Journal of Southeast University (English Edition)

Vol.35,No. 1, pp. 111 —117

Mar.2019 ISSN 1003—7985

Competitive location problem of multi-level pickup point
considering cooperative coverage

Han Xun'

Zhang Jin"’

Zeng Qian’

chool of Transportation and Logistics, Southwest Jiaotong University, Chengdu , China
(" School of T i d Logistics, South Ji University, Chengdu 610031, China)
(* National United Engineering Laboratory of Integrated and Intelligent Transportation, Southwest Jiaotong University, Chengdu 610031, China)

(* School of Business Planning, Chongging Technology and Business University, Chongging 400067, China)

Abstract: To occupy a greater market share in terminal
distribution, companies are urged to make full use of
cooperative coverage formed with brand effect and information
sharing in the layout of pickup points. Based on the diversity
of pickup points,
function and probability function are introduced. Meanwhile,

the piecewise function, signal intensity
considering the effect of distance satisfaction and cooperation
coverage on customer behavior, the location model of the
pickup point under competitive environments is established.
The genetic algorithm is used to solve the problem, and the
effectiveness of the model and algorithm is verified by a case.
The results show that the sensitivity of weighted demand
coverages to budget decreases gradually. The maximum
weighted demand coverage increases at first and then decreases
with the increase of the signal threshold, and there is a
positive correlation with the change of the actual demand
coverage to the senior customers, but it is negatively related to
the intermediate and primary customers. When the number of
high-level pickup points in a competitive enterprise is small,
the advantage of the target enterprise is more significant.
Through comparison, the cooperative coverage model is better
than the non-cooperative coverage model, in terms of the
weighted demand coverage, the construction cost and the
attention paid to the important customers.
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he rapid spread of e-commerce has stimulated a
T sharp increase in residents’ demand. Shoppers in
non-first-tier cities have become the mainstay of online
consumption. The strong demand for express delivery has
brought tremendous pressure on the terminal distribution.
Thus, utilizing pickup mode shall become the main meth-
od to solve the “last mile” problem. However, the short-
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age of pickup points is prominent. It greatly reduces dis-
tribution efficiency, restricts the improvement of con-
sumption experience, and inhibits consumer’s willingness
to consume. Therefore, accelerating the construction of
pickup points and expanding the coverage of the network
are the most important issues.

The existing research on the location of pickup points is
based on the assumption of single,
points, which cannot accurately depict the diverse point
in real operation. For a multi-type or multi-level facility
location, we can employ the achievements of domestic
and foreign scholars, whose research objects are mostly
concentrated in shelters,
public service facilities" ™. As

undifferentiated

distribution centers and other
for the research of a
multi-type or multi-level terminal delivery system, Chen
et al. "' took into consideration the customer’s pick-up
distance and the attractiveness of different types of pickup
points, reconstructed the customer’s utility function, and
established a pickup point location model based on cus-
tomer bounded rationality. Based on the network com-
posed of a pickup service center, pickup service point and
pickup service station, Han et al'.
stage location model for multi-level pickup points.
Concerning a real-life scenario, another important con-
sideration would be the competitive environment. The
layout and management strategy of the competitors will
affect the customers’ choice in the market.

established a two-

The research
The
utility function is the main method to determine the
choice of customers'”.

on competitive location is relatively developed”™.

In the competitive location re-
search based on the maximum coverage model, Plastria et
al. ™™ proposed a discrete competitive location problem for
prediction, then came up with three competitive location
models respectively by different strategies.

However, what contrasts the real situation is that, in
the form of utility function, whether it is 0-1 coverage or
gradual coverage, one important assumption is that cus-
tomers are influenced by a single point, and only choose
the facility with the largest utility. The cooperative cover-
age model describes the phenomenon that customers are
affected by all the facilities within the service radius. It is
suitable for layout optimization of chain facilities and
emergency facilities. Berman et al. " proposed coopera-
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tive coverage model under continuous and discrete de-
mand. In the case of alarm location, it was verified that
the number of facilities needed under cooperative cover-
age was half of that under traditional single-point cover-
age. Li et al. """ established the largest cooperative cover-
age location model with budget constraint, and compared
the cooperative coverage with non-cooperative coverage
models by some indicators. The former was superior in
various scenarios.

To sum up, there are the following problems. First of
all, most of the location models only consider a single-
type point. The multi-level point is often ignored. Sec-
ondly, most of the location models are set with the back-
ground of a monopoly market, which ignore the
competitors’ influence on the enterprise’s decision as well
as customer behavior. Thirdly, these models deem that
customer satisfaction is affected by distance, ignoring the
general effect of signal intensity on their selection.

With the assumption that pickup points of the same
company jointly affect the behavior of the customer, the
level of supply and demand, distance of the single pickup
point, and cooperative coverage of multiple pickup points
on customer selection behavior are taken into considera-
tion. This paper proposed a location model with the aim
of maximizing weighted demand coverage in a competi-
tive situation.

1 Model Establishment

1.1 Problem description

A competitive environment brings customers more
choices. It also has an important effect on the location de-
cision of the enterprise. On the basis of a multi-level pick-
up network!"", the attractiveness, the distance and the co-
operative coverage of pickup points work together on cus-
tomer selection behavior, which are depicted respectively
by utility function, signal intensity function and probabili-
ty function. A target enterprise can employ a multi-level
location model to decide the number, level and location of
pickup points, in order to hold more market share.

1.2 Customer satisfaction function

As a criterion of whether the customer chooses the pick-
up point and accepts service from one enterprise or not,
the satisfaction function is introduced. Through demonstra-
tion, Morganti et al. '™ showed that customer accessibility
had an important influence on the layout of facilities. Dis-
tance affects the accessibility and convenience of the cus-
tomer receiving service. Attractiveness refers to whether
the pickup point provides customers with the due service.
Focused service, to a certain extent, can make up for the
decline in satisfaction with distance. Distance and attrac-
tiveness both influence a customer’s satisfaction.

Satisfaction of customer i to single point j in target en-
terprise is structured as

As,x/ lingi,
L' — 1 \&s ] .

fl) = (ﬁ) A, L<l<rt (D
0 l[.>L!

u Si

where [ represents the customers set, i € [; J is the candi-
date pickup points set, j e J; S is the customer level set, S
={1, 2, 3}, representing the junior, intermediate and
senior customers; T is the pickup point level set, 7 = {1,
2,3}, representing the primary, secondary and tertiary
points; s, is customer i in level s, s, € S; d,is the demand
volume of customer i; ¢, means pickup point j in level 7, ¢
e T; A,, means the attractiveness of pickup point j in lev-
el t to customer i in level s; Li’ or Lf’ mean the minimum
or maximum critical distance of customer i in level s; [
means the distance between point j in target enterprise and
customer i; g, represents the sensitivity coefficient to the
distance of customer i in level s.

Similarly, the satisfaction of a demand point to single
point A of competitor is calculated as

As‘t,, lih ngr,
Z, - lih B
S, = (H) A,

0 >L

L <l,<L! (2

where H is a competitor’s pickup points set, h e H.
1.3 Signal intensity function

Companies can occupy a larger market share by attrac-
ting customers through jointly influencing their decision-
making with brand establishment and information ex-
change. In the cooperative coverage network of a pickup
facility, customers can receive the signal from the corre-
sponding level or higher-level pickup points in the maxi-
mum critical distance. Customers can be covered by these
facilities if the signal intensity exceeds the predetermined
threshold, that is, the lowest limit in the satisfaction level
of the customer’s acceptance service. The more expres-
sive a facility is, the more likely customers will choose to
attend. v, and v, represent the signal volume that custom-
er i accepts from all the pickup points of the target enter-
prise and the competitor, respectively. x; is 0-1 variable,
if pickup point j is set up, x; =1; otherwise, x; =0.

Influenced by a corresponding level or higher-level
pickup points in target enterprise or competitor, signal
volumes that customer i received are structured as

V,‘ :1 - H (1 _f(l,,)x])

jel

Voi =1- H (1 _f(lih))

heH

VS,-ES‘Z‘!-BS‘. (3)

Vs, eS \ t,=s, (4)

1.4 Probability function

Since customers may be subject to external environment
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or psychological changes, their choices have certain prob-
abilistic characteristics: They do not always choose the
enterprise with the largest utility to accept services.
Through the analysis above, the customer selection be-
havior is related to the received signal intensity from the
enterprise. @ represents the signal threshold when the cus-
tomer is covered. If v, is not less than the threshold w,
while v,, is less than @, it indicates that the customer is
only covered by the target enterprise, i. e., all of his
needs are assigned to the target enterprise. Otherwise, all
needs will be assigned to the competitor. If both v, and v,
are not less than @, the selection probability of customers
can be described by the binary Logit model. If v, and v,
are both smaller than @, because there are only two enter-
prises providing the service in this region, the customer
will also make the decision through the Logit model.

The probability of customer i choosing target enterprise
is structured as

1 ViZw >V,

Vo VaZo or v, v, <o (5)
0 Ve =0 >V,

1.5 Multi-level pickup point location model under
cooperative coverage

This section first introduces the customer satisfaction
function and signal intensity function to describe the im-
pact of facility distance, attractiveness and cooperative
coverage on customers; and then describes the customer’s
selection behavior through the probability function. Con-
sidering the constraints such as customer’s importance,
the nested level of pickup points, budget and capacity of
pickup points at different levels, with weighted demand
coverage maximization as the goal, the specific model
and constraints are as follows:

max Y dp.q, (6)
el

s.t. (1) to (5)

1=, (7)
Ydp< Y 0x (8)
iel jel

Y ex;<C 9)
jel
x;e{0,1} (10)

VielLVjelJ, VIJ»ET, Vs,eS,VheH, Vt,eT (11)

where Q, represents the maximum capacity of pickup
point j in level 7; ¢, is the importance degree of customer
i in level s for the enterprise; ¢ is the construction cost of
pickup point j; p, is the probability of customer i distribu-
ted to the target enterprise; C is the budget to set up facil-
ities. Eq. (6) represents the goal of maximizing weighed
demand coverage by a target enterprise. Eq. (7) indicates

that demand can be assigned to a pickup point with corre-
sponding or higher service level. Eq. (8) means the ca-
pacity constraint of the pickup points. Eq. (9) is the
budget constraint. Eq. (10) is the range of decision varia-
bles. Eq. (11) is the range of parameters.

1.6 Multi-level pickup point location model under
non-cooperative coverage

Under non-cooperative conditions, each pickup point is
treated as an independent individual to cover customer de-
mand. The distance and attractiveness will affect custom-
er i accepting service from pickup point j or k. There-
fore, the probability that customer i chooses the target en-
terprise is

z eﬂl"h’

jel

- zef'(l,,)X, + Zef(lm)

jel heH

S >0, f(4,) >0

Compared with Section 1.5, the objective function and

P

(12)

the constraints of the multi-level pickup point location
model under non-cooperative coverage are modified as
max Y dp.gq,
iel

s.t. (1), (2), (7) to (12)

(13)

2 Algorithm Design and Comparison

In the layout model established above, X is 0-1 varia-
ble. The genetic algorithm (GA) is a global search opti-
mization algorithm, with a high search efficiency in sol-
ving 0-1 planning problems.

2.1 Algorithm design

GA is widely used in combination optimization, dis-
crete optimization and other fields, and, therefore, GA is
used to solve this model. Specific steps are as follows:

1) Set population size PopSize, maximum evolutionary
times of population MaxGen, crossover and mutation
probability p_ and p . The initial population P(¢) is ran-
domly generated, ¢t =0. The chromosome representation
is explained by binary 0-1, and each chromosome is di-
vided into n genes, which means that there are n pickup
points. If the initial chromosome does not satisfy the con-
straint of the budget, a new chromosome will be random-
ly generated to replace the original infeasible chromosome
generated in population initialization until each chromo-
some in the population is feasible.

2) On the basis of the initial population, the customers
are allocated to calculate the fitness of the objective func-
tion. Customers with a higher level and larger demand
will have priority for assignment. If one’s demand ex-
ceeds the capacity of the pickup points with a correspond-
ing or higher level in the target enterprise, this customer
will be ignored. Next customer in the rank will be distrib-
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uted.

3) Using the feasible chromosome in step 1) and the
assignment in step 2), the fitness of the objective func-
tion (6) is solved.

4) Applying the roulette method, chromosomes which
have better fitness are selected to form the next generation
with a certain probability.

5) Two points are set randomly in chromosomes de-
fined as pairs. Part of the genes between two intersections
are exchanged to generate new chromosomes. The meth-
od of uniform mutation is then used. After generating a
new chromosome, if all genes in the chromosome are ze-
ro, some genes will be randomly replaced by non-zero
genes to form a new chromosome.

6) Make t=t+1. If t >MaxGen, the algorithm termi-
nates; otherwise, it jumps back to 2).

2.2 Algorithm comparison

In order to verify the effectiveness of GA in solving the
model, six sets of randomized cases with different scales
are designed. The authors ran each set 10 times, recorded
the averages of the optimal value and running time, and
then compared them with particle swarm optimization
(PSO). The results are shown in Tab. 1. a customers, a
= {50, 100, 200}, and b alternative points of the target
company, b = {40, 80, 120}, are randomly generated.
The demand volumes of junior, intermediate and senior
customers are, respectively, subject to the Poisson distri-
bution of A, =20, A, =50, A, =120. The locations of
the customers and the pickup points are randomly distrib-
uted in the planar network of [0, 10] x [0, 10]. The costs
of the primary, secondary and tertiary alternative points
in the target company are subject to uniform distributions,
of U,(10,40), U,(50,80), U,(90,120).

Tab.1 Comparison of different algorithms

Average optimal value Average running time/s

a b
GA PSO GA PSO
50 40 2 623 2 601 12.6 12.1
100 40 4 587 4 415 35.4 30.2
100 80 4986 4634 59.5 42.6
200 40 9 004 7571 67.4 49.8
200 80 9 872 8 094 100.2 56.6
200 120 10 069 8 421 132.8 64.1

It can be seen that as the scale of the solution increa-
ses, the computation time of the two algorithms also in-
creases. When the calculation scale is small, the gap of
running time between PSO and GA is small, and the opti-
mal value of GA is slightly better. As the scale of calcu-
lation increases, PSO has shorter running time, and the
GA’s advantage in optimal value is more significant.

3 Case Introduction
3.1 Parameter setting

The residential areas in a business district of Chengdu

can be clustered into 30 customers according to the district
street administrative division. The demand and its level of
each point are known. The customers numbered 1 to 5 are
senior customers. The customers numbered 6 to 15 are in-
termediate customers and the rest are junior customers.
The minimum and maximum critical distance for each
level of customers are Li’ ={L,L,,L\}={1,1,1}, L=
{L, Ly, Ly} = {3,4,5}. The attractiveness of pickup
points by all levels to customers are

As,t,:{All’ A, Ay Ay Ay, Ay, Ay, Ay, Ayl =
{1, 0.8, 0.6, 0, 1, 0.8, 0, 0, 1}

The target enterprise will layout pickup points in this
district, totaling 15 options. The points numbered 1 to 3
are tertiary alternative pickup points; the points numbered
4 to 8 are secondary alternative pickup points, and the
rest are primary pickup points. Restricted by the geo-
graphical environment, human resources and other fac-
tors, the construction costs of those alternative pickup
points are ¢; = {99,102,91,79, 54,70, 65, 43, 32, 12, 32,
13,33,21,24}. The overall construction cost constraint is
C = 300. The maximum capacities of the alternative
points j in level 7, are Q,/ ={Q,, 0,, 0,} = {100, 250,
500}. The importance degrees of customer i in level s, are
q, = {g,.9,,9;} ={1.0,1.5,2.0}. The signal threshold
of the covered demand is 80% . In addition, the competi-
tor in the region layouts one tertiary pickup point, two
secondary pickup points and two primary pickup points.

3.2 Calculation results

The specific parameters of the algorithm are set as fol-
lows: PopSize =50, MaxGen =400, crossover probabili-
ty p. = 0.7, mutation probability p =0.01. With the
continuous evolution of the algorithm, the fitness function
value of the optimal solution increases before it eventually
levels off. The optimal individual for the maximum
weighted demand coverage of the target enterprise is
(011010000001100), which means building
2 tertiary pickup points ( numbered 2, 3), 1 secondary
pickup point (numbered 5), and 2 primary pickup points
(numbered 12, 13), with the cost being 293 units.

3.3 Sensitivity analysis

3.3.1 The influence of budget on weighted demand
coverage

As an important factor in the enterprise location deci-
sion, budget influences the number, level, and the posi-
tion of pickup points. In order to analyze the influence of
the budget, the authors use budget C = {150, 200, 250,
300, 350, 400, 450, 500, 550} as examples to calculate
weighted demand coverage under different budgets and
their corresponding numbers of constructed pickup points
at each level, as shown in Fig. 1.
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Fig.1 The influence of budget on weighted demand coverage

The following conclusions can be drawn. The weighted
demand coverage rises with the increase of budget, but
this growth gradually slows down. When the budget is at
a low level, its 150 units increase brings a leap from 659
to 1 469 of the weighted demand coverage, showing sig-
nificant marginal benefits. After the budget exceeds the
critical point (C =300), the competitive situation is basi-
cally stable due to the location, the demand level and de-
mand volume of the customers in a specific area. The
sensitivity of the weighted demand coverage to the budget
is decreasing, and the increase of the budget cannot bring
any positive effect. It reveals that the enterprise should
invest moderately so as to obtain maximum return by the
least investment. To avoid capital waste, it is not sugges-
ted to pursue the maximization of demand coverage.
3.3.2 The influence of signal threshold on weighted

demand coverage

As an important parameter in the cooperative coverage
model, the value of the signal threshold has a profound in-
fluence on the weighted demand coverage. In order to ana-
lyze it, the authors take the signal threshold 7 = {0. 05,
0.1,0.15,0.2,0.25,0.3,0.35,0.4,0.45,0.5,0.55,
0.6,0.65,0.7,0.75,0.8,0.85,0.9,0.95} as examples.
The weighted demand coverage under different signal
thresholds is calculated, as well as their corresponding
coverage of customers at all levels. The results are shown

in Fig. 2.
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The influence of signal threshold on weighted demand

The following conclusions can be obtained:
1) The weighted demand coverage tends to increase

first and then decrease as the signal threshold grows.
When the signal threshold is low, the weighted demand
coverage is stable and there is a small range of fluctua-
tion. When the signal value exceeds the critical point (T
=0.6), weighted demand coverage increases sharply,
reaches the highest point and then decreases rapidly. The
reason is that a low signal threshold means that the cus-
tomer selection standard is relatively low. Most of the
pickup points of the target enterprise and competitor are
able to serve as the options for customers. The demand
is met according to the probability. At this time, the
competitive advantage of the target enterprise is relative-
ly small. When the signal threshold increases, it means
that the service satisfaction becomes higher, and custom-
ers can only be covered by the enterprise whose signal
strength exceeds the threshold. Knowing the layout of a
competitor, target enterprise can enhance signal intensity
by a location decision to obtain all the needs of custom-
ers. When the signal threshold is too high, it is difficult
for either the target enterprise or competitor to meet cus-
tomer demand. Thus, the customers are still served ac-
cording to probability, and the weighted demand cover-
age of the target enterprise decreases. It shows that, by
thorough investigation, an enterprise should reasonably
estimate the signal threshold of the customers in the mar-
ket and the signal strength of competitors for making the
best location decision.

2) The weighted demand coverage is positively related
to the change in the actual demand coverage in senior cus-
tomers, but is inversely related to the intermediate and
junior customers. Due to the high weight of the senior
customers in the enterprise decision-making, meeting the
needs of senior customers can effectively improve the
weighted demand coverage. In such cases, enterprises
will tend to provide services for higher level customers. It
is suggested that the enterprise should provide differentia-
ted services for customers at different levels according to
the signal threshold in the region.

3) When it comes to location in a competitive environ-
ment, the layout of the competitor’s pickup points will
have an important impact on the decision-making of the
target company. Assume that the competitor has five
points in the region with six different layout strategies,
the location results and demand coverage of the target en-
terprise are solved as shown in Tab. 2.

The following conclusions can be obtained:

1) Due to budget restrictions, the number of high-level
pickup points that the target company can establish is lim-
ited. When there are fewer high-level points in the com-
petitive enterprise, the advantage of the target company in
market share is more significant. When the quantity of
the high-level points of the competitor increases, that is,
in cases 4" to 6%, the target company will also adjust the
layout of the points.
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Tab.2 The influence of the competitor’s layout strategy on weighted demand coverage
Layout Point number of competitor Point number of target company  Demand coverage of customer of each level Actual demand
strategy Tertiary ~ Secondary  Primary Tertiary  Secondary  Primary Tertiary Secondary Primary coverage
1* 1 1 3 2 2 3 397 409 281 1087
2# 1 2 2 2 2 3 397 287 280 964
3* 1 3 1 2 3 2 397 285 265 947
4* 2 1 2 2 1 4 299 287 297 883
5% 2 2 1 2 2 3 299 286 297 882
6" 3 1 1 3 2 0 305 289 286 880

Within the budget, the secondary and tertiary points are
increased by reducing the number of low-level points to
attract more high-level customers. Therefore, it is neces-
sary for the target company to pre-investigate the layout
of other enterprises, establish more high-level points
within the budget to capture more intermediate and senior
customers, and also to form a more comprehensive cover-
age for junior customers.

2) The demand coverage of the target company decrea-
ses with the increase of high-level points in the competi-
tor. From the changes of 1* and 2”, it can be seen that as
the quantity of secondary points in a competitive company
increases, the target company’s demand coverage for in-
termediate customers decreases. Seen from the changes of
3* and 47,
and the number of senior customers covered by the target
company has increased. Due to the increase of high-level
the target company needs to con-
struct more high-level points. In addition, according to
the principle of diminishing returns, when there are more
high-level points in competitor, it is more difficult for
target company to upgrade its coverage. It is more benefi-
cial to control the construction scale for maintaining a cer-

the competitor has added one tertiary point,

points in competitor,

tain market share, thus to avoid low input-output ratios

and vicious competition.
3.4 Comparison with non-cooperative coverage model

The data of the cooperative coverage model will be
compared with that of the non-cooperative coverage mod-
el. The weighted demand coverage of the non-cooperative
coverage model is 1 270 units. The actual coverage de-
mand is 830 units. Its corresponding optimal individual is
(100000101101111) with the cost of 299 units.
Compared with the cooperative coverage model, the
weighted demand coverage in the target enterprise is re-
duced by 15.67% , while the cost is increased by 2.01%.

Under the two coverage models, the results of custom-
er demand allocation are shown in Fig. 3.

Under cooperative coverage, the average coverage of the
target enterprise for senior customers’ needs reaches
69.3%, and those for intermediate and junior customers are
45.0% and 50.0%, respectively. Additionally, the average
coverage of the target enterprise for senior, intermediate
and junior customers is 50.7% , 47.0% and 53.9% un-
der the non-cooperative coverage. Enterprises considering

cooperative coverage are more pertinent.
They tend to maintain the interests of higher-level cus-
tomers who can bring more value for the company.
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Fig.3 Customer demand allocation. (a) Cooperative coverage;

(b) Non-cooperative coverage

It can be seen that the location model considering coop-
erative coverage is better than the non-cooperative cover-
age model in terms of the weighted demand coverage, the
construction cost, and the attention paid to the important
customers.

4 Conclusions

1) The sensitivity of weighted demand coverage to
budget decreases gradually.

2) The maximum weighted demand coverage is posi-
tively correlated with the change of the actual demand
coverage of senior customers.

3) The demand coverage of the target enterprise de-
creases with the increase of the high-level pickup points in
a competitive enterprise. When the number of high-level
pickup points in competitive enterprise is small, the ad-
vantage of the target enterprise is more significant.
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4) The location model considering cooperative cover-
age is better than the non-cooperative coverage model in
multiple indicators.

With the development of behavioral economics, the re-
search objects are changing to non-rational people, which
means that not all subjects will pursue the optimal results.
Therefore, in the research of pickup network design, the
influence of rationality on customer behavior can be taken
into consideration. In future, the utility function invol-
ving endowment effect and psychological account can be
constructed, and the customer selection probability func-
tion can be re-established to optimize the location model.
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