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Abstract: Aiming at the missing distributed linguistic trust social matrix and highly incomplete evaluation
information,a new group decision-making method for distributed linguistic trust network is proposed. Firstly,a
distributed linguistic trust propagation model is proposed to fill the missing values in the distributed linguistic
trust social matrix. Secondly, the individual trust centrality and the group trust centrality based on the
distributed linguistic trust social matrix are defined,and a method to determine the weight of experts in the
evaluation network is proposed. Furthermore,in view of the highly incomplete evaluation information in the
decision matrix,the K-nearest neighbor algorithm is used to evaluate the incomplete evaluation information,and
an improved technique for order preference by similarity to an ideal solution (TOPSIS) method is proposed based
on the distance measure of distributed linguistic trust function. Finally, the feasibility and the effectiveness of
the group decision making method are verified by the comprehensive evaluation of the cost performance of the
takeout service platform.
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Fig. 1 Distributed linguistic trust network
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A 2T A AT o SR e R 5 )l o0 A St 3 1 AT A e SR
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T, T, - T, closeness degree, ICD) iy
T,, T, - T, 1D _ dX,. X)) d(X.. X" 29
A=(Ty) = ¢ S : CDOXD Ao (X v X7) doin (X0 X)) 2
T, T, - T, At du (X, X)) = glind(X,,XJr); Ao (X;5 X7 ) =

B AT A S F R AR IE L TOBARAR L T X R
A3 B G AT IEBAR AR, X R 4010 2B 5 5 AT 1
AEA -

X' ={G, ,max{E(T; ) |j=1.2,,n)=
{<G1,T1+>’,<G2,Tz+>,"',(G,I,T,,Jr” (18)

X ={G, ,min(E(T;)) |j=1,2,-,n)=
(G T ) G Ty ) e (G T ) (1)

AR L8O AN (19D AL SE SC 9 ey B 8 0 38 2 =T 3
AT R X 55408 5 G R AR X R g
X ZIE R EEE,

: : 1< N
d(X, ,X*):Z:;@,d(T{, LT :2‘“1«/?2‘% — .l

(20)
d(X: X )= wd(T, ,1*>:Ew,J%Z\¢,,_Q — gl
21)

Ho, d(X, X OHMUN, F R X Bl d(X, . X )ik,
ELINED YN
PR, 7T 315 A A4 7 %€ X, B9 Bl ik 0 E B (improved

f{lf?fd(xz’x7>°

FET AL T ICDCX ) W 7 R AT HERF .
3.2 ETFSERMEEMNNGRNESHEENBHALR

Fik

25 b T B AR A R 4 10 2B F R AT 4 B Tk
KO B SRIR
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Fig. 2 Framework of group decision making method for distributed linguistic trust network based on highly incomplete information
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BRIV 2 LTl 5 A B BB S WA A0 5 B B % BT
B2 B MR A & R PE B LARRER R 32

(3) H itk 1y TOPSIS 51 A3 A 008 5 H 5L b I 255
DTWA 555 % 75 & £ - vl A 208 G th 321> DTWA 551
x5 S BEAL BT R A5 B 2% F I i

4 RERMFASH

4.1 BISH
BB 3 AV E X X0 X b A I 8 D 4

% {(D,,0.0),(D,,0.3),
(D;,0.7)}
{(D,,0.2),(D,,0.3),

(D,,0.5)} .

(D, ,0.1),(D,,0.4),
(D;,0.5)}

N

K=" RARERMAFAEEFERR ;" X"RRERK
AERNEEASTHIE,

PRI MEFEEEETFXAADMGEEREAE T
KAD KESAERBEEFHEASEENE., UEEK e Mg
Fe MEEXRNO, TR e BILFK e, H 3 ZGELH®
AR R Ly cei—es—>e Ly ce,—>es—>e;—>e, Fll Ly :e,—
es—>e;—>e, e, SMRAE (1) 1] 15

PL (T, T*)=Ph {((D,,0.0),(D,,0.3),(D,,0.7)),
((D,,0.4),(D,,0.2),(D;,0.4))}=
{(D, ,0.660) ,(D, ;0. 060) , (D, ,0. 280) }
P (T, T, T*)=P; {((D,,0.1),(D,,0.3),(D;,0.6)),
(D, ,0.3),(D,,0.3),(Dy,0.4)) ,((D,0. 3) ,(D,,0. 2) ,(D;,0.5) } =

{(D,+0.1),(D,,0.3),
B (D, +0.6))
(D, ,0.4),(D,,0.2),
N (D, 0. 1) N
» ((D,.0.3),(D,,0.2), B
(D, ,0.5)}
B » {(D,.0.1(D,,0. 1),
(D,,0.8))
((D,.0.3),(D,,0.3). »
(D, 0. 4)}

B2 Atk Ah S A TRE 26 DR iR R B T R O Jh LR
SRR VAR M (C LG Gy L C ) BRI 43 B R
w=[0.35,0.3,0.15,0.2]" . BLTF Ry K 2% A e 4 — ik
MmN & AR KEE e e ses
erses ) s RO P OB F AT T, 9+ 5 & Lk
A A JEEXT 3 NSNS B HEAT PR DA P E R
S FE. Hb Bl de=3,04%4 D =“%".D,=
CHEET Dy =", IS, Lk 5 KA A AN Y 4
i AR AL A

{(D,,0.862),(D,,0.018),(D,,0.120)}

Py (TP T% T, T* ) =Py {((Dy ,0. 1) ,(D, ,0.3) .(D; ,0.6)) ,
((Dy40.3)+(D, ,0.3) . (D;,0.4)) ,((Dy ,0. 1) (D, ,0. 4) ,
(D;,0.5)),((D,,0.4),(D,,0.2),(Dy,0.4))} =
{(D,,0.945),(D,,0.007), (D, ,0. 048) }

bR 3 RSB ANNETH QWA 4 a=
0.5, 1% w, =0.58,w, =0. 24,w; =0. 18, LK ¢ X%
Ko WEERRN
P97 =0.58+ P4 40, 24P} +0. 18- Py =
{(D,,0.760),(D, ,0.040),(D, ,0.200) }
Hofth % ZRI) 5 4 56 & nT 28 UTH 38 i T A8 0 F S8 i
B A 2 F R A R

{(D,,0.0), {(D,,0.739 2), {(D,,0.760), {(D,,0.1),
% (D,,0.3), (D, ,0.064 4), (D, ,0.040), (D,,0.3),
(D;,0.7)} (D;,0.196 4)} (D, ,0.200)} (D;,0.6)}
{(D,,0.2), {(D, ,0.832), {(D,,0.4), {(D,,0.546),
(D,,0.3), % (D,,0.042), (D,,0.2), (D,,0.140),
(D;,0.5))} (D;,0.126)} (D, ,0.4)} (D, ,0.314)}
{(D,,0.630), {(D;,0.1), {(D,,0.3), {(D,,0.681 5),
S, (D, ,0.120), (D,,0.4), % (D,,0.2), (D,,0.021 7),
(D, ,0.250) } (D, ,0.5)} (D;,0.5)} (D;,0.296 8)}
{(D,,0.916), {(D, ,0.828), {(D, ,0.650), {(D,,0. D,
(D, ,0.004), (D,,0.012), (D, ,0.030), « (D,,0.1),
(D, ,0.080) } (D;,0.160)} (D, ,0.320)} (D;,0.8)}
{(D,,0.864), {(D,,0.680), {(D;,0.3), {(D,,0.785),
(D, ,0.036), (D,,0.120), (D,,0.3), (D, ,0.050), >
(D, ,0.100) } (D, ,0.200) } (Dy,0.4)} (D;,0.165)}
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$B 2 RIERAD MR D, AR L Z 51T w =0.197
HhC B RV AR A o B w; =0. 200
ITCCey) ={(D,,0.652 5),(D,,0.115 0),(D;,0.232 5)} w; =0.201
ITCCe,) ={(D,,0.402),(D,,0.208),(D,,0.390) w, =0.212
ITCCe;) ={(D,,0.630),(D,,0.109),(D,,0.261) w; =0.190

ITC(e,) ={(D,,0.561),(D,,0.123),(D; ,0.316) HB3 RIE KESFEIT TS LK e BERRIEMN
ITC(e;)={ (D, ,0.357),(D,,0.140) ,(D; ,0.503) KAEZR . HHMF KAERINEEMEF e B5EEIE.
GTC(e,)={(D,,0.520 5),(D,,0.139 0),(D;,0.340 5)} Horp 5 % oA U0 B BAT A BRI n Rk 1~ 5
SETTAR R (15) 55 & FAE N i
®1 ERe WABRIBSEEITMHER

Table 1 Distributed linguistic trust evaluation matrix of expert e,

}
}
)
)

el C Cy C; Cy

X1 {(D1,0.1),(Dy,0.7),(Ds5,0.2)} {(Dy,0.2),(D2,0.5),(D3,0.3)} {(D1,0.2),(Dy,0.5),(D5,0.3)} {(Dy,0.2),(D;y,0.1),(D5,0.7)}
XZ - - - -
X3 {(D1,0.5),(Dy,0.2),(D3,0.3)} {(Dy,0.6),(D2,0.3),(D3,0. 1)} {(Dy,0.4),(D2,0.5),(D3,0. 1)} {(D,0.1),(Dy,0.8),(D5,0. 1)}

R2 EReMoHXBEFREITMGER

Table 2 Distributed linguistic trust evaluation matrix of expert e,

ez Cl CZ CI% C\

X1 {(D1,0.1),(D2,0.0),(D3,0.9} {(D1,0.3),(D;y,0.6),(Ds,0. 1)} {(D1,0.0),(Dz,0.2),(D3,0.8)} {(Dy,0.7),(Dy,0.3),(D5,0.0)}
X, {(D;,0.5),(D;,0.3),(D;3,0.2)} {(D;,0.3),(D2,0.6),(Ds,0. 1)} {(D;,0.8),(D;,0.2),(D;3,0.0)} {(Dy,0.3),(Dz,0.7),(D;3,0.0)}
X5 {(Dy,0.4),(D;,0.6),(D5,0.00} {(D;,0.2),(D3,0.4),(D;3,0.4)} {(Dy,0.6),(D;,0.4),(D5,0.0} {(Dy,0.0),(D;y,0.5),(Ds,0.5)}

RI3 LR MO BRNESRETEHER

Table 3 Distributed linguistic trust evaluation matrix of expert ez

es C C, Cs C,

X, {((Dy,0.0),(D2,0.7),(D5,0.3)} {(D;,0.2),(D5,0.8),(D3,0.00} {(D;,0.2),(D2,0.4),(Ds,0.4)} {(D;,0.1),(D;,0.1),(D;.0.8)}
X, {(D;.0.5),(D2,0.3),(D3,0.2)} {(Dy,0.7),(D5,0.2),(D3,0.1)} {(D;,0.6),(Dy,0.4),(D3,0.0)} {(D;,0.4),(Dy,0.4),(D;3.,0.2)}
X; {(D;.0.2).(D;.0.3).(D;3,0.5} {(D;1,0.2),(D>,0.4),(D5,0.4)} {(Dy,0.0).(D5.0.9).(D;3.0.1)} {(Dy,0.4),(D5,0.5),(D;3.0.1)}

4 ER e Mo HXNBEEFEEITMHER

Table 4 Distributed linguistic trust evaluation matrix of expert e,

ey Cy C, C; C,

X1 {(D1+0.0),(Dy,0.4),(D3,0.6)} {(Dy,0.2),(D2,0.3),(D3,0.5)} {(D1,0.0),(D2,0.7),(D3,0.3)} {(Dy,0.3),(Dy,0.4),(D5,0.3)}
X, {(D1,0.8),(D;,0.2),(D5,0.0)} {(D,0.5),(Dz,0.4),(D;3,0. 1)} {(D1,0.6),(D;,0.3),(D5,0. 1)} {(Dy,0.2),(D;y,0.7),(Ds,0.1)}
X3 {(D1,0.2),(D2,0.6),(D3,0.2)} {(D1,0.2),(D;,0.3),(D5,0.5} {(D1,0.2),(Dz,0.7),(D3,0.1)} {(Dy,0.1),(Dy,0.9),(D5,0.0)}

RS ERe MHHNBEFEEITMHER

Table 5 Distributed linguistic trust evaluation matrix of expert es

es C C, C; Cy

X, {(Dy,0.4),(D;,0.5),(Ds,0. )} {(D;,0.3),(D5,0.4),(D;,0.3)} {(Dy,0.5),(D;,0.3),(D5,0.2)} {(Dy,0.5),(D;,0.0),(Ds,0.5)}
X, {(Dy,0.5),(D»,0.4),(Ds,0.1)} {(D;,0.3),(D5,0.5),(D;3,0.2)} {(D;,0.3),(D,0.6),(Ds,0.1)} {(D;,0.6),(D;,0.4),(D;,0.0)}
X3 {(D1,0.3),(D2,0.7),(D;3,0.0)} {(D1,0.0),(D;y,0.8),(Ds,0.2)} {(D1,0.5),(Dz,0.4),(D3,0.1)} {(Dy,0.4),(Dz,0.6),(D5,0.0)}

W RADIHE LR e SHALT RN, 015 PEAL Ky

d(ey ,e;)=0.356 XCy; =p, XC}; +p, XC3; +0,XC;» j=1,2,3,4 (23)

d(e, ye;)=0.218 H 000,00, HEFX ererses BIBEIRMEA T B (E, B

d(ei.e,)=0.238 0, =0.333,0,=0.352,p,=0.315, pk—Hi B A5

d(ey ,e5)=0.258 XCh ={(D, ,0. 605 6),(D,,0.296 3),(D,,0.098 1)}
WK =3, WARHE FIREE I AT 15, 5L 5K e BEB I XC}, ={(D, ,0.503 6),(D,,0.364 9),(D,,0.131 5)}

T3 NERDMNNER es.e0 05 0T e TR BE AT XCl, ={(D, ,0.505 5),(D,,0.427 8),(D, ,0.066 7)}
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XCl, ={(D,,0.392 6),(D,,0.505 6),(D,,0.101 8)}

XRGAARAR X Z R (X X DM d(X . X ).

FR4 HRENIEX SOGNESFHEEERER  ERREROITEREIORE R SRR 6 K.
xo6 ETFNGRBESEERABNBERRER
Table 6 Group decision matrix based on distributed linguistic trust function
ey G C, Cs C,

X1

X

X3

{(D;,0.116),(D;,0.458) ,
(D3,0.426)}
{(D1,0.584),(Dz,0.297),
(D5,0.119)}
{(D1,0.318),(D;,0.480),
(D5 ,0.202)}

{(D1,0.239),(D;,0.519),
(D3 ,0.242)}
{(D1,0.463),(D3,0.412),
(D5,0.125)}
{(D1,0.241),(D5,0.435),
(D3,0.324)}

{(D1,0.175),(D,,0. 424) ,
(D3 ,0.401)}

{(Dy,0.358),(D,,0.185),
(D3 ,0.457)}
{(D;,0.564 4),(D,,0. 382 3),
(D3,0.053 3)}

{(Dy,0.374),(D,,0. 544) ,
(D3,0.082)}
{(D;,0.336),(D,0.584),
(D5 ,0.080)}

{(D;,0.197),(D;,0.663),
(D5 ,0.140) }

s 6 "l E AR XM X

X" ={WD,,0.116),(D,,0.458),(D;,0.426)),
((D, ,0.241) ,(D, ,0.435),(D;,0.324)),
((D,,0.175),(D,,0.424),(D;,0.401)),
((D, ,0.358),(D, ,0.185) , (D, ,0.457)) }

X~ ={W(D,,0.584),(D,,0.297),(D;,0.119)),
((D;,0.463),(D,,0.412),(D,,0.125)),
((D, ,0.564 4),(D,,0.382 3),(D,,0.053 3)),
((D, ,0.374) ,(D, ,0.544) , (D, ,0. 082)) }

UK

FES

d(X,,X")=0.020
d(X,,X")=0.275
d(X,,X")=0.164
d(X,,X )=0.271

d(X,, X7 )=0

d(X;, X )=0.171

i=1,2,3:

ICD(X,)=0

AR COITRED TSR X ML ICDXD) ,

ICD(X,)=—13.54
ICD(X,)=—7.441

F T R X, > X, > X, B — 2 EE X
MG VM L .
4.2 SHHFRESW

T FR PR AR 0 TR G AR ACE T,
TEBENE, HBESH a=0.5. BRYSH o« BULNFE
Bf, B 2 AR AL TEAS R, A M (E AT R A4S Rt & A, I
Mo REEE R E g, B, FE %8S« 281
Xl RHEF AR E W, ETF a=0 B, AN EITHE S H
WO A E L sa=1 B, 25 P 5% % 12 4K B[R] I, 8 42 A
AN 0.5, FI b, HEAR AR RO, % AR K A R
NN S E a=1 WATTH, FHIb, AL 0.2 A K,
TEX RO, 1) AT S8 a 47 HUIH DA 43 A e O DR SR 45 28
Bl @=0.1,0.3,0.5,0.7,0.9, EAKK I ML E ICD
LR HE PS5 5z 7 iR .

RT SHaHARHEFHHN

Table 7 Influence of parameter a on ranking of alternatives

a ICD(X:) 3350

o ICD(X1) =0,ICD(X;) = — 13. 40, XX
: ICD(X;)=—7.353 fo A

o ICD(X,)=0.ICD(X,) = —13. 44, XX
: ICD(X3) = —7. 382 e

o ICD(X,)=0,ICD(X;)=—13. 54, R
" ICD(X3) = —7. 441 A ar

0.7 ICD(X,)=0,ICD(X;)=—13.54, R
' ICD(X3)=—7.442 1 3 2

oo ICD(X1) =0,ICD(X;) = —13. 61, XX
: ICD(X;)=—7.493 fr A

AH I HbL 77 22 B ISR B ICD 5 HE R B S350 o 2540 1
FunE 3 FiE 4 s,
1.0

0.5

ICD(X,)

0.1 0.3 0.5 0.7 0.9
a

(a) ICD(X))

-13.3 T T T

-13.4

-13.5F

ICD(X,)

-13.6 |

-13.7 : : :
0.1 0.3 0.5 0.7 0.9

a
(b) ICD(X,)
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Fig.3 Trend chart of alternative ICD varying with parameter a
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/ /\;
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Fig. 4 Alternative ranking under different parameters a

HESHUEH MESH a WA R. FEX. 5
Xo WYL ICD £ B 3ol 1) s 3 AR B B R A K. i X,
B ICD ANAE R AR FFAE R RAA 0. B 4 . I8 F] a=0. 1,
0.3,0.5,0.7,0.9 Iy RHEF I 24 F5F— 3 00 XL > X, >
X, BB 4 Jm — T4 TR RN X
FHEF — 80, DR, AR SCHR 1 1 7 3 02 AR K A 8 1Y T B
VL B HE T3 280 o MBI AU
4.3 XLbaR

S BRAS SO R B AT AT 5 A At TR TSR W AR
R R I B, BN 5 A SR (a=0.5) #EAT X L A #T .

Fik 1 FAscELI0I9 4 m 0E 5 EE LR AR
rhC B I SR R SR B R AN, IR A SCRRC19 ] 3R
WIS AT B Y R X (5 AT B P Al 3 B (i, 76 b R Ak L F)
DTWA 54 L SR 46 [, IF 2 T Wtk i) TOPSIS R 45 3%
HiEE .

Fik 2 FASCERL14]9 0 Q HiRIRE L RAUE , IF
FFR SR L4 P 3% B A5 B R PEA O i D7 A 2% B 8, 76 it 5k
b I DTWA 887 3G UL SR K K, [7] B 3 F ek i) TOP-
SIS BRAMMEE .

AW A2 ICD EH A 5 s, H b ICD(X) %
AHE X, WNGEE A SRS Lk 2 infs 1ICD
(XO WA 0. & 5 R BIR,

0
-4
-8 -6.80 -7.441

-8.984

~10.680
-12
-13.540

_jgL_14:800

Jitkl Jik2 AT

m:ICD(X,); =:ICD(X); = : ICD(Xy)e

K5 AFJ5ikR ICD |

Fig. 5 ICD values for different methods

IS A1 A 575k 158 2 g ICD(X,) 5
ICDCX,) WA R [F] 5 3 Fh 07 25 B 453 20 1 HE 7 45 R 2 R
ICD(X,) >1CD(X ) >ICD(X,) L i 7 R # X, i Bl A
SCHTHR Y I AR R AT .

Ry ik — 2L PR B AR SC 05 R 1 AR, R TR R AL E 1Y
AR 125 3R 5 B0 PR AL T 1 BT AR AT A b B
ZERIMFE S PR,

*8 AEFAEHI LS

Table 8 Comparative analysis of different methods

Tk Hik1 Fik 2 AR T5
a3 E 5 (S R S A BR A 3373 Bk
B Z A AR Fe TR 3 A RIE F IR R R FEFEI Q BT nREEHEELR
LR e E 0.197 0.143 0.197
LR er BUE 0.219 0.185 0. 200
LBFK es NH 0.180 0.105 0.201
LK ey BUE 0.180 0. 120 0.212
TR es KE 0.223 0. 447 0. 190
B BT Al B F H AT R AR (5 AT HFHRTRNWEEE HF K5k

M8 WT LA A [ J5 3 B A G B 5 Bk AR R
B PPA AN TR . BT

(D) J5 ik 1 GO [ 3R MO L T & S 10] 9 15 1E 5%
F AR A FR R o0 A 203 R AR AL S B b 4, 2 T 5k

BB 43 A1 ST R A % AR A5 2 A% 91 R A A i B T 3R
B L ZNEBAUER, FNETHRKREREERRGH
SRR AR A A B PPl 5% ok B B0 AT 2% B8 B 77 76 5% BN 15
BL ZXHRLZIPM G B Z . WA EAR



+ 1918 -

Ao TRSHETHA

A%

A3 e A £ A A% 3k B0 B B 1) 2 A S0 (R AR AL &
R e 2 i 3 T 0 A A A AT 5 R A R AR A
A 0 BE AR MO ZEALEE L A5 R S e . T L i B
A il 7 K- A 515 X 5 SN 5 BB AT PR Al — i R
bR T AFAEFR BRI 5 BN L ZO AR L RV E B

(2) J5ik 2 & M MR T Q. B ELE R
I 5 45 58 & 19 R/ Dy i S 28 i R AR BORCER L (HAS AL 6 R A
EE B T & ZACE BSR4 SUE & (5 LA &0
A R B R 1) DA SR R 99 155 4 5% 2 A D0 7 5 A ik o A7 A1 [ A
AN T HL A e 52 10 T2 I O DF Al B i B T A £ R [
BA % AT AR BRI 5 B L Z00 AR L RN F &
HOIEZ R . AR SCT5 5 B4R A 4 BB S IR A P A BB

5 & g

AR LA H — Tl R T g R B R A R AR 3 A S AT
ZRREI SR Ty 1, E AR ILAE LR LA T s 5 — L BE AR Bt
10 o3 A I8 5 5 AT AL 2 50 L 25 A8 T-norm i {8 R 74
Jit s 2t — P A 30 PR EE T 2 AR T-norm (9 5L 4%
BH T HEHIERN AL AR AT A RS IE L 32— Pl
T EFREERET 7. 58 = 8 Xk Bt A 0
A AR REDLOR IR A £ AR TR I R R T & K Il 5 1
RAX—NIE 8 LT 3 T o0 A U 5 AR R R A EME
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