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Improved Distance Function

NING Shuaikang', FENG Tao'’, LI Yan', MI Jusheng’
(1. School of Sciences, Hebei University of Science and Technology, Shijiazhuang 050018, China;,
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Abstract: Probabilistic hesitant fuzzy sets play an important role in decision analysis because they can accurately describe the proba-
bility distribution of the hesitancy of alternatives with respect to the attributes. In multi-attribute group decision-making, the alterna-
tives can be effectively ranked according to their representativeness by using the similarity and distance function between the alterna-
tives. If combined with the existing ranking results, the more suitable optimal alternative can also be acquired. This paper discusses
the multi-attribute group decision-making problem based on the representativeness strength of every alternative in probabilistic hesi-
tant fuzzy systems. The distance function based on logarithm is proposed, and the comprehensive similarity is constructed by using
cosine similarity and Jaccard similarity coefficient. Then, the objective weight of experts is improved by using the distance function
based on logarithm, and the comprehensive weight of experts is calculated by combining with the subjective weight. Meanwhile,
based on the group consensus, the positive and negative ideal solutions for the comprehensive decision matrix based on the similari-
ty mean are proposed for the representativeness. And the attribute weight can be calculated by combining the distance function based
on the logarithm. Finally, the ranking method of alternatives based on the strength of representativeness under group consensus is

given by using the closeness degree method. In the part of example verification, the feasibility and effectiveness of the proposed
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model are verified by comparing with the traditional multi-attribute group decision-making model. At the same time, the results of
this model can be combined with the traditional ranking to get the optimal alternative selection.
Key words: comprehensive similarity; distance function based on logarithmic; weight; group consensus; technique for order prefer-

ence by similarity to ideal solution
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Fig. 1 Ranking flowchart based on the representativeness
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Table 4 Decision matrix for expert 1

X 1 Cy I Cy Cs

0.6(0.25),0.7(0.5), _ 0.6(0.3),0.7(0.3),
) {0.8(025) } {0.5(0.6),0.6(0.4) } {0.6(0.8),0.7(0.2) } {0.3(0.4),0.4(0.6) } {0.8(0.4) }

_ _ 0.4(0.3),0.5(0.3), 0.5(0.2),0.6(0.3), _

Zy {0.5(0.5),0.6(0.5) } {0‘6(0'4) } {0.7(0.5) } {0.6(0.6),0.7(0.2) } {0.7(0.5),0.8(0.5) }
5 {0.7(0.5),0.8(0.3) | {Z'fgg'ii'o'qom} {0.5(0.2),0.6(0.8) | {0.5(0.4),0.6(0.5) | {0.6(0.3),0.7(0.7)}

0.8(0.5),0.85(0.3), 0.6(0.4),0.7(0.3),
z4 {0.9(02) } {0.7(0.6),0.8(0.2) } {0-8«).3) } {0.5(0.5),0.6(0.5) } {0.7(0.7),0.8(0.3) }
s {0.65(0.5),0.75(0.5) | {0.5(0.5),0.6(0.5) } {0.7(0.3),0.8(0.7) } {0.5(0.3),0.6(0.3),} {0'7(0'2)’0'8(0'2)’}

0.7(0.4)

0.9(0.4)

3) MG~ (12) A A DL R WER G AE .

p1=0.4780,0,,=0.4739,0, =0.504 1,

p2=0.526 1,0, =0.4959, 0, = 0.5220,
01=0.4759,0,=0.5151,0,=0.508 9,

0,=0.3821,0,=0.413

88— /N8, 0,=04,0,=04,0,= 0.2,

6,0,=0.2043, AL

K5 FR2MEELERL
Table 5 Decision matrix for expert 2
X (& Co C3 Cy Cs
0.7(0.7),0.8(0.2), 0.5(0.3),0.6(0.4),

. {0.5(05),0.7(05)) {0-9E0.1; ( )} {0.4(0.3),0.6(0.5)) {O_;EOB; ( )} {0.7(0.4),0.8(0.6) }

0.6(0.3),0.7(0.4), 0.5(0.7),0.6(0.2),
zy {0.5(0.4),0.6(0.6) } {0.6(0.7),0.7(0.3) } {08203; n )} {0.6(0.5),0.7(0.5) } {0820 :; ( )}

0.5(0.2),0.6(0.3), 0.6(0.5),0.7(0.2), _
5 {0‘7(015) } {0.7(0.6),0.8(0.4) | {0.3(0.4),0.5(0.6) | {0.8(0.3) } {0.6(0.5),0.7(0.5) |
4 {0.7(0.4),0.8(0.4) } {Z‘Zig'i;’w(o'l)’} {2’;22'2’0’8(03)’} {0.5(0.4),0.6(0.6) | {0.7(0.2),0.8(0.6) }
. %0'6(0‘5)’0'7(0‘4)’} {0.6(0.4),0.7(0.6) } {0.4(0.5),0.5(0.5) ) [0.7(0.4),0.8(0.4) } {0‘6(0'2)’0"“0‘4)’
o 0.8(0.1) R 40200005 R 0.8(0.4)
K6 FTRIVIFIESL
Table 6 Decision matrix for expert 3
X ¢ Cy C3 Cy s
x {0'6(0'3)'0'7(0'5)’} {0.6(0.4),0.7(0.4)} {0.7(0.6),0.8(0.4) } {0'65(0'4%0'7(0'2)’} {0.6(0.2),0.7(0.8) }
0.75(0.4)

Zy 10.6(0.5),0.7(0.3) | {8'?522;,0.6(0.4),} (05(03),0.6(07)) (0.6(0.8),08(02)) {0.55(0.4),0.6(0.3),}

0.6(0.5),0.7(0.3), 0.6(0.2),0.7(0.4), 7(0.4),0.8(0.4
25 {05(0.3),0.6(0.7)} (0.5(0.5),0.7(0.5) ) {O.SEO.Z; ( )} %O.SEM? ( >} {0.7(0.4),0.8(0.4) )

0.5(0.3),0.6(0.4), 0.5(0.3),0.6(0.3),

zy {0.7(0.3) } {0.7(0 . % {0.7(0.2),0.8(0.6) } {0.6(0.4),0.7(0.6) | {0.7(0.6),0.8(0.4) |
x5 {0.7(0.5),0.8(0.5) {0.6(0.6),0.7(0.4) | {8:83’0‘6(0‘4)’} [0.7(0.8),0.8(0.2) } {0.6(0.3),0.7(0.7) }
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Table 7 Group consensus decision matrix of expert 1
X cy cy C3 Cy Cs
0.6(0.28),0.7(0.48), 0.6(0.29),0.7(0.29),
) {0.8(0.24) } {0.5(0.61),0.6(0.39)}  {0.6(0.79),0.7(0.21) } {0.3(0.4),0.4(0.6) 0.8(0.41)
0.4(0.24),0.5(0.24), 0.5(0.2),0.6(0.3),
z,  {0.5(0.47),0.6(0.53) {0.650.51; (0:24) } {0.7E0.5; (03) } {0.6(0.73),0.7(0.27) ) {0.7(0.5),0.8(0.5) }
;- {0.7(063),08(0.37)} {shfig'i)’oﬂm)’} (0.5(0.22),0.6(0.78) ) {0.5(0.33),0.6(0.67)}  {0.6(0.27),0.7(0.73) )
. {0'8(0'5)’0‘85(0‘3)’} {0.7(0.75),0.8(0.25) } {0'6(0'37)’0'7(0‘28%% [0.5(0.45),0.6(0.55)}  {0.7(0.69),0.8(0.31)}
o 0.9(0.2) R 0.8(0.35) R R
2 {065(049),0.75(0.51))  {0.5(0.5),0.6(0.5)) 107(03),08(0.7)) {8':82;’0'6(0'2@} {g.gig.ig,o.g(o.%),
8 FTR2ABERERES
Table 8 Group consensus decision matrix of expert 2
X 3 Cy 3 [ Cs
;. {0.5(0.46),0.7(0.54) | {2';(0‘7)’0'8(0‘2)’} {0.4(0.38),0.6(0.62) ) {8:822;’0‘6(0'38)’} {0.7(0.42),0.8(0.58) |
r, {0.5(0.39),0.6(0.61) | {0.6(0.7),0.7(0.3) } {8-:&2.22;,0.7(0.38)} (0.6(051),07(0.49)) {2;22(13206(02)}
0.5(0.2),0.6(0.3), 0.6(0.52),0.7(0.19),
2 {0.7(0.5) } {0.7(0.6),0.8(0.4) {0.3(0.4),0.5(0.6) } %0.8(0429) } {0.6(0.48),0.7(0.52) }
0.6(0.51),0.7(0.1), 0.7(0.52),0.8(0.29),
. {0.7(0.51),0.8(0.49) | {0.8(0‘39) } {0.9(0.19) } {0.5(0.39),0.6(0.61)}  {0.7(0.26),0.8(0.74) |
. {0.6(0.49),0.75(0.41),} (0.6(042),07(058) {0.4(0.5),0.5(0.5) } (0.7(05),08(05)) {0.6(0.2),0.7(0.39),}
0.8(0.1) 0.8(0.41)
R HRIGHLIEFLEE
Table 9 Group consensus decision matrix of expert 3
X C Cy Cs Cy Cs
0.6(0.31),0.7(0.49), 0.65(0.4),0.7(0.2),
) %0.8(0.19) } {0.6(0.51),0.7(0.49) | {0.7(0.6),0.8(0.4) ) {0.75(0.4) } {0.6(0.2),0.7(0.8) }
0.5(0.31),0.6(0.39), 0.55(0.39),0.6(0.3),
x,  {0.6(0.62),0.7(0.38)} {o.7§o‘29; (0.59) } {0.5(0.3),0.6(0.7) } {0.6(0.8),0.8(0.2) } {0'640.32; (03
0.6(0.5),0.7(0.3), 0.6(0.22),0.7(0.39),
2, {05(0.3),0.6(0.7)) {0.5(0.51),0.7(0.49) {O.SEO;; (0.3) } {osio.gg; (0.39) } (07(05).05(05)]
0.5(0.3),0.6(0.4), 0.5(0.28),0.6(0.28), )
z, {0_7(0_3) % {07(0.43) } {0.7(0.16),0.8(0.74) } {0.6(0.4),0.7(0.6) } {0.7(0.59),0.8(0.41) |
0.5(0.2),0.6(0.41),
x5 {0.7(0.52),0.8(0.48) | {0.6(0.61),0.7(0.39) | %07(0 39) } {0.7(0.8),0.8(0.2) } {0.6(0.3),0.7(0.7) }
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Table 10 Decision matrix of comprehensive expert

X Cy Cy C3 Cy Cs
0.3(0.16),0.4(0.24),
0.5(0.24),0.6(0.26),
0.5(0.18),0.6(0.17), 0.7(0.38).0.8(0.08) 0.4(0.15),0.6(0.56), 0.5(0.13),0.6(0.15), 0.6(0.16),0.7(0.44),
o 0.7(0.51),0.8(0.13) 0'9(0'04)’ T 0.7(0.2),0.8(0.08) 0.65(0.08),0.7(0.16), 0.8(0.4)

0.75(0.08)

0.5(0.34),0.6(0.58) 0.4(0.1),0.5(0.16) 0.5(0.14),0.6(0.39) 0.6(0.66),0.7(0.3) e
{.o. ,0.6(0. } { .1),0.5(0. } *b‘ OO0 % { e } |o,6(0.14),0465(0.06),

0.7(0.08) 0.6(0.56),0.7(0.18) 0.7(0.35),0.8(0.12) 0.8(0.04) 0.7(0.2),0.8(0.25)
0.3(0.08),0.4(0.16), 0.3(0.16),0.5(0.33),
{0.5(0.14),0.6(0.26),} | ) < { ’ {0.5(0413),0.6(0‘52),} {0.6(0.3),0.7(0.6),}
z 0.5(0.26),0.7(0.34), 0.6(0.41),0.7(0.06),
0.7(0.45),0.8(0.15) 0.7(0.15),0.8(0.19) 0.8(0.1)
0.8(0.16) 0.8(0.04)
0.5(0.06),0.6(0.08). 0.5(0.06),0.6(0.26) 0.6(0.15),0.7(0.37) 0.5(0.34),0.6(0.53)
2 10.7(0.26),0.8(0.4), {") SURTOA } { R } {'J DO } (0.7(0.5),0.8(0.5)
0.7(0.43),0.8(0.26) 0.8(0.4),0.9(0.08) 0.7(0.12)
0.85(0.12),0.9(0.08)

0.7(0.1),0.75(0.37), 0.6(0.08),0.7(0.2), _
0.7(0.31) 0.7(0.56),0.8(0.24) 0.8(0.26),0.9(0.18)

0.6(0.2),0.65(0.2), 0.4(0.2),0.5(0.24),

{0.5(0.2),0.6(0.49),} {0.5(0.1),0‘6(0.1),} {0.6(0‘14),0.7(0.42),}

X5
|O.8(O.14) ’ |O.8(O.28) ’

{741y T525 To30 145 715 o
oA M AARX (7)) d, HEEMERE 0 =(0.1842,0.2457,0.3151,0.101 8, 0.153 2)
BLL i AAE TR ETREEN I EAMEMYERJ Md .
=0.1735,d;=0.1631,d; =0.161 3,d; =0.188 7,d =0.142 6;
d;r =0.1498,d, =0.1956,d; =0.1706,d;, =0.1907,d; =0.140 1,
55\ 20 AR R G R 8 SRR A O SR U R
5,=1.8722,8,=2.2457,5,=2.0804,5,=2.0929,5,=1.981 8,
EIUL RPN N KRB r BT T AREMHEY . &4 HFNE <E <
By <<E,<EB,, WL HMAREREMWEZFEH,,
4.2 ZEDW
TR WY T AR R ik R AT M B R FRATTRE AR SO O vk S S e ik A 2 A
TOPSIS 7 |\ Hi 5t 238 TOPSIS % & JLF 7 2 47 T X L b, 25 Rk 12 o . b AR Scor kil
S BW, Ho s © 280 00—k A B AT s B VA QT A X TOPSIS 7 ET, 1l 5t #8 TOPSIS
% QT AR SO 2 S Ly 2 BN 2 ¢l o % 5 — fb ab 3

R11 HFRHFRE 12 AARFERET EGHTER
Table 11  Expert's scoring function Table 12 Ranking results of different function methods
X a C2 cs € €5 HFJr:  BW QJ ET QT BN
x 0.611 0.408 0.639 0.472 0.417 X 5 3 3 2 3
Z, 0.598 0.584 0.435 0.653 0.557 X 1 5 4 4 5
Z3 0.585 0.671 0.608 0.573 0.490 X 3 4 5 5 2
K 0.366 0.424 0.583 0.517 0.443 Ty 2 2 1 1 1
x5 0.625 0.337 0.649 0.507 0.562 xs 4 1 2 3 4

M 12 R mT AR Y AR 3 AN [ ) g 00 8 26 T 05 SR AL B HE Y | SR AT R oy HEAE SR — 0 A A
B, B LAAT LA 4518« 3K o i WA S Y 2 MR RE A R B e — 28 T AR S5 R A R ik T AR SR AR
e, IO o, 0 22 2 RE A AR MR e i, g BOARR AR B4, Z845 AT o A N B LT 6 07 S 50
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