] [55,70,80] [15,25,30] [90,105,115] [20,45,55]
As  [35,50,55] [190,210,215] [70,75,90] [30,40,45] [100,140,160] [55,60,75] [20,30,40] [90,110,130] [30,35,55]
®4 EHARUN S R ISR SRR
Table 4 The prospect decision matrix using the best ideal points as reference
IEF RS % R C1 Cs Cs
Ay [—2.241,—-1.049, —0.515] [-0.578,—0.282, —0.124] [—3.423,—1.6,—0.744]
A, [—1.258, —0.57, —0.296] [—1.046, —0.466, —0.26] [—0.776, —0.358, —0.185]
As [-0.197, —0.084, —0.052] [—1.185,—0.53, —0.286] [—1.98,-0.921, —0.449]
A, [~1.116,—0.6, —0.31] [—0.451, —0.357, —0.166] [—0.58,—0.278, —0.112]
As [—1.032, —0.519, —0.302) [-0.076, —0.036, —0.015] [—0.87, —0.602, —0.293]
R5 RS RN T S R
Table 5 The prospect decision matrix using the middle points as reference
P RUNZE R o Cs Cs
A [—1.588, —0.663, —0.196] [0.0616,0.115, 0.246] [—2.1, —0.997, —0.463)
As [—0.523, —0.036, 0.287] [—0.485, —0.141, 0.021] [0.145, 0.284, 0.599]
As [0.152,0.321,0.658] [—0.631, —0.226, —0.0393] [—0.512, —0.228, —0.019]
Ay [—1.03, —0.084, 0.234] [—0.056,0.121, 0.243] [0.097,0.234, 0.521]
As [—0.284, —0.0296, 0.29] [0.1,0.199,0.415] [—0.168,0.0834,0.414]
* 6 AN S U RS R SRR
Table 6 The prospect decision matrix using the worst ideal points as reference
IR RN S R C1 Cs Cs
Ay [0.116,0.252,0.4071] [0.091,0.152,0.341] [0,0,0]
A, [0.179,0.372,0.763] [0.053,0.112,0.229] [0.287,0.58,1.205]
As [0.236,0.469,0.977] [0.022,0.0539, 0.103) [0.175,0.35,0.726]
Ay [0.138, 0.294, 0.594] [0.0825,0.142, 0.314) [0.292,0.563,1.183]
As [0.158,0.28,0.607] [0.135,0.252,0.538] [0.281,0.556,1.159]
T LAWY
Table 7 The integrated prospect decision matrix
(o) Cy Cs
A [0,0.987,1.496] [1.313,1.738, 2.362] [0,0.959, 1.406]
As [1.088,1.82, 2.499] [0.318,1.257, 1.815] [1.879,2.309, 3.017]
As [1.931,2.303, 3] [0,1.009, 1.49] [1.174,1.751,2.295]
A4 [0.981,1.703,2.292] [1.038, 1.573, 2.177] [1.803, 2.249, 2.991]

[1.274,1.75,2.379)]

[1.867,2.22, 3]

[1.729,2.201,2.907]
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Table 8 The prospect decision matrix obtained by the method in [14]
4 Cy Cs
A [—6.6235, —3.0733, —1.423) [—0.9807, —0.2637, 0.4852] [—10.4902, —4.9174, —2.3821]
Ay [—2.6852, —0.8886,0.1181] [-1.4237,—-0.5058,0.2313] [—0.4257,0.594,2.0721]
Az [0.3604, 1.0293, 2.2652] [—3.0408, —1.2376, —0.5158] [—4.139, —1.6283, —0.1947]
Ay [-1.6037,—0.1421,1.0073] [—2.4064, —0.8715, —0.1777] [—0.7662,0.4805, 1.9306]
As [—2.6636, —0.9247,0.718] [0.2806, 0.6341,1.4103] [—0.3764,0.5806, 1.8542]
®9 JSHEAPIHE TR
Table 9  The order of each reference point
IEBRR T 2275 00 SISV E S SR AT S R

A [—2.184, —1.025, —0.494] [—1.227, —0.528, —0.148] [0.0637,0.1242, 0.2311]

A, [—0.665, —0.399, —0.207] [—0.258, 0.0496,0.315] [0.179,0.366,0.7565]

As [-1.217,—-0.557, —0.284] [—0.361,—0.07,0.168] [0.1429, 0.2886, 0.5968]

Ay [—0.693, —0.395, —0.186] [—2.781,0.1048,0.3452] [0.1783,0.3466, 0.726]

As [—0.9995, —0.453, —0.241] [—0.111,0.0898,0.379] [0.1972,0.3757,0.7939]
BE W [0.2869, 0.3165, 0.3866] [0.287,0.336,0.377] [0.295,0.326,0.379]

Hee Ag = Ay = As = As = Ay Ag = As = Az = As = Ay As = Ag > Ay = As = Ay

MZE 9 HIIHE AR TR e % 2% fT R
J5 PR 85 R B AT A AR, HELIEBAR i
WS 2% ST IR R T RS AR THEAR, 2 #r
FoHe e R BEAMRFOL AL, A

1) #FXIEFRAR O8N S5 O, %07 RIS AR
BRI, BRI, BT PSR O BRI 1)
W), R Py 4t R O 5 S NME R RRUE I, R s
S HE WA A BRI, HE PRSI 3200 E 2
RO, DT RERG T SHEBOR . 7 Sl

2) BExt RS, A7 SRS AT A
AHUR, HeTRIE KRR ERBUE (120, P,
HEy 45 R E T2 07 FZENED T 5% A5
ANZERE, RT3 S AHENIME N T2 2% s i A Hoi b
52:% S ZERON, 7 ISR E TS EDBOR. T &
AL

3) BEX R EAR RN B2 jUN, 255 ST SE
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RRCRAE AR AT 10 s U, R e 5 SR B {00 o 4%y 5 e
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.

BT BRI TE H: IR R 255 fi,
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