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ABSTRACT

Aiming at the problems of large carbon emission and high vehicle transportation cost in the cold
chain distribution process of agricultural products, an optimization method of cold chain
distribution route of agricultural products based on genetic algorithm was proposed to reduce the
transportation cost and improve the efficiency. Firstly, taking carbon emission cost and
transportation cost as the objective function, carbon tax mechanism analysis was introduced, and
demand, demand time and transportation time were considered to model the research problem.
Then an improved genetic algorithm is proposed, which combines the traditional genetic algorithm
with the multi-chromosome method, and uses the information updating strategy of ant colony
algorithm to maintain the memorability of the population. The results show that this method can
optimize the distribution route and reduce the distribution cost.

Keywords: Cold chain distribution path, Agricultural products, Genetic algorithm, Multi-chromosome
method

1. Introduction

In order to ensure that consumers purchase products that meet the product quality standards[1-3].
According to statistics, China's cold chain logistics demand reached 104.88 million tons in 2014,
representing a 19 percent increase over the previous year and amounting to up to 3.8 trillion yuan in
total. However, China's cold chain logistics coverage rate is only 20%, a far cry from the developed
countries' 90 percent coverage rate. Individuals have been forced into the Internet + age in recent
years, as a result of the development and promotion of the use of information technology, as well as
the widespread implementation of e-commerce. A self-regulatory declaration on the theme of
China's attitude from the heart was released on 3 February 2016 in Shanghai by representatives
from the poultry, meat, aquatic goods, seafood, and fruit industries, as well as representatives from
the Internet fresh industry[4-5]. This means that the large corporations will enter the Internet fresh
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market in a comprehensive manner, laying the groundwork for the long-term, healthy development
of the Internet fresh sector. Alibaba, Jingdong, and SF have all begun the process of establishing rural
fresh food cold chain distribution networks in the hopes of securing a position in an industry with
promising expansion potential[6-10].

As the Internet + era begins, information technology will become an important tool, and the
development of e-commerce has also injected new vitality into the development of the agricultural
industry, particularly fresh agricultural products in poor and remote areas, if the cold chain logistics
and distribution system is perfected, it will change the situation in which good products are unable
to reach the market. However, due to the fact that the majority of fresh agricultural goods are
produced in wide rural areas, the usage of information technology in rural areas is still considered to
be rather behind[11-12]. A number of difficulties exist, including outdated communication
infrastructure construction, insufficient information coverage, and sluggish Internet speeds in rural
areas[13]. The level of information technology used in fresh agricultural goods cold chain logistics
and distribution must keep up with the development of the times, in order to be able to adapt to the
creation of a complete cold chain logistics information network. For the purpose of optimizing and
integrating cold chain logistics resources in the region, it is necessary to build a cold chain
distribution (CCD) system in order to enhance connectivity between the chains[14-18]. To establish
a website for fresh agricultural products cold chain distribution in order to disseminate the
development status, information, and future prospects of the industry through the network in a
timely manner, so that the vast majority of agricultural products producers can grasp relevant
information in a timely manner and actively prepare for the production and sale of agricultural
products[19-20].

High energy consumption and high carbon emission characteristics are characteristic of the CCD
of agricultural products. As a result, it is critical to understand how to optimize the CCD path in order
to reduce carbon emissions and transportation expenses[21-24]. Dantzig made the first formal
proposal for the vehicle path problem in 1959[25-27]. This is why some scholars believe that vehicle
distribution must take into account the impact of time spent; they consider soft time window to
establish VRP model, or consider just-in-time logistics distribution to establish vehicle distribution
model, while others consider working time and soft time window and integrate vehicle departure
time, vehicle speed, and vehicle capacity to establish dual-objective vehicle path model on the basis
of these considerations[28-29].

China's agricultural output and trade play a significant role in the country's economy, and the
growth of agricultural product logistics can help to accelerate the development of Chinese
agricultural production. Because of the ongoing improvement of China's national economy, the living
standards of its citizens are also rising[30-33]. The notion of consumption has radically altered in
recent years, and customers' expectations for the quality and timeliness of agricultural products are
increasing. In turn, this has resulted in Chinese agricultural products lacking competitive advantages
on the global market. China's national economy and living standards are improving, and people are
placing more demands on the quality of their lives. Consumer demand is also increasing in the
country. In tandem with the transformation of production and lifestyle, the production method for
agricultural products has also undergone significant transformation, and the production and
distribution of agricultural products that are free of pollution have attracted the attention of the
entire society[34-35].

An introduction to a quantitative analysis of the carbon tax mechanism is provided in this paper,
which takes into account demand quantity, demand time, and unloading time limitations, in addition
to the mathematical model, in order to maintain population memorability, an improved genetic
algorithm is proposed, which combines the standard genetic algorithm with the multi-chromosome
approach and makes use of an ant colony algorithm information update strategy. After that, based on
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the selected mathematical model, the proposed method is validated by experimental simulation to
effectively optimize the distribution path while simultaneously reducing the carbon tax cost.

2. Agricultural products CCD model and related theory

2.1. Distribution Model
The research problem in this paper can be modeled as
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2.2. Cost Analysis
In equation (1), Z, represents the comprehensive transportation cost, as shown in equation (10):
N N N N N
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a is carbon tax factor, and Z, represents the cost of carbon tax, which is as shown in equation

(11):
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C,, and C,, are transport refrigeration and unloading refrigeration costs, respectively, as shown
in the following equation:
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where o, is attenuation coefficient?

Z, represents the time penalty Cost, which is shown in equation (14):
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2.3. The current situation of CCD of agricultural products

1) Policies and regulations related to the CCD of fresh agricultural products need to be improved.
There is a significant demand in China for fresh agricultural products CCD (FAPCCD), and a large
number of enterprises have entered this industry to meet that need. Without appropriate laws and
regulations, however, the market will develop on its own and eventually devolve into anarchy and
fierce competition, as has happened in the past. The government should, as a result, actively
participate in the reform of key rules and regulations to ensure that FAPCCD is properly protected
during the construction and operation phases of the project. In part because, as we all know, the
development of China's FAPCCD business is still in its early phases, the Chinese government has not
established a relatively clear overall plan for the development of this industry, nor has the
government implemented proper rules and regulations. Additional laws and regulations have been
enacted, but their implementation has fallen short and they have become largely a formality in the
eyes of the public. For example, FAPCCD has been legislated, but in the actual operation process,
there is insufficient supervision, which leads to some enterprises speculating and affecting the
quality of product distribution; FAPCCD performance evaluation indicators have been introduced,
but there is no comprehensive and detailed classification of various types of agricultural products,
even though the performance of all aspects of the distribution appears to provide evaluation criteria,
but there is no comprehensive and detailed classification of agricultural products; FAPCCD
performance evaluation indicators have been introduced, but there is no comprehensive and detailed
classification As a result of a lack of systematic and coherent evaluation, the distribution hardware
and equipment, the level of information technology, and the quality of after-sale service of products
are not included in the evaluation index system, resulting in inaccurate results for the performance
evaluation. The government should also take the lead in developing a linkage mechanism with
businesses and industry organizations to establish an alliance system that will optimize and
integrate CCD resources for fresh agricultural products throughout the region, as well improve the
utilization efficiency of CCD resources. By collaborating with leading third-party logistics companies,
we can actively promote the introduction of third-party logistics, improve the overall quality of
third-party logistics services, emphasize the benefits of third-party logistics services, and promote
the improvement of FAPCCD levels throughout the region.

A proper logistics information service system has not yet been established in some rural parts of
China, and the necessary infrastructure is absent. At the moment, telephone communication is the
primary means of contacting logistics vehicles and obtaining distribution information. Due to the
relatively low literacy level of farmers in the rural areas where the XieLiu network platform has been
established, it is difficult for them to effectively use information technology. This is compounded by a
lack of technical training and guidance from the government and relevant departments, resulting in
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low utilization of the website. As a result, there is a lag in the collection and aggregation of
information on agricultural products, affecting the judgment of farmers on the market. As a result,
there are times when the supply exceeds the demand, and income declines even if production
increases, resulting in fluctuations in the agricultural market and the stagnation of farmer-produced
goods and services.

2) The industry standard for fresh agricultural goods CCD must be raised to a higher level of
excellence. The 21st Century Business Herald published a news article on January 29, 2016, stating
that "industry data shows that only 1 percent of the country's 4,000 fresh produce e-commerce
companies made a profit in 2014, and the important reason for the loss is that most fresh produce
e-commerce companies have steeply increased costs due to self-built CCD. China Railway
Corporation, for example, even though it possesses a large number of professional refrigerated
special cars, does not have any. Additionally, since 2010, e-commerce platforms such as COFCO.com
and Daily Orchard have made significant financial investments in their respective FAPCCDs. It is
difficult for new e-commerce businesses to establish their CCD infrastructure. If you want to achieve
cross-regional agricultural products FAPCCD perfection, according to Central Document No. 1, you
must conduct FAPCCD standardization demonstrations and implement the special agricultural
products production area pre-cooling project, which are both detailed in Central Document No. 1. All
that is required is the standardization of industry standards to encourage smooth integration ofthe
complete FAPCCD system.

At present, individual farmers in China are responsible for the majority of the agricultural product
production and processing, which is characterized by its decentralized nature. The entire process,
from the production of agricultural products to the sale of those items, is comprised of various
nodes, each of which cooperates with the others to promote the development of the industry. There
are many participants in each node upstream of the industry, which exhibits many-to-many
distribution characteristics, whereas each node downstream of the industry gathers many parties
for procurement, which is mostly in the form of many-to-many distribution. The complexity of the
distribution chain is ultimately generated by the inadequacies in the scale and degree of
organization of agricultural output, which are both factors to consider. As a result of the low degree
of mechanization, there are high-cost expenses for agricultural product transportation, including
excessive prices for loading and unloading labor as well as transportation, storage, and circulation
losses, all ofwhich will have an impact on logistics costs.

At the moment, the relevant departments are unable to pay sufficient attention to the critical role
played by agricultural product distribution, due to a lack of a more comprehensive market
supervision and management system, as well as a lack of preferential policies to assist farmers.
There have been difficulties in diversifying agricultural product distribution services, which has
resulted in a drop in the excitement for agricultural product distribution. Some agricultural products
distribution companies, influenced by the market, place too much emphasis on short-term interests
and only use low prices as a means of obtaining customer orders through low prices and
unregulated services, which destroy the rules of the agricultural products distribution business and
reduce the trust of sub-consumers. Furthermore, the lack of training for business personnel in
agricultural products distribution companies overlooks the critical role that talents play in the
development of the agricultural products distribution industry, which is detrimental to the
development ofthe agricultural products distribution industry.

3) It is necessary to improve the technology and infrastructure for the distribution of fresh
agricultural products in the cold chain. It is essential that the development of the contemporary
FAPCCD industry is supported by high-quality and high-standard infrastructure. First and foremost,
we must aggressively research and develop modern cold storage technology to ensure that the cold
storage standards of agricultural goods during the storage and transportation stages are up to
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standard and that the technology is low in consumption, non-polluting, and efficient. Professional
and modern transportation means should be used in the course of the FAPCCD, and the
transportation department should open a green channel for it. The government should also invest in
product preservation technology to ensure that fresh agricultural products remain as fresh as
possible. To supply consumers with agricultural products of the highest possible quality. We should
also establish a standardized operation method that is specific to the many types of agricultural
products that will be transported, and we should target the employment of bulk technology and
collecting technology for each type of agricultural product. The packaging of fresh agricultural
products should also encourage the use oftechnically mature high-density polyethylene food fresh
produce transportation crates to ensure that both the packaging environment and the quality of the
fresh produce are not adversely influenced. In light of the dispersed origin of fresh agricultural
products, we should also actively develop and apply logistics and distribution technology with many
varieties, small batches, and high frequency, to promote the improvement of product distribution
capacity and distribution capacity, as well as to promote the improvement of product distribution
capacity. At the moment, China's FAPCCD infrastructure construction in the aforementioned areas is
being bolstered even further. At the same time, we must increase investment in the construction of
hardware facilities, accelerate the development of software environments, and conduct research and
development in CCD technology to provide strong support for the development of the fresh
agricultural logistics industry.

3. Our method

It is possible that the quality of the solution will be compromised when using a typical genetic
algorithm to address several constraints, or that there will be no solution at all. A combination of the
multi-chromosome approach and a genetic algorithm, which has higher performance in handling
numerous constraints, is presented in this study. This combination helps to avoid the development
of invalid and even unlawful solutions.

The following are the fundamental assumptions underpinning the model:

1) Even though there is just one distribution center with a well-known location, there is no lack of
items available.

2) All distribution vehicles have the same model, have the same load capacity, and are equipped
with refrigeration, which allows them to maintain the temperature necessary for their respective
cargo.

3) All distribution vehicles begin and conclude their journeys at the distribution center; they do
not make any stops along the way, and the travel path is uninterrupted.

4) The location of all customer points, the demand for their products, as well as a soft time frame
for mandatory delivery, are all known.

5) The items are all of the same types of agricultural products that must be stored at the same
temperature.

6) In addition, vehicle fuel consumption is proportional to the vehicle's actual load capacity, and
the total demand from each customer location along each delivery route must not exceed the
maximum load capacity of a single-vehicle.

7) The vehicle assigned to each customer point is the same and only one vehicle, and each vehicle
can deliver to many customer locations.

There is only one delivery route for each CCD vehicle, and each destination location can only be
served by a single CCD vehicle at a time. The following are the codes for the various destinations and
vehicles:

h
Sum = ZK'" (15)
m=0
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Equation (15) represents the sum of the number of models, and the chromosomal order of vehicle
sequences is coded as. The chromosome order of the distribution route sequence is coded as
Seq, = {0,1,2,---, n} the number of customer points is, and 0 represents the distribution center.

After the encoding process has been completed. This is illustrated in Figure 1 by randomly
initializing the distribution path sequence chromosome followed by a subsequent random
initialization of the vehicle sequence chromosome corresponding to it. When a vehicle sequence
chromosome is present, it represents the available vehicles and the order in which they will be used;
when a distribution path sequence chromosome is present, it indicates the order in which customers
will be served at the distribution locations.

Seql  ([SSENIETA EE S A O 0 3 ]

Seq?

Fig. 1. Chromosome initialization

The merit of a person is determined by his or her appropriateness for the task at hand. It
determines whether or not a certain individual will be allowed to continue in the iterative process.
The distribution task is organized and the fitness is determined based on the individual's
distribution path sequence chromosome and vehicle sequence chromosome, and the procedure is
depicted as follows:

1) To maximize the number of customer points delivered to the ith individual in the population,
first select an available vehicle based on its vehicle sequence chromosome. Then, choose as many
customer points as possible along the vehicle's distribution path sequence chromosome, ensuring
that the total number of points delivered does not exceed the vehicle's rated capacity.

2) Check to see if all of the customer points in the distribution path sequence chromosome have
been delivered, if there are still customer points to be delivered, return to (1), and if there are no
more customer points to be delivered, go to (3).

3) Following completion of the work assignment, produce the distribution plan for the ith
individual in the population and calculate the total cost based on the formula (1).

4) Consider the cost that corresponds to the ith individual, and denote, where is the adaption
degree of the ith individual.

This algorithm is used in this paper. A total of two chromosomes are present in each individual
within the population: the distribution path sequence chromosome and the vehicle sequence
chromosome. As illustrated in Figure 2, the crossover mechanism for chromosomes is called PMX.
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Fig. 2. Chromosome cross

The chromosomes encoding the distribution path sequence and the chromosomes encoding the
vehicle sequence were modified individually in accordance with the mutation probability. The 2-opt
algorithm for mutation operation in the chromosomes of individuals is used in this procedure, as
illustrated in Figure 3.

SeqlEx | 3 | 2 3.9 6.3 1
Seql After| 3 | 2 8.9 6.3 1

Fig. 3. Chromosome cross

4. Experimentresults

Specifically, eight supermarkets of logistical distribution from the literature are chosen as service
sites in this work, and the real distribution data from the literature is used as experimental
parameters. The number of transportation centers is zero, and the number of supermarket client
points is one, two, three, four, five, six, seven, eight. Table 1 shows the complete information on
demand for supermarket customer points based on the supermarket customer points.
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Table 1. The detailed demand information of supermarket customer points

Number Customer point coordinates km Customer Demand t Unloading time min

0 (0,0)

1 (50,50) 2.5 15
2 (60,120) 3 18
3 (35,45) 3.3 30
4 (33,42) 6 60
5 (55,52) 6.5 65
6 (58,130) 4.2 40
7 (95,150) 1.8 20
8 (13,35) 6.8 45

The optimal distribution path with different objectives is shown in Figure 4 and Figure 5.

Fig. 5. The path with the shortest distribution time
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Fig. 4. The path with the lowest carbon tax cost
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From the study in Figure 6, it is obvious that the shortest distribution path does not necessarily
lead to a reduction in carbon tax cost and overall cost. The experimental results demonstrate that
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although the distribution path grows by 12.3 percent under the carbon tax model, the overall cost
falls by 4.5 percent, and the carbon tax cost decreases by 9.6 percent, which supports the validity
ofthe model.

2000
1800
1600
1400
1200
1000

wLowest cost  + Shortest path

Delivery Distance/km Overall Cost/$ Carbon Tax Costs/$
Fig. 6. Comparison of results for different objective functions

Using the following experimental parameters, the carbon tax cost and comprehensive cost of this
paper's algorithm are compared and assessed with ACT algorithm and QACT algorithm, and the
method is compared after randomizing 20, and the experimental results are displayed in Figure 7

—Carbon tax cost ——Cmprehensive cost
ACT
5000

4500 /N
400(]{"#\;-\

OUR ' ~ QACT
Fig. 7. Comparison of different methods with different costs

5. Conclusion

The reform of higher mathematics teaching in colleges and universities is influenced by multiple
factors, making it a prominent area of current research. To improve the quality assessment of these
reforms, big data technology is incorporated, leading to the proposal of a new evaluation method
based on a big data-driven information model. The approach begins with a review and analysis of
existing literature on the quality assessment ofhigher mathematics teaching, identifying the key
factors that influence quality. Next, data on these influencing factors is collected, and a model
combining BPNN and DC is developed to optimize the quality evaluation. The findings demonstrate
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that the proposed model is both highly precise and efficient, offering significant value for assessing
the quality of higher mathematics teaching reform with broad applicability.
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