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Abstract With the in-depth promotion of the “Belt and Road” strategy, intelligent technology has become an
important support for the optimal allocation of regional economic resources. Digital technology has become a factor
of production, and the construction of “digital bridge” in regional cooperation improves the efficiency of resource
allocation. This study explores the mechanism and implementation effect of the integration of regional economic
resource optimization and smart technology under the background of “Belt and Road”. By constructing a stochastic
DEA model with non-expected output, we analyze the regional economic resource allocation efficiency from the
input-output perspective by taking the logistics industry of 17 provinces along the “Belt and Road” as the research
object from 2013 to 2019. The results show that Liaoning, Shanghai and Zhejiang provinces have maintained a
comprehensive technical efficiency value of 1.000 for seven consecutive years, which is located in the production
frontier; the average value of the comprehensive efficiency of Heilongjiang, Qinghai and Xinjiang provinces and
regions is lower than 0.5, which is far lower than the average value of the industry of 0.685; the kernel density
analysis reveals that the operational efficiency of the logistics industry of the provinces along the route evolved from
a single-peak distribution to a bimodal distribution from 2013 to 2019, and the phenomenon of efficiency polarization
has expanded. Expansion. The study identifies input redundancy and output insufficiency problems in each province
by measuring the relaxation factor, and proposes an optimal allocation scheme of regional economic resources
based on intelligent technology. The study concludes that smart technology can effectively enhance the efficiency
of regional economic resource allocation, weaken geospatial constraints through digital platforms, improve
information transparency and flow efficiency, reduce the risk of information asymmetry, and promote the leapfrog
development of regional economic cooperation.

Index Terms Regional economic resources, intelligent technology, optimal resource allocation, data envelopment
analysis

. Introduction

At present, the great change unprecedented in a hundred years accelerates the evolution, the new round of scientific
and technological revolution and industrial change develops in depth, the international power balance is profoundly
adjusted, unilateralism and protectionism spreads, and the world enters a new period of turbulence and change [1],
[2]. 2024 In October, the International Monetary Fund issued a report warning that the world economy is facing
multiple risks and structural changes. Overall, the world economic development in 2024 continues the slow recovery
trend in 2023, and the related indicators such as economic growth, inflation level, labor market and trade and
investment continue to undergo structural adjustments, which drive the regional economic cooperation towards
adaptation and precision [3]-[6]. Meanwhile, in the wave of globalization, the development of the digital economy
has had a far-reaching impact on the socio-economic structure of countries, and to cope with this change, different
countries and regions have adopted diversified strategies and policies to promote their own digital transformation
and enhance their competitiveness globally, especially in supporting developing countries to enhance their digital
capabilities and promote digital inclusive finance, multilateral cooperation and policy innovation play a key role [7]-
[10].

In addition, in the context of the “Belt and Road” strategy, the regional economy has delivered more than 1,300
large-scale cooperation projects, with a total of more than 3,000 projects on the ground, but among its resource
factors, logistics costs account for a disproportionate share, and the imbalance of resource allocation in the supply
chain under the dynamic demand has further increased logistics costs [11]-[13]. Energy-intensive industries account
for more than 50% of the overall industrial industry, while the proportion of digital economy penetration is too low,
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and the efficiency of economic resource allocation in the “Belt and Road” region needs to rise [14], [15]. In this
context, the “Belt and Road” regional economic resource coordination urgently needs to integrate intelligent
technology into systematic and dynamic intelligent decision-making.

Against the backdrop of economic globalization and regional integration, the international economic landscape is
facing profound changes, and the promotion of coordinated regional development has become a national strategic
choice. Since the Belt and Road Initiative was put forward, it has optimized the allocation of regional economic
resources and promoted the common development of countries along the route by deepening regional cooperation.
However, compared with the infinite needs of human society, the shortage of resources is a problem that can never
be avoided in the process of economic development, and the scarcity of resources will inevitably bring about
selective demand, and the optimization of the allocation of regional economic resources is an important way to solve
this contradiction. Based on the strategic background of “Belt and Road”, this study explores the integration
mechanism of intelligent technology and optimal allocation of regional economic resources, aiming to provide
theoretical support and practical guidance for improving the resource allocation efficiency of countries and regions
along the route. In recent years, the smart technology revolution with big data, cloud computing and artificial
intelligence as the core driving force has been developing vigorously, and the proportion of digital trade in global
service trade has been rising continuously, and digital resources have become an important factor of production in
today's era. In the optimization of regional economic resources, smart technology, as a core engine to promote
systematic openness, builds a “digital bridge” for regional cooperation, weakens the constraints of geographic space
on factor flows, improves information transparency and flow efficiency, and reduces the risks and costs caused by
information asymmetry. Starting from the connotation of regional economic system and optimal allocation of
resources, this study analyzes the role of intelligent technology in resource optimization, and constructs a synergistic
driving mode of regional economic resource optimization integrating intelligent technology. At the same time, the
logistics industry in the provinces along the “Belt and Road” is selected as the research object, and the data
envelopment analysis method is applied to assess the efficiency of resource allocation in the regional economy and
deeply analyze its temporal differentiation characteristics. In the study, a stochastic DEA model with non-expected
outputs is used to comprehensively assess the operational efficiency of the logistics industry in each province by
combining input-oriented and output-oriented approaches, identify the reasons for inefficiency, and propose targeted
optimization plans based on the values of relaxation factors. In order to deeply analyze the trend of efficiency change,
the study also adopts the kernel density estimation method to analyze the temporal divergence of the operational
efficiency of the logistics industry in the provinces along the route, so as to reveal the dynamic evolution law of the
optimal allocation of regional economic resources. This study explores the integration mechanism of smart
technology and regional economic resource optimization allocation from both theoretical and practical levels, which
on the one hand enriches the theories of regional economics and resource allocation, and on the other hand
provides references for the countries and regions along the “Belt and Road” to improve the efficiency of resource
allocation and promote the coordinated development of the region. Through in-depth research on the optimal
allocation of regional economic resources empowered by smart technologies, we will promote the free flow of
interregional resources and factors, and push for the establishment of a more open, inclusive, balanced and
inclusive framework for regional economic cooperation.

ll. Optimizing the allocation of regional economic resources by integrating smart
technologies

In recent years, the smart technology revolution, with big data, cloud computing and artificial intelligence as its core
driving force, has flourished, and the proportion of digital trade in global trade in services has continued to rise, with
digital resources becoming an important factor of production in the current era. In the optimization of regional
economic resources, smart technology is the core engine for promoting systematic opening, building a “digital bridge”
for regional cooperation, weakening the constraints of geographic space on factor flows, improving information
transparency and flow efficiency, and reducing the risks and costs caused by information asymmetry. At the same
time, the precise matching of supply and demand has promoted the in-depth integration of finance, supply chain
and other fields, realized the effective allocation of resources and markets, and promoted the leapfrog development
of regional economic cooperation and the optimal allocation of regional economic resources.

1. A.Connotation of regional economic systems and optimal allocation of resources

Il. A.1) Definition of a regional economic system

Regional economic system is a system composed of various economic elements, such as labor, capital, raw
materials, tools, equipment, plants, products and other economic substances, as well as economic information in
terms of technology and policy. Economic material and economic information flow and interact and couple between
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the internal and external environment of the system, forming the overall function of the regional economic system
[16]. Regional economic system in addition to the general system has the holistic, hierarchical, structural
characteristics also has the following characteristics:

(1) The regional economic system is a multi-factor material system consisting of, finance, material and so on, in
which people play a key role in this system.

(2) The regional economic system is a complex system with multivariate and multilevel structure. There exists a
complex, non-linear mutual coupling mechanism between the constituent elements of the system. At the same time,
the regional economic system is operating in multiple external environments, and the mechanism between the
system and the external environment is a long-term, dynamic and non-linear mechanism.

(3) The openness of the regional economic system is manifested in the fact that the economic system is always
communicating with the surrounding environment in many aspects through input and output, and thus is an open
system. The exchanges between the economic system and the outside world include personnel exchanges, material
exchanges and information exchanges.

The ideology and political system of human society are the social environment in which the economic system
operates. The choice of direction for regional economic development must be consistent with the values of the vast
majority of society, with bottom-line equity and social security mechanisms to maintain the normal functioning of
society.

Il. A.2) Optimized allocation of regional economic resources
Relative to the infinite needs of human society, the problem of resource scarcity is a difficult problem that can never
be avoided in the process of economic and social development, and the characteristics of resource scarcity will
inevitably bring about selective demand. That is, how to rationally allocate limited resources to various social and
economic activities through certain ways to better meet the needs of people's production and life and other aspects.
And realize the Pareto optimization of resource utilization, to achieve the least resource consumption, production
of the most applicable goods and services, to obtain the best benefits, which is actually the problem of resource
allocation [17].

Regional economic resource allocation refers to a country or region to a variety of relatively scarce resources in
a variety of different uses (economic areas, use of direction) between the comparison of the choice, the essence is
to realize the dynamic distribution of economic resources to achieve the integration, use and achieve efficiency.
China is a country with a socialist market economy system, and market allocation has become the main way of
resource allocation, with the aim of creating more social wealth and obtaining greater economic benefits with limited
resources. Under the “Belt and Road” strategy, the goal of optimal allocation of regional economic resources is not
the same in different regions. For less developed regions, the goal of optimal allocation of resources is to promote
the rapid development of social economy and narrow the gap between the level of economic development and that
of developed regions. Combining the above analysis with relevant definitions, this paper considers that regional
economic resource allocation refers to the reasonable gathering and integration of financial resources of a country
or region, and maximizes the use of such resources to meet the various possible selective needs in socio-economic
development.

Il. B.Optimized allocation of regional economic resources by converging technologies

Il. B.1) The role of smart technologies in resource optimization

The emergence of intelligent technology has enabled various industries to utilize Al technology to improve efficiency,
enhance quality, reduce costs, and so on. As the most important algorithm in Al technology, data-based machine
learning has made significant breakthroughs, which has led to a wide range of applications of Al technology in
various scenarios. Its application in the optimal allocation of regional economic resources under the “Belt and Road”
strategy can effectively promote the significant improvement of regional industrial technology, which has great
potential for development [18].

With the support of intelligent technology, the impact of technological innovation on employment and economic
restructuring is affected by the future trend of uncertainty and complexity. Artificial intelligence should avoid Solow's
paradox and the lack of economic growth promotion if it is to become a new driving force for economic growth and
structural transformation as much as possible. The integration of intelligent technology with the optimal allocation
of regional economic resources can effectively promote the innovation and upgrading of the industrial structure of
the regional economy. Therefore, it is necessary to vigorously develop the application of artificial intelligence
technology in the optimization of regional economic resources, regard the development and transformation and
application of intelligent technology as a strategic development priority, and better promote the optimal allocation
and stable development of current regional economic resources with the support of intelligent technology.
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Il. B.2) Model for optimal allocation of regional economic resources
Taking the strategic idea of “Belt and Road” as the guidance, the optimal allocation of regional economic resources
as the goal, and intelligent technology as the support, we construct the synergistic driving mode of regional
economic resource optimization integrating intelligent technology, and its specific framework is shown in Figure .
Synergistic driving mode refers to the goal of unifying the regional resource optimization allocation system and
regional system, combining intelligent technology with different subjects and different resource types under the
guidance of the same system configuration idea, to achieve the optimal allocation of resources in the region on
different subjects. It is characterized by emphasizing the synergistic effect of subjects and resources, and
theoretically outlines the future development mode of the integrated regional resource optimization and allocation
system, including the transportation synergy mode, the environmental synergy mode and the industrial synergy
mode.
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Figure 1: Optimal Allocation Model of regional economic resources

Under the model of optimal allocation of regional economic resources that incorporates intelligent technology,
intelligent technology can be used to bring about the optimal allocation of resources between different regions and
between different types of resources in a way that allows for mutual cooperation and complementarity of advantages,
with the goal of maximizing common outcomes and benefits, and with the means of resource reconfiguration and
synergy. The important value of synergy among regions and resources is clarified, and emphasis is placed on
realizing the flow of resources from areas of low efficiency to areas of high efficiency through the mechanism of
cooperation, prompting the expansion of the marginal benefits of optimal resource allocation.

lll. Efficiency of the optimal allocation of economic resources in the Belt and Road region
In the history of human civilization, the Silk Road was one of the most brilliant, active, harmonious and open regions,
which brought unprecedented economic and cultural prosperity to the peoples of Asia, Europe and Africa. Today,
the New Silk Road is strategically located between the prosperous East Asian economic circle in the east and the
developed European economic circle in the west. However, due to natural and historical realities, the northwest
region of China in the middle part of the Silk Road is also one of the relatively backward regions in China's
development, thus, the New Silk Road presents an “economic depression zone”. How to improve the regional
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economic development level of the regions along the “Belt and Road” and promote the optimal allocation of regional
economic resources is currently a relatively cutting-edge research topic.

lll. A. Theoretical Foundations of Data Envelopment Analysis
lll. A. 1) Basic concepts of DEA

Data Envelopment Analysis (DEA) method is a new field of research in operations research, management science
and mathematical economics, and DEA is a nonparametric statistical method based on the concept of relative
efficiency for evaluating whether decision-making units (DMUs) with the same type of multiple inputs and outputs
are technically efficient [19]. The basic idea is to take each evaluated unit as a DMU, and then many DMUs
constitute the evaluated group, and through the comprehensive analysis of input and output ratios, the weight of
each input and output index of DMUs is used as a variable for the evaluation operation to determine the effective
production frontier. And based on the distance of each DMU from the effective production frontier, it is determined
whether each DMU is DEA effective or not. At the same time, the projection method can be used to point out the
reasons for non-DEA effective or weak DEA effective, and the direction and degree of improvement that should be
made.

Let the input vector of a certain DMU in an economic (production) activity be x =(x,,x,,...,x,)", and the output
vector be y=(y,,),,...»,)", and thus, the entire production activity of this DMU can be simply represented by
(x,y), calling the set T ={(x,y)| outputs ¥ can be produced with x} as the set of production possibilities
consisting of all possible production activities. As a matter of practicality and convenience in studying the problem,
it is generally assumed that the production possible set satisfies four axioms, viz:

(1) Convexity, which shows that T is a convex set.

(2) Conicity, which shows that it is possible to obtain K times the original production if K times the original input is
used as the new input.

(3) Ineffectiveness, which shows that it is always possible to produce by adding inputs or reducing outputs to the
original production activity.

(4) Minimality, the set of production possibilities T is the intersection of all sets that satisfy axioms (1)-(3).

There are n decision-making units of the same type DMU,(j =1,2,...,n) , for each DMU there are m kinds of
inputs and s kinds of outputs, then the inputs and outputs of each DMU can be represented by vectors as:

X]. = (xlj,xzj,...xij,...,xmj)T >0, i=12,..m; j=12,...,n

. (1)
Yj=(ylj,yzj,...yk/,...,yw.)T>0 k=12,.,s; j=L2,..,n

For a certain decision unit DMU (1< j, <n), two linear programming models can be constructed for input-
oriented and output-oriented, i.e.:

LP, (input-oriented). Seeking a linear combination of DMU (1< j<n) with a minimum input while maintaining
at least the output quantity of DMU,, and checking that this input is smaller than the original input, the
corresponding model is:

MinZ
s.t. Z/ijxl.j < xijOZ,i =12,..m
j=1
" (2)
DAYy 2 ok =125
Jj=1

2,20,220,j=1,2,...n

Obviously, the optimal solution 7z <1,if 7z <1, it means that the DMU inputs resulting from the new combination
are smaller and the original DMU ,; is not efficient.

LP, (output-oriented). Seek a linear combination of DMU (1< j<n) for the maximum possible output without
more inputs than the original inputs of DMU,  and check that this output is not more than the original amount of
output. The corresponding model is as follows:

max o

n
s.t. lexij < Xyos1 =12,....m
j=1

Z/ijykj > a)y,g,o,k =12,..,s
j=1
4,20,020,j=12,..,n
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Obviously, the optimal solution @ >1, and if » >1, it means that the output of the newly combined DMUs is
larger, and the original DMU ;, is not efficient.

Thus, the application of the DEA method to determine whether a particular DMU is valid is relative to a set of
actual observations.
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lll. A.2) CCR and BCC models

(1) The principle of CCR model evaluation

Suppose there are 7 logistics enterprises, and each enterprise can be regarded as a decision-making unit
DMU . Thus, there are 7 decision-making units. Figure 2/ shows the input-output volume and index weights of the
decision-making unit. Each decision-making unit has m kinds of "inputs", representing the consumption of
"resources" by the decision-making unit, and s kinds of "outputs", representing the quantity of "effectiveness"
indicated after the decision-making unit has consumed "resources".

1 2 J J7)

vw ol o =>lx X X X,
V, Mo > |X, X, .. X, . X,

Yo Yoo oo Vo Vi | T g

Ya Vo o .- ysj oo VYo | > S M

Figure 2: The input-output volume and index weights of the decision-making unit

where x; is the input of the jth DMU to the ith kind of input, x, >0, y, is the output of the jth DMU to
the rth kind of output, ¥, >0, v, is a measure to the ith kind of input, u, is a measure of the output of the r
thkind, i=12,---m;j=12,---n;r=12,---s

(x,,»,) is known data and can be obtained from historical information. The v,,u, are variables corresponding
to a set of weight coefficients v=(v,v,---v, )" ,u=(u,,u,---u,)" . Each decision unit has a corresponding efficiency

evaluation index &, =(Q_U,.Y,)Q V,.X;).j=12,-n. We can always choose the weight coefficients v and u
r=1 i=l1
appropriately so that they satisfy:
h, <1, j=12,n (4)
Now, the efficiency evaluation (1< j, <n) is performed for the j,th decision unit, with the weighting coefficients
v and u as variables, the efficiency index of the Jj,th decision unit as the objective, and the efficiency indices of
all the decision units (which also include the j,th decision unit) as constraints. i.e:
h, <1, j=12n (5)

In this way, the following optimization model is formed:

maxh,, = iU,.KO /i:Vr.X,.0
r=1 i=1

() 3st.QU.Y)IQV,.X)<1, j=12n (6)
r=1 r=1

v=>,v,v,) 20
u=(u,uy--u,) 20
where v>0 means that for i=1,---m,v, >0 and there exists at least some i,(1<i,<m) suchthat v, >0 hasa

similar meaningto v>0 for u>0.
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The above model is utilized to evaluate whether the decision unit j, is valid with respectto all 7 decision units.
Using matrix notation, there are:
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max h,=U"Y IV'X,
(P)y st. U Y, /V'X, <1,j=12,n (7)
v20;u>0

where X, =(X,;, X;; - X)), j=L2,nY, =Y. Y,; X)), j =12,

Decision cell j, is said to be weakly DEA efficient if the optimal solution of linear programming (P) is #;, =1.
Decision cell j, is said to be DEA efficient if there exists v >0,u' >0, and %, =1.

(2) Principles of BCC modeling

Constant returns to scale is a more ideal assumption, in the actual social economy there are often changes in
returns to scale, some researchers based on the assumption of variable returns to scale in the production of possible
sets, proposed the DEA-BCC model to make up for this shortcoming.BCC model and CCR model is similar to the
former, but on the basis of the former increased constraints, the specific model is as follows:

Min9=€0—8(is:+zm:si] (8)
r=1 i=1

leyrj _S: = Voo

J=1

iﬂjxjij +5; =0)x,,,

st (9)
;/1]. =1,

A,20,j=12,..n,

v .
57,8, 20,r=012,..,5,i=12,.,m.

Three types of efficiency are included in the model, namely technical efficiency, scale efficiency and pure technical
efficiency. Technical efficiency is the ratio of the actual output value to the maximum output value with fixed input
factors, reflecting the difference between the current level of technology and the maximum output technology level.
Scale efficiency is the degree of difference between the current scale of output and the optimal scale of output,
reflecting the degree of deviation. Pure technical efficiency is technical efficiency after the removal of scale efficiency,
reflecting the ability to utilize available resources, i.e., the minimized inputs required for a given output.

The rules for judging pure technical efficiency are as follows:

When 6#=1,5"=0 and s =0, this DMU pure technology is valid; when 8=1,s=0, or s" =0, this DMU pure
technology is weakly valid; and when 0 <8 <1, this DMU pure technology is invalid.

For scale efficiency judgment, the first step is to calculate the return to scale index. To wit:

1 n
k== (10)
0=

When k=1 when the returns to scale unchanged, the DMU inputs and outputs with the same multiplier increase,
has reached the maximum output size; when k <1 when the returns to scale increasing, the DMU output growth
rate to be greater than the rate of input growth; when k& >1 when the returns to scale diminishing, the DMU output
growth rate to be less than the rate of input growth, at this time there is no need to increase inputs.

Technical efficiency judgment rules for technical efficiency = scale efficiency * pure technical efficiency, when the
efficiency value reaches 1 to prove that the DMU is effective, and vice versa is invalid.

lll. A. 3) DEA evaluation steps

(1) Determine the purpose of evaluation. The efficiency results of DEA evaluation are objective, and before selecting
input and output variables, the purpose of the evaluation should be clarified, and samples, indicators, models, etc.
should be selected according to the purpose. The purpose of this paper is to understand the overall efficiency
difference of the integration of intelligent technology into the optimal allocation of regional economic resources under
the “Belt and Road” strategy, mainly take the logistics of the provinces along the “Belt and Road” as the object of
study, find the benchmark cities, and analyze the improvement direction and degree of improvement of the cities in
the optimization of regional economic resources. We will find the benchmark cities, analyze the improvement
direction and improvement degree of each city in the optimization of regional economic resources, and provide
suggestions for the optimal allocation of regional economic resources under the “Belt and Road” strategy.
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(2) Screening of decision-making units: DEA requires that the selected decision-making units are homogeneous,
that is, the decision-making units are in the same external environment, have the same objectives, and are due to
the same input and output indicators. Decision-making units only to achieve homogeneity, the relative efficiency
indicators analyzed by DEA method have practical significance. In addition, the constraint that the indicator value is
positive should also be considered in the selection of decision-making units, and the DEA method's treatment of
negative values will make the overall efficiency results inaccurate, and such decision-making units should be
excluded.

(3) Indicator selection. After the purpose of the study and the decision-making unit are determined, the next is the
most important indicator selection problem in the DEA method. Since DEA does not assume the production frontier
function, its production frontier surface is described by the input-output worth of relative efficiency points, the choice
of indicators is different, the evaluation results may vary widely. Only by selecting indicators through the principles
of comprehensiveness and systematicity can we clearly and accurately reflect the relative DEA efficiency value
between decision-making units.

(4) Selection of DEA model. With the continuous development of the DEA method, there are currently many
different applicable models for different research purposes and different practical situations. When the research unit
focuses on output indicators, it should select the output-type DEA model with certain inputs and maximized outputs,
and if the research unit focuses on the value of cost indicators, it should select the input-type DEA model.

(5) Summarize the results and recommendations. After sample selection, indicator selection and model selection,
the data are finally analyzed by DEA to derive the efficiency ranking of each decision-making unit, and compared
from multiple perspectives, and relevant suggestions are made to help regional economic resource allocation find
the direction of improvement and reach the research purpose of this paper.

Research on the Integration of Regional Economic Resource Optimization and Intelligent

lll. B. Data Sources and Model Indicator Selection

lll. B.1) Sample selection and data sources

The current statistical yearbook does not classify the logistics industry as an independent industry for statistics and
classification, therefore, this paper is consistent with the methodology of related research, and selects the
transportation, warehousing and postal industries of the provinces along the “Belt and Road” to quantify the situation
of the urban logistics industry. The “Belt and Road” strategy has been proposed since 2013, so the sample data
selected for this paper is from 2013 to 2019, and the required data comes from the China Statistical Yearbook and
the statistical yearbooks of each province and autonomous region.

lll. B. 2) Indicator selection and modeling
(1) Selection of Input-Output Indicators

In order to effectively analyze the resource optimization and allocation efficiency of the logistics industry in the
provinces along the “Belt and Road” strategy, this paper combines the characteristics of the logistics enterprises
and refers to the relevant literature on the basis of the index research, this paper chooses three representative
financial indicators as the input variables, i.e., net fixed assets, payable employee compensation, and the current
year's increase in the total operating costs, i.e., IN1~IN3, total operating costs, i.e. IN1~IN3.

Output indicators are also known as output indicators. In this paper, we do not choose ratio financial indicators,
such as asset turnover ratio, profitability indicator, price-earnings ratio, and so on. Because the DEA performance
evaluation results itself is the ratio of the ratio, if you add the more complex ratio class indicators in the financial
indicators will make the whole system too cumbersome, with many other indicators have a linear relationship. And
finally, it is difficult to analyze specific problems by combining the results of efficiency evaluation, so this paper
chooses two representative output indicators, namely, total operating income and operating profit, i.e., OUT1~OUT2.

(2) Stochastic DEA model containing non-expected outputs

Let x,(i=12,...,n) beaknown constantand g’ be the objective, and find the 7 -dimensional decision variable
A=(4,4,,....,4,) such that:

Z}L,.x,.ZgO,/ieS (11)
1

holds, and this type of target is called positive response class (PRT).
Similarly there are negative reaction classes (NRT), i.e:

> ax <g’ AeS (12)
1

This leads to the following form of PRT multi-objective planning:
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(San 2l S anz e DA 2t fues (13)
1 1 1
The NRT multi-objective planning form is as follows:
(Z?t,.x; <g' Y At <gl > A < g;;)ﬂ €S (NRT) (14)
1 1 1

There are n decision-making units, each of which gets s different outputs from m different inputs.
X, =(x,;,%,,...x,) is the inputs to DMU, , while Y, =(3,,5,--y;) is the output of DMU, |
X=X, X,,...X,) istheinput matrix, and Y =(1,Y,,...Y,) is the output matrix.

When the objective type of the input-output system is PRT, i.e., when minimum inputs and maximum outputs are
desired it is a positive response class, which is in line with the valid definition of the traditional DEA model. When

the objective type is NRT, i.e., when minimum inputs and minimum outputs are desired, it is a negative response

class, which is both the non-desired outputs that are the focus of this paper. Let X(/l)=2/1[X,., where
1

A=(4,4,,...,4,) €S , while set 5 contains at least (¢.e,,....e,).
Consider the evaluation of the validity of DMU, . In the DEA model, the underlying assumption of its
effectiveness is that DMU, s effective when the initial target level (X,,Y,) cannot be further improved.
Therefore, for PRT, the initial targetis X (1) < X,,Y(4) 2 Y, , while for NRT, the initial targetis X (1)< X, Y(1)<Y,.
After determining the target level, different DEA models can be composed according to the selection of different
objective functions.
For PRT, there are DEA models:
min &
AX+S,=0X,
AY =Sp, =1,
5.98,5,8, 20
0<6<1
AeS

(15)

2
The model is the C*GS? model when the proper set of S is taken such that 4 satisfies Zﬂ, =1, which is

i=1
proved to be the case when 0=15,=5,,=0, DMU, s valid.

For NRT, there is the DEA model:

min @
AX+S, =0X,
AY+S,, =Y,
8.4.98,,8, 20
0<0<1
AeS

Similarly it can be shown that DMU is valid when 6=1,5,=5,,=0.

Now consider a real problem, such as a paper mill, where investment is taken as the input and profit and pollution
level as the output, then investment and profit constitute a PRT problem and investment and pollution level constitute
a NRT problem. Now consider the most informative decision in the mixed case of investment, profit and pollution
level. Divide the output of DMU, into two parts,i.e., ¥; into ¥/ and ¥, suchthat X; > Y R isthe PRT and
X; > 1™ isthe NRT.

Assuming that the first 7 outputs and inputs in the inputs s indicators form the PRT, and the second $— 7
outputs and inputs form the NRT, there is a hybrid DEA model:

(16)
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min &

AX+S, =0X,

ﬁ’PR Y™ —Sp = YOPR

ﬂ’NRYNR + Sy = K)NR (17)
e'a=1

S, 8..,8,,=>0

IP>™~PR>~NR —

0<6<1

S.t.

X’PR n
where 4= 1 ,e=(L1...1)eR".

‘NR

From the optimal solution of model (15)(16), PMU, s valid when 6=1,5,=S,,=5,,=0.

The economic implication of model (17)) is that within the set of production possibilities consisting of constraints,
inputs X, are reduced as much as possible (0<8#<1) in the same proportion ¢ when output Y, is kept
constant, and if inputs X, cannot be reduced in the same proportion & then the decision cell DMU, is DEA
efficient.

On this basis, assuming constant returns to scale, the input-based stochastic DEA model is constructed as:

min 6,

n
Z/Ijx[j <O,x,,i=12,.,m
Jj=1

=

P{Zij)_/:f ij,c}zl—a,rzl,Z,...,p (18)
s.t. ‘

P{szyj < Hk)_/fk}zl—a,rzP+1,P+2,...,S
j=1

2,20,j=12,.n

where 6, represents the efficiency value of the decision unit DMU,, A, represents the weight coefficients of
each decision unit, P represents the probability, @ represents the level of risk, and 1-«a represents the level
of confidence. When 6, =1, said the decision unit DMU, in the confidence level 1-a for the random DEA
effective, when 6, <1, It indicates that the decision unit DMU, is randomly DEA invalid at the confidence level
l-a .

IV. Empirical analysis of the efficiency of the optimal allocation of regional economic
resources

The strategic vision of building the "Belt and Road Initiative" hopes to create a mutually beneficial "community of
shared interests" and a "community of shared destiny" for common development and prosperity through trade and
cooperation among countries, thereby achieving the optimal allocation of regional economic resources. Under the
background of promoting the "Belt and Road" strategy, combining intelligent technology with the optimization of
regional economic resources can promote economic exchanges and cooperation among different countries to
varying degrees. This article starts from the operational efficiency of the logistics industry in the provinces along the
"Belt and Road" and explores its specific role in the optimization of regional economic resource allocation, providing
reliable support for further optimizing regional economic resources.

IV. A. Results of Allocation Efficiency Measurement in the Provinces Along the Route
IV. A. 1) Stochastic DEA model parameter selection
In this section, we will use the deterministic DEA model and stochastic DEA model with non-expected output to
evaluate and analyze the operational efficiency of the logistics industry in 17 provinces along the “Belt and Road”.
In order to clearly understand the impact of risk appetite a on the efficiency value, we set the risk appetite as 0.02,
0.04, 0.08, 0.12 and 0.16. The efficiency evaluation results are shown in Table 1.

The following information can be derived from the table:

(1) The efficiency values of the logistics industry in each province measured using the stochastic DEA model are
different at different risk levels a. With the increase of a, the efficiency value of the logistics industry in each province
largely decreases, i.e., the lower the confidence level 1-a, the smaller the efficiency value.
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(2) Under different risk levels a, the average value of the efficiency of the logistics industry in the provinces along
the Maritime Silk Road is higher than that of the Silk Road Economic Belt, in which the value of the efficiency of the
logistics industry in Shanghai is always located on the optimal production frontier, whereas the efficiency of the
logistics industry in the two provinces, Yunnan and Xinjiang, is lower and is always located in the bottom position of
all the provinces.

(3) The efficiency value of logistics industry in each province measured by deterministic DEA is basically higher
than that measured by stochastic DEA model.

(4) The rankings of the efficiency of the logistics industry in each province measured by the deterministic DEA
model and the stochastic DEA model are also different. Under the deterministic DEA model, the comprehensive
efficiency values of Inner Mongolia, Shanghai and Fujian are all 1, which are all located on the efficient frontier and
cannot be further differentiated, while under the stochastic DEA model, only Shanghai is located on the efficient
frontier.

Therefore, compared with the deterministic DEA, the stochastic DEA model has more differentiation and can
better reflect the development of the logistics industry in each province. In summary, we will choose the stochastic
DEA model to measure the efficiency of the logistics industry in the provinces along the “Belt and Road”. Due to the
small differences in efficiency values among provinces at different risk levels a, we set the risk level a to 0.04 and
the confidence level to 95%. Under these conditions, we applied a stochastic DEA model with undesirable outputs
to evaluate and analyze the comprehensive efficiency, pure technical efficiency, and scale efficiency of the logistics
industry in 17 provinces along the “Belt and Road” from 2013 to 2019.

Table 1: Average efficiency of the logistics industry in the provinces along the route

. Definite DEA Random DEA
Province —

Efficiency a=0.02 a=0.04 a=0.08 a=0.12 a=0.16

Xinjiang 0.616 0.553 0.563 0.567 0.563 0.562
Shaanxi 0.735 0.721 0.714 0.702 0.706 0.704
Gansu 0.793 0.774 0.762 0.745 0.751 0.749
Ningxia 0.972 0.973 0.971 0.969 0.969 0.969
Qinghai 0.614 0.576 0.565 0.558 0.559 0.557
Neimenggu 1.000 0.996 1.000 0.995 0.995 0.995
Heilongjiang 0.693 0.683 0.676 0.663 0.667 0.663
Jilin 0.721 0.705 0.702 0.694 0.695 0.691
Liaoning 0.946 0.952 0.955 0.952 0.948 0.951
Guangxi 0.753 0.706 0.703 0.702 0.702 0.702
Yunnan 0.348 0.311 0.301 0.313 0.301 0.301
Chongging 0.716 0.674 0.672 0.672 0.672 0.673
Shanghai 1.000 1.000 1.000 1.000 1.000 1.000
Fujian 1.000 0.993 0.993 0.990 0.985 0.987
Guangdong 0.933 0.912 0.901 0.878 0.879 0.878
Zhejiang 0.989 0.974 0.946 0.975 0.975 0.976
Hainan 0.672 0.675 0.663 0.664 0.662 0.659

IV. A. 2) Vertical Logistics Industry Operational Efficiency Values
Using the DEA model with non-expected output, based on the sample data selected in the previous section, the
operational efficiency of the logistics industry in the provinces along the “Belt and Road” has been measured using
MATLAB software, and the specific results are shown in Table 2.

Based on the data in the table, the following conclusions can be drawn:

(1) From the data of 2013-2019 comprehensive technical efficiency value, in the time frame of 2013-2019,
Liaoning Province, Shanghai Municipality and Zhejiang Province have maintained a comprehensive technical
efficiency value of 1.000 for seven consecutive years, which has been on the production frontier, and it is DEA
effective. This indicates that the operational performance of the logistics industry in these three provinces along the
“Belt and Road” has been at the forefront of the team for six consecutive years, and has reached the leading level
in the industry in terms of management level, technology level and regional economic resource allocation. Inner
Mongolia Tibetan Autonomous Region, Fujian Province, Guangdong Province, Gansu Province and other provinces
of the logistics industry operating efficiency followed, seven years of the average value of the comprehensive
efficiency to remain above 0.8, in the comprehensive management and resource allocation, although there are still
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deficiencies, but still in the industry ahead of the position. However, Heilongjiang Province, Qinghai Province and
Xinjiang Uygur Autonomous Region are in the bottom three in terms of comprehensive efficiency, with an average
value of less than 0.5, which is far lower than the industry average of 0.6.85 These three provinces along the Belt
and Road may have problems of wastage of economic resources, difficulties in management and low level of
technology in relation to other provinces along the Belt and Road. These three provinces along the “Belt and Road”
may have problems of wasted economic resources, management difficulties and low technology level compared
with other provinces. On the whole, the average value of the operational efficiency of the logistics industry in some
provinces along the “Belt and Road” can be maintained above 0.7 in each year, which indicates that the
comprehensive efficiency of the regional economic resource allocation in these provinces along the “Belt and Road”
is still maintained at a high level, and that the efficiency of the logistics industry in these provinces along the “Belt
and Road” is still at a high level. This indicates that the overall performance of logistics industry in this part of the
provinces along the Belt and Road is at a more developed level in terms of management, scheduling, technology
and resource allocation.

(2) From the ranking point of view, the top several provinces along the route are mainly concentrated in the freight
logistics and supply chain logistics enterprises, which can be seen in the field of logistics in the field of segmentation,
freight and supply chain of these two logistics areas have been more mature, the system is more complete, the
operation process is mature, and the overall operation has been maintained at the first-class level. Relatively
speaking, segments in the express logistics still has a larger space for development, including the last three
provinces along the route, the express industry-oriented logistics enterprises accounted for a quarter. Visible, in the
express logistics industry, still in the management or technical level, compared with other logistics industry there is
a small gap.

Table 2: Operational efficiency value of the logistics industry

Province 2013 2014 2015 2016 2017 2018 2019 Means
Neimenggu 0.615 0.693 0.691 1.000 1.000 1.000 1.000 0.857
Liaoning 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Jilin 0.538 0.552 0.452 0.513 0.523 0.523 0.518 0.517
Heilongjiang 0.426 0.418 0.347 0.357 0.281 0.273 0.276 0.340
Shanghai 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Zhejiang 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Fujian 0.656 0.776 1.000 1.000 0.835 0.834 1.000 0.872
Guangdong 0.614 0.781 0.716 1.000 0.867 0.862 0.834 0.811
Guangxi 0.608 0.600 0.598 0.634 0.616 0.616 0.618 0.613
Hainan 0.543 0.603 0.463 0.436 0.402 0.403 1.000 0.550
Chonggqing 0.462 0.559 0.492 0.492 0.551 0.542 0.578 0.525
Yunnan 0.218 0.223 0.222 0.223 1.000 1.000 1.000 0.555
Shaanxi 0.553 0.635 0.583 0.551 0.593 0.573 0.606 0.585
Gansu 0.779 0.789 0.834 0.774 0.726 1.000 1.000 0.843
Qinghai 0.369 0.412 0.416 0.332 0.328 0.262 0.292 0.344
Ningxia 1.000 1.000 1.000 0.718 0.567 0.619 0.643 0.792
Xinjiang 0.437 0.518 0.435 0.446 0.453 0.493 0.316 0.443
Means 0.636 0.68 0.662 0.675 0.691 0.706 0.746 0.685

IV. B. Optimization of the allocation of resources to the regional economy
IV. B. 1) Analysis of time variations in operational efficiency
The logistics industry in the provinces along the “Belt and Road” has been developing rapidly by relying on national
strategies, resources and factor inputs. However, due to the optimal allocation of regional economic resources since
the effective distribution of intelligent technology, and distribution of the logistics industry in the provinces along the
route of the intelligent technology utilization rate is not high, resulting in a certain amount of regional economic
resources to increase the amount of consumption. In order to better understand the trend of the operational
efficiency of the logistics industry in the provinces along the Belt and Road in time, this subsection adopts the kernel
density estimation method to analyze the operational efficiency of the logistics industry in time as measured in the
previous section.

In this subsection, the distribution of the kernel density of the operational efficiency of the logistics industry in the
provinces along the “Belt and Road” during 2013, 2016 and 2019 is drawn using STATA software as shown in Figure

6540



fa
3. The horizontal axis represents the operational efficiency of the logistics industry in the provinces along the “Belt
and Road”, and the vertical axis represents the kernel density.

In terms of shape, the kernel density curve in 2013 shows a single peak, and the peak value is slightly larger than
1.6, indicating that most regions have lower efficiency values. However, there is a trailing phenomenon to the right
of the kernel density curve, indicating that a small number of regions have higher efficiency values.In 2016, the
kernel density curve shows a double-peak form, and the left peak is larger than the right peak, indicating that there
are more regions with low efficiency than high efficiency in the operation of the logistics industry in the provinces
along the “One Belt and One Road”. By 2019, the kernel density curve shows a double-peak form, but the left peak
is smaller than the right peak, indicating that there are fewer inefficient areas and more efficient areas in the logistics
industry in the provinces along the “Belt and Road”. From the position of the curve, from 2013 to 2019, the
distribution of kernel density shifted from left to right in three years, indicating that the operational efficiency of the
logistics industry in the provinces along the “Belt and Road” is generally on the rise, and the rise is larger, and the
operational efficiency of the logistics industry has improved more obviously. With the passage of time, the number
of provinces in the low-value zone is decreasing, the number of provinces in the high-value zone is increasing, and
many provinces have a comprehensive efficiency value of more than 1.000 in 2019.

In terms of the peak value, the main peak value of the curve moved to the left and then to the right during the
period of 2013-2019, indicating that the overall level of efficiency was first reduced and then increased, and it
changed from a single peak to a double peak during this seven-year period, reflecting that the overall efficiency
polarization phenomenon in provinces and cities is expanding.
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Figure 3: Kernel density analysis diagram

The results of the kernel density analysis show that the input and output of the logistics industry in the provinces
along the “Belt and Road” are not balanced, and there is a polarization of efficiency within the regional economic
resources, with much room for improvement. The reason for the polarization phenomenon may be due to the fact
that among the provinces along the “Belt and Road”, the integration level of the “soft and hard” infrastructure
configuration for the development of the modern logistics industry is not high, and the industry has not been able to
form a good interaction with each other. In addition, there are large differences in the endowment of natural and
economic factors within the provinces, resulting in the loss of efficiency of the logistics industry in the region,
increasing the additional costs, but also providing some guidance for the optimal allocation of regional economic
resources.

IV. B. 2) Optimization programme for regional economic resources

According to the above analysis of the operational efficiency of logistics industry in the provinces along the “Belt
and Road”, in order to explore the reasons for the inefficiency of DEA ineffective unit allocation, through the DEAP
software, the redundancy of each input index and the lack of each output index in each province along the Belt and
Road that is not in the optimal state are calculated, and the values of the residual variables that make them become
DEA effective can be obtained. The values of the residual variables that make them turn into effective DEA can be
obtained. Table 3 shows the values of the relaxation factors of the provinces along the Belt and Road.

6541



fa

Research on the Integration of Regional Economic Resource Optimization and Intelligent

The results show that the operational efficiency of the logistics industry in the provinces along the “Belt and Road”
with ineffective DEA suffers from different degrees of input redundancy and output insufficiency. According to the
values of the relaxation factors of the non-DEA effective provinces along the Belt and Road, by applying the
“projection” theorem, we can calculate the “ideal value” that can be transformed into the DEA effective one, i.e., the
optimal plan for the allocation of regional economic resources.

Table 3: The quantity value of relaxation factors

. Output relaxation factor Input relaxation factor
Province
OUT1+ OouT2+ IN1- IN2- IN3-
Neimenggu 1.754 0.963 0.216 0.341 0.000
Liaoning 0.000 0.000 0.000 0.000 0.000
Jilin 3.279 0.875 0.174 0.226 0.000
Heilongjiang 2.665 1.107 0.000 0.349 0.173
Shanghai 0.000 0.000 0.000 0.000 0.000
Zhejiang 0.000 0.000 0.000 0.000 0.000
Fujian 4.228 0.000 0.263 0.152 0.138
Guangdong 0.159 0.000 0.148 0.000 0.036
Guangxi 0.000 0.137 0.352 0.000 0.174
Hainan 0.000 0.428 0.000 0.000 0.109
Chongging 0.473 2.759 0.049 0.135 0.000
Yunnan 0.251 1.634 0.137 0.000 0.000
Shaanxi 0.796 0.000 0.158 0.119 0.000
Gansu 0.138 0.122 0.000 0.127 0.226
Qinghai 0.154 0.084 0.143 0.138 0.000
Ningxia 0.339 0.000 0.085 0.000 0.151
Xinjiang 0.417 0.268 0.072 0.000 0.136

It can be seen through the above analysis that the provinces along the “Belt and Road” should improve the
regional economic resource allocation capacity of each subject in the process of regional economic resources. This
is also very important in the “Belt and Road” regional economic resources allocation process, a region must ensure
that a variety of enterprises to create a reasonable and efficient allocation of resources to ensure the smooth
progress of the region's creative activities, which is also a region want to achieve the essence of long-term
development requirements. So, how to better optimize the distribution of regional economic resources has become
a key issue, and according to the distribution of regional economic resources, we can know that this process is not
static, on the contrary, it is actually a dynamic process of development and change. It not only changes according
to the change of regional economic development, but also changes according to the change of regional innovation
mode, so this process is also somewhat complex. In addition, the optimal allocation of regional economic resources
is not carried out by itself, on the contrary, it will change accordingly with the degree of optimization of each
organization. Precisely because of this, the region to carry out the process of optimizing the allocation of regional
economic resources, in order to achieve the purpose of optimizing the allocation and the goal of continuous
optimization, can not be developed alone without regard to other. On the contrary, it is necessary to take into account
the degree of optimization of each organization in each region, coordinate with them, and at the same time take the
regional economic resources themselves into account, so as to realize the way of optimizing the allocation of the
regional economic resources effectively and to give full play to its maximum effect.

V. Conclusion

This study analyzes the operational efficiency of logistics industry in the provinces along the Belt and Road by
constructing a model of optimal allocation of regional economic resources integrating intelligent technology, and
draws the following conclusions:

Intelligent technology plays a key role in the optimal allocation of regional economic resources, and effectively
promotes regional economic cooperation by improving information transparency, reducing transaction costs, and
accurately matching supply and demand. Empirical analysis shows that the operational efficiency of the logistics
industry in the provinces along the “Belt and Road” during the period of 2013-2019 showed an overall upward trend,
with the average value rising from 0.636 to 0.746, an increase of 17.3%.
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There are obvious regional differences in the operational efficiency of the logistics industry in the provinces along
the Belt and Road, with Liaoning, Shanghai and Zhejiang maintaining the leading position in terms of efficiency,
while the efficiency of Heilongjiang province is only 0.340, and that of Xinjiang is 0.443, reflecting the imbalance in
the allocation of regional economic resources.

Kernel density analysis reveals that the distribution of operational efficiency of the logistics industry in the
provinces along the route evolves from a single peak to a double peak in 2013-2019, and the phenomenon of
efficiency polarization expands, indicating that there are still structural problems in the allocation of regional
economic resources.

The relaxation factor analysis reveals that non-DEA effective provinces have different degrees of input
redundancy and output insufficiency, and need to optimize the input structure and improve the output efficiency
through intelligent technology.

In the future, we should strengthen the in-depth integration of intelligent technology and the optimal allocation of
regional economic resources, construct a cross-regional collaborative development mechanism, promote the free
flow of resource factors, and realize the overall improvement of the efficiency of regional economic resource
allocation.
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