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Abstract

In order to be able to intercept some vehicles outside the congestion area, the traf-
fic flow in the central area of the city has been reduced. Park-and-ride (P&R) is
not only a feasible traffic demand management strategy, and builds rail transit
P&R site selection optimization models. The northern part of Dalian passes
through the various main lines of various main lines in the morning and evening.
When the potential transfer site is screened, when using the DEA model to eva-
luate the relative effectiveness of the decision-making units, there may be more
effective DEA effective decision-making units and incomplete sorting problems.
The article constructs an ideal decision-making unit and the effective deci-

Korea. sion-making unit of DEA, and continues to make evaluations together to solve the

problem of choice of potential hub sites.
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1. Introduction

In the morning and evening peak private cars from the periphery of the city into the city center area, will produce
congestion in the road section with low capacity, that is, the bottleneck area, now proposed to induce passengers to
make a park-and-ride underground line into the CBD area before the bottleneck is created, by selecting the hub point to
achieve this purpose first of all to use data envelopment analysis to evaluate the interchange point. DEA (Data Enve-
lopment Analysis) method is essentially to determine whether each DMU is located on the production frontier of the
production possibility set.

The main advantage of this is that problems with multiple inputs and especially multiple outputs can be evaluated
without the need to give the production frontier surface and the weights of each input and output in advance.

However, the DEA method does not allow for further comparison of DEA valid decision units with an efficiency
evaluation value of 1, and thus the evaluation of each decision unit is not ranked completely. This may not be of much
use for practical problems, so the analysis of the relatively efficient DMUs needs to be continued. An evaluation rank-
ing method for the effective units of DEA based on the ideal point method has been proposed in the literature. However,
this method does not seem to be sufficiently theoretical to reasonably explain the computational results, and it is in-
tended to build on this research to explore the issue of continuing the evaluation of valid DMUs.

2. Data Envelopment Analysis

2.1 Basic elements of data envelopment analysis

In this study, the Unified Data Envelopment Analysis (DEA) method (Charnes, 1978) was used to identify potential
pivots. The method has a system of inputs and outputs and this process is where the efficiency of the decision making
unit (DMU) is compared [1].

In this study, all nodes in the network were considered as DMUs. Each input and output was associated with a com-
mon weight. The ratio of the weighted sum of the outputs to the weighted sum of the inputs is called the efficiency of
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the DMU. The score of each decision unit is obtained by maximising the efficiency of the ideal decision unit and mak-
ing the efficiency of the other decision units less than or equal to 1, with a set of common weights. The mathematical
model is as follows [2].

maxAO + BI €8
s.t.

a,0+bI<1Vj=l... nDMUs 2)

AO+BI<1,0>0,1 >0 3)

Where 0 and 1 are the usual weights for outputs and inputs, and A and B are the output and input values of the ideal
DMU. a; and b; are the output and input values of DMU;. Any number of inputs and outputs can be considered as a DEA
model [3]. In this study, the input component, the minimum value of the hub construction cost, is used as the input and
the maximum value of the output component, the node demand, is used as the output. The non-linear objective function
is converted to a linear function by setting its denominator to 1.

2.2 Evaluation of potential pivot points based on DEA model

In contrast to methods such as AHP, DEA uses mathematical programming models to evaluate the relative effective-
ness of decision units (i.e. 'units' or 'departments' to be evaluated) with multiple inputs and multiple outputs. In its ap-
plication, no pre-estimation of parameters is required, thus offering significant advantages in terms of avoiding subjec-
tive factors, reducing errors and simplifying the algorithm.

A single input, single output problem is constructed (see Table 1). The paper assumes that the inputs and outputs are
of the same magnitude, and obviously the input and output data in the table are of the same order of magnitude. In fact,
the DEA validity of the decision unit is independent of the selection of the input and output scales. The method pro-
posed in the literature is used for the evaluation analysis.

Input indicators include: Area of interchange facilities, parking cost. Output indicators include: interchange passenger
flow, transfer and walking distance.

Table 1. Input and output indicators

Area of interchange Parking cost T Interchange passenger flow E Transfer Walking
facilities M/m? (yuan/day) (passengers/h) time T/min distance L/m
57100 19 2322 570 369
27350 13 2599 779 962
7100 23 1679 600 713
8200 5 2087 682 847
13420 8 2599 753 926
11500 5 1679 699 851
9350 11 2322 746 916

In the arithmetic example, this study is to solve the problem of intercepting some vehicles outside the congestion area
and reducing the traffic flow into the central area of the city. P&R is both a feasible traffic demand management strate-
gy and constructs a rail transit P&R station location optimization model to study the travel behavior of the northern part
of Dalian city through each main line in the morning and evening peak hours ending at the Xi'an Road commercial cir-
cle, at the Heda Line-Dalian North Station Interchange, Donglian Road-West China Road Interchange, Dongbei Road-
Fenghua Road Interchange, Donglian Road-Qianshan Road Interchange, Donglian Road-Songjiang Road Interchange,
Zhangqgian Road-Honggang Road Interchange and Huabei Road-Yingke Road Interchange. The seven locations such as
Yingke Road interchange are used as potential hubs to guide those entering the CBD area in the direction of Ganjingzi
District to interchange at the above hubs in order to improve the efficiency of the use of roads per unit length in the city
centre area. The input variables selected in the model are the area of interchange facilities and parking costs; the output
variables are interchange passenger flow, interchange time and walking distance.

2.3 Using MATLAB and MaxDEA software to solve for the efficiency of each decision unit

Part of the problem can be solved by MATLAB programming, with the advantage of yielding clear results, but be-
cause there are more constraints to be adjusted in the data envelope analysis, it is necessary to write the code several
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times, which is not conducive to result comparison, so it is more efficient to use MaxDEA software to carry out the fol-
lowing for the output (see Table 2).

Table 2. Output in MaxDEA

NO. DMU Score Benchmark (Lambda)
1 A 0.29279 D(3.800000)
2 B 0.478972 D(2.600000)
3 C 1 C(1.000000)
4 D 1 D(1.000000)
5 E 0.77833 D(1.600000)
6 F 1 F(1.000000)
7 G 0.975758 D(1.140244)

Based on the above output it can be concluded that the potential pivot points at points 3, 4 and 6 have better efficien-
cy values and can be used as a premise for the next step of the discussion (see Table 3).

Table 3. Output weighting results

DMU Weighting A B C D E F G
inputl 4.91E-20 1.67E-19 0.00014 4.61E-05 1.64E-14 8.85E-07 0.000106
input2 0.052632 0.076923 0.000339 0.124333 0.125 0.197965 0.000651
outputl 0.000126 0.000184 4.15E-05 4.96E-05 0.000299 7.22E-06 6.43E-19
output2 6.51E-19 5.81E-19 3.3E-05 0.000819 1.06E-12 0.001059 9.43E-18
output3 9.36E-19 1.07E-17 0.001511 0.000298 1.52E-12 0.000124 0.001281

3. Problems with the soundness of evaluation methods based on the ideal point method
3.1 Rational analysis

In the literature, it is proposed to continue the evaluation and ranking of DEA valid decision units by first construct-
ing an ideal unit (the input of which is the minimum value of each input component of the DEA valid decision unit and
the output is the maximum value of each output component) and then finding the distance from the DEA valid decision
unit to the ideal point, and ranking the units according to this distance from smallest to largest.

An example is given in the literature and the results show that this approach is reasonable. In this example, the au-
thors merely show that the calculation can be continued using the method, but do not justify the results, either theoreti-
cally or factually. It is not possible to be convinced that the results of the calculations obtained according to this method
really reflect the relative validity between the effective decision units of the DEA.

As can be seen from Table 2, DMU1 and DMU?2 are DEA valid decision units (based on the C2R model) and DMU3
is not DEA valid (based on the C2R model). The evaluation is continued according to the method proposed in the lite-
rature. The ideal decision unit (represented by DMUS) is constructed by taking the minimum value of the input compo-
nent and the maximum value of the output component of each decision unit, and then calculating the distance between
each DMU and the ideal point.

For the convenience of the following description, the distance between each DMU and the ideal point is calculated in
this paper (see Table 4):

Table 4. Distance between decision variables and ideal decision variables

DMU Input 1 Input 2 Output 1 Output 2 Output 3 Distance
A 57100 19 2322 570 709 1200
B 27350 13 2599 779 418 320
C 7100 23 1679 600 667 400
D 8200 5 2087 682 533 720
E 13420 8 2599 753 455 430
F 11500 5 1679 699 529 560
G 9350 11 2322 746 464 340
H 7100 5 2599 779 709 0
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3.2 Analysis of the reasonableness of the calculation results

The valid decision units were priority in the same way as in the literature. However, it is clear that the quantitative
relationship between the input and output DMU1 of DMU2 and the DEA validity of the decision unit are independent
of the "growth" of the corresponding input and output of the decision unit, i.e. they are in fact equivalent, both being on
the production frontier. Moreover, since the distance from the ideal point can be used to rank and differentiate between
valid decision units, it is clear that it should also be used to solve valid decisions.

4. Improvement of the evaluation method based on ideal points

As can be seen from the foregoing, the ideal point method proposed in the literature is not well justified. However,
the idea of constructing an ideal point based on a valid decision unit to continue the evaluation is original and feasible,
and the following is an improvement of the ideal point method based on the basic principles of data envelopment analy-
sis.

Data envelopment analysis is originally used to evaluate the relative validity of decision units, so it can be considered
to construct an ideal decision unit on the basis of the valid unit evaluated by the DEA model, so as to increase a valid
decision unit. As a result of adding decision units, the original decision units that are not DEA valid are still not DEA
valid for 1. Therefore, only the ideal decision unit and the original valid decision unit are put together for a new round
of evaluation, and the principles of evaluation ranking are the same as those without the ideal decision unit.

5. Fuzzy models for evaluation improvement

The classical analysis in the selection of input and output variables requires the assumption of homogeneity, i.e. that
the operating environments of the bank's branches are similar in their requirements. However, when analysing the effi-
ciency of different hubs, this condition cannot be met. The environmental variables of different hubs may face very dif-
ferent operating environments, which have a significant impact on their operational efficiency. This chapter deals with
this problem by considering environmental variables as fuzzy variables. With the introduction of environmental va-
riables, the efficiency of hubs in different regions becomes comparable. Environmental variables such as level of ser-
vice and road density can be characterised by fuzzy numbers. Note that our fuzzy model with exact numbers is different
from the classical fuzzy model which only considers fuzzy numbers and is suitable for dealing with exact numbers,
where fuzzy numbers are introduced to fuzzify some of the data in the input and output. Fuzzy is a non-linear program-
ming, and a method using probability theory and intercept sets is used to transform the fuzzy model into the following
linear programming problem, using an input-oriented fuzzy model to calculate the efficiency of each hub in different
regions. The classical model gives an average technical efficiency of 0.789 and the scale efficiency can be calculated
from the ratio to the efficiency score. If it is very close to the frontier, then the industry under assessment shows con-
stant returns to scale. Otherwise, the industry will exhibit significant scale inefficiencies. The comparison with the effi-
ciency score shows that the efficiency of scale here is very close to, and therefore the industry returns to scale are un-
changed, so that the following further analysis can be based on the efficiency score rather than taking the efficiency
score into account. Include adverse environmental effects. Environmental factors are not taken into account in classical
models, which is the starting point for this section.

6. Test results based on MaxDEA software

The basic idea behind the BBC model is to maximize the efficiency score of each DMU subject to the constraints that
the efficiency scores of all other DMUs are fixed. The efficiency score is calculated as the ratio of weighted outputs to
weighted inputs, where the weights are chosen to maximize the efficiency score subject to the constraint that the DMU
is not less efficient than any of the other DMUs.

These are the results based on the BBC model as derived from MaxDEA (see Figure 1).

=_5.=:‘ Ciry_Results of Envelopment Model = = X
NC-t DMO - Score - Gama ~ |Benchmark -~ Times as - Radial Mo - Slack Now - |Prejectie - Radial Mo - Slack Mow
14 . 893421 E{1. 000000) 0 0 —43680 13420 0 =
2E 1 E{1. 0000007 0 0 0 27350 0
3C 1 C{1. 000000) 0 0 0 7100 0
4D 1 D{1. 000000) 0 0 0 8200 0
5E 1 E{1. 000000) 1 0 0 13420 0
6 F 1 F (1. 000000) 0 0 0 11500 ]
TG 1 G{1. 000000) 0 0 0 9350 0

Record: 4 < [1of7 | » M [ & | searcn [« I | ’

Figure 1. Results of the BBC model built in MaxDEA.
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7. Suggestion and Future Prospects

When using the DEA model to evaluate the relative validity of decision units, the problem of having more DEA valid
decision units and incomplete ranking may occur. The literature proposes the idea of continuing the evaluation of valid
decision units by constructing ideal points, and now an improved method based on ideal points is proposed based on its
research. This method can further evaluate the effective decision units and is in line with the basic concepts and prin-
ciples of data envelopment analysis, and has some practical value.

It is undeniable that the method can only further evaluate the DEA valid decision units, and the paper does not guar-
antee a complete ranking of the valid decision units. Further research is needed on how to achieve a complete ranking of
all decision units. The BBC model used is also a complement to the analysis in this paper, as the fuzzy variables include
adverse environmental effects, which are not considered in the classical model, and this is the significance of the me-
thod proposed in this paper.

Due to the conditions and time frame of the survey, the car park utilization and turnover rates used in this study are
expected values based on norms, not actual data. Also, the issue of induced parking demand after the completion of the
P&R station has not been considered. In the subsequent study, this should be measured and analysed in conjunction
with the measured data after the completion of the rail P&R station.
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