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A two-sided matching decision method of product and service with
probabilistic linguistic term set and improved TODIM

ZHAO Jing-hua'’, ZHANG Yan', LIN Jie?

(1. Business School, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School of
Economics and Management, Tongji University, Shanghai 200092, China)

Abstract: A two-sided matching method with probabilistic linguistic term sets is proposed based on the BWM (best-worst
method), the DEMATEL (decision making trial and evaluation laboratory), and the TODIM, to solve the product service
modules matching problem with probabilistic language information considering its interaction and the psychological
behavior of decision makers. Firstly, the weight of modules is determined using the BWM and the DEMATEL with
probabilistic linguistic term sets. Then, the total dominance degree of product service modules is calculated based on
the TODIM to obtain the satisfied matrix. Furthermore, a multi-objective optimization model is constructed to maximize
the utility of products and services, which is converted into a single-objective model using the linear weighting method.
Finally, an example of the new energy vehicle is provided to prove the effectiveness and feasibility of the proposed method,
providing a new direction for the integrated development of new energy vehicle products and services.

Keywords: probabilistic linguistic term sets; BWM; DEMATEL; TODIM; two-sided matching; produce service
scheme; new energy vehicle
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BBV MRS it A AR B AR R 55 AR, 2 1
BRI R P 2 e AN 7R 8 T A AN A
(125 72 75 SR, B BE VR TR 28 32 B i B AR B A

Py : IGBT 153k, P5 : OBC (on-board charger) 55, P
BMS it} E B RS BRES S = {51 : MRS,
Sy YEABHRLEL, Ss  IRFFAEERL, Sy« s FFR AL, S5 - FELL
W, Se - FICRI A}, FIFHE S RIBEE L = {l,: EH
AR/ AEIE Ly AR/ AELE Iy — M, 1 0
B/EE L AREWE/ BELEP G R ET
st A5 R il 95 452 B P i A5 S, A R 3 T IR 45 B )
77 A ) e A5 S FL VPO R G 3R 2 P, B R
FH7E 2 X PPAS HE B 1R AT Fr AL

F2 BERESERITFNIER
Sy Sa S

P {12(0.2), 15(0.4), 14(0.3)} {15(0.2), 12(0.7)} {15(0.3), 12(0.5)}

Py {11(0.6), 12(0.2), 15(0.1)} {12(0.6), 13(0.2)} {12(0.2), 13(0.6), 14(0.1)}
EFras Ps {11(0.1),12(0.7), 15(0.2)} {15(0.1),15(0.5), 14(0.2)} {16(0.1),11(0.2), 12(0.6)}
PRISER bl 1(0.1),1(0.7), 15(0.2)) {11(0.4), 1(0.5)} {1(0.7), 1(0.2)}
IR p) {11(0.3), 12(0.6)} {12(0.3), 13(0.6)} {11(0.4), 12(0.6)}

Ps {15(0.2),14(0.75)} {11(0.3),12(0.4)} {11(0.4),12(0.5)}

P {12(0.15), 13(0.2), 14(0.36)} {15(0.3), 12(0.6)} {12(0.15), 15(0.25), 14(0.55)}

Py {12(0.4), 15(0.55)} {12(0.5), 15(0.25), 14(0.25)} {12(0.15), 15(0.7), 12 (0.1)}
BT ot Py {11(0.35),12(0.55), 1s(0.1)}  {12(0.35),15(0.4), 14 (0.15)} {16(0.1), 11 (0.35), 15(0.45)}
TR p, {10(0.4), 1, (0.55)} {16(0.6), 11(0.3), 12(0.1)} {1(0.7), 12(0.2)}
IR p {16(0.6), 11(0.4)} {11(0.5), 12(0.4)} {10(0.3), 11(0.4), 12(0.3)}

Ps {15(0.35), 14(0.55)} {16(0.25), 11 (0.35), 12(0.2)} {11(0.35), 12(0.45)}

Sy S5 Se

Py {11(0.1), 15(0.6), 5(0.1)} {15(0.3), 12(0.4)} {15(0.3), 12(0.6)}
o Py {12(0.1),15(0.7),14(0.1)} {12(0.4),15(0.6)} {12(0.2),15(0.2),14(0.5)}
e Py {12(0.6),15(0.3)} {12(0.1),15(0.8)} {121(0.7),12(0.2)}
PHBOEES o (15(0.2),14(0.6), 1a(0.1)} {12(0.6),15(0.2)} {10(0.5), 11 (0.4)}
BARETE R Ps {15(0.3),14(0.6)} {15(0.2),14(0.7)} {11(0.6),12(0.3)}

Ps {12(0.25), 15(0.6)} {15(0.2), 14(0.8)} {16(0.15),11(0.6), 12(0.1)}

Py {11(0.14),12(0.4),13(0.2) } {13(0.2),14(0.7) } {13(0.2),14(0.8) }

P, {12(0.3),13(0.55),14(0.1) } {12(0.2),13(0.5),14(0.3) } {12(0.1),13(0.2),14(0.65) }
Sk S Ps3 {11(0.25),12(0.6),15(0.15) } {12(0.1),13(0.7),14(0.15)} {16(0.5),11(0.4),12(0.1)}
Ll Py {16(0.2),1,(0.45), 15(0.3)} {12(0.4), 15(0.4)} {16(0.3),11(0.4), 12(0.2)}
il 15 22 Ps {15(0.3),14(0.7)} {12(0.3),15(0.15),14(0.2)} {10(0.4)11(0.3),12(0.2) }

Ps  {11(0.2),15(0.25), 15(0.45)} {15(0.1), 14(0.9)} {16(0.1), 11 (0.5), 12(0.2)}

4.1 ETBWMEERERINE

step 1: 7E 7 B ER 18 B A 7= A e Py R
BB P

step 2: FIFHZR 101 ~ 9 (507 7 B e {0 77 A
B Py HRACT B 7 S ) SRR ) A P A )
® Pp = [1,3,4,7,9, 5]; [A i 2 HoAth B 7= S A
Py HECT B 95 77 i A H Py 1 B R 2, M 8 LU L 1)
B Py =19,6,7,5,1,6].

step 3: JH L A5 (6) 4 AL H SRS, AR J5 H)

HILINGO KA. SRAG ™ dh B R LAy

wp =
[0.5155,0.1353,0.123,0.0833,0.0199,0.123]".
step4: B UL LD IR 19 B RIS Sy, i
FR SR S, b & Sp=19,1, 3,6, 5, 4], Sw
=1(1,9,6,7,5,3]. L E = AL (6), F] H LINGO K fi
T 43 21 i 25 1 e s AL Ry

Ws =



F4H
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[0.0209,0.5179,0.1159,0.1151,0.136,0.094 2]".

T DEMATEL B9/~ @R S &R E
SRR AR 27 [6] A A EL R 5% R, 3% F S S R

4.2

Ejﬁqj, lg .

?ﬁ”ﬁﬁ)ﬁ%, l4 .

SOMARERER o} R SR

MR B 5 B RIRANZ G, 73 J5) 45 7= iR L e 55 A6

BN Ly ={lo - TR, 1y - SEMARERE/N, 1o« SRR
®3 EREREKRKIEN

BREUBERIE 5 B RMRE, WK 3 PR,

Py Py Py Py Ps Pg
Py {lo(1)} {12(0.8),15(0.2)} {11(0.6),12(0.3)} {12(0.6),15(0.4)} {l0(0.4),11(0.6)} {I2(0.8),13(0.2)}
P, {t2(1)} {lo(1)} {12(0.6),13(0.3)} {11(0.5),12(0.5)} {12(0.9)} {10(0.4),1,(0.6)}
peifige  Pso {11(0.6),12(0.3)} {12(0.8)} {lo(1)} {11(0.5),12(0.5)} {l1(0.8)} {12(0.7)}
Sy Pa {13(0.8)} {13(0.3),14(0.6)} {12(0.7),15(0.2)} {lo(1)} {12(0.9)} {11(0.7),12(0.3)}
Ps {15(0.6),14(0.3)} {11(0.7),12(0.3)} {11(0.3),12(0.7)} {11(0.7),12(0.3)} {lo(1)} {11(0.4),15(0.6)}
P {13(0.3),14(0.7)} {11(0.2),12(0.7)} {12(0.8)} {11(0.9),12(0.1)}  {i2(0.1),15(0.8)} {lo(1)}
S1 Sa Ss3 Sa Ss Se
S1 {lo(1)} {11(0.8),12(0.2)} {l2(0.6),13(0.2)} {l0(0.8),11(0.2)} {12(0.8)} {10(0.7),11(0.3)}
Sz {11(0.5),12(0.5)} {lo(1)} {12(0.2),13(0.7)} {15(0.8)} {12(0.7),15(0.3)} {I2(0.9)}
Mrsstige  Ss {13(0.5),14(0.5)} {la(0.8)} {lo(1)} {l2(1)} {ls(0.7)} {10(0.3),11(0.7)}
wgesEpe Sa o {10(0.7),11(0.3)}  {15(0.3),14(0.7)} {15(0.7),14(0.2)} {lo(1)} {11(0.9)} {11(0.9),12(0.1)}
S5 {12(0.4),13(0.6)} {15(0.8)} {11(0.3),12(0.7)}  {11(0.8),12(0.2)} {lo(1)} {10(0.8),11(0.2)}
Se  {10(0.6),11(0.4)} {121(0.7),12(0.2)} {l0(0-8)} {10(0.7),1:(0.3)} {10(0.9)} {lo(1)}

W2 (7), R E R MAERE 27 L 29, 58 5 il it
3 (8) 7 KRB fit . R ST AR 232659

TS &3nF:

TF =

FRAERETE

T DEMATEL AR 55 #5514 5y

W,

[0.1421,0.2268,0.2225,0.1749,0.1722,0.061 5]".

0.496 |
0.355
0.459
0.530
0.452
0.452

[0.575
0.682
0.623
0.936
0.783

| 0.992

0.650
0.449
0.594
0.869
0.564
0.744

0.522
0.550
0.392
0.707
0.527
0.687

0.517
0.428
0.419
0.461
0.440
0.544

0.421
0.497
0.441
0.643
0.361
0.677

TS =
0.094 |
0.327

0.236
0.263

[0.223
0.431
0.629
0.388

0.369
0.512
0.802
0.733

0.387
0.598
0.491
0.613

0.184
0.501
0.505
0.317
0.456 0.589 0.458 0.332 0.305 0.145
| 0.047 0.142 0.059 0.048 0.049 0.031 |

BT 256 00 R B, AT SRAS % A5 HR (1 5 e 5 A0
Wl 2 B BT b, SR AR e ) B R R e —
{k. 3T DEMATEL /™ S B H (AL 2y

Wy =

0.371
0.516
0.614
0.435

[0.1911,0.1667,0.1531,0.1713,0.1492,0.168 7]",

4.3 TODIM = @AR FIRRILEL 75 7%

Kahneman 22Vl i W 53R B, 24 0 = 2.25 B, 5
TINARF A R0 43 e 55 3 THD 6 452 2 ) F0 00 BRAT M. AR
SO = 2.25 Fon B P SRR R I (1) L SE. BAL
HIFTREC=0.5.

I (12) ~ (14) THE R 1R S 1) A AR I 34
FERERE @, 45 B H T 7 S AL HR 0t R 55 A5 1 £ D i ifs
S AR, B

Qi =
[0.555 1.000 0.798 0.303 0.705 0.889

0.178 0.327 0.662 0.737 0.529 0.958
0.478 0.924 0.333 0.587 0.811 0.170
0.813 0.649 0.481 0.401 0.874 0.297
0.202 0.438 0.143 0.806 0.912 0.000
| 0.910 0.350 0.278 0.537 0.963 0.148 |

L (15) ~ (17) THE 7 il R Py 1 s A4 G 3

JERERE oL, 15 30 5 T AR 25 A HU6T 77 B 14 D i 39

ij°

B, R
Bij =




1126 # % 5

xR ¥38%

[0.676 1.000 0.892 0.406 0.763 0.824 |
0.411 0.782 0.722 0.644 0.497 0.705
0.230 0.705 0.439 0.284 0.364 0.070
0.057 0.369 0.318 0.151 0.098 0.235
0.000 0.516 0.276 0.896 0.260 0.183
0.813 0.451 0.480 0.546 0.890 0.300

5, AR AR (18) 71 (19) 2 57 %32 VT Bie e A A
TR — e, By = ko = 0.5, F F Matlab 3K fif. 3k
13 213 =T = T30 =41 =51 = x5 = L, RIRA ™ it Ik
5507 N PR AR Py 5 IR S EEL S5 UL, Py 5 Se
ULEC, P35 S, VLA, P, 5 S, UL, Ps 5 S, VGHE, Ps 5
S5 UGHL.

4.4 BEEMSHRT

441 AESH 0 KFEm o

TODIM 77 ¥ H I 43 2% 0 38 5% 450 0 W] B e H o
HEKOEAT A AT NSO EMBES
TODIM J7 & N AT BUBYE D M. i M Kk = ko =
0.5,¢ = 0.5, 6 HUE R UL 25 53 1 52 M. 22 SR
[25], 500 € (0,2.25].

WA, 40 ¢ (0,1.5) K, ILAC 45 R R
{[P1, Ss], [P2, Se], [P5, S2], [Py, Ss], [P5, Sal, [Ps, S1l};
0 € (1.5,2.25) B, HIULHEL &5 5 8 {[P1, Sa), [P, Ss),
[Ps, Ss], [Py, S1], [Ps, Sal, [Ps, Ss)}. B VCHEC &5 F ] I,
TC IR0 R EE 2 BT A2 Ak, DRSS [Py, Ss), [Pe, Ps),
[Ps, Ps], [Ps, Py SR 2 ORFFRSE . IX R W25 R T Hi it
PIERTE  FEHLE B FAR I 4E15 DA K OBC (1) £ 142
BEEE SN OGVE. MBE A 0 IR, Py Po S RIULEC 45 R

KA, T BT IGBT A BMS B 75 R0 R AR
FATELIZ W PIRTE. ME— EFEE b O R T ok
AT o UG G &5 TR sz, H o (0K, ik
ERES IO YN
442 AESH KIS

AR = (1), B R H ¢ 2 i R VU BC 45 2R i
ARFHER Kk = ky = 0.5,0 = 2.25F, ¢ BUE X VT AS
SERMEI. ¢ = 0,0.2,0.4 1, DGEC 45 5o {[P,
Ss], [Ps, Sel, [Ps, S, [P1, Ss), [Ps, Sal, [Ps, S1]}; = ¢
= 0.6,0.8, 1 I, BB 3¢ y3 B B a] fAH ¢ 1, UL B &5
RN APy, Ss], [Pa; Se|, [P3, Sal, [Pa, S1], [Ps, Sal, [Pe,
Ss)}. ATLAE H Py Pe BB U HC 45 5 R AR AR Ak, R
B 214 P 5 3 7B G T AL (] (4 A G 1, A B2 IGB T A
B BE s $E AL AR AR 55, 1 BMS R B fE 5 31T 2512
W7, X6 T8 BE YRR ZE 1T 5, BMS AR b ] W 4% e (R
AR A2 2 HE. FI s /R L2 W, 1R
TEBMS AT S5 & AN AT 2D (1. p 3R B, AR ] (1
FHEAE F 20T UL BT 25 SR A e, R B T Brdie th 5 i 1
AL
4.4.3 FERIRGES L ks BIREWE 5347

SN EE 7 i R R 45 A B o DG iR 445 SR Y S, S T
X Koy oo HEAT US43 #T. I 70 FLAE W B A DT i 45
sz, 45 R A PR, R4 I, TR Ky« ko WA
Ak, UCECKT [Py, Pg), [Ps, Pa), [Ps, Sq] fRFFFEE. 2]
JE 77 SRR B, Py BV ECAS S S, 3 BT ¥ g
PR R P &, & R AE T HAE &2 W
HERTR, 75 G SEBR 1 B 2% P B ORVE 77 i B 5%
i, Py~ Ps IVCELNS A 43 2.

x4 TRk b BRENSMTERER (0 =2.25,( =0.5)

K ko HUE

(0.0, 1.0), (0.1,0.9)

(0.2,0.8), (0.3,0.7), (0.4, 0.6), (0.5,0.5), (0.6, 0.4), (0.7, 0.3), (0.8, 0.2)

(0.9,0.1), (1.0, 0.0)

{lP1, S5], [Pz, Se], [Ps, S2], [Pa, S5, [Ps, Sal, [Pe, S1]}
{lP1, S3], [Pz, Se], [Ps, S2], [Pa, S1], [Ps, Sal, [Pe, Ss]}
{[Ph S3]7 [P27 56]7 [P37SQ]7 [P47 S5]7 [P57 S4]7 [P67SI]}

I F R HT AT A, SR OB R
B 5 IR 55 B AR B AL E wyy « wy PR S AR
S5 HIAUE ey« koo S 220 BRAL UL L &5 SR 7™ A R ). R SR
B AR PR R IR AR AT AR YE B S G O, AN R Y
ZH, N E C A A 5 IR 5577 .
45 XttborAr

N T IR TR 5V ) A B R A, A S
Wik [22] (1 77 30060 B3 19 X002 DT i) 850 33 AT SR g T
BLZ5 RN {[P1, Ss], [Pz, Ss], [Ps, Sa], [Py, Ss), [Ps, Sal,
[Ps, S1]}. 45 N5 FEASERA] SRR 0 2, B ¢ = 0, 83
(0 =2.25, k1 = ko = 0.5) ULEC 45 5 5 SCilk [22] UL EC 45

R RY T PR TR A HAE

A 5 R R E] 1) R IR R R, 24 ¢ € (0, 0.4] I, A 3L
VLPC 45 R 5 Sk [22] VOB &5 R — 30 24 ¢ € (0.4, 1] |,
ASCE SCHR [2211 Py« Pg VGBS AN —F, HAb VL BC 45
Rrea—3 WEE RINFE S HiR ((=0.5). X
72 5 B S TR — T THIAE T SCHR [22] HAUE i B 4 E
R, 111 A SRR RAS L B E AN B RS 1% R TSR
FR SRV B2, o SO0 BB AN K SR IOk R EAT 1R
7347 B8 BRI A E IR 5 K, Py F1Sy AL
A GO, B0 K] T AR R IRV 4 IGBT
BRI EN IR AR 55 i B L. 59— D7 THD, B AR 5 T AL, )
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FHSCHR [22] F 5 VE TSR cigs~ Bos FIME I EL ags~ Bas
I B, R Ps 5 S5 ML BE E T Py 5 S5 10
VLB 75 B B T B (Z 09 20 K IR0 HIfE A2
g/, FECP, 5 S, VUHEC T R 2 K. WeR STk
[22] B 77 7% Py 33K 5 S5 UTHC. (H A S BE A2 7 i
HR S5 AR AR, By FREL/IN A 2 B DL T i
T S AR KA, T SCHR [22] PR A — BN T Bl %
R, A -TR S R B BN — Z, AR E S b tE . 2
AN R R AN T AR 52 B, — RO &, sk &
SRS,
%5 MELERLE

Ji ¥ SCHiR[22] AR T5
NG (P4, Ss], [Ps, S1] [Py, S1], [Ps, Ss)
g 0.648 0.813
Qs 0.684 0.874
a1 0.962 0.910
ags 0.965 0.963
Ba1 —Z 0.057
Bas 0.652 0.098
Be1 0.931 0.813
Bes 0.982 0.890

BEAh, FH T Sk [22], A SCHT RF 32 AL S 40
B/ 0T8T T AE 5 52, T SCHR [22] 75 Bk
WS 0, AR Ja e R A, XU R ke
REESH 47 LR, i A B A2 A AL
G,

5 4 #®

AR SRR AE FAE SN 002 VT AL [n) 8, 2
H T R AR S DL e SR A O ERAT A HI VTR
. 1 0, 70078 RS VRN I AN B R T R O 4,
13 B R IE 5 15 BRI VA H R, 28 5, N E T % P
Tiff 78 SRR DL 2 25 R B[R] (1) G A E, % BWM
L5 ME#1E 5 DEMATEL B sRAUE AT Bl &, 49 B0
T B FE A, 75 R B PSR A0 R R O AR
TODIM J7 23647 ek, -4 H 3 5 DL e 0] &, Ay fi
PR L2 DG TC i 8 (At 1 R B B, R R e A
ZE 77 i IR 55 VT TC Z2 481 6] Fr B8 R RS B 04T 50 IF 20 B, 45
F T AN FSHFUCHC S R 152 5 5 O SRkt AT
Xof L, DA IG IR FT 32t 77 92 1R A 50 R A R (] B
SR it IR 55 DC IE (7] R R AS A2, 06 T A b idh A7 R 456
B SEIUMME GG — A S8 L HARSCE R
S PR E AT R oK, F ek B R P A B R Rk
A FAIRL B, ARG 58 2 B B Zh A TLRLEFE,
DA 5 KA 80 P i 7 P R Al R 55 3.
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