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Bilateral Matching Decision Making Method of Probabilistic Uncertain Linguistic
Information Based on TODIM and PROMETHEE 11

ZHU Yuanfang, WANG Xinfan, ZHOU Lang
( College of Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of bilateral matching decision making problems in probabilistic uncertain linguistic
information, a bilateral matching decision making method based on TODIM and PROMETHEE 11 has thus been
proposed. Firstly, according to TODIM method, a calculation has been made of the profit and loss value among all
parties, followed by a further calculation of the dominance among all parties. Then, the inflows, outflows and net flows
of all principal parties can be calculated by using the dominance degrees as the priority functions in PROMETHEE II
method. Furthermore, the matching satisfaction degree of each subject to the other subject is calculated according to the
net flows. On this basis, a multi-objective matching optimization model is constructed to maximize the sum of subject

satisfaction with the fairness of bilateral matching scheme taken into consideration. The multi-objective optimization
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model is transformed into a single objective optimization model by using linear weighting method, and a fair bilateral

matching scheme is obtained by using LINGO11.0 and other software packages. Finally, the feasibility and effectiveness

of the proposed matching decision method can be verified by an example of bilateral matching between governments

and enterprises.

Keywords: bilateral matching; probabilistic uncertain linguistic glossary; TODIM; PROMETHEE II;
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'] (4,, 4y, 45) 5 3 ZIOREA ] (B, By, B) W AT AL
mEERE, Z A WU AR IR I R 9 PPP 35T H U I
Al W PRI (E B, XTI T —X— XA PE R, DA
i WU FARAS RIHE R A VCRC T 5, AR AT e fL i DEAE
PRI ZE . 3 ABUNTST UKIRHARRE S €. £l BEHs
G, HQEE 255 Cy 38 3 ATENRIR, XT3 FRAH
#ﬁﬁ% TR AR, A B 1R PRI E R,
HAR G 1~3 FroR . 3 R AL Rl BUR AT (5 B
Ch MR EICR G % 2 MR TR, XT3 NBUNER
UTHATVENY, I HLZS AR PR AN 18 5 PPN
B, BRI 4 3 s n. X B =6 G FF
MEE, BV S={sy, 51, S, S3, Sa» S5, g} » FeHP s, HZE, s,
R, s, WEFE, s h—M, s, NUF, ss WEEF, s
AR

F® 1 FETFMIER C, TEMEK 4,33 B HIFNMER ¢(P)

Table I  Evaluation information ¢,,(P) of subject B; by 4; under evaluation index C .

el B, B, B,

4 {lss] 04} {lsnos.]. 03} {lsoos]s 04 {[siose]. 02 {[ssosa]s 05} {5 ], 03]
4, {ls:.], 05} {ls2o 5. 04F  {lsioss] 04) {fsos]. 03) {[swosi], 03} {fsi ], 0.5}
4, {lsi:5.], 04} {ls2o0.]. 05 {lses]. 05} {lsos], 02} {[siosi). 03} {[is.5], 04

R2 EFMIER C, TEE 4, 3 B HIFMER &,,(P)

Table 2 Evaluation information &,,(P) of subject B; by 4; under evaluation index C)

C B, B, B,

i Dosl 03 ] 04 (oon 04) s 05 (5] 03] {[s]. 03]
4, {lss.] 04 {lswose]- 030 {lsiosa] 05} {lsiosi]. 030 {lss], 04} {fsios:], 03]
o Ln 04 550,05 (o] 03] s8], 03) {fss] 03] ffss], 03]

®3 FEIFMIERR C) TEME 4, % B, M=

2 83;'/(P )

Table 3  Evaluation information ¢&;,(P) of subject B; by 4; under evaluation index C :

e B, B, B,

4, {lss). 04 {Iss]. 05} {lsns], 04) {{s2o5]. 03F {lsi,.], 04 {[si.], 03}
4, {lss.]. 04) {sis]. 03} {lsps.]. 04} {fsonsi]. 05 {{swnsi]. 03} {55, 05}
A; {ls:. 5], 03} {[s.5,]. 04} {ls5]. 03} {s.5]. 04} {[s,.5,]. 03} {[s,.s.]. 0.5}
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® 4 FEWFMIERR O TEME B X 4, IFMER &,(P)

Table 4 Evaluation information &,,(P) of subject 4, by B, under evaluation index C’

c B, B, B,

4, {ls5.], 05} {ls0o 5], 04] {55, 04} {[s,. 5], 03} {ls5], 03} {Iss], 05
A, {[sl,sz], 0.3} {[sz,ss], 0.5} {[52,53], 0.4} {[53,54], 0.3} {[51,5,], 0.2} {[52,53], 04
Ay {[sz’ss]’ 04} {[s4,s5], 03} {[s4,s5], 0‘5} {[ss,sﬁ], 0‘3} {[sz,sJ, 0‘3} {[53’54]’ 04}

&S5 TEIEMIERR C T B 3t 4, BIFMER &,(P)

Table 5 Evaluation information &,(P) of subject 4, by B; under evaluation index C;

c B, B,

4, {525, 03} {[ss. ], 0.5} {s;-5.]. 04} {[s,.5,]. 03} {ls:5], 04} {[55.5.], 05}
4 {ls.5.]. 04} {{s,.5]. 0.5} {ls.5.]. 03} {{s2.5,]. 05} {[s:5:1,04} {[s.5.]. 03}
A; {Is;-5.]. 04} {[s.. 5], 0'3} {ls:-5]. 0. 5} {ESEAN 0'3} {ls;-s.]. 03} {lss 53], 0'5}

42 RERSE
HB1 FAR (3) sk (4) W15 Rk

i L, =[EG,(P)] (e pim) F,=
(£GP (g iR .

R6 BHYTEYUEREL =[EG,P)]

Table 6  Score function matrix L, [E(Sq,,(P))} .

C! e G

;E 9 ﬁ%;ﬁ%ﬁp :[d(épij(P)’ éﬂlf'(P))l,xn

Table 9 Deviation matrix U, :[d(é,,,j(f’), 5,,0»(1’))lw

~ C a

U, 4, A4, A, A, 4, A,
B, 1.81 0.58 1.23 1.07 0.80 1.87
B, 1.00 0.05 0.95 1.80 0.95 2.75
B, 0.30 0.06 0.24 0.13 1.07 1.20

‘B B, B, B, B, B, B, B, B

A4, 193 483 388 2.07 206 288 3.06 193 393
A4, 194 493 413 393 383 406 393 206 4.13
A4; 206 579 507 3.06 383 288 3.07 207 3.13

®7 BHEBEREL =[FC,(P)]

Table 7 Score function matrix L, [E(Sp,,(P ):|

FB3 AARX (9) F (10) 555
B ¥, =[H (e, (P). ,u(P)] (g 10 ) Fi
£,(P)]

F 10 IRISEEREY, =[H (e, (P eu(P)]
Table 10 ProﬁtandlossmatrixV,,:[ (8,4(P) S,k(P))} .

V,=[H(&,P), (1% 11 R )

y c G G
! BI BZ BS Bl BE BB Bl BE B}

. C; c:
4 AI AZ A3 Al AZ A3
B, 3.94 2.13 3.36 3.13 2.06 3.93

B, 3.93 2.93 3.88 3.93 2.13 4.88
B, 3.13 2.83 3.07 3.06 2.93 4.13

4, =290 -195 095 0.01 -0.81 -0.82 1.13 -0.87 -2.00
A4, =299 -2.19 080 0.05 -0.13 -0.18 1.87 -0.20 -2.07
4, =373 -3.01 0.72 -0.82 0.18 1.00 1.00 -0.06 -1.06

S| R (7) R (8) Hagk 2
U, =[d(2,(P) 2,(P)] (g piR) MO, =

[d gpl/(P) pl/(P))] o (ﬂn%‘% 9 F)]"ZT_\‘) o
F8 WEERE U, =[d(e, (P cu(P)]

Table 8 Deviation matrix U, =[d(£w(P), El,m(P))J

mxn

F 1 RHEEEEY, = H(E,(P). &,(P)]

Table 11 Profit and loss matrix V, = [ (%(P) Sp,,(P))]mx”

Ci G G

! Bl BZ BS BI BZ B3 Bl BZ 33

4, 290 195 095 0.01 0.81 0.82 1.13 0.87 2.00
4, 299 219 080 0.05 0.13 0.18 1.87 020 2.07
4, 373 301 072 0.82 0.18 1.00 1.00 0.06 1.06

] c c
l/ﬁ’ AI Az A3 A] Az A3
B, 1.81 0.58 -1.23 1.07 -0.80 -1.87
B, 1.00 0.05 -0.95 1.80 -0.95 -2.75
B, 0.30 0.06 -0.24 0.13 -1.07 -1.20
SBA4 AKX (1) ~ (18) FBEpE 32 5 B
w,=[5,(8, ]W,, .=[6(8..8))],, (w12

]mx” il W [5/ (Aln 4; )]

mxn

B,)
NP [
(N3 13 Fi )

o
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F 12 tRBEEEW =[5(8.8)] Fw,=[s(5.5)]
Table 12 Dominance degree matrix ¥ =[5,(B 1> By )lm

and . =[5,(5..5,)]

mxn

W,/W, (B,B) (B,By) (B,,By) (B,,B) (B,B) (B B)

A, -0.54 -3.23 -1.35 0.54 3.23 0.86
A, -0.14 -2.29 -0.97 0.14 2.29 1.55
A, -1.84 -1.55 -1.18 1.84 1.55 0.82

F 13 RBEIEREW, =[05,(4.4)] FaW,=[5,(4.4)]
Table 13 Dominance degree matrix W, :[5,-(/1,,/1,)}
and W, =[5, (4, A[):|

nxn

mxn

mxn

W W, (And) A,dy) (nd) (nd) (Ad) (4 4)
B, 238 -0.I3 248 -238  0.13 2.48
B, 234 -L19 263 234  LI9 2.63
B 091  -127 -159 -091  1.27 1.59

ST FUHR (19) ~ (24) Hosdos (R
0=[0/(8)] MO=[p,(4)] (WEI4FIS).

14 SRBEEE=[0(8)]
Table 14 Net flow value matrix Q = [‘P, (B,,)l,x,,

mxn

0 B B, By

4, -3.78 ~1.11 -0.25
4, -2.62 -1.27 0-29
A, -4.32 -0.39 0-39

15 EREBEEEC=[e(4)]
Table 15 Net flow value matrix 0 = [(I), (4 )]W

0 A, A, A;

B, 2.26 -2.48 2.48
B, 1.16 -2.64 2.64
B, -0.36 -1.60 1.60

FRo FH (25) M (26) HEHE R
M R=[a,| MR=[B,] (WEI6HI1T).

® 16 WHEEEMER=[o]
Table 16 Satisfaction degree matrix R = [ay:l §

R B, B, B

A, 0.11 0.68 0.86
A, 0.36 0.65 0.98
A, 0.00 0.20 1.00

®17 HEEEER=[p]

Table 17 Satisfaction degree matrix R = [ ﬁ”]

mxn

R A, A, A,
B, 0.93 0.03 0.97
B, 0.72 0.00 1.00

B; 0.43 0.20 0.80

|7 AL IMARE 2 B bR R
B M1 Fe A BRI M2, 8 55 SCHEFT XS H,
w=0,=0=1/3, 3 B Lingo11.0 3Kfi#, 714
Xy = =x=1, HAR x,;7=0. BUEOMERIT 4, SR F]
By VLfit; BURHERIT A, SREAF B, ILEE; BUMET]
4; 57RAAE B, ILPL,
4.3 XL AT

4351 TODIM J5#% . PROMETHEE 11 J5i:, 3C
Mk [301[31] A9 /774 )2 TODIM-PROMETHEE 11 i (K
FIEE ) X R XGHVCEC RS AR AR, ARy
2 MFRIRIERC T SR 18,

R 18 AETERINLETTRE
Table 18 Matching schemes obtained by different methods

NS iR7 B VERE % 1
TODIM J5 i {(4.8): (4..8,), (4,.8,)}
PROMETHEE II 51 {(4.8): (4,8.), (4,B8,)}
SCHR [30] B9773% {(4.8,) (4.8, (4,,B,)}
ik [31] H ik {(4.8,): (4,B,): (4,8,)}
TODIM -PROMETHEE I1 i (REIEATAE ) {(4.8,) (4.8,), (4,.8,)}
ARSIy {(4.8,), (4.8,): (4,,B,)}

Hi 2% 18 I, I SCik [301(31] A7 vk ( STk
[30] 38 L A4 E L e K ARAS 43 BR B SHE H AR 2 H s
XGAVERCAEEARY, S MmAS 2R SGA VEFC A R s SCHk
[31] d L A8 EE L e KA RIS AL T S R HAniy 2 H
BB 32 DG EEAR TR, 3 17 A5 380 dee O 14 XL3d DG L 45 41 )
13 EN Y VR ZE SR S5 A SO VL BCEs R —2, (HIX
7 VL8R A 25 1 A FRERE, HSCHR [31] A
MAEFRI SR ST 2, 8RR, A
] TODIM J5#% . PROMETHEE II J53% A & TODIM-
PROMETHEE 11 J5 i (A2 I8 FE ) SKARTS 31
VERECZE IR SA SO i VE R g A e 2 — 3, X2
4, TODIM J5 i AR T ARG BRI, (HXT
PR R MR BN R /D [, AT RES i e
DCC 45 S A¢7E 2% 5 ; PROMETHEE 11 J7 ¥ %A % &
FAA BRI, AH N 12 BUR A VCBCAS RAEAEAUE
B AT = [0) 81; TODIM-PROMETHEE 11 VA AE% A
FIRNTYERITEIET , SR F A0 5 e 22
F/NK— 250, AR AR EIRRI R 25 0 5e
PR A A VO RS R T e A e 22 5

AKX IEEZ BN FENEIE T, Mk
TODIM J7 % Fl PROMETHEE 11 J5 V45 &, K
B, MEHIE T ERA RO, R T
PROMETHEE 11 J7 ¥ 75 5844 i ik 1) 3l 2 o R A i
Ui RS BBOAN A4 DA 385 BSG e 2¢ 1) R 3 45 A th AN
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RGP RE. BERAHE TR 5 RG4S TODIM Jr
4B S PR B AT BR B 9 A DR B e
LR AN E 18 5 ARiES S5 PROMETHEE 11 75454
HE TR E M Z B e RS DL, Ah,
O 2 A o O T AR A5 A G L 45 S B —
J7 FRMTH R RS, I — 5 FARAE R BRI
AR RCIR G . R, A SCHE 25 T8 FPE R
TODIM-PROMETHEE 11 J5 i 8 BA Uik 1, HiE
F IS A A PR )

5 Z5iE

BEXTER AN E 1 5 (5 B SGAVE AL ), 4
SCHs TODIM J7 #: 1 PROMETHEE 11 J5 3% A1 45 45,
&1 T —Fh 3L F TODIM-PROMETHEE II 1 X{3/1 It
BLpk 3R )77k . TODIM JiikZ J8 T R4 PRI,
{AHLAFAERPE , BIEN Z AL AEAE B, X Tl
B —J7 FWME, B RSB B LeA g i) o D) 3
WA AT OR AN E 1 53 b — A0 53 Hh— S PR I i
BRBE , RH N R 2 T RO SR A R AN HER AT 5
PROMETHEE I J5 i i T X T R WE e, »
BRIA TR TERIT . AR TE
P BLAbh, ASCHrE H IV BLP SR vk U b
BRI AT EYE RS, S VC L PSR (] i oy
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