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Multi-attribute group decision making method for probabilistic linguistic term set
based on regret theory and distance from average solution method

TONG Yuzhen", WANG Yingming
(School of Economics and Management, Fuzhou University, Fuzhou Fujian 350116, China)

Abstract: For the group decision making problem with unknown attribute weight, a multi-attribute group decision
making method was proposed combining Evaluation based on Distance from Average Solution (EDAS) and Probabilistic
Linguistic Term Set (PLTS) , considering the decision maker’ s psychological behavior of regret avoidance. First, the
entropy and cross entropy of PLTS were defined according to the properties of PLTS and the attribute weight model was
established. Second, the group satisfaction formula was extended to the PLTS environment and was used for the calculation
of the utility values in regret theory. Third, the model and the group satisfaction formula were determined based on the
attribute weights of PLTS, the regret theory and EDAS method were combined to propose a new multi-attribute decision
making method, and the selection sort was performed to the alternatives. Finally, taking the selection sort of real internet
public opinion emergencies as an example, the proposed method was verified, and the effectiveness of the method was
proved through comparative analysis.
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TR R, Kahraman 2825 5 ELOEBOB SR 52 1) 1 ELOE A
1 EDAS ¥ ; Keshavarz 250 2% [ — R 55 1IE S0 0 B U3 &
PE(EEE T HENLEDAS 15 Stanujkic %7K EDAS 14 3] T
I RSN W ER RS EARA d 878 L LS

JET UL a0 AR L 2 5 B X Jm (R O MR8 5 A3
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B DX TE P sOR T 55, T 0 T DR SR M A 3T 5 RO RIE Y
FRTR D et ) 5508 5 B A e 2 ML RAE R [ &
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B BUA W58 089 70 M7, AR SC5 IR Jm i BEIE X EDAS I%
R BIMATE F 5 BRI T - B A A RO IE =
90 L 52 SUIR S JR A R Ay MR 5 AR 5 25 IR SR i MR
RE 19,0 BRAT A [R] P K Rl B A R R BIERIE S H AT
TR G s BRSO ; o Ja 1 X B R IE =
ARIFEJR M, 455 EDAS 15 5 5 M A 42 11— A e TS
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1.1 BEREEARIEE
EX 1 FHFIMEES I ERS={sla=-7,-,
=1,0, 1, -, 2 J(HHA 22— IEEBO ARG SCHR [ 2 T RIE =

4 . L
P e[0, 1], 745 1 < sin ]; + cos ]; <sin 2 + cos

ARIBFEE Ly
L(p) - L(k)(p(k))|L(k) = S’p(k) >0,

#L(p)

k=1,2,-#L(p), Y, p" <1 (1)
k=1

o LD (p") R EAMRGEE N Y MEFT ALY Y RIEE
ARIBLE LY B TR #L (p) 2 L(p) Tl & RIEREUR

AR SCiHR (21 ] 45t 3 0 0 TR 1 5 00 B 58 SO L Sk
(4142 B A2 3 5 A8 40 R B, T 25 B SRR B M I
LBARNTE 75 10 2C ZR AR SO H AR I8 75 I B 58 S (A #H 56

EXN2 AS={sla=-7,,-1,0,1,,7) WiEZFIT
Hri 3, L(p) WMERIE T ARELE P LY (p") B — 1 HA M
HAE B K PP B S ARIE LD #L(p) &2 L(p) il 5 AR IE S
i, HLA#L(p) = K, L (p) (75 Z5 2 LR 24

DO<E(L(p)) < 1;
2) M g(L(p)=0 5 g(L(p))=1H8 , & A p» =1,
E(L(p)) = 0;

3) M H AL Y #L(p)=2, pV =p? =1/2 H g(LV)+
g(L?) =11, E(L(p)) = 1.

LTI TG AR 1 5 0 MR T SN A e s A, i SO
RIETN:

1 (k) (k)
E(L(p))= sinﬂp +cosTrp +
K(V2+1) 2 2
Lom(g (L) + g (L)
Sin +
2
1_ L(k) _ L(K*k+l)
vos TL= (1) — g >>_1) (2)
2
IER

1) B Xt 27w B LR 2 AT
Z( g+ ) COS(““ )
Trg(L(K—kH)))_ 1)
2
B w(g(L)+ (L") =a,ae[0,2w], & f(a) =

k=1

—a

)— 1= ZSiH%— 1L, AR5 -1< f(a) < 16

.a ™
sin— + cos
2

P AT 20 (2) FRm Ty

K (k) (k) K
Z(sin 'ng +cosﬂg )+ Z(f(a))
E(L(P) =

K(V2+1)

aplt mp® . (Trp

X A sing

+Z)’ H.

] LIS

il+i(—1) f\/?+i1

k=1 k=1 $E L(P Slr:l k=1

K(V2 +1) K(V2+1)
Hl.0<E(L(p)) <1, JEHE

2)%ig(L(p)) =0,p" = 15,
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E(L(p)) =
(sinE + Cos£+ sin0 + Cos1 - 1) =0
Va2 Ty 2
g(L(p))=1.p" = 11,
E(L(p)) =
(sinE + cosE + sin + cos(l - E)— 1)= 0
N Rl 2
I g(L(p)) =08 g(L(p)) =10, A7 7E:p" =1,
E(L(p)) =0, JEHE

3) E(L(p)=1 R E(L(p) B ®& K #m

1
\ﬁsm(2 p(]‘) + ) \F p(k) =

fla)=1,sins=1,a=mg(L")+g(L¥)=1,

2
EX3 &S=(s)a=-1,,-1,0,1,--,7) H—
FAREE,L(p) 5 L(p,) WA ERIE F AR, L 4L(p,)
*H#L(pz)mi;wi/\ffﬂffé:m FARBEENAE I H #L(p,) =
#L(pz) W4 L(p,) 5 L(p,) Z 819 28 LR A SCR R

CE(L(p ) (m))m%{wj&bj?%{#.

DCE(L(p,), L(p,)) = 0

2) HHAE g(L(p)"™) = g(L(p)")k=1,2, K,
CE(L(p,),L(p,)) = 0o

FEF I E 55 38 S SRR M AR 5 pR AL,
SO 38 U«

2’ 2’
_ £ ((&(L(p)™)" + (&(L(p)"))" (l—g(upl)“'“”))”+<1—g<L<p2><K"‘*”)>Q)
CEL(p ) Lp2) = 1 21,4 2( ; + .
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BN S g(L(p)™) = vg(Lip)) = v IBLFERATFOR  SAGAER LM A B 7 R b b B I T
W FELFT 4 th £ RS B AR T (1, 26 MR |, 5T i

CE(L(p\), L(p,)) =

1 i(xq + ! _ (x +y)q)+ 1 »
K1-2)4~\ 2 2 K(1-2)'"7

((1-g(L(pl)(A FU)T (g (L(p)* )
2

(1—g<L<p >‘K*“”>+1— (L <p2)<“*“>)")

ey )

Bf () = 2’ (";y) SRG T
=g

MNxe[0,1],y [0, 1], FITLAS (x,y) F x € (0, y) LIk,
TEx e (y, 1) BB,y W 50 (v, y) = f (x,0) = 0, H HALY
x=y WAL, B g(L(p)")=g(L(p,)") k=1,2,-+, K It}
CE(L(p,), L(p,)) = OJ]AL. JEH
1.2 BEHREEH

Bt Sk 5 B 1 20 PR B, SCHR [ 13 D7 J P (kAR T A
BT 22 T 1k SR P it — R RO R AR AR, Ak
J 2 JE AR AT S ARTBE M L JE MR .

EXA4 S={sla=-7,-,—-1,0,1, ¢} H—MEZA
L (p) WERE S RIELE, WFR
o(L(p)) = s(L(p)) s(L(p)) (4)

T+o(L(p) . 1¢
+o(L(p)) 1+?;\L(p)k-s<up>)|

I MEATE F ORI A DR SRR R AR K. HP s (L(p)) R
R ORI 915 20 PR, 12 IR SCRRL 2 P4 4 975 23 PR
AR 50 (L(p)) FR BRI 5 AR L(p) B9-F- 2 22
PRI, DK S R R SRR AR 1 0 R

2 AL G

ASFEREAE T AR BRI ORI A 9 £ S B S SR 2

Y ME 1T T EDAS HE 7 15880 ol e AT 42 1 iR B0 I 1
IG5 EDAS WL 45 A, I Ab 38 JE PR S 505 5 10 R Sk
P I
2.1 Bk

ﬂ?xlx%i}ﬂifﬁf [A]—HF [ R T 221> I 46 BN 58 e i 4
X ={ X, Xy -, X, ), PUOZI T g 209 U B, TR 75 1 5 Ak
Iﬂﬁﬁﬁi%‘@%%—ﬁ‘]%ﬁ$#,ﬁmﬁﬁﬁiﬁﬂﬁ?%ﬁgﬁo
i B A BT T n AT 4845 e = (e ey -, ¢, ), HASTTE
M AR AL TE W o, RH w200 = 1,2, 0,

n)e S, = 1k T L5 SRS AT 2%

S LRAMIRRE N d ={d,, d d)e HURL RN
REFTEMAETIR T E S ENE, RS e/ REL RN

= (10,1, -

PP RS A B TE SR R = [ Ly (p) ], BN INE
Ly, (p) Ly(p) L, (p)
R = L21:(p) L22:(P) LG:(P)
L.(p) L,(p) L,.(p)
Hop AR B PPN E R RN
#L,(p)

Li(p) =LY (P k= 1,2, #L,(p).pl > 0, Y ph=1
k=1

2.2 MBI ERERE

BRI R B R F B BN R A BTN P AR BT
ATV WHZ I FE AR BT 3 915 B 2 I8 A 1% 4
FRAE A R bn bt B 5 2, 3 T A B (5 A e — T e
E L R o N BN S A B (= Al W = i =
PR 25 5 8K, IR 228 b 19 28 Mt 8K, 0 W 1 TR Yy
BB RA SRR T TN F8 AR PPN 53R
KBS TR B8 A PR R bR Y B R AR S A
i N S AT SR 52, L0 PP BR e T R T 1)
BTG 2 H A & W SE R . AR SCH2 AR E F 1S
TS B A8 SR ST A R (O FEARA A, BRI S P BR AN R

DA (2) 3 5PN R bR o BB IR R B R
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iE(L,-j(p))o Ly (p) Ly(p) m
i=1 L L L
2) B2 (3) 58 0 00 45 65 o, 10 F 29 2 A g =) e ) 2 (P)
1 S 4 > 7 = N 7|_<
— l:I'i%lCE(Lij(p),L,j(p)),JH\UEI1%1TM?E‘7F/]‘CJE/‘JE\1¢)§ L. L.p» L. (p)

m 1 m
X‘Lﬁj‘:;(ﬁl:;#lCE(Lg(P)’LI/(P)) °

3)HE TAEARIE 5 05 B B 32 SUR B A 0, PR HE A ¢
SR AT S SURBA , A8 B T R A AU 5 45
PR IR o, BB AR 7 S AR BRB/N 28 b B 9t 7
SERAACE A, AT LIS B0 R PN 8 b A AL AL .

D, CE(Ly(p).Ly(p)) +

4) RPN AEPRACE AL AR, FFRE T IH— AL Ab B, AT ARG
BRSSPSR PR B AR ER T AN T

1
m = 1T

i{ licmmmgmhww@m@
- 1 (5)
v]_[m_llg_awgwxgwn+u—E@Am»]

AR 2 ij =1,0<w, <1
=1

2.3 ETFRIBERHBIRIES EDAS RKEE

2 LAY P37 12 40 TOPSTS . VIKOR 25, 53 86 5 15 11 12 4
I RE W B M -5 07 0% e K HE 8 Bt e 1 M5 1 BARU e 1Y)
oo/ INFE B AE S S DA (R 3 il o SRTAT, EDAS Jy i 9 S e 6
5501 HA At 1) S S ARDGS 7 4 L TE EDAS Ty 9 BT AN BE A
SR Ay 5 S AL 17 1 B R 67 B 1 A 3, X BB S R T L) i
AN EEIT R GBI T RZ AN ZES . T REE
HoAth 2[R Jr 2%, EDASIEFE R RAUE T HA Bbr ke
P T B A T R R B RS T AR R Y
AR AR I S SR I AN R [, PSR A i A B
15 R ZE R T LB F % I8 SR G N2 RS 1 SRR L
AT LIS BN B R PSR 5 A . TR AR 56 2% R
S T MR (0 FRAT R T RS B R B AU Uk
BORUF MR, LR B S5 R A A BLSE SRS 45 A EDAS
R T AE TN S PSR R Y 3 T B A A R E
EDAS PR AR IRT

DT R T 4545 18 7 20045 JB MG 5 AN E, T3k
FHERIE S IRFHERE R = [ L (p) |, x

Ly (p) Li(p) L, (p)
R = Lzl'(P) Lzz‘(P) LG,:(P)
L(p) L,o(p) L,.(p)

2)FE MR TR T DS M A TAR AL AR Sk (2 1P 42
W ME 318 5 b AL A 20, 15 B FR 1L 5 1R 0 & e aH
NR = [L,_','(P) D xnt

3MRE(S) IS PFA AR AL (H -

W =(wwy - w,)"
4) AR SCHR [ 22 198 1 4 I MBS 1) BRI R B O
255 () TH5 25 2 1 7 28 10 M = TR (B BRSO L, OF:

TRST A5 T SRS (A R

5) LU E R B R i3 B b 456 SCik 18 1T 4a ihy
1 EDAS Jy it B L Rk T4

O IR 7 275 % (AVerage solution,
AV):

AV =[AV] .,

Q154 i M IR BT 5 7 24 (B ¥ 1E BE 25 (Positive
Distance from Average, PDA) :

PDA =[PDA;],, .,

55 ¥ {4 1 R B (Negative Distance from Average,
NDA) :

NDA =[ NDA;],, .,
max (0,(Uij - AV/))

- PDA; = AV,
e max (o,(AV; - UU))O
DAy =

J
@ 5 m AL S 1 PDA. NDA, 7] 1% SP, (Weighted
Summation of the Positive Distance )5 SN,(Weighted Summation
of the Negative Distance) , HH .
Y w,PDA,
=1

j=

SP, =

SN, = Y w,NDA,
j=1

@HRAEAL SP, 5 SN,, 155 NSP,(Normalized Values of SP,)
F1 NSN (Normalized Values of SN,) :

SP,
NSP, =
" max (SP,)
SN,
NSN, =1-———
' max (SN,)

GO FN4 T BT Y I8N 35T B 1Y) e 2 PE A8 45 43 AS,
(Appraisal Score) :

AS, = % (NSP, + NSN,)

6 ) FR 48 T A5 14 45 7 8 i 1 %) JER SRRSO L 1) e 23T 15
O WA TT ST HE T PR BT R
3 EP M
3.1 [EEEHER

JOTIT A 11 DX 4% BELISE WO 000 s o M 000 1) T R R ) 3 1 TR 4%
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BE SRR HIEX = (X, X,, X, ), RIZH0 X 57 2 8 A IR, F5 40
Je b B LE A 5 T R S R Y 98 R R R T A HR R A A
R VAT 25 0 2 BEL IS 5% < PR 1 25 6 f T kL AR SO A Sk
(2324 R K FMRI) B o DB ¢, I HUEEE ¢, Al BB
FREEETa] oy IR AR K K A AE R PENHE B5 o5, ELIEM H8 FR AL
FEARHA RIS M SR LR d ={d,, dy, dy, dy, dsy ALY
BYRZED 4,
P T4 P S L 57 A2 ] T g L ] 4% B 5 % A 4%

5 AR MR AT R UERG , TR LS X AR B 4 RS
WA PEAR (E, B AR VR B OR & TR 45 53 & AR I PR 6 s it

T VA, DS IR S=1{s_ =t A, s ,=1R1K, s_=
fIX, =, s;=m, s,= R, s,= M | R PPA 25 I 45 B 98 K
FPEMN R4, 5 07 P IR L ZIEA 455 b 0T A5 04 S5 A 6 B4 an
F1~5F0R, Hi —"FORIR LRI04 AR 915 2., 5
23 2L BEE X A R T LA B R R R =
[Li(P) ] cno

£ REERJBHEREER

Tab. 1  Decision matrix given by decision maker d,

e €y ) €3 Cs Cy
X, Sy sy sy S, Sy
Xy So Sy S_ So So
ED S, S0 S0 S, —

R2 RERERIBHNRRIER

Tab. 2 Decision matrix given by decision maker d,

itk ¢ €2 3 €4 Cs
X Sy S So So So
X, 5 s s s —
X3 So S S S-1 S2

R3 RRERIEHBRKRERE

Tab. 3 Decision matrix given by decision maker d

FAf ¢, c, cy cy cs
Xy S So S1 Sy Soi
X Sy So S_y So So
Xy S, S Sy 5y S,

R4 RRERIBHFRRIER

Tab. 4 Decision matrix given by decision maker d,

EREs ¢ € C3 Cy4 Cs
Xy Sy So S So Sy
X, s Sy S S_y S,
X3 So _ S S S

3.2 ARKHERF
1)1k FW T 45 5 % 7 04 B TER S PEME , I3k

£S5 RRERAHRRFER

Tab. 5 Decision matrix given by decision maker d

i N s
Xy S So 5y So S
X, 5 5 — S_y e
X3 S So — 51 S

THERE S PSRAEFER = [ Ly(p) ], x,, W60
Fo6 CRIBHMEEERFIER

Tab. 6 Probabilistic linguistic decision matrix after summarization

SHES € €2 3 €4 Cs
a4 s (08), 5(02). 5,(06). s, (04),
L5, (0.6) 5,(0.4) 5(08)  5,(04) 5,(02).s,(0.4)
02 04 6,02, 5, (06). 5,(02),
> 5,(08) s ( 2).s,(0.4) 5.,(0.6) s0(0.4) 50(0.6)
5, (0.6), s, (04),  s,(04), s_,(04), s,(0.6).
T, (0.4) 50(0.4) 5,(04)  5,(04) s, (04)

2) W AR SR T SR A T AR Ak, R Sk (2], 75 51
PRIEAL IS AR IE T PORIEMENR = [ L (p) ], <. MR T,

IMRIE(S) AT B MR AR AR AL, 13 BPEMN S AR
AN L «

W ={0.128,0.246, 0.327, 0.145, 0.154 }

4RGSR 22 145 G 30 (4) , H & 450 07 RN e i —
JOK B AE B B AL A, 0 58 8, I ST & T SR A R
SRR

5) MR SCHk 22 ], T3 A BB BUHE L = 0.3,
AR 9,

6) LU B RE B R 338 B AR, 454 EDAS Jr kit 58
G SUZ RN

O 545 B RS T RAEAV = [AV] .
A3 AV =[0.4282,0.3276,0. 354,0.3064,0.2615];

Q545 &8 MBS AT A 5 7 388 1) 1 fUBE B PDA =
[PDA,] ., \NDA =[NDA,],, . :

0 0 0 0 0
NDA = [ 0  0.1209 0.6007 0.1030 0 ]
05020 0.1690 0  0.1278 0.5566
0.3358 0.2899 04576 02309 0.1724
PDA = [0.1662 0 0 0 0.384 2]
0 0 0.1432 0 0
@A MAUS (1 PDAFINDA, 53 31155] SP, 15 SN
0.3239
SP, =|0.080 4]
0.046 8

R7 HRELEHBERETRKEER

Tab. 7  Probabilistity linguidtic decision matrix after standardization

H1F ¢ ) €3 Cy4 Cs
5,(0),s,(0.4), 50(0),5,(0.6), 50(0),50(0.2), 50(0),5,(0.6), 5_,(0.4),5,(0.2),
i 5,(0.6) (0.4) 5,(0.8) 5,(0.4) 5,(0.4)
. 50(0),5,(0.2), 5.,(0.4),5,(0.2), ,$.,(0.25), s.,(0),s_,(0.6), s_,(0)s_,(0.25),
2 $,(0.8) (0.4) s_,(0.75) 5,(0.4) $0(0.75)
. 5.1(0),5,(0.6), 5.1(0),5,(0.5), 50(0),5,(0.5), 5.1(0),5.,(0.5), 5.5(0),5,(0.6),
} 5,(0.4) 5,(0.5) 5,(0.5) 5,(0.5) s,(04)
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0
SN, =10.2411
0.2101
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Tab. 8 Utility values of different events under

different evaluation attribute values

EaEs €1 ) 3 Cq Cs
X 0.572 1 0.4227 0.5163 0.3772 0.3194
x, 0.5163 0.3194 0.2308 0.298 7 0.362 1
Xy 0.298 7 0.307 4 0.4308 0.2929 0.1740
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Tab. 9 Perceived utility values of different events

HAt ¢ c, cy cy cs
% 0.572'1 0.4227 0.5163 0.3772 0.306 6
X, 0.499 4 0.2880 0.1414 0.2749 0.362 1
X5 0.2132 0.2723 0.404 9 0.2672 0.1159
TR e 2 (VTG A5 03 AT LIS 31 45 I 2% B 52 e AR
Heh

Xy > Xy > X,

PR rT A B0 e A A e R 2% B O R T 1
3.3 LLBESH
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SRR 5 M SRE 00 BRAT Sy, A SR [ 2 ] 0 o AR Sy 2
BT 534 s — 2 Jm PEA A MR ik, (T SR 7, 25 J42 4
PR A A 7 o X AR SC R S A T 53407 -

AR ASSOIT S T B TR R T 18 5 R SRR i sk
BT R RSy AT LU o i T SCRR [ 2 ] i ke SR 5 %8
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Dy HEF 25 R o SCRRL2 ] Pt s s 2 AR 2% &
TSR E X FEIE A 8 F A F R b A2 E e SR o A
RBP4 PR, X — (R BTE — E FEE i 1 T
PP O, HE TP BRI LS A T B

SR AN [F] 0% J& PEA B o TR AT o T, AR
S0z E B0 S s SRR 8 R A R AR R AR 3 11 25
JEPERCE AR

W =(0.128,0.246,0.327,0.145,0.154)

SCHRL25 Jis B SRR T3R5 R M A, THEE A5 3
125 IR PR BN

W = (0.221,0.187,0.294, 0.195, 0.103)

SCHRLT Jiz Lt A0 12 Xof 45 i Mk A 5 A P AL, 315
(EEIEIF e ER VR

W =(0.147,0.197,0.292, 0.165, 0.199)
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Tab. 10 Sorting results by using different weighting methods

ik EDAS % TOPSIS ¥
AR SCRE Y Xy > X3 > X, Xy > X3 > X,
SR 2SRRI GRIRGE x>0 >y x> >
SCHRLT I I 2 R Xy > Xy >, Xy > Ay > X,

LR 10 19 = TS [ TAS T ™ A ) HE PP 45 SR AT A

DTE =ML T BT R e e i B i 141 o ) 2% 2
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