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Multi-attribute group decision-making method based on dual
probabilistic linguistic integrated distance measure and regret theory

JIANG Guang-tiant, SONG An-bin
(School of Economics and Management, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Dual probabilistic linguistic term sets (DPLTSs) are able to express the evaluation information of decision
makers in both membership degree and non-membership degree, which is more effective in dealing with multi-attribute
group decision-making (MAGDM) problems. First, to address the shortcomings of the current research on distance
measures of the DPLTSs, this paper proposes a new integrated distance measure that can accurately characterize the
differences between the DPLTSs without extending the number of probabilistic linguistic term elements. Second, the
method of determining expert weights is given based on the similarity of evaluations and experts’ trustworthiness; then,
the specific steps of reaching group consensus are constructed and the required decision matrix is obtained. Third, the
attribute weights are calculated based on the deviation maximization method, and the MAGDM decision method based
on regret theory is constructed. Finally, the numerical analysis of the heavy-duty truck research and development
strategy selection for a new energy vehicle enterprise is carried out as an example to verify the applicability and
effectiveness of the method; and the stability and rationality are further verified through sensitivity analysis and
comparative analysis.

Keywords: dual probabilistic linguistic term sets; multi-attribute group decision-making; distance measure;
consensus-reaching; regret theory
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FRAE B — 38 5 ARAE I R T A S R
HH IR LG B Dot R, T RT AR B AT K
HA DPLTSs Rk LA MG B
WE K e ITIRIET N De, = {(Le,(p), Ue, (q))},
W B ERY, A

#Le, (P) #Ue, (0)
Se(e) = D uilpl) = D2 vidal).
i=1 j=1

BETT, % ZAGATREAT 70 e AR T B R, A
"o Sc(et) (13)

= — _
> Sc(er)
t=1
B, B 2R A 1 77 G B K e MR A ALE
wr = Boi’ + (1- B)Sﬁt//y (14)
Horp g oA EE A R H N OB T SR R
A RS AT FE F) AL
3.3 HiRiARERE
LR 0 32 H R AR IR UG e SR
SRR S B R, AT AN WA ST AR e R B R IR
B8 —E F P =L

(12)

Pt

EX8 WSH—MEHMAIESESEST

DPLTSs,D = {Dy,D,,..., D}, % N [ E 4 &
k

j\j(P = 19;H;EPD1‘. =

{wlywz,---,wk},Z% =
{(Le(p), Ui(9))},t ::1,2,.f%ﬁk,ﬂﬂl)PLTSsﬁEﬁijiiﬁ
TE XN

D =ai_p:D = {(L(p), U(q))}- (15)
() = {52 G € (L) U L), . L)},

k
P = Z @tc(pgh))}-
t=1

[l

w8 =8l e Lup);
el =g (16)
0, 57 # sy, -
Hrg = 1,2, #L(p);h = 1,2,...,#L,(p);t =

1,2, ksp NS L(p) H WA E S AT s
o I FMEE. [ RER

U() = {3 @) € Vi) UUa(a). .. Uila)},
k
§9=>" wtc(qﬁh))}-

) {qw, i = sl € Uila): .
0, §§Jg) #* sgjht).

Hrhig = 1,2,...,#0(q);h = 1,2,...,#U,(q);t =
1,2,...,k;q§h) ?'\J%é\Ut(q)EP%h/l\%%ﬁ%sg)ﬁ
LIRS GyIE IR B R 7 3 A2 B P A e L 45
A

TEX9 WXk 445 5 LA RAS B 1) Ve SR AR B
NR = [Dijlmxn, &K e B HHITFMHEFERN RY =
(DD s, WIE L 55 ey S TEGR R LASL IR A

1 m n (t)
CIRY) =1——% > d(D;j, Dyj).

i=1 j=1

AR D O L SRV R LI A R PR AR B R
BT 5 2 A0 JE U, 388 5 TR 3 B R MR LE SE R
FE AR I B i A J7 258 AN JEME LR =L, IR 15
T PSR

B N B CL & BT A & 5% 00 B R L R
CI(R®) > CLt = 1,2,...,k W EF#HITIEN =
WHIE . 5 CIR®) < CI, 1 2 75 B 5 5
AR, BV M T A e, MIFE 1Z A H VAR 46
BE RO bR ERALE (1] (4, ) #or%) R DY 5
RFRFRE R X RAL B 1) D,y AHALEE /N TS5 R B
CL it PR RO ESANMIE B RFLUE:

C(RY,R)y; =1—d(D, Dy). (19)
o = 1,2,...,m5 = 1,2,....n. &DY) =
{@ﬂHdR“%RnyzQ?CUW%RhﬁJwﬁiﬁﬁﬁ
PR B D R R W R4 R AE
B G R, RS VR SR R R B 1 7 PR (S
SBEAT BT R TR R T VRO B L R BRI R
TREIFRE R, I LE TR S AC i gh kg
W AR HAF 5 B AT SR o, I iz B XK
25 PR B HRIA O AR ) E E D IR Bk
.

step 1: S FLIRBE CL i KEHIRB X > 1,
B o N BT B, RSB B R, AT — R T JE 43 3
H PR Ry WERIUR VSR B A Ry, AN A
FHMENRD = 1,2, .. kAR 18) i AL
R B IEIR .

(18)
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step2: #7FTH CI(R®) > CI, MI%% % step 6. #5 47
ECI(RW) < ClHa < X 4% % step 3, f5 N #% &
step 6.

step 3: U BEAR P PR 98 Mk ey, B CL(RW) =
mlin{CI(R(l))},l =1,2,...,k

step 4: Rl 75 B R Dg},ﬁC(R(”,R)pq =
min (R, R);;.

" step 5: 3 TR WA, S EI L SR,
HOFTARE R AR RS B Ry, 7 22 step 2.
step 6: % tH ST RS IR SR FE R,
34 BMNEXMRE

R T MR & 2430 7 RAEA AR bR 1)
FEIN 22 S, ARSI T A K 2 22 REAR G 7 S MR SR A
B AR S AT B RH A R = [Dijlmxn, B
AR

max f(w;) = > > w;d(Dyj, Dy));

Jj oi=14=1

j=1
F| F Lagrange Fe 50k R i £ 10— 15 31
Z d(DZJ ) D’Lj)
Wy = Li=1,2,...,n. (0)
Zzzd(DlJ’Du)

j
3.5 ETREERHIMEMEBIES RRAGE
75 18 B R 5 X I Mg 10 e 5 0 SR DU (1 1B SR
o BRI gl P — A B 2 498 111 R 50 e R 7 A 7 56
BEAT BB A R M-I SRR R, A
G(AT) =1 — exp(—dAT). 21

o JE Mgk 2 A6 > 0, oK/ B T R G
0 2 T () R 55 AT NN TT BRI 2 2. %
WHHFER = [Dyjlmxn, MHA FRIHETT R AL A,
TEJEE ¢y LR 2
AT(D;;, D,;) =

d(Dij, Doj), Dij = Doj;

n(Dij, Doj), Dij & Doj, #Dij < #Doj;

—n(Dij, Doj), Dij & Doj, #Dij > #Do;

—d(Dij, Doj), Dij < D,;.
HrA 4D, #D,; A D 5 D, B HIE S G R
Mivo =1,2,...,m,j = 1,2,..., n. #EA LI4S
BITTR AN A, IR ZE N

Aﬂo = Z ’U}jAT(Dij, Doj)~ (23)

Jj=1

(22)

AR Q@D TR T % A, TR IEFE H AR TT
R R E-TREE B R - REERE G =
[Giolmxm» FH Gio > 0 SBR T PR FH RE 1O B
2, Gio < OME T RHEH JF IO EIEE). &5, 7
IR S SR HEE R T 5 A, S AR Fn A

Qi =Y Gio, (24)
o=1

Hebio=1,2,...,m,i # o. W] LUBE L #5372
SR BN I R/ BT 7 AT HE R, IRk H B
FET7 3. & 07 SR W HE P AR P I X 7 S8 R AR BN
(ELREAT AR ZE Fm AL A5 21, B

Qi — mz_in{Qi}
mflx{Qi} - miin{Qi}'

F(A;) = (25)

3.6 RELH

gi b, 3T DPLTSs 25 A B B 0 % 5 )5 1 R (1)
Z JEVEREI SR TV BAR SO BT A i

step 1: 73 MR UL MAGDM [ @, $RA50L 5 %
FIPUAE % PSR A5 B

step 2: A A (9) ~ (11) R il T K EMBLE, F1| H
3 (12) F1(13) R Lo K FWRCE, kA 2 (14) =k
il G FEE A RLE.

step 3: JH I I HA UL FEAS B KA FE R,

step 4: HRH 153 ()t SEHE RS R, FIFH R (20) 155
HEEHENEREwWw = (w1, ws, ..., w,).

step5: I I (21) ~ (23) 15 B J5 M-k = 5B [
G = [Gio)mxm, BETIIEIE K (24) X 77 & A, 1) AR K
S E BT VB, R 3K (25) X BT A 453 7 kAT
7.
4  HBl53Hr

41 [EEHES

T AR, B RE TR IR R RS HE I R (KB
ey A AR BAR S 5 PO R . 2023 4E 4], Tk
AME B SE GHRITB A R A (CRTAZUT R A
AU 2 4 4 T P B SR AT IX R TR R ) . o
P23, BB OE A RIS M IR LKA 5 R )
SR T RE R R AL TR ZE e R, R TH R %
BT T B VRV AR, IR 2 JE A 2R 4 4 T
Bk 52 BRI, 75 A R 7E 3 e R A s 2R A0
SN AT Je, 4 H — AL . H AT, %A
BOARAE % LR A A (BRI TR %) Ay (BN A5
). As(BEIR L4 AL(FRBREE LR 444
I ARIEAT R

DR A B BT T XU 3, 1 A I S
PREARFEITNERH AT EZEE = {e1,e2,e3,
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eq, s HRIET—AREAREES = {s s, s_4AFH
7,5 3R, s_o 7, s 1 FHEE, so— M, s1FHUF, solif, s3
REF, sy AEHUF, ssRAF T X Bk 4 A48 43 BF 40 38k
A = {Ay, Ay, A, Ay} BTV, &L 10, L%
77 R AN KBV ARIR N C = {c1, c2, 03, ¢4} H
H oy T &, co ABCRIR, e NATHREENE, ¢4
NEAE S A5G 2 1) KPP 45 S LA DPLTSs # /2
g, AR, BB % A SR R CL = 0.82,
BAREHREX =5,28a=08,8=0.5.
4.2 Bk

TR P LR 2 IR A R SR T VR 41T
RGN HEAT KA.

step 1: 73 T iZ ) &, K 5 060 K 4 TN S B
BEAT BB, 1 3.2 W SR B T AR AR VR 7 A5 2
18 5 AR B A R
[(52,5-2)(52,5-2)(52,5-2)(51,5-2)(52,5_2)]
(s1,5-1)(82, 5-1)(52, 80) (51, 5-2)(52, 5-2)
T = | (82,50)(81,8-2)(82,5-2)(s2,5-1)(s2,8-2)

(51, 8*2)(527 5*1)(327 5*1)(317 5*2)(5% SO)

(52, 5-2)(s1,5-2)(s2,5-2) (52, 5-2) (51, 5-2) ]

step 2: SR L 5% WAL EE, 15 3 %) LA W) &
¢ = (0.204,0.206,0.194,0.199, 0.197). 45 A 8
) ) B BT V244 45 A B [ % 4y DPLTSs B 2 i
RGNS B, R 4 frR. RS " =
(0.185,0.198,0.210,0.198, 0.209), 3 13 2| & F A &
© = (0.195,0.201,0.202, 0.198,0.204).

*4 ERWEEITNR

CIEE 2Ry

er ({51(0.4),2(0.6)}, {s-2(0.6),5-1(0.2), 50(0.2)})

e ({51(0.4), 52(0.6)}, {s_2(0.6), 5_1(0.4)})
es ({s2(1)}, {5-2(0.6),5-1(0.2),50(0.2)})
es ({51(0.6), 52(0.4)}, {s_2(0.8),5_1(0.2)})
es ({51(0.2),52(0.8)}, {s-2(0.8),50(0.2)})

step 3: FF 46 3Lk gt B2, iR 2 8 BB R Ty
AT B PSR B TR T KBRS,
B3 ci(RY) = {0.864,0.863,0.819,0.854,0.828},
Hre CI(R(S)) < CLARA, FELEFKes KT A TE)E
P cs FEFAHIEM RN, e RS o, &
Fes BN E DS = ({s2(1)}, {s_o(1)})
A LR IA P R, e R RS, 1 45 B sk
HE .

step 4: #4453 21 1 e SR RE, B FH 20 (20) 115543
PR R E [ E w = (0.247,0.21,0.307, 0.236).

step5: IR (21) ~(23) 1§ = 0.3081 753 5 )5 Hfg-
JREHBEG = [Giolmxm WS Fizs. Hd: G £R
Ve BETT R A, T ARV FE A, I o 52 7 26 1 5 g BTk
Bl i, 0 = 1,2,3,4. 55, 810 2 (24) M1 (25) 15 3] %
U7 BIHEFE F(A;) = {1,0,0.785,0.71}. S &7 &
HEF N AL = Ag = Ay = Ao, IRIUT RN A,

®5 REE-MREEEG
G Al AQ AS A4
Ay 0 0.058 0.007 0.012
Az —0.061 0 —0.037 —0.033
As —0.007 0.035 0 0.004
Ay —0.012 0.032 —0.004 0

43 REEDH

IR T 2R R W A A R A o R
TG rf MR R H 0 AT REUE A X (8)
a KRR HE B DPLTSs W, ZH e &N
IFEFE, o ik DK 3 B 4 5 35 ik 2501 DPLTSs 2 [7] # 22
S T7 25 W) 2 5, o /N3 B W 5K 3 B EE A DPLTSs 2
6] 7 AN 2 5. BT DPLTSs K & 2 Rk 24
B IX e, 23 3£ B o = 0.5,0.6,0.7,0.8,0.9, 1,
§ = 0.3/NHEHEEHEE AR RF I, AR ET7
FHPEWEN FR.

El1 S oBARMERESRHFE

1 1 AT DL Y, o B AS A BUIE X %38 75 58 )
PR AA R, Mo PUENO0SHF, Ay = Ay = As =
Ao, BUE R 0.6 B Ay LT As, (HPE Z BRI/, M o
BUHARAERS, A) = As = Ay > Ao M8 o BUMA
B, A R 7T R 55T R, X—45k
Fu53 UL T AR SC T R AR L 5 T P ) AR
.

La = 08, JatglEE RES = 0.2,04,...,1.0,
BRI D TR T ZHTERBE A - A;
= Ay = Ay BB PR T AR RS e
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1.
4.4 XtEEorh

IS AEA S VA S A A B, 5 0C#R [13]
HISCHR [14] BT 3 MAGDM J7 5 3E 47 %67 bE. SCHR [13]
W TH S A1k T R AR o AT HE I, R T
KA SCHEB, 53] B(A;) = {0.372,0.026,0.279,
0.231}, T R=HFFF Ay = Ag = Ay = Ay, GRS
F—F SCHR[14] 2 T BTt (¥ DPLTSs A 2¢ & £t
HRTA %3k 07 52 5 AR T R BET AR, 4 Ik
I AETT B, R RNZ TV SR AR AS SCRA), L AE 5 A
AR FEEL e IR BT R AT = {Dy,
Dia, D3, Dyy} 1A~ = {Ds1, Das, Doz, Doy}, BE 1M
48 SCRR [14] BT 4 — S0E A sS4 A Rt A5 2
B T7 R85 N CI(A;) = {0.749,0.157,0.472, 0.529},
ﬁ%ﬂFﬁj‘jfh — Ay - A3 - Ag,ﬁﬁ?%ﬂizﬁé;ﬂ:f%'i
ARSI TE A — B X 2T R [14) R AR T 5
SR 1 JE PR R AR 7 1, TE T SO R R
A 1) DPLTSs #EAT SEAE 1 J&2, 3 BUR 46 PE 5 B
L pHy, AT XoF e 56 435 SR 7= A A T A SCAE BT H 4
A FE B FE R A b A 2 R KA T VR B R
B, T 2 v e T o0t SR a6 45 B kAT e Ak, 9 B
FE—EFRRE b BRAR 1 Al 0 o SR 45 SR IR s, 45 2R
SRl SR Ak, SCHR (13 RISCHR [14] B#EEA LXK
B, A 25 P8 3 F 52 R 1 5% 2 DA S e e i A B

LR R T, AH B STHR [9] F1STHR [11] 72 310
YA I 2 AN A 2 SRV A e A B, AR
SCHTAR A ) S A A T T SRR S R U R R S
PP I, B M SIE R AR AR ) e SR R A

g5 b RS R S B F R FE T RO R AT
1) — B, R A BT 1 5k B — A U R A
PE. HARSCH R 7R 5E#H 05 e £ K IEER
R B SRS L, 75 B R S I R AR X A,
B 407 Hh 5 i 300 K2 () R ) e
5 & %

DPLTSs A& % [ I 22 14 P 58 2 76 58 g B2 AR S
J& FE AN 5 TIN5 B, 16 2 2 R 58 TR SR 3 85
AH b PLTSs 58 38 W M. A SC 8 S £ %f BLAE DPLTSs
P B U AR R R TR B — on R N B 1) AR R
T it i) 5 A BE RSN R, s T DPLTSs 7 15
JFRR TR IE . TR B Y BE 0 R A b
T —Fh 2 JE MBS OV, HAR LS DPLTSs A5 T
(1) ZAE 5 @ PE R E SRR 725 LR Ry i
T V5 MR I P RO R A X e I 4 A E Y

AW AL SR 106 35 10 R AT B8] 73 Ar, S B R 3R )
RS TR S B FR TR T, JFIRUE T TR AR
A R 38 AR E P

] B e 20 B R R D5 KON AR B R B R
FT°F — 52 Bk, K DPLTSs 4k 25 57 F 1) K B RE A4 It
R AT H RS 5 B S UK 2 A SR
KR JETT 1A,
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