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Two-sided matching decision making method with probabilistic hesitant
fuzzy information based on regret theory
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(1. School of Science, Hunan University of Technology, Zhuzhou 412007, China; 2. School of Economics and
Management, Fuzhou University, Fuzhou 350108, China)

Abstract: With respect to the probabilistic hesitant fuzzy two-sided matching decision making problems with aspiration
levels on criteria, a two-sided matching decision making method based on the regret theory is proposed considering
the psychological behaviour of regret aversion of two-sided matching subjects. Firstly, a new Lance distance measure
and a Lance score function of the probabilistic hesitant fuzzy element are defined. Then, based on the regret theory, a
probabilistic hesitant fuzzy two-sided matching decision making method with aspiration levels on criteria is proposed. In
this method, the criterion utility value matrix of two-sided matching subjects are constructed using the expected utility
function and the Lance score function of the probabilistic hesitant fuzzy element, the regret-rejoice value matrix of
two-sided matching subjects relative to the aspiration levels on criteria are built using the regret-rejoice function, and the
perceived value matrix of two-sided matching subjects relative to the aspiration levels on criteria are set up according to
the regret theory. Furthermore, an optimization model is constructed using the ideas of maximal deviation method and
the new Lance distance measure of the probabilistic hesitant fuzzy element to obtain the weight vectors of the criteria, the
comprehensive perceived value matrix of two-sided matching subjects are built using the linear weighted method, and
the satisfaction degree matrix of two-sided matching subjects are set up using the range transformation method. Based
on these, a multi-objective optimization model is constructed considering maximal satisfaction degree and the stability of
two-sided matching alternatives, and the stable two-sided matching outcomes are obtained by solving this model. Finally,
an example is given to illustrate the effectiveness and practicability of the proposed two-sided matching decision making
method.

Keywords: two-sided matching; probabilistic hesitant fuzzy set; regret theory; new Lance distance; Lance score
function; maximal deviation method
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M,M = {1,2,....my; ZHFEEENB = {B,
By, ..., B}, B RORE jANCITEMK, j € NN
={1,2,...,n}. AUTERENL,E2 < m < n.
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h(p) = {h* ()| =1,2,..., |h(p)[}. 2
XH:p N € XRETHES H MBS E; p
SR FE RS IMEERAE B2 h € [0,1],p° € [0,1],

|h(p)]
)| MR ZEA LB TC h(p) TG R

H Z ' =1;|h(p
E’J/l\éﬂz.
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Ay EFIME N

u(zy) = v(z1) + G(Av). (3)
ot Av = v(1) — v(2), v(w) Ao (zy) 55
TP R A5 A R A G(Av) i
H R A T T %R A W -TICEE. 7 G(Av) >
0, 1l G(Av) ATREAE; #5 G(Av) < 0, G(Av) A

HHE.
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I R

2.1 BEEIRBAEM THIAREL
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HEACAR B ) 77 ¥ — R o R R AR 2
el — 2 MR 2R R AR e AN B AT A 1) 1) 76 2 AN S0RT
AR 7] BN 2 23 A, T EL AR HE AL 5 R XA M — 1
FARKCEE T 7% WSCHR [18).
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[y (p1)[} Bl ha(p2) = {RE@S)IC = 1,2,..., |ha(p2)]},
B | (p1)] = [ha(p2)] = [R(p)]. WA
oy 1p1 h2p2|
d(h ha( 4
(h1(p1), h2(p2)) \h ) Z Bt + hipt )

I BAERA T by (p1) 5 h2 (m) (2% R .

BT 2 MR G Ry (p1) = {0.4(0.99),
0.5(0.01)}, ho(p2) = {0.4(0.99),0.6(0.01)}, hs(p3) =
{0.5(0.99),0.7(0.01)}, ha(ps)
H= @) 1§

d(hl (pl) hz(m)) =0.0455 = d(h3(p3) h4(P4))~
#1100 67 % 4T 73 1 77 R EaR 20 7R
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B 7T, 01 ha (py) Fom 99 BL 45 T 40 43,1 145 1 5043,
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ha(pa)) A REAFLH, 3 HA @) &R T A TG EA
B S5 IR 2R TR TSR BE B8 AP AE R PR %5 T,
A SCHME MR BRAS R e b A 1) Sl b, 25t —Fob
REZR L FRASR 08 =2 IR 5 1) 58 L.

TE N 4 (MR BRI o8 2 IKFER)  4AE M

FRIGHIRNTC ha (p1) = {hL(PDIE=1,2,...,|hi(p1)|}
Hho(p2) = {hs(Po)I0 = 1,2, [ha(po) [}, B2 b5
HEA AL BE IS 53 50 N ha (1) = {he W = 1,2,.
[P (p1)|} FL B () = {R5(PO)|E = 1,2, |h2(p2)|}’
Hil 2 [ha(p1)| = [ha(p2)| = [R(D)], )JJ%/J\
|h(D)] |h£ z
de(hi(p1), ha(p2)) (5)

ht + hZ
FMEZIRTGER TT ha (1) 5 h2 (pg) ()3T =2 PR .

X5 1 A R AR AR TR T, S8 EAT B AL AL
s (S5) THRAT AR do (R (p1 ), ha(p2)) = 0.0009,
de(h3(ps), ha(pa)) = 0.090 0,547 d(h1 (p1), ha(p2)) <
d(hs(p3), ha(pa)), AKX TG — L8 5H 40 HT 7
F T AR HE AL B, 2 (5) X TEEF AN T RZ N BA
FHEE BIRE 2R LA o th 78 Aid H

MR %€ BRI T ha (p1), ha(p2) F
hs(ps), MHr == FEE B (HP =X (5)) 1 2 :

D) de(hi(p1), ha(p2)) = 0;

2) de(hi(pr), ha(p2)) = 0, AHMN A hi(p) 5
ha(p2) FHEE;

3) de(ha(p1), ha(p2)) =

4) de(hi(p1), hs(ps))
de(h2(p2), ha(p3)).

PR T i i, 1A A
23 BEIRBEMIT=RIZT R

T BRI, Ding 56122 58 SUMEZ A R B 0
AL 7 B S (R (p)) FM 22 B £ o (h(p)) 735l 4

[h(p)|

de(ha(p2), hi(p1));
< de(ha(pr), ha(p2)) +

Ejﬂﬂ 6)
Ih(p)\ )

o(h(p)) = > (h* = S(h(p))) p". (7
=1

FE— L5 B0, 19 R A AR AN 5 fE. T 2
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BATCH LT P23 53 B8 50 S) ((p)) AN W BE B 5
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hi(p1) = {0.1(0.5),0.9(0.5)} JUFTFHIIE s ea 3L

S(h1(p1)) = 0.5000, S(h2(p2)) = 0.3000 hi(p1) > ha(p2)
Sy (hi(p1)) = 0.3000, Sy (ha(p2)) = 0.3000 hy(p1) = ha(p2)

12 ha(p2) = {0.3(1)} HEUELEIC B EL S2(ha(p1)) = 0.7500, Sz (ha(p2)) = 0.8500 hyi(p1) > ha(p2)
;&fﬁ}@ﬁ Sc(hl(pl)) = 0.5646, Sc(hz(Pz)) = 0.4615 hl(pl) > hz(Pz)

BHEE S B AL S(hi(p1)) = 0.4800, S(ha(p2)) = 0.4800 hy(p1) = ha(p2)

W72 B AL o(hi(p1)) = 0.0336,5(ha(pz)) = 0.0096  hi(p1) < ha(p2)

hi(p1) = {0.2(0.3),0.6(0.7)} . N
ha(ps) = {0.4(0.6),0.6(0.4)} /LI T w%

S1(h1(p1)) = 0.4315,S1(ha2(p2)) = 0.4704 h1(p1) < ha(p2)

WEHIEE B C B EL Sa(hi(p1)) = 0.7600, Sz (ha(p2)) = 0.7600 hy(p1) = ha(ps)
ZRILTEE Se(hi(p1)) = 0.6250, S, (ha(p2)) = 0.6429 hy(p1) < ha(p2)
Ih@)l ()|} AR B 277 4k B T
S (h(p)) ZHM#—H ) B 4 _
|h )l UlJCl EI’J/EUUH:{ME,C = {CcA ca, ...,

XA R AT E%l&ﬁ R, (B AR
BEAE LN AT RE S R AR (R ). NI, AR SCEE T MR 14
REOR TOHT =2 QR B8 5 S —Fh 22 Il 43 IR AL

EMS HEMBERBERICA ) = {R(Y)

0= 1,2, |h(p)]}. T FRAT UL A BB 7T g
hi(p) = {1 =1,2,.... [A(p)[}, W h(p) FI=IK
T R U
LGl
&szl‘Z;M+ﬁ” (10)

S S.(h(p) = 1 — du(hlp), by (p)). KR
Iy BRAECSEBR BB T MR IR T h(p) S
AR LR IR IC ey (po ) T 22 IREE S AT 1L
L, R B /N ZR A B AR T h(p) iR, A R Y 22 I

GaNSEAGI=REN SN

it — 2B R 22 K 3 B B AR A AT LE, DLER
1A 45 2 A48 3 3R AT U BH. R AB 2 AT, 22 IRAE 43 R
. BMEIC T R W EE B A B A B A R
— B, 1 JUART 350 53 SR EOTC R AT B X 4y H
3R, 22 RAC 7 BRI 22 BRI LA~ 3890 45 eR 2
FITAS 20 1 Pl 45 5 — 35, T BB 29 bR BRI i B B 5
1097 BRI VE AT B RX 43 PR, 22 IRl 7 R A0
B A H A R
3 ET 1R R RA LA R SR T v
3.1 [GEER

& ISR TGN (E B AE W B A B EE K
MOAVEHE RS R L B CP = {CP,CP, ..., CP} N
7 FARVEAN 207 EARRIHEMISE S, CP RE 1NV
MM € Q.Q = {12, gk BN = [ef]],, AT
J7 ARG H ) 477 FEAR KT HENNEE OB (1) #E ) 3 2
ik, e = {hS ()10 = 1,2, ..., |hy(pa) |} AT ITE
1A Ay B HR 2 AH G LRI 25 HA I & 07 E A 90 T U
CP RN T = [tal,, AT HE 407 E4K
KT HEMIAE CF BIHENI PP HERE, 5 = {5,051 =

CAY N
J RV H O EARIHE AR &, O R EE kAR
#ENLk € S,.8 = {1,2,....,shEP = [efi] A
L7 ARG T ARG T-HE AR CA (i U 3
HIERE, ef = {hj 05l = 1,2, [he(pe) [} A
LT7 FAE By JOHR 75 AH OC 3 3 (A 25 i 7 AR
KTHEN CARIIAEE KT R = [rig],, . AT EH
9 B 32 4k o0 T HE U 4R CA BHE U SRR FE B, g =
{h(i)le = 1,2, [ha(pa) [} A& HEK
B 4k Ay 5T HEN C’,f (R DU PP A . AR ST 2 A
TR T R AR AR X0 T R R U B R R B B4 =

e ngs EZ = [eB]  LAErhArg th A E 1k
HOBE MNP IERE T = [tj], s R = [rin] s, AL S

Tt VT P o 55 7 425, 3R AR e 00 3 AR R AT g il 2 i X0
NGy

32 EDRE AR

3.2  ¥ENIBFRE AR

B2, M B = [ef],,.~ E® = [eh] .~
T = [t FUR = [, HEAT B0 A0 20, 751 51
EA = (el g BP = B3], o T = [l AR =

[Fik)mxs- ﬁfllﬁi?%uﬁaﬁiﬁifl X2 T7 EARKTHE
W CP W EAEEAE e} J9WI3EAT Ui BH, 5 HE N CP S Ras
TR YR U], D AN 75 2 A 3 25 E U] CP g A R o ), )
BT ME P TLAE 7T (1) #bh ds SO ED X (1) AT
T RTEAL:

éfl‘ = {ﬁfl(pfz)lﬁfz =1- hflvg =1,2,..., [ha(pa)l},

1e€M,leqQ. a1

SR G, VB T AR T 3RAS B HE R AR X

B R o (), TR R 2 B A K

W6 FILIEE ) AT JRFAE, R0 BR B0 AU — A H R S 1
[T R 513141 {5l FH e o S0 D v D RO e B2, A

v(z)=2% 0< x <1, (12)
Forb X DRI 3 A ) RS R T 5 A, o BN X A
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Y DRSS FIL R A Pk 5. () W A2 ' () > 0, 0" ()< 0.
TRAAEN CP F, M AT X F I R 7 &
W5 277 T4k B VGG I Fr 3R A5 A v D) 255 H A8 4 B
V= [0(ti)], g

[P (pio)l (7 e
- - |hs, — 1] X
) =(S.(t,) = (1- _J c)
v = (S = (1= 3 Geogol)
jEN,leqQ. (13)
S, FEHEM CA F R A F ARSI

LT7 EAR G W7 K A, VLRSI B gk 45 1 4 0 251l

FEREV! = [V (Fik)] e s®
o . |Pikpix| ‘iL ~1],
v@@—@ﬂ@)-@—%}}ﬂ+lp>,
ieM, kes. (14)
322 REBRAGMERERRAE

B, TSRO0 FE AR AE A5 E IR 3R AT A -
JREAE. X B S i 5 - s iR 8 T X008
AR I M5 TR 17 4 40 XS HBRE 1, i - TR PR
Kt 0o J51 BT 328 1Y 1 11T R 31425 fi R A

N Jei M- iR R 2
G(Av) =1 — exp(—dAv), § > 0. (15)

o Av e R R U4 AR BT IR AR K E S
W K BB 2 25 6 R U 6 44 1) J g R Tk 2R
B, § R R 3 R 1 5 1 FIEE AR B R . G(Aw)

R G'(Av) > 0,G"(Av) < 0. TREHELNCPF,
FHKq6) AN IFHIFWER T 2R A, 5007
F Ak B, UCHEC I, B 5 4k A, i 3545 6 o T 20F (A
v(t;;) F6 T HAEE KT &4 16 Ja M-k B A H R G

[G(Avlﬂ)]anxq’ﬁ
G(Avy;) =1- exp[—é(v(tNﬂ) - v(éﬁ))],
1€M, jeN,leQ; (16)
A R R -
o(ef) = (S = (1- Z hflﬂ )
ieM,leq. (17)

Fefehit, FEAEN C2 R AR 2 st SRR
477 EAE B; 5W T EAR A ILECH, 277 14K B; B
FRAT O HE T 8 EL o (7 ) ARDRE T KY€ 1=
- EEHEEG = [G'(AV )]

mxnxs"®

G'(AV' 1) = 1 — exp[—=6(v' (Fir) — V' (€}))],
1e€M,jeN, keS; (18)
[hjkpjn |B£ _ 1| ¥
V'(EB) = (S.(eB ) = (1 - L ¢t
@) = s = (1= 3 T

jeEN, kes. (19)
HAEREN CF R, MK (20) T IR R 2 R 5
Tk A; 5 277 AR B, ULEC I BT 3RA5 8= fi (i 46
FEU = [uiji] nng B
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