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Extended VIKOR method for multi-attribute group decision making based
on Pythagorean uncertain linguistic information

LIU Zheng-min®, LIU Pei-de, LIU Wei-long

(School of Management Science and Engineering, Shandong University of Finance and Economics, Ji’nan 250014,
China)

Abstract: With respect to the multi-attribute decision making problem with Pythagorean uncertain linguistic variables, in
which attribute weights and expert weights are completely unknown, an extended VIKOR method is proposed. Firstly, the
concept of Pythagorean uncertain linguistic variables is defined. Combining with the concept of linguistic scale functions,
the operational laws, comparison method and Hamming distance of Pythagorean uncertain linguistic variables are also
proposed to accommodate different semantic situations. Then, an objective attribute weight determination method is
proposed to determinate the attribute weights based on the Pythagorean uncertain linguistic entropy measure, and an
objective expert weight determination method is also proposed to determine the weight of experts with respect to each
attribute by calculating the similarity degree among evaluation values in which the attribute values are expressed as
Pythagorean uncertain linguistic variables. Based on the above research, an extended VIKOR method is proposed to solve
Pythagorean uncertain linguistic multi-attribute group decision making problems. Finally, an example of domestic airline
service quality evaluation is provided to demonstrate the effectiveness and feasibility of the proposed method.
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T4 <[52752], (08,02)) ([85,55],(0A9,0.3)>
£4 LTRe AHROREER RY
c1 C2
z1  ([s4, s4],(0.9,0.2))  ([s2, s4], (0.5,0.4))
X2 <[31,S4],(0.7,0.2)> ([31753],(0A7,0‘4)>
X3 ([33,85],(0.8,0.2)> <[S3,S4],(0.9,0.2)>
x4 ([s1,s2],(0.8,0.4)) ([s2,s4],(0.7,0.4))
c3 Cq
Z1 <[52753]7(0'870'3)> ([53a54]7(0'8’0'5}>
X2 ([83,53], (07,01)> ([34756],(0.8,0.4)>
3 ([83,84],(0.7,0.2)> ([83,84],(0.7,0.2)>
T4 <[53754]7(0'970'1)> ([33755]7(0'7’0'4»

4.1 HEARHEF

g AT LRI AT PR A B AR D IR, R

HHE S 2 R AUE B (),

ZH o UE Y 1.41080,
Step 1: BT 4@ PEX 2 i A, A 7 BEREAT ML

ivjvk:]-727"' 74'

Step 2: 3T 3.2 75 HR$E HA G 2 T AHABLRE 1) 5 AL
B E 1 VR R SOE, S5 R R

AW =0.2715, A0 =0.2188,
AW =0.2567, A = 0.253;
A2 =0.2205,A2 = 0.2612,
AP =0.2726,A =0.2457;
A = 0.219, A = 0.2787,
AP =0.2455, 0% = 0.256 7

AW = 0.2715, A = 0.2188,
AP =0.2567, A% = 0.253.
Step 3: K AR R SEHFE RW (k = 1,2,--- ,4) Al
F PULWAA 5.1 (X (7) B & BRI SRR G =
{Wij}an = <[59~(mj)» Sf(mj)}a P(ﬂmj,ﬂmj)%/n%ﬁl]
RSP

=5 EREMRKRERG

C1 C2

(0.77,0.22)
(0.80,0.27)
(0.66,0.38)
(0.71,0.28)

(0.67,0.37)
(0.64,0.32)
(0.78,0.29)
(0.59, 0.40)

z1  ([s1.096,53.10], ([51.75, 83.04
([81419782494

([516075321

x2 ([82,027 S$3.45
x3 ([5157753‘54

NS
NS

x4 ([s1.08,53.30], ([s2.20, 53.65

c3 Cq

z1  ([s2.10,83.77], (0.73,0.34)
zo  {[s2.17, $3.57], (0.66,0.21)
x3  ([s2.75, S4.36], (0.79,0.27)
x4 ([s1.65,53.33], (0.84,0.22)

([s4.11, 85.35], (0.72,0.42)
([s3.55, s4.88], (0.81,0.32)
([s3.06, s4.31], (0.66,0.33)

],(0.78,0.32)

NS
NS

([s2.80, 84.75],
Step4: H KA X (14), @50 L R BRI K
Pythagorean ANl i€ 18 5 MRS D, #EHIH =X (16)
B TEAE
wy = 0.2510, wy = 0.2424,
ws = 0.2547,ws = 0.2519.

Step 5: £ T4 I G, i € J7 SR B EAR R Dy

g7 ={{[52.0163, 53.5421], (0.796 8,0.215 5)),
([52.1075, $3.56], (0.783 5,0.289 3)),
([52.750 4> $4.3604), (0.836 5,0.2046)),
([[4.106 1, $5.347), (0.8099,0.3179))},

g~ ={{[s1.5727, 53.104], (0.662 6, 0.379)),

[ ], (0.5888,0.399)),
([51.6479, $3.326 2], (0.655, 0.3429)),
([52.792.65 4.3065), (0.655 7,0.4145))}.

Step 6: M4 (18) F1(19), 45 A EEE A R (5), it
BT RN RS S () FIAMA BRI R (2;) A

( 51.1934, 52.9388



% 12 x| BL#k 4 T Pythagorean 144 i€ & 5 6947 J&E VIKOR % /& 1E 2 i R 77 % 2151
S(x1) = 0.4695, S(x2) = 0.490 5, =6 RS, R, QMEHAFHIIER
S(x3) = 0.5515,5(x4) = 0.5426, 1 2 3 4
R(Jil) =0.162 6, R(.Z’Q) = 0.206 4, %S, Z1 T2 Ta T3
@Ri Ta T To T3
R(z3) =0.2209, R(x4) = 0.154 7; %Q, . . s s

I (20), A = 0.5, iFHIFEME A
Q(z1) = 0.0592, Q(a2) = 0.5179,
Q(z3) =1.0,Q(x4) = 0.4455.
Step 7: HR¥E S(x;)« R(x;) M Q(z;) BMEHEAT T
HEF, 73 l45 2 £ 77 2 1 3N HE, 45 R LAk 6.
Step 8: IR 6 F] LAE th, 21 i 2 Q(71) — Q(z4) =

JE I ATEOR R S /ME, BV o [ B i A2 2% A 1 RN S A1 2.
e\ = 0.5,z NITE T E.
42 BRSO

FE SRt 3, B 50T B A AN R o A B, g
T R AN 5] 4 47 3 5 8, B o WYL [0, 1] 22 8] (4T fT
fE. N HTHT E S H ¢ AR B &k P 45 R

1 . .
0.3863 > a1 - 0.3333, H o) 7E4KHE S (o) HE W, tFEERINET PR,
xRT MRAB o H RHFHIF M
¢ Q(z1) Q(a2) Q(s) Q(x4) VE=ihs oy %
0.0 0.1183 0.7803 1.0 0.0 Ty = Ty > Ty > T3 Ty, Ty
0.1 0.106 5 0.7278 1.0 0.0891 Ty > Ty > Ty > T3 T, Xy
0.3 0.0828 0.6229 1.0 0.2673 Ty > Ty > To > T3 T, X4
0.5 0.0592 0.5179 1.0 0.4455 X1 > Tg > Ty > T3 T
0.7 0.0355 0.4130 1.0 0.6237 T1 > T > Ty > T3 T
0.9 0.0118 0.3080 1.0 0.8019 T1 > Ty > Ty > T3 T, To
1.0 0.0 0.2555 1.0 0.8910 Ty > XTg > Ty > T3 T, To

BAR, WK T AT LR o s 45 R AR Ro . 2
¢ WUE N {0,0.1, 0.3}, BI & Z 4% 2 25 J8 AN A 15t Pk v
TR RNz, 24} 2 ¢ = 0.5, L F I NHEAE
B350 FH AR A 8 4k ) 4 B L, S T RNy Mo L
BN 0.9 8 1, BUEL 2 2% B R AR B I, S TR N
{@1, 2o}, BEAL, 1 & 53 T B AW AEL, B 4 ¢ = 0, R
% FEAMA BRI, HE 7 25 R SR TR AN s e /)
R(x;) BEATHEF: 2 ¢ = 1,80 L5 e BRI I, HE
SEIR SN TARIE BEAR S B K S () HEATHEIT . B

AL, @ AR T i A A 50 FH R i /N A 3 ik 2T )
Z 1, o 8 1R TT LR IA & AN [A) 1) 32 WA 4, 2
e R SR ) R E YA T
43 FEXTEE AR

P AR SCHE H #9771 (PUL-VIKOR) [F] Pythagorean
AN 7€ 15 5 TOPSIS 7592 (PUL-TOPSIS, ¥ & H SCiik
[3]) Al Pythagorean A i i€ 1 & 5 A INALF- 24 77 12
(PULWAA) 47 bes, vH 5 &5 Rk 8 fl .

®8 FIAXEL
PUL-VIKOR(¢ =0)  PUL-VIKOR(¢ = 0.5)  PUL-VIKOR(¢ = 0) PUL-TOPSIS PULWAA
ES

Q(z;) 053 Q(x;) Ik Q(z,) HER WHEEE HEF 59 053
T 0.1183 2 0.0592 1 0 1 0.507 1 1 0.3757 1
@ 0.7803 3 0.5179 3 0.2555 2 0.4763 2 0.3660 2
x3 1.0 4 1.0 4 1.0 4 0.4541 3 0.3662 4
T4 0.0 1 0.4455 2 0.8910 3 04333 4 0.3654 3

MERTRE AT LIF H: 2 ¢ = 08, PUL-VIKOR
T RNHTF Ny = 21 = 20 = 25, TEITREN
xi Moy, T2 ¢ = 058 10, H1 TR N2, ; PUL-
TOPSIS 75 7% 1 PULWAA 77 545 3 (1 S A e B 3 4
oy, AR 3PP VE R AR B T A5 RARAE —E E LA
13BN T AR IEBEII N 2y, X W IGUE T A ST 7 1k
A 5. 7= A 22 7 1 iR PR AT BB AE T PUL-TOPSIS J7
1A PULWAA J5 VE #7518 4 5 1 5 W AR 4F. 16
b, PUL-VIKOR 77575 18 T H A4 f5 AN 13 4k fe

INRARAT Z W, TR 25518 5 21 BE R A, AT DA Y
AN 1 SCAER.
5 &% #®

Pythagorean A~ ff i€ & 5 A8 S 4 ), | Pythagorean

Pl —RH, EEARAESEE BEREZW
i 376 AR A I UME. AT T —Fh g &
'] VIKOR J5 7% 3K 4k # Pythagorean A~ ff i€ 15 5 A 55
NI 22 Ja I A R A I L I A A ] AR B P A
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