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Abstract. Cold chain transportation refers to a logistics method that transports fresh, perishable,
and perishable items from the place of production, processing or warchouse to the place of
consumption under certain temperature conditions. As consumers have higher and higher
requirements for food safety and quality, the cold chain logistics industry has also developed
rapidly. However, the high cost of cold chain logistics, the difficulty of technology, the difficulty
of ensuring service quality and other problems have also arisen, and how to optimize cold chain
transportation has become a hot issue in the cold chain logistics industry. Cold chain
transportation optimization refers to the premise of ensuring the quality and safety of goods,
through reasonable transportation paths, transportation methods, temperature control and other
measures, to minimize the cost of cold chain transportation, improve efficiency and service
quality. In order to achieve the optimization of cold chain transportation, it is necessary to
establish a reliable cold chain logistics distribution center to ensure the safety and quality of
goods during transportation. In order to solve the problem of location selection of cold chain
logistics distribution center, this paper first defines the service reliability and calculation method
of cold chain distribution center. Then, the location model of the cold chain logistics distribution
center and the trust domain optimization algorithm model were established. The model aims to
minimize the total cost, while considering multiple factors such as transportation distance,
temperature control, facility construction, etc., to ensure the reliability and operational efficiency
of the cold chain logistics distribution center. Finally, this paper introduces an example for
calculation to prove the feasibility and universality of the model in the location problem of cold
chain logistics distribution center. Through the calculation of examples, it can be seen that the
model can effectively reduce the cost of cold chain transportation and improve the service quality
and efficiency of cold chain logistics distribution center. In summary, this paper proposes a
reliable location model and trust domain optimization algorithm model for cold chain logistics
distribution centers to solve the challenges faced by the cold chain logistics industry. This model
can provide guidance for cold chain logistics companies to gain a greater advantage in a highly
competitive market.
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1. Introduction

Cold chain transportation refers to a logistics method that transports fresh, perishable, and perishable
items from the place of production, processing or warehouse to the place of consumption under certain
temperature conditions [1]. Cold chain transportation optimization refers to the premise of ensuring the
quality and safety of goods, through reasonable transportation paths, transportation methods,
temperature control and other measures, to minimize the cost of cold chain transportation, improve
efficiency and service quality [2]. Consumers are demanding more and more from food safety and
quality [3]. With the improvement of people's living standards and the enhancement of health awareness,
consumers have higher and higher requirements for the safety and quality of food [4]. Cold chain
transportation can ensure the quality and safety of food during transportation, reduce food loss and waste,
and improve consumer trust and satisfaction; Cold chain transportation is costly and inefficient [5]. The
cost of cold chain transportation mainly includes the cost of transportation, storage, packaging,
manpower, etc., and the efficiency of cold chain transportation is also affected by many factors such as
temperature control and transportation path [6]. Therefore, how to reduce costs and improve efficiency
by optimizing cold chain transportation solutions has become an important issue for enterprises and
governments [7]. Cold chain transportation involves a wide range of fields. Cold chain transportation
not only involves the transportation of daily necessities such as food and medicine, but also involves the
transportation of high-end products such as biological products and chemicals. The optimization of cold
chain transportation is of great significance to ensure the country's economic development and people's
quality of life.

At present, linear programming algorithms and various other artificial intelligence algorithms have
been widely used in cold chain transportation optimization. For example, linear programming algorithms
can optimize the path, temperature control, and transportation mode of cold chain transportation by
establishing mathematical models [8]. Neural network algorithms can learn from historical data to
predict future demand and transportation needs to optimize cold chain transportation solutions [9].
Genetic algorithms can optimize the scheme of cold chain transportation by simulating the evolutionary
process in nature. Deep learning algorithms can improve the efficiency and safety of cold chain
transportation by learning large amounts of data [10].

Based on the above research basis, this paper selects the trust threshold optimization algorithm for
the optimization task of cold chain logistics, and compares it with the traditional linear programming
algorithm, which provides a certain research basis for subsequent research.

2. Cold chain distribution center service reliability and calculation method

In cold chain logistics, the service reliability of the distribution center is a very important indicator,
which is used to measure the service level of the logistics system. The service reliability of a distribution
center refers to the logical combination of the reliability of all related logistics operations within the
distribution center. Here, we assume that the reliability of all other logistics operations is 1, so the
reliability of the service is determined only by the distribution process. Under certain conditions,
assuming that the time specified by the customer is i, the probability that the product will be delivered
to the customer is Pj. This probability can be used to measure the service reliability of the distribution
center, and it can also be used to evaluate the service level of the entire cold chain logistics system. If
the Pj is higher, it means that the service reliability of the distribution center is higher, and the service
level of the entire cold chain logistics system is also higher. Therefore, improving the service reliability
of distribution centers is an important direction for the optimization of cold chain logistics. Rule:

Pj=p(Ty; < t;) = p(si;/Vij < tj) = p(Vij 2 51;/t;) = 1 = FVy;(s;/t;) (1)

T;j refers to the time it takes for a shipment to be delivered from the distribution center i to customer
j; TJ refers to the delivery time requested by the customer; S; refers to the distance between the
distribution center i and customer j; Vj; refers to the velocity distribution function of the vehicle from
the distribution center i to the customer j.
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The formula for calculating the reliability of a distribution center for multiple customer services
introduced by equation (1) is:
:ZieMZjeNdeij Yiem Xjem dj[1-FVij(sij/tij)]

= 2)

Yjend;j Yjend;j

P

Pi refers to the service reliability of the distribution center system; dj refers to the demand of customer
J; pij refers to the reliability of the distribution center i to provide services to customer j.

3. Location model of cold chain logistics distribution center

3.1. Hypothetical conditions

This model is designed to establish a location model for a cold chain logistics distribution center, which
involves multiple distribution centers and multiple demand points, using frozen or refrigerated trucks as
a means of transportation to deliver a single type of fresh product. The customer demand and
geographical location are known, and several addresses are selected from the alternative addresses for
the construction of distribution centers, so that the total cost of delivering goods to customers in these
distribution centers is minimized, and the service reliability of the whole system is maximized. While
taking into account the associated costs, it is assumed that the total cost of the system does not take into
account the storage costs of the warehouse, and that the delivery temperature of the products can be
maintained during transportation, so it can be assumed that the spoilage rate of the delivered fresh
products is constant without considering other influencing factors.

3.2. Conceptual model

Decision variables:Xij refers to the volume of transportation from distribution center i to customer j; This
mathematical model is to meet the minimum service reliability value PO preset by the enterprise, and to
maximize the service reliability of the logistics distribution center system, while ensuring that the total
cost of the system is minimized. The total cost of the system includes fixed costs, transportation costs
from the distribution center to the point of demand, damage costs, and processing and packaging costs.
In this model, it is assumed that the spoilage rate of the perishable products distributed is constant, so
no other influencing factors need to be considered. In order to achieve the optimal solution, it is
necessary to select several addresses from the alternative addresses for the construction of distribution
centers, using frozen or refrigerated trucks as a means of transportation to distribute a single type of
fresh product. Customer demand and geographic location are known, taking into account the associated
costs, but the total system cost does not take into account the storage costs of the warehouse. The
following mathematical models can be built:

minU = [T F; + XLy X7y hyjxjsij + Dk ey pxgj (1 — e %u/0) + ¥0_ 3™ gixii] 2 (3)

_ YiemZjen dj[1-Fvyj(si/t))]

= >
i Yjendj = Fo )
i=1Zi <q (5)
Tax;<a;,i=12,...m (6)
ZﬁlxijZdj,jzl,Z...n (7)

Equations (3) and (4) are objective functions, which represent the minimum total logistics cost and
the maximum reliability of logistics services, respectively. Equation (5) indicates that the number of
distribution centers to be built shall not exceed Q; Equation (6) indicates that the total amount of products
distributed by the distribution center to customers shall not exceed its own capacity, and Al indicates
the capacity of the distribution center i; Equation (7) indicates that the total amount of distribution from
distribution center i to demand point j is not less than its demand.
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4. Rely on domain optimization algorithms

4.1. Principle of Reliance Domain Algorithm

The trust domain algorithm is an optimization algorithm used to solve unconstrained nonlinear
optimization problems. The principle is to construct a trust domain within the neighborhood of the
current point, that is, a feasible region, and then find a feasible step in this area, so that the objective
function can be improved within this step. The core idea of the algorithm is to gradually approximate
the global optimal solution by adjusting the step size and search direction under the premise of ensuring
the feasibility of the current solution.

Specifically, the trust domain algorithm first calculates the gradient of the objective function at the
current point and the Haysom matrix, and then determines the next search direction and step by solving
a trust domain subproblem. The goal of this subproblem is to find a feasible step size within the trust
domain, so that the objective function can be improved within that step, and the step size is not outside
the range of the trust domain. If a feasible step is found, the position of the current point is updated, and
the gradient and Haysom matrix are recalculated to proceed to the next iteration. If no feasible step size
is found, reduce the size of the trust domain and re-resolve the trust domain subproblem until a viable
step size is found or the trust domain is reduced to a certain extent.

The advantage of the trust domain algorithm is that it can quickly approximate the global optimal
solution under the premise of ensuring the feasibility of the solution, and it also has good performance
for non-smooth or highly nonlinear objective functions. However, the disadvantage of the algorithm is
that it needs to solve the sub-problem of the trust domain, which requires a large amount of computation,
and the size of the trust domain needs to be adjusted, and the convergence of the algorithm may not be
guaranteed.

The trust domain algorithm is a kind of nonlinear optimization algorithm, which has better global
convergence than the linear programming algorithm, can deal with nonlinear problems, non-smooth
problems and constraints, and is insensitive to the initial point. Therefore, the trust domain algorithm is
more flexible and practical in practical applications.

4.2. Comparison of Reliance Domain Algorithm and Linear Programming Algorithm

The trust domain algorithm can handle nonlinear problems. Linear programming algorithms can only
deal with linear problems, while nonlinear problems often exist in practical problems. The trust domain
algorithm can still find the global optimal solution when the objective function is nonlinear. This is
because the trust domain algorithm uses second-order information to perform a second-order Taylor
expansion of the objective function, so as to describe the curvature information of the objective function
more accurately. The trust domain algorithm can handle non-smooth problems. A non-smooth problem
is when the objective function is underivable or discontinuous at certain points. Linear programming
algorithms can only deal with continuously derivable objective functions, while trust domain algorithms
can handle some non-smooth problems. The trust domain algorithm solves the sub-problem in a sub-
problem manner, and gradually approximates the global optimal solution by solving the sub-problem.
The trust domain algorithm can handle constraints. Constraints are unavoidable in practical problems,
linear programming algorithms can only deal with linear constraints, while trust domain algorithms can
deal with nonlinear constraints. The trust domain algorithm uses the penalty function or the Lagrangian
multiplier method to deal with the constraints, which makes the solution process more flexible.

The trust domain algorithm is not sensitive to the initial point. The selection of the initial point has a
great influence on the solution result, and the trust domain algorithm is not sensitive to the selection of
the initial point. This is because the trust domain algorithm adopts a local quadratic model, which can
estimate the gradient and Haysom matrix of the objective function through the quasi-Newtonian method,
so as to describe the curvature information of the objective function more accurately.

186



Proceedings of the 4th International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/50/20241499

5. Case Study

The issue related to the establishment of a logistics distribution center system between four alternative
cold chain distribution center addresses and six customers. Enterprises hope to establish up to 3 cold
chain logistics distribution centers under the premise that the service reliability of the distribution center
system is maximized, and the total cost is minimized. The products delivered are seafood products sold
in supermarkets, which need to be transported at a temperature of -5°C, and the price is 18 yuan per
piece. The average driving speed of the vehicle is 30km/h, and the unit transportation cost is 0.3 yuan/km.
The distance from the specific distribution center to the customer, the customer's demand, the correlation
coefficient, the facility cost of the alternative distribution center, the transfer fee and the capacity are
shown in the table. By building a mathematical model, it is possible to determine the optimal distribution
center location and distribution volume to meet the needs of the enterprise.

Table 1. The distance from the distribution center to the customer.

Cl C2 C3 C4 C5 C6
W1 8 20 17 34 27 15
w2 26 15 24 20 58 31
W3 12 24 35 13 46 28
W4 15 16 13 37 24 26

Table 2. The distance from the distribution center to the customer.

client Cl C2 C3 C4 C5 Cé6
demand d(kg) 20000 15000 20000 10000 10000 10000

According to the multi-objective optimization model of cold chain logistics distribution center site
selection based on trust domain optimization algorithm, the results are as follows:

The minimum cost is 1741158 yuan, and the demand of customer 1 is provided by the distribution
center 1 for 10,000kg and the distribution center 4 for 10,000kg; The demand of customer 2 is provided
by the distribution center 2 15000kg; The demand of customer 3 is provided by the distribution center
4 20000kg; The demand of customer 4 is provided by the distribution center 2 10000kg; The demand of
customer 5 is provided by the distribution center 4 10000kg; The demand of customer 6 is provided by
distribution center 1 with 20000kg and distribution center 2 with 10000kg.

6. Conclusion

With consumers' increasing requirements for food safety and quality, the cold chain logistics industry
has developed rapidly. Cold chain transportation refers to a logistics method that transports fresh,
perishable, and perishable items from the place of production, processing or warehouse to the place of
consumption under certain temperature conditions. In this process, it is very important to ensure the
quality and safety of goods, so it is necessary to minimize the cost of cold chain transportation and
improve efficiency and service quality through reasonable transportation paths, transportation methods,
temperature control and other measures. This is the goal of cold chain transport optimization.

In order to achieve the optimization of cold chain transportation, it is necessary to establish a reliable
cold chain logistics distribution center to ensure the safety and quality of goods during transportation.
However, how to select a site to establish a cold chain logistics distribution center is a very important
issue. In order to solve this problem, this paper first defines the service reliability and calculation method
of cold chain distribution center. Then, the location model of the cold chain logistics distribution center
and the trust domain optimization algorithm model were established.

The model aims to minimize the total cost, while considering multiple factors such as transportation
distance, temperature control, facility construction, etc., to ensure the reliability and operational
efficiency of the cold chain logistics distribution center. In this model, we need to consider many factors,
including the type and quantity of goods, transportation distance, transportation mode, temperature
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control, facility construction, and so on. We need to consider these factors comprehensively according
to the actual situation in order to come up with the best location plan for the cold chain logistics
distribution center.

Finally, this paper introduces an example for calculation to prove the feasibility and universality of
the model in the location problem of cold chain logistics distribution center. Through the calculation of
examples, it can be seen that the model can effectively reduce the cost of cold chain transportation and
improve the service quality and efficiency of cold chain logistics distribution center. This model can not
only be applied to the location of the cold chain logistics distribution center, but also can be applied to
the location of other fields, and has a very wide application prospect.

In conclusion, this paper introduces in detail the concept of cold chain transportation and its
optimization methods, as well as the solution to the location problem of cold chain logistics distribution
centers. This model can help us better optimize cold chain transportation, improve the service quality
and efficiency of cold chain logistics distribution centers, and provide consumers with safer and high-
quality food.
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