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Abstract For the multi-attribute group decision making problems with completely unknown experts’” weights in which
the attribute values take the form of interval-valued intuitionistic uncertain linguistic variables, this paper investigated a
group decision analysis method based on hybrid weight information and decision maker’s risk attitude, On the basis of
defining the difference degree between two interval-valued intuitionistic uncertain linguistic variables, two kinds of ex-
perts’ weights were calculated by using the closeness degree in evaluation and consistency degree in ranking respective-
ly. Then based on the equilibrium degree, the objective comprehensive weights of experts were obtained. By fusing the
objective comprehensive weights of experts and the weights of individual comprehensive evaluation values based on si-
milarity,a hybrid weighted aggregation method was proposed to obtain the group comprehensive evaluation values, Fur-
thermore, by defining the expected value and accuracy function with risk attitude factor, the comparison and ranking of

the alternatives were completed. Finally, an illustrative example was given to prove the effectiveness and rationality of

the above method.
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Table 1 The decision matrix given by expert e;

FE H#R(CD Hir (C2) e (C3) [ H R (Cs)

A {[sq555]5[0.7,0.8], {[s555575[0.6,0.67, {55557, [0.8,0.87, {[sq554]5[0.8,0.8], {[s555575[0.7,0. 8],
! [0.1,0.2]y [0.1,0.37) [0.1,0.17) [0.1,0.1]y [0.1,0.27)

A {[s5555],[0.7,0.8], {[sg55475[0.7,0.8], {[sq555],[0.8,0.8], {[s4555]5[0.5,0.6], {[s455575[0.9,0.97,
‘ [0.1,0.2]y [0.2,0.27) [0.2,0.3]) [0.3,0.3]) [0.0,0.17)

A {[s355,]5[0.7,0.7], {[sg55475[0.7,0.8], {55585 ]5[0.7,0.7], {[s5555],[0.7,0.8], {[s355,75[0.8,0.8],
: [0.2,0.2]) [0.1,0.2] [0.1,0.2] [0.1,0.2] [0.1,0.1]

A {[sg56],[0.6,0.7], {[s35537,[0.5,0.6], {[sy5,1,00.6,0.7], {[s355,]5[0.7,0.7], {[s555475[0.6,0.8],
¢ [0. 2,0. 31> [0.2,0. 30> [0.2,0. 30> [0. 2,0. 21> [0.2,0. 20>
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Table 2 The decision matrix given by expert e,

FE #47(C1) A7 (Ce) 47 (Cs) A7 (Co) #4r(Cs)

A {[s5555]5[0.6,0.7], {[s555575[0.7,0. 7], {[sq555]5[0.9,0.97, {[s5555],[0.7,0.8], {[sy55475[0.6,0.6],
! [0.1,0.1]y [0.1,0.17) [0.0,0.17) [0.1,0.2]) [0.1,0.17)

A ([sg501,[0.5,0.7], sy s5515[0.6,0. 77, (L5555 1:[0. 6,0. 77, ([sg+561,[0.6,0. 7], Lsgs5515[0.7,0. 97,
g [0.2,0. 2] [0.2,0.27) [0.1,0.27) [0.1,0.17y [0.1,0.17)

N ([sg 555 1,[0.6,0.7], sy s5515[0.8,0. 97, ([sy »5.15[0. 6,067, ([sy »5,1500.7,0.77, ([sg55515[0.7,0. 87,
: [0.0,0.2] [0.1,0.17 [0.2,0.2] [0.2,0.2]) [0.1,0.2]>

A {[s5555],[0.7,0.8], {[sg55475[0.5,0.6], {[s3555],[0.9,0.97, {[s355,],[0.8,0.8], {[s455,475[0.8,0.8],
‘ [0.1,0.2]) [0.2,0.3] [0.0,0.17 [0.1,0.27) [0.1,0.17
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Table 3 The decision matrix given by expert es
FE #45(Cr) FAR(C2) F4R(Cs) FAR(Co) 45 (Cs)
A {[s5555],[0.7,0.8], {[s555575[0.8,0.97, {[s5555]5[0.8,0.97, {[s5555]5[0.7,0.8], {[sqs5,15[0.8,0.8],
! [0.1,0.1]y [0.1,0.17) [0.1,0.17) [0.2,0. 2]y [0.1,0.17)
A {[s5555]5[0.6,0.7], {[s55547,[0.7,0. 7], {[s5555],[0.8,0.8], {[s5555]5[0.9,0.97, {[s455575[0.8,0. 8],
: [0.1,0.2]y [0.1,0.27) [0.1,0.17) [0.1,0.1]y [0.2,0.27)
A {[s5555]5[0.8,0.8], {[s555575[0.7,0. 8], {[sy s, 1500.7,0.8], {[sy5541500.7,0.8], {[sqs5,15[0.8,0.97,
: [0.0,0.1] [0.1,0.2]> [0.1,0.2]> [0.1,0.17) [0.0,0.17
A {[s4555]5[0.8,0.97, {[sqs5,15[0.8,0.8], {[sq555],[0.8,0.8], {[s5555]5[0.7,0.7], {[s455575[0.7,0. 8],
t [0.1,0.1] [0.0,0.2]> [0.0,0.17) [0.1,0.2]) [0.1,0.17
ARyt BT . 0. 09) & IVIULWAA B3 K Eil T4 RASER LTS
S8l FAEENE o= 0. 28,0 31,0.18,0. 14, TR MR AIENE R (1=<<d, 1<0=03) . 1136 4 FTF1
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Table 4 Individual comprehensive evaluation values of each expert on each scheme

FE el ez €3

A1 sy 580055, 000 15 [0.712,0.7527,[0.1,0. 182700 <[5y 730555, 370 1+ [0. 726,0.7617,[0.0,0.1101)  ([s; g10 55, 050 J+[ 0. 763,0. 8587,[0.110,0.1107»
Az sy 90055, 31005 [0.729,0.793],[0.0,0. 21410 {[sy 41055, 1405 0. 585,0. 7281,[0.151,0. 1718 <[5 000 s S5, 5901+ L0. 750,0. 769],[0. 106,0. 160]»
Az (4 930956 390 15[0.711,0.7597,[0.121,0. 1887 {['sy 190554 ggo J» [0 698,0.7837,[0.0,0. 1617 {[sy 590554 5901 [0. 742,0. 812],[0.0,0.1407)
Ar ([s3 560 553,870 15 [0. 588,0. 6847,[0.2,0.2737>  ([s5 960 »54 1001 [0. 737,0. 7817,[0. 0,0.18871> ([, 140554 690+ [ 0. 780,0. 8267,[0.0,0.137]>

H£E] 2 ETWNEEITERFNE,
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DB TR T RIEEE S R ZREE S Re 5 4A7
I Rr (1<), I3 5 Fg,

DS R LT HENERGETEMEN T, 5§
s'=0.674,5° =0, 760,5° =0. 731,

DA LRETWIEENEZEWAE. 5 A =0. 311,
A5=0. 351,25 =0. 338,
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Table 5 Positive and negative ideal point under each scheme

7 B AR
{[ss 58055, 0a0 15[ 0. 712,0. 752],[0.110,0. 182 ])
{[s4 410255, 14015 [0. 585,0. 7287,[0. 151,0. 2147)
{[s4 190 54, 390 15[ 0. 698,0. 7597,[0.121,0. 1887
{['55 560555 570 )5 [ 0. 588,0. 6847,[0. 2,0. 273])

FE EEE L

A1 [y 795 »55. 145 15 [0. 734,0. 796 1,[0.0,0. 130>
Az <[5y 7555, 341 15 [0. 695,0. 7651,[0.0,0.1807>
Az [y 532950 525 15 [0.717,0. 7861,[0.0,0. 162>
Ay sy 1680 9165 [0. 712,0. 7707,[0.0,0. 1927
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Table 6 Expections of individual comprehensive evaluation

R EEK
{[s4 910255, 370 15[ 0. 763,0. 8587,[0.0,0. 110>
{[ss. 000 » S5, 590 1+ [0. 750,0. 7937,[0. 0,0. 1607
{[s4 590 »54. 680 s [0. 7142,0.8127,[0.0,0. 1407)
(54 14054 o0 s [0. 780,0. 8267,[0.0,0.137])

FIRE 12,018 £ =0. 998, F(1°)=0. 994, HIH
W E LR AL a=0. 5, NI 155 L R LR & F WAL : 1 =
0. 336, =0. 316,13 =0. 349,

S| S FARREGEFEWNE R IVIULWAA B 7%F
BERRTHENNEGEETEMEIATEL, BRE T EN
TACE XM .

values of each expert on each scheme

75% il ‘2 ‘3 Rl :<|:S4, 747 755,157] ,[O 735,0 798] ,[O 0,0 130]>
A1 3.827  4.264 4.233 B

Az 4,221 3.572 4. 306 s

As 4 378 g 5 917 Ry =<{[ 54916 »55.356 ][ 0. 706,0, 765],[ 0. 0,0. 180>
Ay 2. 529 3. 355 3. 829 =

§3:<[54, 345 » 51535 ] 0. 718,0. 7877,[0. 0,0. 161>

NG AR BT GPR X AT T O SR TH T
BRB N RELELI T RT MEGEEMENMLIE, W
(AP ={A1, A}, [A]P ={A ), [A TP ={A1, A, As b,
[AJZ ={AL A A AL LA T = (AL LA T2 = (A,
A Az [ATZ = {A1L A [ATZ = AL AL A AL R

ELL =<{([s3.92 »54.291 1,[ 0. 714,0, 772],[0. 0,0. 1907
B 6 HE R 5R, ZAIARGUE . 4558 03k 7 .
F£T BEERMBEGENESBEINBCE S Z B A HE DL

Table 7 Similarity between the comprehensive evaluation values of

each expert and the weighted mean evaluation values of group

Y 10 Wﬁa,c%:%x<%+%+%+1>:o. 625 . |7 J A

1 FE €] 2 3
48 3:1’ 3:0. 6250 Py 11 @ /El’ 1:_>< 0. 625 Ay 0.596 0. 825 0.579
e E AR 1L A o = X - Ay 0.853  0.491  0.666
_ . . . - As 0.426  0.824  0.750
1)=0.813,2=0. 625, =0, 813, MM E&EFELT 5 A 0.385 0913 0.702

BRI A 28 =0. 36,25 =0. 28,25 =0. 36,

P4 HE/RLRENE SR E, PR 15 RY (A E @f (1=, 1<3k=3) , T3R8 F7F1 .
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Table 8 Weigths of individual comprehensive evaluation values

under each expert

FE Bl 2 e

Ar 0. 298 0.413 0. 290
Az 0. 426 0. 241 0.333
As 0.213 0.412 0. 375
Ag 0.193 0. 456 0.351

ST HRERBERETETENGETENE, 115
Ry =[si.730 555,167 1,[ 0. 733,0. 7937, 0. 0,0. 128>
Ro=[ses31 »55.50 1, 0. 709,0. 7727, 0. 0,0. 183]»

Ry =[su.350 » 5057 1,[0. 719,0. 7917,[0. 0,0. 1577

Ri=1{['s3.910 » 54260 ] »[ 0. 732,0. 7847,[0. 0,0. 1807>

$£ S HERERENKREERT 7. ER RS S
PEGHE R B HERIHE .

F 9 G T Y y BUR [RIE I %5 R 69 38 i 25 & PR B R,
Q=GO BPIEE RHEF AR, M y€[0,0.5), BIRFE AL
R PR MRT , 7 B HET 45 R0 A > A - A=A, Ho
Ay HEMR TR Y y<[0. 5,17, BIPesE & 12 XU 5 s Bk
RS AR, R HEF SR A > A > A > AL H A A,
HE TSR

*9 ARRRSEET T A B4R

Table 9 Ranking resucts under different risk attitude factors

AEET MaE #EER

0 EO(R1)=3.796,E°(R2)=3. 687, E°(R3)=3. 403, E0 (R4)=3. 033 Ar>Ar>As>A
0.1 E01(Ry)=3.875,E%1(R3)=3.789,E01(R3)=3.470,E0 1(Ry)=3.107 A=A >A3 Ay
0.2 E0.2(Ry)=3.956,E02(Ry)=3.892,E02(Rs) =3, 538, E02(R,)=3. 182 A=Az >As A
0.3 E0.3(Ry)=4. 038,E%3(Rz)=3.996,E0 3(Rs) =3. 606, E® 3(Ra)=3. 257 A1 A > A=Ay
0.4 E04(R1)=4.120,E0 4(R2)=4.102,E% +(R3) =3. 675, E0 ¢ (Ry)=3. 333 A1>Ar>A3>Ay
0.5 E0.5(Ry)=4, 203,E%5 (Rz)=4. 209,E0.5(R3) =3. 744, E0.5(Ry)=3. 410 Az >A1>A3 Ay
0.6 E0.6(Ry)=4.287,E06 (Ry) =4. 318, E0.6 (R3) =3, 813, E0. 6 (Ry) =3, 488 Ar>AI>A AL
0.7 E07(Ry)=4.372,E%7(Ry)=4. 428,E0.7(R3)=3. 884, E% 7 (Rs)=3. 566 A A1 >A AL
0.8 E0.8(Ry)=4,457,E% 8 (Rz)=4.539,E0.8(R3)=3. 954, E0 8 (Ry)=3. 646 Az >A1>A3 Ay
0.9 E0.9(R1)=4. 544,E0%9(Ry)=4.651,E0.9(Rs)=4. 025, E0 9 (Ry)=3. 726 Ay >A1 > A3 >AL

1 E1(R1)=4.631,E1(Ry)=4.765,E1(R3)=4.097, E1 (Ry)=3. 807 Ay =>A1 > A3 >Ay
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ATREL S5 ANER 10 Fral.
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Table 10  Comparison of different group decision making methods
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Table 11 Ranking results of Ref. [24] and Ref. [25] under

different risk attitude factors

AEHET Xwk[24] Xwk[25]

0 A1>Ar>A3>A A >A1 A > Ay
0.1 A1>A2>A3>>Ay A1>A2>A3>Ay
0.2 A1>Ar>A3>Ay A1>Ar A Ay
0.3 A1>Ar>A3>Ay A1>Ar A Ay
0.4 A1>A2>A3>>Ay A1>A2>A3>Ay
0.5 A1>Ar>A3>Ay A1>Ar > AL >A3
0.6 A1>Ar>A3>Ay A1>Ar > AL >A3
0.7 A1>A2>A3>>Ay A1>A2 > AL > Az
0.8 A1>Ar>A3>Ay A1>Ar > AL >A3
0.9 A1>Ar>A3>Ay A1>Ar A T>As

1 A1>A2>A3>>Ay A1>A2 > AL > Az
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