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ABSTRACT

Effective methods of bilateral matching decision-making could make the second-hand transaction
market and platforms more dynamic and healthier for development. However, the loss of description
about the characteristics of sellers and buyers and the weight information of their inner preference
can affect the matching result. By developing a method for a second-hand transaction, this paper
proposes a novel approach that considers the matching parties’ psychologies, which can improve the
matching efficiency. A mathematical model of seller and buyer is performed, and then the price and
other evaluation indicators of sellers and buyers are described by five different types. A bilateral
matching multi-objective decision-making model is constructed and solved. A real case study of
property trade platform is presented to illustrate how the proposed approach could be applied in
practice. The results of this research indicate that the proposed approach is a useful tool for matching
the sellers and buyers and has substantial practical application.
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INTRODUCTION

With the rapid development of the domestic economy, the second-hand goods trade has become
an important part of the market transaction. Effective and professional trading services are able to
create value-added activities and customized solutions to satisfy the requirements of both the sellers
and buyers (Wang & Li, 2017; Edmund,2020). In the real trading market, there are three players:
the second-hand goods sellers (suppliers) who provide the second-hand goods to be selected, buyers
(demanders) who seek the goods, and the intermediaries who match the sellers and the buyers (Zeithaml
et al., 1993; Goran et al., 2021). With the popularity of e-commerce, online and offline platforms of
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second-hand goods transaction intermediaries have become an important media for bilateral matching.
Since the individuation of second-hand goods demand and the diversity of supply appear significantly,
a proper match between the sellers and buyers has become increasingly important. As information
and resources are often restricted or proprietary, it has become necessary for the second-hand goods
sellers or buyers to use the expert knowledge services of intermediaries as a bridge to find suitable
partners. Consequently, bilateral matching problems among sellers, intermediaries, and buyers have
emerged and have been studied by many colleges (Benassi & Minin,2009; Belleflamme & Peitz,
2019; Italo & Oswaldo, 2020; Edmund, 2020; Cullen & Farronato, 2021; Yash & Daniela, 2021).

Bilateral matching problems have extensive practical backgrounds and exist widely in various
bilateral matching markets. Gale and Shapley (1962) first studied renowned bilateral matching
problems with ordinal preferences. After the initial study of Gale and Shapley, a large number of
bilateral matching theories were proposed (Roth,1985; Rothblum, 1992; Roth et al.,1993; Sasaki
& Toda, 1996; Bloch & Ryder, 2000; Manlove et al., 2002; Echenique & Oviedo,2004; Pais,2008;
Hatfield & Kojima,2010; Jiang et al.,2011; Azevedo, 2014; Yu et al.,2018; Halaburda et al.,2018;
Hu & Zhou,2018; Zhang et al.,2019; Liang et al.,2020; Michael & Christopher, 2021). Hence, the
research on bilateral matching is meaningful in theory and valuable in practice. However, throughout
the existing literature, it is well known that the prior research focused more on obtaining stable
matching schemes with the preferences of both matching parties.

At present, the social environment is complex and changeable, people’s cognition and judgment
are more and more uncertain and fuzziness. It is increasingly difficult to express the preference
information of practical problems in the form of accurate values. How to express many uncertain or
fuzzy information? Obviously, this is an urgent but very interesting problem. A common assumption
proposed in most prior studies was that the demanders and suppliers were able to express their opinions
or perceptions using numerical values. In many realistic situations, however, people usually describe
their opinions with linguistic assessments rather than numerical values (Wang & Chuu,2004; Yu et
al.,2021; Yu et al., 2022; Liu,2022). Different attributes or characteristics should be expressed in
different types of data forms, only that can reflect the characteristics of customers or property to
the greatest extent. Customer’s portrait and property characterization can be well described with
heterogeneous information which was not sufficient covered in existing research.

The objective of this paper is to develop a method for second-hand transactions matching more
accurate, in which the sellers and buyers’ uncertain information including preference and demands
is considered and the characteristics of various expressions of evaluation indicators of both the
sellers and the buyers are depicted as accurately as possible. In a matching process, the income levels
of sellers, buyers and intermediaries are all maximization that they desire to achieve. Due to the
interests of the three parties are not consistent, a dominance function is constructed by considering
their different behavior characteristics and interest needs. Meanwhile, a bilateral matching decision-
making approach is proposed.

This paper contributes to the following aspects: firstly, a hybrid of decision-making methods
extends the application of both bilateral matching and psychology to second-hand transactions field.
This interdisciplinary study covers both transaction research and second-hand goods management,
aiming to be a useful tool for knowledge and experience transfer. Secondly, the study avoids
underestimation of the matching parties’ characteristics, as well as considers psychological problems
(e.g., uncertain weight of preference, regret avoidance). Therefore, the approach is superior to the
traditional research that not fully considered these important details. Thirdly, it provides insights for
second-hand transaction into facilitating more comprehensive matching parties’ demand portrait by
using five data types (e.g., real numbers, interval numbers, triangular fuzzy numbers, intuitionistic
fuzzy sets and multi-grained linguistic variables). Lastly, it also enriches second-hand transaction
literature by filling research supplement presented in this paper.

The rest of this paper is organized as follows. In Section 1, the reviews of related literature are
presented. In Section 2, the multi-type heterogeneous information of matching evaluation indexes is
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defended. The model of sellers and buyers’ regret avoidance is established. In Section 3, the perceived
value of the sellers and buyers are constructed and calculated respectively. A multi-objective decision
model considering regret avoidance is developed. In Section 4, the proposed model and method is
specifically applied to the case of second-hand housing transactions platform. A comparison analyses
are conducted. In the last Section, this paper concludes.

LITERATURE REVIEW

Bilateral matching belongs to the research branch of decision-making field, which was first introduced
the Stability of Marriage problem by Gale and Shapley (1962). Gale and Shapley initially proposed
a deferred acceptance algorithm, namely Gale—Shapley algorithm, to solve the marriage problem,
in which men and women have preferences over each other. In their work, the concept of stable
matching is proposed. After that, Roth (1984) introduced bilateral matching decision-making theory
into social practice, and opened the precedent for market mechanism design. It is worth noting that
Roth and Shapley won the 2012 Nobel Prize in Economics for their great contributions to bilateral
stable matching theory and market design practice. Based on the Gale—Shapley algorithm, the
research on bilateral matching decision-making is mainly expanded from two directions: one direction
focused on matching algorithm. A number of methods and models are developed (Bertsekas,1981;
Roth,1985; Rothblum,1992; Roth et al.,1993; Sasaki & Toda, 1996; Bloch & Ryder,2000; Manlove
et al., 2002;Echenique & Oviedo,2004; Pais,2008; Hatfield & Kojima,2010; Jiang et al.,2011;
Azevedo, 2014; Yu et al., 2021;Yu et al.,2021). Among them, some researchers studied the optimal
cheating strategy and the truncation strategy in bilateral matching (Teo et al., 2001; Ehlers, 2008).
Some scholars studied the bilateral matching problem focusing on preference ordinal information
including incomplete and complete information (Echenique & Bumin, 2007).Meanwhile, some
linear programming models are proposed to solve one-one, one-many bilateral matching problems
(Munkres,1957; Echenique & Oviedo,2004), some considering the psychological features such as
maximum satisfaction or minimum regret for both parties(Bell,1985;Zeithaml et al., 1993; Liu et
al., 2017; Zhang et al.,2018)or dual-objective matching with maximum satisfactions and minimum
individual differences (Liang et al., 2013; Liu et al., 2017; Zhang et al.,2018;Davoudabadi et al., 2020).
It is worth noting that the stability of matching results has become the focus of this research direction.

Furthermore, the other direction concentrated on a comprehensive applications in different fields,
such as male and female (Gale & Shapley,1962; Bloch & Ryder, 2000;Irving et al., 2008), staff and
positions (Roth,1985; Azevedo, 2014), transaction suppliers and demanders (Sim & Chan, 2000;
Jiang et al., 2011, 2015), students and colleges (Pais, 2008 ; Chui et al., 2020), knowledge matching
(Chen et al.,2016), tasks assignment (Cullen & Farronato,2021; Kadadha et al.,2021), competition
analysis (Belleflamme & Peitz, 2019; Ribeiro & Golovanova, 2020).1t is noted that the research in this
direction are very fruitful. In addition, recent papers explore how a platform should make matching
decisions in dynamic settings (Banerjee et al., 2015; Hu & Zhou, 2018).

However, the existing studies have made significant contributions towards the solutions to bilateral
matching problems in different research directions. However, studies ignore some important factors
which commonly existing in transactions have been somewhat limited, such as the psychological
behavior of intermediaries (e.g., moral hazard to the matching result), portraits of matching parties
(e.g., sellers and buyers demand and expectation), full-description of property (e.g., physical and
social characteristics) is seldom considered. It is necessary to develop a novel matching model
considering psychological behavior of intermediaries’ moral hazard and the portrait of customers
and properties to improve the efficiency of matching. In the process of property transaction, the
intermediary platform provides consultation, search, matching and other services, which not only
saves a lot of time and energy costs for both sides of property sellers and buyers, but also reduces
the problem of transaction information asymmetry. Therefore, intermediaries play a crucial role in
property transactions. Due to information asymmetry, moral hazard in property platform is inevitable.
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The theory of information economics shows that the essence of moral hazard is an opportunistic
behavior (Balafoutas et al., 2017). The intermediary’s moral hazard is an opportunistic behavior that
maximizes self-interest and is not conducive to the property sellers or buyers. Studies have shown
that the moral hazard was mainly concentrated in market, products, finance, credit reform (Pierce et
al.,2015; Kadam & Kotowski,2018; Anton & Dam,2020; Meng et al.,2021; Goran et al., 2021; Fudge
et al.,2021; Francis A.,2022) resently.

However, there are only a few studies on the moral hazard of intermediaries in the bilateral
matching decision-making field. For example, Ozdenoren (2005) analyzed the functions of an invention
service broker and constructed a balanced model for two-sided demand and supply matching. Benassi
& Minin (2009) focused on a patent broker and discussed the importance of a broker by demonstrating
how a broker can greatly reduce transaction costs. Liang & Jiang (2013) proposed a bilateral matching
decision-making method considering different transaction attitudes of intermediaries. Hoppe(2005)
and Liu et al. (2017) proposed a bilateral matching decision-making method for electronic intermediary
buying and selling based on double reference points. Zhang et al. (2021) studied a decision-making
problem about supply and demand of matching various goods among three parties in the respect of
intermediary. These studies have explored more about the influencing factors of intermediary’s moral
hazard, but lack of consideration in revealing the impact of factors such as the payoff, risk appetite
and effort of intermediaries on the bilateral matching results. Therefore, it is necessary to carry out
further exploration.

Meanwhile, it is necessary to pay attention to the expression in diversity of information due to
the complexity of matching information. However, due to the complexity of practical problems and
the limitations of human cognition, the information of attributes or human’s preference often has
the characteristics of multi-type heterogeneity. For example, the attribution of distant, price, areas,
floor et al. can be described as real numbers, but the others like convenience, decorate class, property
management et al. may not be expressed by real numbers which can’t reflect their characteristics
significantly. Therefore, various fuzzy numbers, such as interval numbers, triangular fuzzy numbers,
intuitionistic fuzzy sets and other types of terms are very important for the expression of different
types of heterogeneous information. Many scholars have carried out researches on interval number
(Kumar & Chen, 2021), fuzzy number (Jiang et al., 2014; Yu et al., 2018), language evaluation value
(Wang & Chuu, 2004) and interval-dual hesitant fuzzy information (Zhang et al., 2021; Yu et al.,
2021), intuitionistic fuzzy (Wang et al., 2020; Yu et al., 2022) and made many achievements. Some
scholars also use it to express heterogeneous or hesitant environment, but a few was used in bilateral
matching research (Wang et al., 2020). Obviously, the bilateral matching decision-making method
focus on heterogeneous information environment are far from meeting the actual needs. Therefore,
studying bilateral matching with heterogeneous information also has significant research significance.

PRELIMINARY

Description of Bilateral Matching Symbols
Let §={S,S,,---,5 } (m>2), which represents the S party (i=12,--,m). Let
B ={B,,B,,~-,B } (n>2), which represents the B party (j = 1,2,---,n) . Let m <n, whichis
set to ensure that each subject of party S can be matched with a subject of party B.

Denoted 1 as a bilateral (S,) = B] matching, it is essentially a one-to-one mapping (Roth,

1985; Gale & Shapley,1962) which built on the subject sets of S and B. Namely s : S U Bj —
SUB,where VS €S, VB]. € B, which satisfies the following three conditions: (1) u(S.) € B;
(2) u(B;) € SU{B,};:(3)ifandonlyif u(B,) = S,, where means that S, and B, are matched under

J
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, both S and B are called matching bodies, and (S, B ) is called ;¢ matches the host pair, and
i(B;) = B, means that B, matches itself at 1.

The Weight of Incomplete Information

In the real transaction process, the preferences of buyers and sellers of second-hand goods for various
evaluation indicators are mostly given in the form of preference order rather than specific preference
values. For example, when selecting buyers, a seller who is eager for cash thinks that the time of
down payment and the time of final payment are the most important, followed by the down payment
ratio, and pays little attention to the other evaluation indicators. At the same time, when selecting
sellers, part of the buyers consider that the proportion of total price and down payment are the most
important, followed by educational facilities and quality, and the importance of public transportation
conditions is twice as important as that of leisure facilities. At this time, it is more realistic to express
the preferences of buyers and sellers for each evaluation indicator in a sorted mathematical form.
Therefore, according to the actual needs of the seller’s preference, the weight vector of the

second-hand seller Sl. about the evaluation index zS under the evaluation index zf is defined as

S S S S S S 5'
w (w]13w127 ”7w1‘(—)1‘3 217 223.“7“) w w

S .
w2 W Wep ’wk\ok\) w,, presents the weight of

secondary evaluation z° . The seller’s weight information set about the secondary evaluation index

kO
is recorded as A° , which is expressed as:

A = {(wl w e w’  wd ) w

11° 1‘01 et B w

S S
2|(')2\ k1’ kQ’ ’ k\(—)]‘\) |

(1)
wWZOZ‘@‘ =Lk=12-|K|}

where 6 € ©". Many scholars have discussed the structural form of incomplete index weight
information. This paper mainly considers that the seller’s preference for evaluation index consists of

two parts, weak order form and multiplicative order form, which are recorded as ]Xf and 7\5
respectively.

Let C’IS and C; represent two disjoint non-empty subsets in the subscript set
C* ={k0 |k €{1,2,---,| K |},0 € {1,2,---,] ©" |}} of all secondary evaluation indexes, which
satisfying C’]S cc’, C,f c C*® and C]S N Czs = . Then there are the definitions of these two
forms:

Weakly ordered form:
As w® s R s As
A1 {(w117w ) 1‘91 ’UJ217’U} ) 2|62‘7'"7wk17wk27"'7wk‘(;)lc‘)GA ‘ )
s s s
wflzw&} (fie 1’-]3602)
Multiplicative order form:
S s s s
A2 {(wn?w]za ”awl‘olvwgpwgy "7w2|(_)2‘ 'LUM,’ZU“,"', Hok ) A ‘ (3)
s s
wlewa2 (feC . f,eC))
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where x° > 0. Record the weight information set of the above two evaluation indexes of seller as
A= ATUAS.

Likewise, the weight vector of buyer B_ about secondary evaluation index Z f can be defined
7 1o

B .
as w” (wu,wm, --,w‘ 1 le,wZQ, W whl,whz, W \/’I) Where w _represents the weight
of the secondary evaluation index Z}B , he€{1,2,---,| H |}. For the convenience of marking, the
(2ol

buyer’s weight information set about the secondary evaluation index is recorded as A? | which is
expressed as:

B B B B
A {(w117w127 “wl|“f1|’w21’w I 'aw2‘~f2‘7 : whlaw ”wh\Th\)‘ (4)
T
w >02| ‘ _17h:1a277|H|}

where o € YT" . This paper mainly considers that the buyer’s preference for evaluation index consists
of two parts, weak order form and multiplicative order form, which are recorded as Zif and f\f
respectively. Let CIB and Cf represent two disjoint non-empty subsets in the subscript set

P ={ho|he{1,2,-,| H |},0 €{1,2,---,| Y" |}} of secondary evaluation indicators under all
first evaluation indicators related to buyers, which satisfying C]B cc”?, C’QB c C” and ClB N C,_)B =0g.
Then there are the definitions of these two forms:

Weakly ordered form:
AB B B B B
Al = {(wn’ww "w1|~f1| w21’w22’ ”’wQ‘TZ"-”’whl’wh?’.“’whwh‘)‘ )
B B
wp = wy} (f el f,€G)
Multiplicative order form:
AB B B B
A2 {(w117w127 ..w1|T1| w217w227 ",11)2‘T2‘ wh]vwh27 ”7w/1\'Y‘h\) ‘ (6)
B B B
wi > x"wf (heCl.feC))

where x” > 0. The weight information set of the above two evaluation indexes related to the buyer
is recorded as A” = Af” U Af .

Expression of Heterogeneity Indicators

Let S. (i = 1,2,---,m) represent the ith S party, and the evaluation index system of the S party
consists of two level evaluation indicators: the first level evaluation index z,f and the second level
evaluation index zw , which all k£ constitute the subscript set K of the first level evaluation index,
and its number is | K |; all the 6 under the k th first level evaluation index constitute the subscript
set ©" of its corresponding to the second level evaluation index, and its number is |©"|. The actual

. . . S . B
value and ideal value of the secondary evaluation index z;, are respectively expressed as T and
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7‘;5 . Due to the complexity and diversity of matching information, the expression of each evaluation
index is ambiguous. Therefore, the evaluation indexes are represented by the real numbers, interval
numbers, triangular fuzzy numbers, intuitionistic fuzzy numbers and granular language evaluation
value. These five data types are denoted as 2 = {Q2,€,,---,€0} following:

aﬁ,e (z]; €Q)
[Q]ﬁgvaﬁg] (Z]fg € QQ)
B B B 1B s
Tio = (Qikﬂ’b]k(%’b]ke) (zw € Q:s)
B B S
< Higr Vigg = (Zw < Q4)
0]1.;0 €0’ (zfa €q,)
and:
e S
a’zk& (Zk-g € Ql>
lai5 5] (2 € )
* #5148 Twl
rzkoq = (l—)ike’bzk;’byk()g) (zkso €Q,)
< Mg Vg > (2 €9,)
o €0 (2, €9,)
Denote O* = {0,,0,,-+,0,}, which s the language evaluation set about the secondary evaluation
index z,fa , where o, (i =0,1,---,4).

Denote B, (j =1,2,-+-,n) represent the jth B party, and the evaluation index system of party
B is composed of two level evaluation indexes: the first level evaluation index zf , the second level
evaluation index z}i , which all % constitute the subscript set H of the first level evaluation index,
and its n umber is | H |; all o under the  th first level evaluation index constitute the subscript set
Y" of its corresponding to the second level evaluation index, and its number is |Y"|. The actual
value and ideal value of the secondary evaluation index z]i are respectively expressed as rlfg and
r;j . Due to the uncertainty of the market and the complexity and diversity of matching information,

the expression of each evaluation index is ambiguous. Therefore, the evaluation indexes are represented
by the real numbers, interval numbers, triangular fuzzy numbers, intuitionistic fuzzy numbers and
granular language evaluation value. It can be expressed as following:

a; (z, €Q)
[Qi?w’ Eii('!] (ZhBa € Qz)
S —
rl;jn = <l—)ih¢7’b:w’biid) (257 € Q3)
o, €0 (2, €Q,)
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and:
B B
a’;}w <z/w € Ql)
lar, @] (2,, €9,)
B B 1 «B 7B B
rj’;m = (l—)jhU ’ b;lm ? bj}m ) (Z)m € QS)
B B B
< M:h(r’vjha > (Z}m € 94)
oy €0 (2, €9Q,)
Jho o 5

PERCEIVED VALUE FUNCTION AND DECISION-MAKING MODEL

This section constructs the perceived value functions of seller and buyer respectively, which creates
conditions for further constructing a bilateral matching multi-objective decision-making model
considering the characteristics of regret avoidance.

Construction of Perceived Value Function for Sellers

In order to calculate the perceived value of the second-hand transaction sellers, we should calculate
its utility value and regret-joy value according to the regret theory. First, we need to construct the

utility function U 5w The sellers will consider many aspects when choosing the buyers to avoid

making mistakes. When the transaction is completed, for whatever reason, the seller may not be
surprised if they find that the selling price is high. However, once it is found that the selling price is
low, they will be very regretful. For this reason, most sellers are cautious.

According to the real situation, power function is often used as the utility function of seller S,
=B
T

about the actual value of secondary evaluation index ko

expressed as:

US, =72y (7

k0 Tiko

where af € [0,1] is the risk aversion coefficient of S, . When af is larger, the risk aversion degree

is lower. When ozf is smaller, the risk aversion is higher.
Similarly, using the same power function:

U.*S _ (T*S)afq (8)

k6 TikG

the utility value U ;Z of the seller about the ideal value EZ@S of the secondary evaluation index zgg
can be calculated.

It should be noted that in the utility expression of sellers, the selection of risk aversion coefficient
af mainly refers to the research results of the following documents: (1) Based on a large number of
experimental test data analysis, Tversky and Kahneman (1992) found that the risk aversion coefficient
of 0.88 is a parameter value that can express the general behavior preference of any decision makers.
(2) Xu et al. (2011) and Abdellaoui (2000) also obtained the similar parameter values, based on the
studied the problem of parameter selection. (3) Wakker (2010) has also adopted the above values in
similar studies.
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Further, the regret-joy value of the seller S, relative to its ideal matching buyer is going to be

calculated. Generally speaking, the seller wants the actual value of each index of the buyer to be as
close as possible to the ideal one. When the actual value of the index is lower than the ideal value,
the seller thinks that he made a mistake and will regret it. When the actual value of the index is higher
than the ideal value, the seller thinks he has a good eye and will be very happy. According to the

regret theory, considering the regret-joy function of seller S, is expressed as:

RS, =1—exp(—7) (AUS,) =1 - exp(—) U, ~ U33) ®

ik ik ik 7 iko

where %s is the regret avoidance coefficient of the seller S, 715 > 0. The greater %s is, the higher
the degree of loss avoidance of seller S, . AU 5]99 =U :w -U :kbe represents the difference value of the
utility value between the actual value of buyer Bj in the secondary evaluating indicator z]fﬁ and the
ideal value of the seller .S, . With the increase of %S , the seller’s psychological perception of loss is

more sensitive than that of gain. In the real deal, the seller pays much more attention to the degree
of regret that may be caused by the transaction results than to the degree of joy.

According to formulas (7)-(9), the perceived value function of seller S, about the secondary
evaluation index zl‘; of buyer B], is constructed, which is expressed as:

VS =U5 4+ RS

ijkt k6 igko ( 1 0)
According to formula (10), the comprehensive perceived value VUS of the seller S, about the

buyer B/ is expressed as:

K| ek

Vi=3 (Z::w,fgl/;w) (11)

The definition of w]; is the same as the formula (1), representing the weight of the seller about
the second-level evaluation index Z/fe under the first-level evaluation index, that is, the seller’s

preference for each second-level evaluation index z,fa .

Construction of Perceived Value Function of Buyers

In order to calculate the perceived value of the buyers, we should calculate its utility value and regret-
joy value. First, calculate the utility value obtained when the buyer Bj matches with seller S, . We

need to construct the utility function U ﬁha first. Since the buyer will consider many factors to avoid

making mistakes when deciding which seller to choose. After the transaction, if the market price
goes up gradually or the landlords of other alternative houses have different degrees of price increase,
the buyer feels that the purchased goods is worth the money and will be extremely happy. If the price
goes down or the landlord of other alternative one reduces the price, the buyer will feel very regretful
when he finds that the price he bought is on the high side. At this time, the pain of regret is far greater
than the relief brought by joy. According to the actual situation, the power function is often used as

the utility function of the actual value 7?1:0 of the second-level evaluation index of buyer B, about

the seller S, that is:



International Journal of Fuzzy System Applications
Volume 12 « Issue 1

Ut = )uf (12)

jiho iho

af €[0,1] is the coefficient of risk aversion of the buyer B, . The greater af , the lower the

risk aversion of buyer B7 . At reverse, the smaller « f , the higher the risk aversion of buyer Bj .
Similarly, the same power function is used:

U*B _ (?*B )”}9 (13)

jho jho

We can get the utility value U ;‘}fi of buyer B]. about the ideal value of the secondary evaluation

index zfg . In the utility function expression of buyer, the choice of risk aversion coefficient af is
consistent with the research results referenced by seller, so we will not repeat them here.
Further, calculate the regret-joy value of the Bj relative to its ideal matching seller. Usually, the

buyer wants the actual value of each indicator of the seller to be as close as possible to the ideal
matching seller. When the actual value of the index is lower than the ideal value, the buyer thinks
that he has not chosen the best housing, and he will feel very regretful. When the actual value of the
index is higher than the ideal value, the buyer will feel gratified that he has clinched a deal with the

best house. The regret-joy function of buyer B/ can be expressed as:

R” =1—exp(—'yf(AU’.3 ))zl—exp(—yf(UB —U*B)) (14)

‘jiho jiho jiho jho

'y_f is the regret avoidance coefficient of buyer Bj , vf > 0. The bigger 'y_f is, the higher the
degree of loss avoidance of buyer B. AU, =U; —U;’  means the buyer B ’s difference in
utility value between the actual value and the ideal value of second-level evaluation index zfa about
seller S . With the increase of 'y_f , the buyer’s psychological perception of loss is more sensitive

than that of gain. It can be seen that in the real second-hand goods sale, the buyer’s attention to the
possible regret of the transaction result is much higher than that of joy. Therefore, in the specific
calculation process, the regret value and its influence are focused on, and the joy value can be ignored.

In order to construct the perceived value function of buyer Bj about seller S, ’s secondary
evaluation index zfa , that is:
Ve =U’ +R” (15)

jiho jiho ‘jiho

On the basis of (15), the comprehensive perceived value V}f of the buyer B]. about the seller

S,, , that is:

V= (guﬁ?v*} ) (16)

ho " jiho

10
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B
ho

The definition of w,  is the same with (4), shows that the weight of each secondary evaluation
index z}fy under the primary evaluation index, that is, the buyer’s preference for each secondary
evaluation index zfa.

The successful matching of the seller S, and the buyer B]. can’t be separated from the efforts

of the intermediary, from which the intermediary obtains a certain percentage of the total transaction
price as commission reward. Generally speaking, the more commission paid that the intermediary

achieve, the greater their perceived value, in which the commission paid is recorded as - The
perceived value of the intermediary for successfully matching the seller S; and the buyer B]. of the

. . M
second-hand transaction is recorded as VM. :

Vi=n_ (17)

Construction and Solution of Bilateral Matching Decision-Making Model

A bilateral matching multi-objective decision-making model with the goal of “maximizing the
comprehensive perceived value of buyers and sellers and intermediary” is shown as below:

max{V*}, max{V"?}, max{V"} (18)
wy, € A (k€ K;0€0")
w. € AP (he Hyo ")
s.t. i% <K, (i=1,2,--,m) (19)
j=1
Exiiggf (J=12-n)
z, €{0,1} (i=1,2,--m;j=12---n)
where:
VS =3 Vi,
i-1j=1 7 Y
V=33 Vi,
iz1j=1 Y
V=SSV

The objective function (18) represents the maximization of the comprehensive perceived value
of buyers, sellers and intermediary. The greater the comprehensive perceived value of buyers and
sellers, the less likely they are to regret it. The greater the comprehensive perceived value of
intermediary, it will try their best to match the most suitable partners for buyers and sellers. Constraint
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(19) indicates that the seller’s preference for each secondary evaluation index zfe

preference for each secondary evaluation index zfﬂ . A buyer can match with «, sellers at most, and

and buyer’s

a seller can match with (J. buyers at most. T, = 1 shows that there is a match, and T, = 0 indicates

that they have not matched.
Substituting equations (11), (16) and (17) into model (18) respectively, we can get:

m o |K| |&F|

max{} > [> (¥ Wfo‘/,»fko)]%} (20)
i=1j=1 k=1 6=1
m n |H| \Th'\ BB
max{3, 32 [X (X w0, Vi, )b} @1
1=1j=1 h=1 o=
max{zmzl Zn:lﬂ]mu} 22)
1=1 7=
wy, € A° (ke K;0 @)
wy €A’ (he HyoeT")
ixwgni (i=1,2,--,m)
s.t. -7:1 23)
;xijgcj (j:1a2>"'7n)
z, €{0,1} (i=12--m;j=12--n)

The multi-objective decision-making model for bilateral matching of second-hand transaction
constructed above belongs to the multi-objective mixed 0-1 integer programming model. Commonly
used algorithms include weighting method, objective programming method, ideal point method, multi-
objective evolutionary algorithm and so on. The existing research shows that the ideal point method is
a common and effective method to solve multi-objective optimization problems. Therefore, the ideal
point method is used in this paper, to solve models (20)-(23) from the perspective of maximizing the
interests of buyers and sellers and intermediary.

Because models (20)-(23) are composed of three objective functions and have two different
dimensions, that is, V° and V” are comprehensive perceived values, while V" is related to the
transaction price, it is necessary to normalize the three objective functions when solving with ideal
points. In this regard, a new dimensionless objective function (24) is constructed, and the bilateral
matching multi-objective decision-making model is transformed into a bilateral matching single-
objective decision-making model, as shown below:

V*S _ VS
T

V*B _ VB
T

M M
min o )+ " )+ () 4)
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wi, € A° (k€ K;0 € ©)
w, €A’ (he HyoeT")
imv gni (i:1727...’m)
sty ' (25)
;xzj SCJ (]:1?277n)
z, €{0,1} (i=1,2--m;j=12---n)

The objective function (24) is to minimize the weighted average of the deviation between the
optimal solution and the ideal solution of each objective function, where V* = (V*°, V*" V") is
the objective function value vector of the ideal point. p°, p”, p" € [0,1] are the weights of the three
objective functions, which reflect the importance of the roles of sellers, buyers and intermediary,
which satisfying p° + p® + p™ = 1. According to the ideal point method, when p°, p” and p"
are not 0, the optimal solution of model (24) just corresponds to the Pareto optimal solution of models
(20)-(23). For the setting of the weights, they can refer to the relevant literature, or also can according
to the actual situation or experience of the transaction. Finally, the corresponding single-objective
decision model (24) is solved by the optimization software package LINGO, and the optimal solution
is obtained.

In summary, the specific calculation steps are as follows:

Step 1: Obtain the actual value information of the second-level evaluation index of the seller S, and
the buyer B/, and the ideal value information of the second-level evaluation index of the buyer

and the seller respectively.
Step 2: Normalize and de-fuzzification the actual value and ideal value of secondary evaluation index

of seller S and buyer Bj respectively.

Step 3: Calculate the utility value and regret-joy value of seller .S, about the secondary evaluation
index according to formulas (7)-(9).

Step 4: Calculate the utility value and regret-joy value of buyer B]. about the secondary evaluation
index according to formulas (12)-(15).

Step 5: Calculate the comprehensive perceived value of seller, buyer B], and the perceived value of

intermediary’s according to formulas (10)-(11) and (15)-(17).

Step 6: Build a multi-objective decision-making model (18)-(23) for bilateral matching of second-
hand transaction considering regret avoidance, and use the ideal point method to solve the model
(24) to get the optimal matching result.

APPLICATION AND ANALYSIS

Case Introduction

With the increase of income, in order to improve the quality of life and living, some consumers will
consider selling their existing houses or repurchasing a house with larger area, more convenient life,
higher education quality or closer commuting distance. This section presents the calculation results
and comparative analysis of some numerical problems to illustrate the application and performance
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of the proposed model and algorithm. The data (including the information of price, demand and
attribute, etc.) comes from Beijing Lianjia Real Estate Brokerage Co., Ltd (http://bj.lianjia.com/),
which is one of the largest second-hand house trading platforms in China. According to the transaction
information obtained on the LinkedIn platform, we have slightly modified these data to conform to
our simplified model assumptions and ensure that customer privacy is not disclosed. Then, 6 sellers
and 6 buyers are selected, among which the seller corresponds to the S side and the buyer corresponds
to the B side. The actual and ideal values of the second-hand house sellers and buyers are shown in
Tables 1-4, the minimum acceptable price of the second-hand house sellers is shown in Table 5, the
risk aversion and regret avoidance of sellers and buyers are shown in Table 6 and Table 7.

In reality, the preferences of buyers and sellers of second-hand houses for each evaluation
index are mostly given in the form of preference order rather than specific preference values. For
example, the total price is the most important, followed by the down payment amount, and then the
down payment time, and the importance of the remaining second-level evaluation indicators does
not exceed 30%. Or the total price is the most important, followed by the construction area, the third
is the distance of leisure facilities, and the fourth is the property management, the orientation of the

Table 1. Actual values of secondary evaluation indexes of the second-hand house sellers (unit: 10,000 yuan)

Sellers Total Price Unit Price Pi;{::izm Area Year Floor Orientation
S, 310 2.3485 30 132 1.3 1 (0.50,0.55,0.90)
S, 320 2.2378 50 143 0.7 13 (0.55,0.60,0.90)
S, 318 2.3382 30 136 1 7 (0.45,0.60,0.80)
S, 305 2.3828 30 128 1 11 (0.50,0.55,0.60)
S, 345 2.4126 40 143 0.6 5 (0.50,0.75,0.90)
Se 310 2.2963 30 135 1 12 (0.50,0.60,0.80)

Sellers Decoration 1}; iiiiilg:s School Hospital M: t | Transportation Education
S, G 0.81 0.88 2.8 <0.50,0.35> <0.65,0.20> M
S, P 0.49 1.25 24 <0.50,0.35> <0.40,0.50> M
S, M 1.2 2.13 35 <0.50,0.45> <0.70,0.20> G
S, M 12 2.13 35 <0.55,0.30> <0.65,0.30> G
S, G 0.4 3.8 2.4 <0.55,0.35> <0.55,0.40> G
Se G 0.8 1.8 2 <0.50,0.40> <0.65,0.25> M

Table 2. Ideal values of secondary evaluation indexes of the second-hand house sellers (unit: 10,000 yuan)

s | Toatprice | Pt | Pt | Seerioof | b | e | Gl
Time
B, [305,320] [30,40] [35.,40] G <0.2,0.5> [55,75] G
B, [315,335] [45,55] [20,30] G <0,0.55> [40,60] G
B, [310,325] [30,40] [30,50] G <0.25,0.45> [50,80] G
B, [290,315] [30,50] [45,55] G <0,0.7> [40,60] G
B, [340,360] [30,50] [40,50] G <0.2,0.5> [30,50] G
B, [305,315] [30,40] [25,35] G <0.25,0.45> [50,70] G
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Table 3. Actual values of secondary evaluation indexes of the second-hand house buyers (unit: 10,000 yuan)

s | Toaprice | Fnt | Pment | Sl | b | e | St
Time
B, 300 30 40 G <0.15,0.55> 60 G
B, 310 40 30 G <0,0.6> 40 VG
B, 308 30 40 VG <0.16,0.54> 80 G
B, 288 30 45 VG <0,0.7> 50 VG
B, 330 40 45 G <0,0.6> 40 VG
B, 300 30 30 VG <0.1,0.6> 60 G
Table 4. Ideal values of secondary evaluation indexes of the second-hand house buyers (unit: 10,000 yuan)
Sellers Total Price Unit Price P‘;{;‘t‘i‘;‘“ Area Year Floor Orientation
B, [300,315] [2.3,2.35] 30 [130,140] [2011,2015] [1,3] (0.45,0.55,0.75)
B, [315,340] [2.0,2.25] 30 [140,150] [2005,2009] [13,16] (0.45,0.60,0.80)
B, [315,335] [2.3,24] 40 [130,140] [2008,2011] [6,10] (0.50,0.75,0.90)
B, [290,310] [2.3524] 30 [115,130] [2008,2012] [8,12] (0.50,0.75,0.90)
B, [325,350] [2.4,2.6] 40 [140,150] [2004,2009] 13,61 (0.50,0.75,0.90)
B, [290,310] [2.252.3] 30 [130,140] [2009,2012] [9,12] (0.50,0.60,0.80)
Buvers | TowiPrice | Pment | Pamen | Seeurityol |, p{y’,'fe'm Credit Rating
ime
B, M [0,1] [1,2] [2,3] <0.50,045> | <0.65,0.25> M
B, P [0,0.7] [.2] [2.2.5] <0.50,040> | <0.55,0.40> G
B, G [0.2] [0,3] 13,51 <0.65020> | <0.65,0.30> M
B, M [0,3] [0.2] [2.4] <0.55,040> | <0.50,0.40> M
B, M [0,0.5] (03] [2.2,2.6] <0.55035> | <0.70,0.20> G
B, G [0,1] [1,3] [0.2] <0.650.30> | <0.65,0.20> M
Table 5. The minimum acceptable price of the second-hand house sellers (unit: 10,000 yuan)
S, S, S, S, S, S,
Price 305 315 310 290 340 305

house is twice as important as the construction year, and the other secondary evaluation indicators
being less than 30%. The importance of the seller, buyer and real estate agency are 0.4, 0.4 and 0.2
respectively. After successfully matching, the commissions according to a certain proportion of the
final transaction price and the proportion takes the industry average level as 0.03. In order to simplify
the calculation, the total transaction price takes the average transaction price.
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Table 6. The risk aversion and regret avoidance of the second-hand house sellers (unit: 10,000 yuan)

S, S, S, S, S, S,
s
o 0.85 0.6 0.75 0.88 0.9 0.87
5
" 0.15 0.1 0.05 0.05 0.25 0.3
Table 7. The risk aversion and regret avoidance of the second-hand house buyers (unit: 10,000 yuan)
S, S, S, S, S, S,
s
o 0.86 0.79 0.9 0.88 0.88 0.71
5
Y 0.1 0.25 0.15 0.05 0.2 0.3

The Results and Comparative Analysis

Firstly, normalize and de-fuzzification the actual value and ideal value of secondary evaluation index
of S, and Bj. Secondly, calculate the utility value and regret-joy value of S, and B]. about the

secondary evaluation index according to formulas (7)-(9) and (12)-(14). Then, calculate the
comprehensive perceived value of S, B]. and real estate agency according to formulas (10)-(11)
and (15)-(17).The commission 7 obtained by the real estate agency after matching the buyers and
sellers of second-hand houses is shown in Table 8.

Further, combined with the above calculation results, according to the model (18), a multi-

objective decision-making model for bilateral matching of second-hand house sales is constructed,
as shown below:

Table 8. Commission of real estate agency (unit: 10,000 yuan)

Sl 52 Sd 54 SE) SG
B, 9.24 9 93 8.4 93 8.4
B, 8.85 9.51 9.15 8.55 9.6 8.1
B, 9 9.3 9.45 8.25 9.6 8.85
B, 8.7 8.7 9 9 9 9
B, 9 9.15 8.7 8.7 10.2 8.7
B, 8.7 9 9 8.55 93 9.24
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max{V*}, max{V"}, max{V"}

wls1 > wf] +0.01

21

> 0.5}, +0.01
S
11

wy, > 0.5w;, 4 0.01
s
12
S S
13 + Wy, + Wy, <03
b > wy, +0.01
B B
= w,, +0.01

g & &

g

D> wh +0.01

41

> > 0.5w;, +0.01

22

g 8

s.t. wg +w1’§ +w,g +w3’z +wfz +wf3 +w5’2 +w£z <0.3

w)) >0 (0=1,2,3)

wy, >0 (6 =1,2,3,4)

w? >0 (h =1,2,4,5;0 =1,2,3)

wy, >0 (c=12)

6

. <1

=Y

6

> T <1

i=1

z, €{0,1} (=126, =12-6)

Using the ideal point method and LINGO software, V*° = 4.142, V¥ = 4.624 and V" =6
are solved.

In this case, according to the objective function (4-24), the bilateral matching multi-objective

decision-making model is transformed into a bilateral matching single-objective decision-making
model is shown as follow:

4142 —-V* 4.624 - V7" 6-—V¥

min{0.4(——————) 4+ 0.4( )+ 0.2( 6 )}

s.t.

4.142 4.624
b > w) +0.01
> 0.5w;, +0.01
> 0.5wj, +0.01
+ w; + w,i <0.3
> wy, +0.01
> wy; +0.01
> w) +0.01
> 0.5w;, +0.01
+wg +w,f,s —i—wfz +wa +wg —i—wfz +’w£ <0.3
>0 (0=1,2,3)
>0 (0=1,2,3,4)
>0 (h=1,2,4,5;0 =1,2,3)
>0 (0 =12)

30

S =t b
SRR i

g £ &€ &8 & g &

=
= :
TR EEWEW

&
“ o

&

S
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S
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The optimal matching results of second-hand house sellers and buyers are:

Tyg = Ty, =Ty =, = T, =7,=1,and otheris z, =0 (t=1,2,--+,6;5 =1,2,---6) . This shows

that: S1 matches B, , 52 matches B,, 53 matches B, S , matches B, , 55 matches B, , S6 matches

B3 . At this time, the perceived value of second-hand house sellers is 3.762, that of buyers is 4.394,
and that of real estate agencies is 5.702. The results show that the overall value brought by this
transaction to the second-hand house buyer is obviously higher than that of the seller, and the real
estate agency has the highest overall value.

In order to investigate the influence of different risk aversion degrees and regret aversion degrees
of second-hand house buyers and sellers on the final bilateral matching results of second-hand house
transaction, different values were set for the risk preference coefficient and regret aversion coefficient

of second-hand housing seller S, and second-hand housing buyer Bj . Among them, when choosing

the values of risk aversion degrees af and ozf, regret aversion degrees 7f and fyf

(i=12---6;5=1,2,---6), the buyers and sellers in the same group take the endpoint values of
these two parameters, which can more clearly highlight the influence of different degrees of regret
aversion psychology on the choice of the final matching object for the sellers and buyers of second-
hand houses. The comparative analysis results are shown in Table 9.

When af = af =0.9 and 71,5 = ”yf = 0.1, it shows that both buyers and sellers are risk-
taking traders and have a low degree of regret for the consequences of their risky behavior. When
aIS = af =0.1 and fyf = ’le = 0.9, it shows that both buyers and sellers are conservative

traders and try to avoid making regret decisions. From Table 9, we can see that for the second-
hand house buyers and sellers, no matter they are adventurous or conservative, they have the
same bilateral matching results, but the perceived value of them is significantly different. The
perceived value of the conservative buyers and sellers is significantly higher than that of the
adventurous buyers and sellers. Because the second-hand house is a kind of high-value commodity,
the adventurous buyers and sellers often have less overall value than the conservative ones, which
is consistent with the reality.

Therefore, in the different situations, when the different buyers and sellers have different risk

preferences and avoidance degrees. That is, the different values of af and 75, af and vf , the

bilateral matching results or the perceived values are different. we should pay attention to the influence
of psychological factors on the final result.

Furthermore, in order to fully illustrate the advantage of the method proposed in this paper, the
comparison of the proposed method and the existing methods (Zhang et al., 2020; Liu & Wang, 2020;

Table 9. Analysis of different values of risk preference coefficient and regret avoidance coefficient

Risk Preference Regret Evasion . . q
Coefficient Coefficient Bilateral Matching Result Perceived Value
Oé;g =0.9 ’YZS =0.1 Ty = Ty =Ty =Ty, = Ty = T =1 VS = 3.726,
I a” =09 AP =0.1 Others z,, =0 VP =3.932,
J J
VP =6
af =0.1 ’YZS =0.9 Ty T Ty = Tgy = Ty = Ty :I%Zl VS = 4.284 s
2 o? =0.1 A% = 0.9 Others 7, = 0 VP = 4.588,
J J
VP =6
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Wang et al.,2022) is given. Compared with the existing literature, the differences and advantages of
this paper are as follows:

1. In the information expression, Zhang et al. (2020) describes the index information with hesitant
fuzzy language, and Liu and Wang (2020) expresses the satisfaction of the index and the weight
of the evaluation index with intuitive fuzzy preference information. Wang et al. (2022) uses
fuzzy information of probability hesitation to express evaluation index and index weight. These
three kinds of language types can well reflect the uncertainty of human information expression
and the fuzziness of language information. However, their calculation process is not only too
complicated and cumbersome, but also causes the loss of some important information.

2. Interms of the use of weight information, Zhang et al. (2020) and Wang et al. (2022) use intuitive
fuzzy preference information and probabilistic hesitant fuzzy information to express the weight
of indicators respectively, both of which match the preference of decision makers for a single
evaluation indicator or criterion. However, the overall preference order of all evaluation indicators
is not given in these two papers, which is quite different from the actual situation. This paper uses
weak order form and multiplication order form to describe the incomplete weight information
of matching decision makers on evaluation indicators. This description not only highly restores
the overall ranking of the preferences of decision makers for multiple evaluation indicators in
reality, but also avoids complicated mathematical calculations. Therefore, this description of
weight is convenient to be widely used in reality.

3. The intermediary is an indispensable subject in the process of bilateral matching, and ignoring
the interests of intermediaries will affect the results of bilateral matching. However, none of the
three papers considers it in Zhang et al. (2020), Liu & Wang (2020) and Wang et al. (2022), which
is very important variable in the matching process. It should be emphasized that the bilateral
matching method proposed in this paper considers the intermediary’s benefits.

4. In the papers of Zhang et al. (2020), Liu and Wang (2020), and Wang et al. (2022), although
it realized that the previous research on the preference information could not fully reflect the
needs of matching parties, they only strengthen the more professional description of the degree
of hesitation in human expression information. However, according to the different types of
demand information of matching parties, this paper uses five data types to express them fully.
Firstly, it can comprehensively describe the demand characteristics of both sides of the match
and minimize the information loss caused by data expression. Secondly, it also expands the
application scope of fuzzy data types in reality.

CONCLUSION

This paper presents a novel method for solving the bilateral matching problem. In the method, a model
is first to be established to exhibit the mechanism of regret psychology. In this model, we can fully
understand the important factors that affect the regret avoidance can be demonstrated clearly. Then, the
perceived utility of evaluation indicators to each matching party is built respectively. Further, by the
perceived utility of matching parties, the method of bilateral matching decision-making considering
the regret avoidance characteristics is built and the final matching result is determined by ideal point
method. Finally, a realistic example is shown using the real data collected from the second-hand
house transaction. The major contributions of this paper are discussed as follows.

First, this paper focuses on bilateral matching decision-making considering regret avoidance
psychology, which is a new research topic with a lot of practical backgrounds. In the problem, the
matching parties’ behavioral characteristics and psychological demands are fully considered.

Second, this paper presents a method for solving the bilateral matching decision-making
considering psychological characteristics and the application in the second-hand transaction platform.
This method is superior to the existing methods in the following aspects: 1. It fully characterizes
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the matching parties’ demand portrait with five data types, which including real numbers, interval
numbers, triangular fuzzy numbers, intuitionistic fuzzy numbers and multi-grained linguistic variables.
2. It develops a method of establishing the perceived utility of the matching parties’ and second-hand
goods by game theory. 3. Not only considering maximum payoff of the sellers and buyers, but also
taking account into the maximum satisfaction of intermediary .This calculation design is more fit in
with the reality and the matching result is more reasonable.

It is important to highlight that, since the proposed method is new and different from the existing
methods, it can give the transaction operators one more choice for selecting the appropriate method
for solving the bilateral matching problem. In addition to supplementing the existing methods, the
proposed method is also important for developing and enriching theories and methods of bilateral
matching decision-making.
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