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Aiming at the problem ofmatching logistics service supply and demand, this paper proposes a two-sidedmatching decisionmodel
of logistics service supply and demand based on the uncertain preference ordinal. In this model, the uncertain preference ordinal
information is first expressed by the interval numbers of the logistics service supply and demand, and it is converted into the
satisfaction degree of supply and demand matching uncertainty expressed by the interval number. +en, a multiobjective optimal
matching model is constructed based on the largest overall satisfaction of the logistics service supply and demand side and the
smallest satisfaction variance of the supply- and demand-side individual, and the multiobjective solution algorithm is designed
based on nondominated sorting genetic algorithm-III (NSGA-III). Interval numbers are used to sort the matching results to
obtain the approximately optimal two-sided matching scheme. Finally, this paper verifies the correctness of the model and validity
of the algorithm.

1. Introduction

As we all know, theory comes from life practice. We are
making choices all the time, from the marriage matching
choice of men and women to the choice of positions by
university graduates, and we constantly choose in order to
obtain satisfactory results for ourselves or the group, that is
to say, where there is a choice, there is matching.

In 1962, American economists Lloyd Shapley and David
Gale published the foundational paper College Admissions
and the Stability of Marriage; this paper analyzed the
marriage problems, and it is proved that, under the strict
preference algorithm (Gale–Shapley algorithm), each ap-
plicant will produce the optimal stable matching. +e
conclusion is that there is nonempty stable matching in the
marriage model [1]. +is research is regarded as the pio-
neering work of the two-sided matching theory. It has been
developed for more than 50 years since its establishment.
Subsequently, it has attracted the attention of scholars in

many fields and continuously improved the theory and
algorithms.

+e rapid development of the logistics service industry
helps to improve product transportation efficiency, reduce
enterprise logistics costs, and enhance the company’s core
competitiveness. In the fierce competition, the goal of the
logistics service demand side is to obtain the most satis-
factory logistics service at the lowest cost, and the goal of the
logistics service supply side is to obtain the satisfaction of the
logistics demand side while obtaining relatively high profits.
+e transaction relationship between supply and demand
parties is a typical noncrossing relationship, and the
matching decision of the two conforms to the voluntary and
voluntary market operation. +erefore, the cooperation
characteristics of the supply and demand sides of the lo-
gistics service meet the basic requirements of the two-sided
matching theory, which is suitable for the research and
analysis of the two-sided matching theory and matching
decision-making methods.
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In the research on the decision-making of two-sided
matching of supply and demand of logistics service, the
supply side and the demand side will make a comprehensive
evaluation on the matchable object according to respective
different demand and matching indicators. However, during
the actual decision-making process, the decision maker
cannot provide the preference ordinal information of each
matching object and generally set the preference ordinal
within a range so that the preference ordinal information
generated has uncertainty. +erefore, the two-sided
matching decision-making problem based on uncertain
preference ordinal information has more wide applications
in the actual decision-making problem.

Due to the complexity of the demand of the supply side
and the demand side and the matching indicators, it is hard
to make a decision with certain preference ordinal infor-
mation to the matching object of the supply side and the
demand side. +e research on the two-sided matching
problem based on uncertain preference ordinal has raised
considerable concerns. Qi and Fan [2] introduced the
concept of matching satisfaction and payment, established
the multiobjective optimization model of the two-sided
matching decision-making problem based on uncertain
preference ordinal information, and adopted the weighted
solution model based on the membership function. Qi et al.
[3] provided the two-sided matching problem description
considering the psychological behavior of the subject under
uncertain preference ordinal information and constructed
the two-objective optimization model. Kayvanfar et al. [4]
proposed an intelligent water drops (IWD) algorithm for
multilevel supply chain optimization problems, which
minimized the cost of logistics and improved the overall
level of customer service. Sun et al. [5] transformed the
uncertain preference ordinal and other two forms of pref-
erence information into an ordinal value vector according to
risk functions and other theories and built an optimization
model of two-sided matching satisfaction. Kayvanfar et al.
[6] aimed at minimizing logistics costs and studied the two-
stage stochastic programming problem with integers and
binary first-stage and continuous second-stage decision
variables. +e model comprehensively considers the un-
certain customer demand, the manufacturer’s production
capacity, and the supplier’s supply capacity. Fan et al. [7]
calculated the expected preference ordinal based on the
uncertain preference ordinal of each agent to the relative
agent by considering the psychological factors and obtained
the possible matching result according to the disappoint-
ment theory. Kayvanfar et al. [8] aimed at a specific public
warehouse (called SDHIC) managed by third-party logistics
to deal with the problem of the supply chain of integrated
circuits and proposed a practical mathematical processing
method that optimizes the total logistics cost. Qi [9] con-
sidered the two-sided matching problem with uncompleted
score acquiring information and put forward a kind of two-
sided matching method. Zhang et al. [10], according to the
thought of the traditional Borda approach concerning the
decision-making problem of two-sided matching based on
the uncertain preference ordinal, put forward a decision-
making approach. You et al. [11] put forward a kind of

assignment approach of solving group decision-making
problems under uncertain preference information. Liu and
Ma [12] put forward a kind of approach of calculating that
each matching solves the two-sidedmatching problem based
on the uncertain preference ordinal to the preference dis-
tance and solved in the branch-bound algorithm. Kayvanfar
et al. [13] established a quantitative model for supply chain
management and integrated circuits. +e model aims to
minimize logistics costs (transportation and order costs) and
future logistics costs (inventory and out-of-stock costs).
Kayvanfar et al. [8] proposed a new mathematical method to
be applied to the supply chain (SC) ICs’ joint provision of
warehousing activities called SDHIC. +is model proposes a
heuristic algorithm based on linear relaxation, which can
quickly produce initial feasible solutions. Tirkolaee et al. [14]
proposed a hybrid selection method based on fuzzy logic for
the problem of sustainable and reliable supplier selection in a
two-level supply chain. Kayvanfar et al. [15] applied the
concept of supply-demand hub in ICs (SDHIC) to optimize
the way of enterprise interaction in industrial clusters. In
order to evaluate the values of SDHIC, three mathematical
models are proposed, and a heuristic algorithm based on the
linear theory is designed, which can solve the model quickly
and effectively. Verification by examples shows that SDHIC
has better applicability to small- and medium-sized enter-
prises in actual use.

+ere are research studies that have provided reference
and guidance in theoretical and methodological aspects for
the two-sided matching of supply and demand of logistics
service. However, in the above studies, there are few studies
on two-sided matching of uncertain preference ordinal. In
the research, the matching subjects are mainly considered
from the perspective of overall satisfaction, while the sat-
isfaction and balance of individuals in the matching subjects
are not involved. When individual satisfaction is not fully
satisfied, it is difficult to guarantee the fairness and stability
of matching. In the case of the maximum overall satisfaction,
the satisfaction of the individuals in the two-sided matching
subject is considered in the matching process. Only when
matching satisfaction of the individuals in the subject is
more balanced can a stable and fair two-sided matching be
achieved. Given this, this paper considers to express the
uncertain preference information of the matching subjects
of supply and demand of logistics service by the operation of
interval numbers and turn it into uncertain satisfaction of
supply and demand with the maximum overall uncertainty
satisfaction of the supply side and the demand side of lo-
gistics service and the minimum individual uncertainty
satisfaction variance of the supply side and the demand side,
builds the multiobjective optimization model of two-sided
matching of supply and demand of multi-to-multi logistics
service based on uncertain preference ordinal, and designs
the solving algorithm of the multiobjective model based on
NSGA-III.

+is paper takes logistics service supply and demand
information as data sources and systematically studies the
matching problem between logistics service suppliers and
logistics service demanders in logistics activities. +e re-
search mainly contributes to the state of the art in the
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following: firstly, this paper studies the supply-demand
matching problem of multi-to-multi logistics services, which
provides new research ideas and references for the study of
multi-to-multi two-sided matching theory. Secondly, the
optimization model considers both the overall satisfaction of
the logistics service matching parties and the balance of the
individual satisfaction of the logistics service matching
parties, highlighting the matching fairness. +irdly, con-
sidering the uncertainty of individual preference ordinal
information of supply and demand sides in reality, this paper
uses interval number theory and interval number com-
parisonmethod to clear the uncertainty problem and obtains
effective calculation results to solve the two-sided matching
problem of logistics service supply and demand, which
makes the logistics service supply and demand problem
more suitable for the actual needs. Fourthly, the logistics
service supply side and the logistics service demand side can
obtain a satisfactory and fair match, which shortens the
operation cycle of the logistics service activity, which has a
great impetus for the development of the logistics market.

+e rest of this paper is organized as follows: Section 2
covers the problem description; Section 3 covers the decision-
making model of two-sided matching of supply and demand of
logistics service; Section 4 studies the multiobjective solution
algorithm based on NSGA-III; Section 5 covers the calculation
example analysis; and finally, conclusions and future research
directions are given in Section 6.

2. Problem Description

In the decision-making approach of two-sided matching of
supply and demand of logistics service based on uncertain
preference ordinal, assume that matching subject A is the
demand side of logistics service, and its set is
A � A1, A2, A3, . . . , Am , wherein Ai ∈ A represents the i-th
subject of the demand side, and Ai ∈ A � 1, 2, 3, . . . , m{ };
assume that matching subject B is the supply side, and its set
is B � B1, B2, B3, . . . , Bn , wherein Bj represents the j-th
subject of the supply side, Bj ∈ J � 1, 2, . . . , n{ }.

Assume that the preference vector of the uncertain
ordinal preference of the demand side Ai related to the
supply side set B is Oci � oci1 oci2, . . . , ocin , wherein ocij �

[ocl
ij, ocu

ij] represents that the demand side Ai ranks the
supply side Bj between ocl

ij-th and ocu
ij-th, wherein

ocl
ij ∈ I, ocu

ij ∈ I, and ocl
ij ≤ ocu

ij; assume that the preference
vector of the uncertain value of the supply side Bj related to
the demand side set A is Odj � od1j

od2j, . . . , odmj ,
wherein odij � [odl

ij, odu
ij] represents that the supply side Bj

ranks the demand side Ai between odl
ij-th and odu

ij-th,
wherein odl

ij ∈ J, odu
ij ∈ J, and odl

ij ≤ odu
ij.

+is article intends to address the preference ordinal of Oci

and Odj, i ∈ I, j ∈ J; the optimal matching scheme is selected
by using the two-sided matching decision method of logistics
service supply and demand based on an uncertain preference
ordinal. In the research, the uncertain preference ordinal Oci

given by individual Ai on the demand side and the uncertain

preference ordinal Odj given by individual Bj on the supply
side turn them into demand-side Ai uncertain satisfaction
Ci � ci1, ci2, . . . , cin , wherein cij � [cl

ij, cu
ij], and supply-side

Bj uncertain satisfaction Dj � d1j,
d2j, . . . , dmj , wherein

dij � [dl
ij, du

ij]. +erefore, a multiobjective optimal matching
model of the two-sided matching decision of logistics service
supply and demand based on the uncertain preference ordinal
is established; then, matching supply and demand through a
two-sided decisionmethodwith uncertain preference ordinal, a
relatively optimal solution is obtained.

From the expression mode of the uncertain ordinal value
preference vector given between the supply side and the
demand side, we can know that the value of the preference
vector is within a given closed interval and is not subject to
some probability distribution, so it cannot be expressed as a
random number; there is neither a membership degree
related to it, so it cannot be expressed with a fuzzy number.
Combined with the form of interval number and its relevant
theory, the interval number can be used to carry out the
quantization and calculation of the uncertain preference
vector. From the rankings when the supply side and the
demand side make a selection, we can know that the smaller
the interval number, the higher the ranking and the higher
the selected preference degree.

2.1. Relative 'eory of the Interval Number. +e interval
number was put forward byMoore in the 1960s.+e interval
arithmetic constructed based on the interval number cannot
only process the imprecise data of the vector participating in
calculation but also keep track of the truncation error and
round-off error automatically; meanwhile, it has the ad-
vantages of simple calculation and less data quantity re-
quired, and it is not necessary to consider the distribution
characteristics of the uncertain vector in presentation and
overcome the deficiencies that the probabilistic approach
processes uncertainty. +e interval analysis approach of the
uncertain problems has become the hot spot of the engi-
neering technology field, management decision-making
field, and theoretical research at present.

Interval number is the number presented by the internal,
it is a set composed of all real numbers on a closed interval,
and there are detailed definition and calculation rules in the
document [16, 17], for example, the relevant calculation
formula of exponential and logarithmic operations and
power and square operations has been provided. After
carrying out the operation on the interval number, the
calculation result is still the interval number. If decision-
making is required according to the calculation result of the
interval number, it is necessary to compare the size of the
interval number. Be different from the way of comparison of
the size between the certain real number, when comparing
the size of the interval number a and b, or ranking the
interval number a and b, some special ways are required to
process the data.

Based on the two-dimensional relationship of interval
numbers, Zhang and Zhang [18] provided the possibility de-
gree formula of comparison of the size of the interval number:

Mathematical Problems in Engineering 3



P(a< b) �

0, b
l ≤ b

u ≤ a
l < a

u
,

b
u

− a
l

 
2

2 a
u

− a
l

  b
u

− b
l

 
, b

l < a
l < b

u < a
u
,

1 −
a

l
+ a

u
− 2b

l

2 b
u

− b
l

 
, b

l ≤ a
l ≤ a

u < b
u
,

1 −
2a

u
+ b

u
− b

l

2 a
u

− a
l

 
, a

l ≤ b
l ≤ b

u ≤ a
u
,

1 −
a

u
− b

l
 

2

2 a
u

− a
l

  b
u

− b
l

 
, a

l < b
l ≤ a

u ≤ b
u
,

1, b
l < b

u < a
l < a

u
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

+is expression can present the possibility degree when
two interval numbers make comparison according to dif-
ferent values of infimum and supremum of the two interval
numbers; in the further calculation of this paper, equation
(1) is used to make comparison and rankings of the size of
the interval number.

3. Decision-Making Model of Two-Sided
Matching of Supply and Demand of
Logistics Service

+e traditional decision-making approach of two-sided
matching is to carry out decision-making according to the
preference value of the influence of each influence factor in
the subject to another subject. In the existing research, it is
always the preference information given by subject A to
subject B, but in the face of the actual problem, the ac-
quisition of these preference information is always difficult
or uncertain, and the preference will change along with the
environment, requirements, and individual difference. Both
parties of the body have their evaluation criteria, which
require the authoritative intermediaries to match with the
other side’s actual satisfaction after knowing the respective
expectation of the subject and the actual standard when both
sides of the body provide their expected information, and the
two-sided matching result can be obtained according to the
decision-making approach of uncertain preference ordinal.

3.1. Construction of the Decision-Making Model. In the two-
sided decision-making approach of supply and demand of
logistics service based on uncertain preference ordinal in-
formation, it is necessary to transform the known uncertain
preference ordinal information into the corresponding
uncertain satisfaction of the supply side and the demand
side. Assume that, after the transformation, the uncertain

satisfaction of supply subject Ai to demand subject Bj is cij,
and the uncertain satisfaction of demand subject Bj to
supply subject Ai is dij. Assume that xij is the variable of 0-1,
wherein xij � 0 represents Ai do not match Bj and xij � 1
represents Ai do match Bj. Under the premise of calculating
the maximum overall satisfaction of two-sided matching of
supply and demand of multi-to-multi logistics service, we
consider the size of the variance of individual satisfaction of
the demand side Ai and the supply side Bj of logistics service
in two-sided matching, making fA � (ijcijxij/m) to be
the average value of the satisfaction of the demand side of
logistics service based on the uncertain preference ordinal
and making fB � (ij

dijxij/n) to be the average value of
the satisfaction of the supply side of logistics service based on
the uncertain preference ordinal.

According to the satisfaction vector M � [cij]m×n and
W � [dij]m×n, the multiobjective optimization model of two-
sided matching of supply and demand of logistics service based
on the uncertain preference ordinal can be established to be

maxZ1 � 

m

i�1


n

j�1
cijxij, (2)
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s.t.
n

j�1
xij ≤m, i � 1, 2, . . . , m , (6)



m

i�1
xij ≤ n, j � 1, 2, . . . , n , (7)



n

j�1
xij ≥ 1, i � 1, 2, . . . , m , (8)



m

i�1
xij ≥ 1, j � 1, 2, . . . , n , (9)

xij � 0, 1{ }, i � 1, 2, . . . , m, j � 1, 2, . . . , n.

(10)

In the model, equations (2)–(5) are objective functions,
and the implication of equation (2) is to maximize the
satisfaction of the demand side Ai of logistics service to the
supply side of logistics service; equation (3) represents that
the individual demand side Ai of logistics service matches
with the individual supply side Bj of logistics service, and the
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variance of the individual satisfaction of Ai is the minimum;
the implication of equation (4) is to maximize the satis-
faction of the supply side Bj to the demand side of logistics
service; equation (5) represents that the individual supply
side Bj of logistics service matches with the individual de-
mand side Ai, and the variance of the individual satisfaction
of Bj is the minimum; equation (6) represents that each
demand subject of logistics service can match with multiple
supply subjects of logistics service; equation (7) represents
that each supply subject of logistics service can match with
multiple demand subjects of logistics service; the implication
of equation (8) is that each supply side of logistics service
matches with at least one demand subject of logistics service;
the implication of equation (9) is that each demand side of
logistics service matches with at least one supply subject of
logistics service; and equation (10) represents the 0-1 de-
cision variable.

3.2. Analysis of Features of the Model. +ere are many op-
timization objectives in the model, and it is hard to unify the
optimization direction between each objective. When
comparing the advantages and disadvantages of the solution,
it is usually determined by the dominant relation between
the solutions.

Generally speaking, the problem of multiobjective op-
timization can be defined to optimize the objective function
vector within the feasible region by determining a group of
decision variables. Under the premise that assuming each
objective vector taking minimum for optimization, the
problem of multiobjective optimization takes the following
form:

min z(x) � f1(x), f2(x), . . . , fH(x)( 

s.t. g(x)≤ 0, x ∈ X.
(11)

In equation (11), x ∈ Rn is the vector of the decision
variable; X � x{ } is a decision set of the feasible solution;
z(x) is a vector-valued function to be optimized; H is the
total quantity of the optimization objective;
fh(x) (h � 1, 2, . . . , H) is the objective function to be op-
timized; and g(x) is a vector of constraint function.

+e optimal solution of multiobjective optimization is
usually defined by the dominance relation between the
solutions. In the context of equation (11), the dominance
relations of solutions have the following definitions.

Definition 1 (see [19]). Given x and y are the two feasible
solutions in equation (11). If fh(x) <fh(y) for all h, x is said
to strictly dominate y, say x ≺ y or z(x)≺z(y); if
fh(x)≤fh(y) for some h inH optimization objectives and if
fs(x) ≤fs(y) for other optimization objectives s, x is said to
dominate y, say x≺y or z(x)≺z(y); if fh(x) ≤fh(y) for all h,
x is said to weakly dominate y, say x ≺ y or z(x)≺ z(y); and if
neither x ≺ y nor y ≺ x, x and y are said to dominate each
other, say x � y.

Definition 2 (see [20]). In set X, if there is a solution x ∈ X
and for any other solution y in X, there does not exist y≺ x,

and x is called as a nondominated solution or Pareto-optimal
solution; if the solutions in set E are all efficient, set E is
called as the Pareto-optimal solution set or nondominant
solution set.

Definition 3 (see [20]). If the solution x ∗ is a nondominated
solution or the Pareto-optimal solution, z∗ � z(x∗) is called
as the nondominated point; set F of a nondominated point is
called as the nondominated frontier or the Pareto frontier.

+e goal of the solution of the two-sided matching
problem under uncertain conditions is to obtain the
matching result corresponding to each solution in a non-
dominated solution set E through calculating nondominated
frontier F corresponding to each solution in E, which en-
ables the decision maker to determine the vector x in E

according to the value in F to make a selection for the
matching result under different objectives.

4. Multiobjective Solution Algorithm Design

In regard to the solution of the problem of multiobjective
optimization, there are many proven and effective methods
which are mainly divided into the accurate algorithm,
heuristic algorithm, and meta-heuristic algorithm. Liu [21],
in regard to the decision-making problem of two-sided
matching with individual preference ordinal and combined
preference ordinal information, established a multiobjective
optimization model with the maximum matching satisfac-
tion as the goal and designed multiobjective evolutionary
algorithms to solve the model. Kong and Jiang [22] con-
sidered the problem of personnel who coordinate infor-
mation and two-sided matching of the post, according to
multi-indicator evaluation information provided by the
personnel and the post, established the multiobjective op-
timization model of taking the maximum satisfaction of
personnel to the post, the maximum satisfaction of the
individual skill of the post to the personnel, and the max-
imum coordination between the personnel, and designed a
multiobjective discrete differential evolutionary algorithm to
solve the model. Yuan and Jiang [23], in regard to the one-
to-multiple two-sided matching problem of the patients and
surgeons of selective operation, according to the preference
information provided by the surgeon to the type of operation
and the preference information and aspiration level pro-
vided by the patients to the surgeon, constructed the
multiobjective optimization model of obtaining the
matching scheme of doctor-patient stability of satisfying the
aspiration level and designed a heuristic algorithm of solving
the model based on the nondominated sorting genetic al-
gorithm, NSGA-II, with elitist strategy. Sangaiah et al. [24]
proposed an EPPS mathematical model based on social
media and big data-driven computing for the E-projects
portfolio selection (EPPS) problem. A hybrid algorithm
NSGA-III-MOIWO is proposed for this model. At the same
time, the advantages of NSGA-III and MOIWO algorithm
are used to deal with the complexity of the problem. Tir-
kolaee et al. [25] proposed a new type of biobjective mixed-
integer linear programming model for the problem of FSS.
In order to solve the model more effectively, a hybrid
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algorithm based on interactive fuzzy solving technology and
SAAFSA is proposed.

In practical applications, there are three or more opti-
mization objectives for many problems. For the target space
with high-dimensional property, the existing multiobjective
evolutionary algorithm has the following problems in the
calculation [26]:

(1) +e increase in the number of optimization goals
leads to an increase in the proportion of non-
dominated solutions in the solution set, resulting in a
slow search process

(2) For the space of high-dimensional objects, the index
of maintaining population diversity has high com-
putational complexity, and it is difficult to find the
adjacent elements of the solution

(3) For the space of high-dimensional targets, the
searchability of the reorganization operator is too
inefficient

(4) Due to a large number of objective functions, the
Pareto frontier is difficult to express intuitively,
making it difficult for different decision makers to
choose the solution they need

(5) +e calculation cost of the performance index of the
solution is too high, and the advantages and dis-
advantages of the calculation result are not easy to
evaluate

(6) For the high-dimensional target space, how to vi-
sualize the results is also a difficult problem

For the first three problems, they can be alleviated by
transforming the multiobjective evolutionary algorithm, but
the last three problems have not yet been solved well. In
addition to the above problems, in the actual problem,
because the target solution set is concentrated on the local
area of the frontier of Pareto, how to find the global optimal
solution is also a difficulty of applying the algorithm to the
actual problem.

In a great number of meta-heuristic algorithms, the
nondominated sorting genetic algorithm (NSGA) is
widely used in different problems and obtains a good
application effect [27]. NSGA-III and NSGA-II have
similar frames, and the differences between them mainly
lie in the change of the selection mechanism, wherein
NSGA-II is mainly sorted by relying on congestion, and its
role in the high-dimensional target space is not obvious,
but NSGA-III has rearranged the sorting of congestion
and introduced widely distributed reference points to
maintain the diversity of the population [28].

4.1. Solution Algorithm Based on NSGA-III

4.1.1. Coding and Decoding Approach. When using a genetic
algorithm to solve the problem, different coding approaches
have a direct influence on solving the efficiency of the
problem. According to the characteristics of two-sided
matching, two kinds of different coding approaches can be
designed.

If m � n, the chromosome with the length of m or n can
be designed and presented in the way of a one-dimensional
array. If the values ofm and n are both 8, and the two sides to
be matched are 1-to-1, the following encoding method can
be given as shown in Figure 1.

If m≠ n, that is, the code lengths of the supply and
demand sides are inconsistent, then the two different cases
m≻n and m≺n can be designed into the same nonequal
length encoding method. Assume m � 8 and n � 6; the long
coding approach of designing the chromosome is shown in
Figure 2.

+e short coding approach of designing the chromo-
some is shown in Figure 3.

Essentially speaking, the effects of the three coding
approaches are the same. Without loss of generality, in
solving this problem, we assume m≠ n and adopt a long
coding approach.

+e process of decoding chromosomes adopting a long
coding approach is very simple. Taking Figure 2 as the
example, when decoding the chromosome, if A1 and B3
match with each other, the value of x13 is 1, and if A2 and B2
match with each other, the value of x22 is 1. In a similar way,
if A3 and B5 match with each other, A4 and B4 match with
each other. Each objective value can be calculated according
to the value of xij.

4.1.2. Crossover Operation. +e goal of crossover operation
is to increase the diversity of the chromosome so as to
further extend the solution space. +is paper designs two
crossover approaches; one is to take crossover operation of
equal position exchange to the two chromosomes, and the
specific operation approach is shown in Figure 4.

Secondly, use the individual chromosome, in the first
half or the second half of the chromosome, select the gene
ordinal with the length less than the 1/2 chromosome, and
realize the equal length exchange of the front and back of
itself; the specific operation is shown in Figure 5.

4.1.3. Mutation Operation. +e goal of mutation operation
is to increase the diversity of the solution; here, design two
approaches of mutation operation. One is to select two
different genes on the chromosome in allusion to a selected
paternal chromosome and then exchange the position of the
two genes; the specific operation is shown in Figure 6.

Secondly, on the selected chromosome, select one or
some gene loci randomly, and change their corresponding
gene value; the specific operation is shown in Figure 7.

4.1.4. Chromosome Repair Mechanism. After crossing or
mutating chromosomes, a nonfeasible chromosome can be
produced. As shown in the chromosome in Figure 4, after
the exchange and crossover of two chromosomes, C1 con-
tains three service objects 5, but lacks service object 1;
according to constraint equations (6)–(9), we can know that
this chromosome is illegal and needs to be processed. In
allusion to the processing of the nonfeasible chromosome,
there are generally three operations as follows [29]:
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(1) Repair mechanism: for some nonfeasible chromo-
somes, different repair strategies are designed
according to the constraints, so as to make them
move to the nearest feasible space. For a different
problem, the designed repair mechanism is different,

this approach is very time-consuming, and the repair
process is complex.

(2) Punishment mechanism: set penalty conditions
according to the objective function of the problem
and degree of violation of constraints, which can
reduce the probability of this chromosome to be
selected but can increase the searching scope of the
solution to some extent.

(3) Directly discarded: do not improve the nonfeasible
solution and directly discard it, which is the simplest
way but will lead to the loss of diversity of the
solution.

In this paper, we design the repair strategy of the
chromosome. From the features of the design of the
chromosome, we know that the existence of an illegal
chromosome is due to the loss of part of the supply indi-
vidual, but the quantity of part of the supply individual is
excessive. +erefore, design the repair strategy to be specific
as the following:

Step 1: traverse the individual chromosome, and do
some statistics for the code and quantity of the supply
individual
Step 2: if the lost supply individuals exist, select one
from the individuals with supply statistics quantity of
more than 2 randomly, and displace the lost individuals
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Figure 1: Equal length coding approach of two-sided matching of supply and demand. (a) Coding approach 1. (b) Coding approach 2.
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Step 3: check the legality of chromosomes; if it is still
illegal, repeat to return to Step 1; otherwise, the repair is
successful

4.1.5. 'e Operation of Selection. In the NSGA-III algo-
rithm, the t-th step is produced. Pt is the t-th parent whose
size is N, and its generated offspring is Qt whose size is N,
too. Firstly, combine the parent and offspring with
Rt � Pt ∪Qt, the size of Rt is 2N, and there is a need to select
N individuals from it. In order to achieve this selection
process, through the nondominant sorting strategy, divide
Rt into multiple nondominant layers F1, F2, F3, . . . and then
combine with the number of individuals in each layer to
begin to build a new population St until its size is N or
exceeds N for the first time; then, the last layer is called the
lth layer. +e solutions of the l + 1th layer and the above
layers will be eliminated. In most cases, the last layer is
accepted by the only part of the acceptable layer (lth layer).
In this case, diversity is used to measure the solution in l
layers so as to make selections [26].

In NSGA-II, the selection of this part of individuals uses
congestion sorting of the individuals in the same layer; in
NSGA-III, the selection of individuals is based on the ap-
proach of reference point. In NSGA-III, in allusion to the
selection of solution in the lth layer, the approach based on
the reference point is used; in order to solve the multi-
objective optimization problem with three or more objec-
tives, if we continue to use congestion distance, the
convergence and diversity of the algorithm are worse.

NSGA-III is applied to the matching of the supply side
and the demand side of logistics service based on uncertain
preference ordinal information, and the process of the al-
gorithm is as shown in Figure 8.

5. Analysis of Calculation Examples and Results

An intermediary website of logistics service provides service
in regard to the supply side and the demand side of logistics
service; now, there are 5 demand sides of logistics service
A � (A1, A2, A3, A4, A5), which demand logistics service;
after releasing information on the intermediary website,
there are 6 companies of logistics service
B � (B1, B2, B3, B4, B5, B6), which register to provide logis-
tics service. +e demand side Ai of logistics service makes
comprehensive evaluation to the supply side of logistics
service from the price, responsiveness, on-time delivery rate,
cargo damage rate, and so on and provides the uncertain
preference ordinal vector Oc � oci1 oci2, . . . , ocin  of subject
set A of the demand side of logistics service, see Table 1 for
the specific value.

+e supply side of logistics service provides the uncertain
preference ordinal vector O d � od1j

od2j, . . . , odmj  to the
demand side of logistics service in the aspects of cargo
quantity, payback period, return rate, enterprise size, and so
on, see Table 2 for a specific value.

According to the preference ordinal vector provided in
Tables 1 and 2, match them with the interval number; the

Start

Population
Initialization

Generate the child population
of the next generation?

Evolution algebra + 1

Yes

Individual merging of 
Parent generation and 

child generation

Quick nondominated
sorting

No

Selection, crossover,
mutation

Generate the child population
of the new parent generation? Quick nondominated

Selection, crossover,
mutation

Yes

Satisfy the termination condition?

Stop

No

Yes

No

Calculation of 
reference point

Selection of 
appropriate individual

Figure 8: Algorithm flowchart.

Table 1: Uncertain preference ordinal vector Oc of the demand
side to the supply side.

ocij B1 B2 B3 B4 B5 B6
A1 [3, 4] [1, 1] [5, 6] [4, 5] [1, 2] [3, 3]
A2 [4, 6] [2, 3] [4, 5] [3, 4] [4, 5] [1, 2]
A3 [3, 3] [5, 5] [2, 2] [6, 6] [1, 1] [4, 4]
A4 [5, 5] [1, 4] [1, 2] [2, 4] [5, 6] [3, 4]
A5 [1, 1] [3, 3] [5, 5] [2, 2] [4, 4] [6, 6]

Table 2: Uncertain preference ordinal vector Di of the supply side
to the demand side.
odij A1 A2 A3 A4 A5

B1 [4, 5] [3, 5] [2, 3] [1, 2] [5, 5]
B2 [1, 1] [3, 3] [5, 5] [2, 2] [4, 4]
B3 [1, 3] [5, 5] [2, 3] [4, 5] [3, 5]
B4 [3, 5] [2, 3] [4, 5] [5, 5] [1, 2]
B5 [2, 4] [1, 3] [5, 5] [3, 5] [4, 5]
B6 [1, 2] [2, 4] [1, 1] [2, 3] [4, 5]
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greater value indicates that the sort is later in the selection. In
order to calculate the uncertain satisfaction of the supply and
demand sides, the preference ordinal vector needs to be
converted into satisfaction. According to the characteristics
of the case, in this paper, assume MC � 7,
let cij � MC − ocij, and obtain uncertain satisfaction matrix
C of the demand-side subject set A to the supply-side subject
set B, as shown in Table 3.

Similarly, assume MD � 6, let dij � M D − odij, and
obtain uncertain satisfaction matrix D of the supply-side
subject set B to the demand-side subject set A, as shown in
Table 4.

According to the satisfaction in Tables 3 and 4, the size of
the interval number is compared by using formula (1) to
determine the dominance relationship between the
solutions.

5.1. Calculation Results and Analysis. Firstly, set the size of
the population as popsize� 200; the maximum number of
iterations is 300, the crossover probability is 0.8, the selection
probability of the two crossover modes is 0.5, the mutation
probability is 0.3, and the selection probability of the two
mutation modes is 0.5.

Secondly, construct the initial population, and the
construction step is as follows:

Step 1: make the corresponding code for each indi-
vidual in B � (B1, B2, B3, B4, B5, B6), wherein the cor-
responding code for B6 is the random number between
[1, 5]
Step 2: in regard to (B1, B2, B3, B4, B5, B6), two different
numbers i1 and i2 are randomly generated between [1,
6], and the corresponding code of Bi1

and Bi2
is ex-

changed; the step is repeated for M times
Step 3: repeat Steps 1 and 2 until the quantity of
population is reached

After the algorithm is done, the nondominated solution
set is obtained. Take the matching relation of the first 5
approximate optimal solutions of each optimization ob-
jective and their corresponding objective value so as to make
comparison and analysis.

In the generated Pareto solution set, make sorting of
objective 1 according to equation (1), and the first 5 ap-
proximate optimal solutions and their corresponding ob-
jective value are shown in Table 5.

From the data in Table 5, we can know that when the
demand side selects the supply side according to its un-
certain preference ordinal, the differences of each matching
result is not large, take the solution 1 and 2 for example, the
demand 1 selects the supply 2, the demand 2 selects the
supply 6, the demand 3 selects the supply 5, the demand 4
selects the supply 3, the demand 5 selects the supply 1; the
difference is that in solution 1, the supply 4 selects the
demand 5, and in solution 2, the supply 4 selects the demand
4. From solution 4 and 5, we can know that, though the
infimum of the corresponding interval number of the ob-
jective 1 of the solution 5 is smaller, the infimum of the

corresponding interval number of the objective 1 of the
solution 4 is greater, but the sorting result is that [30, 33] is
ranked ahead of [29, 34], because the width of the corre-
sponding objective 1 of the solution 5 is greater, then its
uncertainty is greater, according to the sorting rule, its
sorting ordinal ranks latter.

In the obtained Pareto solution set, make sorting of the
objective 2 according to equation (1), and the first 5 ap-
proximate optimal solutions and their corresponding ob-
jective value are shown in Table 6.

From the data in Table 6, we can know that the sorting of
the interval number with greater uncertainty is latter; in the
approximate optimal solutions corresponding to objective 2,
part of the solution is also the approximate optimal solutions
corresponding to objective 1. From the point of view of the
demand side, this matching ordinal is better and has a bigger
change to be selected.

Similarly, in the obtained Pareto solution set, make
sorting of objective 3 according to equation (1), and the first
5 approximate optimal solutions and their corresponding
objective value are shown in Table 7.

Table 3: Uncertain satisfaction C of the demand side to the supply
side.

cij B1 B2 B3 B4 B5 B6
A1 [3, 4] [6, 6] [1, 2] [2, 3] [5, 6] [4, 4]
A2 [1, 2] [4, 5] [2, 3] [3, 4] [2, 3] [5, 6]
A3 [4, 4] [2, 2] [5, 5] [1, 1] [6, 6] [3, 3]
A4 [2, 2] [3, 6] [5, 6] [3, 5] [1, 2] [3, 4]
A5 [6, 6] [4, 4] [2, 2] [5, 5] [3, 3] [1, 1]

Table 4: Uncertain satisfaction D of the supply side to the demand
side.
dij A1 A2 A3 A4 A5

B1 [1, 2] [1, 3] [3, 4] [4, 5] [1, 1]
B2 [5, 5] [3, 3] [1, 1] [4, 4] [2, 2]
B3 [3, 5] [1, 1] [3, 4] [1, 2] [1, 3]
B4 [1, 3] [3, 4] [1, 2] [1, 1] [4, 5]
B5 [2, 4] [3, 5] [1, 1] [1, 3] [1, 2]
B6 [4, 5] [2, 4] [5, 5] [3, 4] [1, 2]

Table 5: Approximate optimal solutions of objective 1.

No. Solution Objective
1 Objective 2 Objective

3 Objective 4

1-1 5, 1, 4, 5,
3, 2 [33, 35] [1.16, 2.04] [14, 18] [15.33,

18.00]

1-2 5, 1, 4, 4,
3, 2 [31, 35] [1.16, 7.64] [11, 14] [12.83,

15.33]

1-3 5, 1, 4, 2,
3, 2 [31, 34] [3.76, 7.64] [13, 17] [12.83,

14.83]

1-4 3, 1, 4, 5,
1, 2 [30, 33] [2.96, 4.04] [17, 24] [10.83,

6.00]

1-5 5, 4, 3, 5,
1, 2 [29, 34] [1.76, 5.96] [16, 22] [7.33, 9.33]
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From the data in Table 7, we can know that compared
with the result of Table 5, the matching result is greatly
changed, presenting that the decision-making goal of the
demand side and the supply side is not consistent; for the
corresponding optimal matching result of objective 3, the
sorting of its corresponding objective 1 is worse, and the
variance of corresponding objective 2 is greater.

In the obtained Pareto solution set, make sorting of
objective 4 according to equation (1), and the first 5 ap-
proximate optimal solutions and their corresponding ob-
jective value are shown in Table 6.

From the data in Table 8, we can know that when the
variance of the selection result pursued by the supply side is
smaller, the difference of its approximate optimal solutions
and the corresponding approximate optimal solutions of
objective 3 is not greater, and the supply side can make
comprehensive decision-making by combining with the data
in Tables 7 and 8; the infimum and supremum of the interval
number corresponding to objective 4 in solution 4-1 are the
same, and this value is a determined number; the infimum of
objective 4 in solution 4-3 is 0, but the value of its supremum
is greater, indicating that the uncertainty of this interval
number is greater.

5.2. Sensitivity Analysis of Algorithm Parameters. In the
designed algorithm, the choice of different parameters has a
great influence on the performance of the algorithm. When
evaluating the performance of an algorithm, the following
two aspects are usually considered. One is the closeness of
the set of nondominated solutions to the Pareto-optimal
front; the other is the diversity of the Pareto front distri-
bution [30].

In this paper, the interval number is used to study the
matching problem between the supplier and the de-
mander. It is difficult to calculate the closeness between
the set of nondominated solutions and the Pareto-opti-
mal front. +erefore, this paper chooses the diversity of
the Pareto front distribution as an indicator, uses the

number of the set of nondominated solutions to analyze
the performance of the algorithm under different pa-
rameters, and combines the calculation time to analyze
the calculation efficiency of the algorithm under different
parameters.

When analyzing the sensitivity of the parameters in
the algorithm, under the premise of a fixed number of
iterations (I � 200), by setting different values of pop-
ulation size, cross probability, and variation probability,
we get the number of nondominated solutions and the
corresponding calculation time. Calculate 10 times under
each set of parameters, and the average data obtained are
shown in Table 9.

From the data in Table 9, we can know that the number of
nondominated solutions and the calculation time of the al-
gorithm are mainly related to the population size; when the
population size is the same, the cross probability and the
variation probability have an impact on the number of
nondominated solutions and the calculation time of the al-
gorithm, but the difference is not significant; when the
population size is 400 and 1000, respectively, there is a sig-
nificant difference in the calculation time of the algorithm, but
the number of nondominated solutions generated does not
change much, which is related to the selected data set; because
the instance data in this article are relatively small, the number
of nondominated solutions obtained is limited.

It can be seen from the above analysis that different
population sizes can be set for different scale calculation
requirements to achieve a balance between solution results
and solution efficiency.

Table 6: Approximate optimal solutions of objective 2.

No. Solution Objective 1 Objective 2 Objective 3 Objective 4
2-1 5,1,4,5,3,2 [33, 35] [1.16, 2.04] [14, 18] [15.33, 18.00]
2-2 3,2,4,5,1,2 [28, 32] [2.64, 4.00] [15, 22] [5.33, 5.50]
2-3 3,1,4,5,1,2 [30, 33] [2.96, 4.04] [17, 24] [6.00, 10.83]
2-4 5,4,3,5,1,2 [29, 34] [1.76, 5.96] [16, 22] [7.33, 9.33]
2-5 5,1,4,4,3,2 [31, 35] [1.16, 7.64] [11, 14] [12.83, 15.33]

Table 8: Approximate optimal solutions of objective 4.

No. Solution Objective 1 Objective 2 Objective 3 Objective 4
4-1 4,4,3,5,2,1 [21, 25] [12.44, 12.76] [22, 28] [1.33, 1.33]
4-2 3,4,1,5,2,4 [18, 24] [12.16, 13.84] [20, 27] [1.33, 1.50]
4-3 2,3,5,1,4,5 [9, 13] [8.44, 8.76] [6, 15] [0.00, 3.50]
4-4 4,1,3,5,2,1 [24, 25] [12.76, 16.16] [23, 29] [0.83, 2.83]
4-5 1,2,4,3,5,5 [17, 20] [17.00, 24.56] [8, 13] [0.83, 3.33]

Table 7: Approximate optimal solutions of objective 3.

No. Solution Objective 1 Objective 2 Objective 3 Objective 4
3-1 4,1,3,5,2,1 [24, 25] [12.76, 16.16] [23, 29] [0.83, 2.83]
3-2 4,4,3,5,2,1 [21, 25] [12.44, 12.76] [22, 28] [1.33, 1.33]
3-3 3,1,3,5,2,4 [25, 27] [7.00, 12.76] [21, 27] [1.50, 3.50]
3-4 4,1,3,5,1,2 [28, 30] [10.64, 12.96] [20, 27] [1.50, 7.33]
3-5 3,4,1,5,2,4 [18, 24] [12.16, 13.84] [20, 27] [1.33, 1.50]
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6. Conclusion and Future Research

+is paper provides the research thought of this problem based
on the decision-making problem of two-sided matching of
supply and demand of logistics service based on the uncertain
preference ordinal and provides the general research solution of
solving the problem based on the decision-making problem of
two-sided matching of supply and demand of logistics service
based on the uncertain preference ordinal. In this paper, the
uncertain preference ordinal vectors of the supply and demand
sides are expressed by interval numbers, which can meet the
preference ordinal setting requirements of the supply and de-
mand sides in practical applications and can also be charac-
terized by appropriate mathematical expressions. On this basis,
the uncertain preference ordinal is calculated according to the
calculation rules of the interval number, and the interval number
vector can be transformed to obtain the sorted satisfaction.
Considering the overall satisfaction and individual satisfaction of
both the demand side and the supply side of logistics services, a
multiobjective planningmodel is built, and the solution is solved
on the basis of NSGA-III; the coding approach, genetic oper-
ation, and repair strategy are designed according to the features
of the problem, and the matching result of supply and demand
of logistics service based on the uncertain preference ordinal can
be obtained after the solution. +e following can be seen from
the case results in the paper: (1) considering the balance of
overall satisfaction and individual satisfaction at the same time, it
can better characterize the interest relationship between the
supplier and the demander in the logistics service and guide the
decisionmaker to obtain a satisfactory and stablematch between
the supplier and the demander. (2) Satisfy decision makers with
different preferences for overall and individual satisfaction and
guide decision makers to obtain a satisfactory matching rela-
tionship between the supplier and the demander. +is article
considers the uncertainty of the actual impact of the individual
supply and demand sides, the uncertainty problem is clearly
treated using the interval number theory and the interval
number comparisonmethod, and effective calculation results are
obtained to solve the two-sided matching problem of logistics
service supply and demand so that the solved problem of the
supply and demand of logistics services is more suitable for the
actual needs. +rough the sensitivity analysis of algorithm pa-
rameters, it can be known that, for different scales of calculation

requirements, different population sizes can be set to achieve a
balance between solution results and solution efficiency.

+ere are still many issues which need to be resolved in
the future: (1) the two-sided matching decision-making
problem of logistics service supply and demand based on the
preference ordinal and the mixed preference ordinal in an
uncertain environment is a new research topic with a broad
field of exploration, and further research in theory, method,
and application is needed. (2) +e optimization decision
model can also be used to conduct in-depth research and
analysis on theoretical issues such as robustness and the
existence of optimal solutions in the two-sided matching
algorithm.
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