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Abstract: In the rural economy of Hunan Province, the operation efficiency and market
strategy of "Village Supermarket” and "Village BA™ are of great significance for
promoting local economic development. In order to explore the mechanism of
collaborative filtering and Apriori algorithm in analyzing the economic activities of
"Village Supermarket" and "Village BA", this study first introduces the position of
"Village Supermarket” and "Village BA" in the county economy of Hunan Province, and
the application value of data analysis technology in business decision-making. The method
part describes in detail the steps of data collection, preprocessing, implementation of
collaborative filtering algorithm and application of Apriori algorithm. By comparing and
analyzing the execution time, diversity and coverage, we get the high efficiency of Apriori
algorithm in dealing with specific data sets and its advantages in recommending diversity
and coverage. Among them, the coverage of Apriori algorithm can reach up to 96%, the
lowest value of Herfindal index is 0.07, and the highest execution time is only 3.2s. These
findings provide important insights for understanding the mechanism of"Village
Supermarket” and "Village BA™ in the county economy of Hunan Province.

1. Introduction

Not only is it a bridge connecting farmers and the market, but the "Village Supermarket” and
"Village BA" in Hunan Province play a unique role in promoting the circulation of agricultural
products and economic growth.

For the first time, this paper tries to apply collaborative filtering and Apriori algorithm to the
economic activity analysis of "Village Supermarketmarket” and "Village BA". Through the
combination of these two algorithms, the pattern of user purchasing behavior and the association
rules between commodities are revealed, which provides a new perspective for optimizing
commodity layout and marketing strategy. In addition, this paper also compares and analyzes the
performance of different algorithms in execution efficiency, recommendation diversity and
coverage, which provides practical guidance for algorithm selection and system design.
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This paper first introduces the research background, including the importance of "Village
Supermarketmarket" and "Village BA™ in county economy and the application status of data
analysis technology, and then elaborates the research purpose and main contributions of this paper.
Then this paper describes the research methods in detail, including data collection, preprocessing,
algorithm implementation and performance evaluation. Then the experimental results are presented
and the performance of different algorithms is compared and analyzed. Finally, the research
findings are summarized, and the future research direction is proposed.

2. Related Work

Many researchers have studied collaborative filtering and Apriori algorithm, and Qiu Agen
proposed a collaborative filtering recommendation method for government services combining user
characteristics. In order to solve the problem that collaborative filtering does not consider user
attributes, this method combines user portrait technology with it [1]. In order to understand the
problem that the existing collaborative filtering technology of graph product makes the expression
of embedded vectors of users and commodities unreasonable, Zhu Jinxia proposed a collaborative
filtering recommendation model that integrated the attention mechanism of graph product [2].
Collaborative filtering technology based on deep learning neural networks has attracted much
attention, Liu Hao proposed an automatic encoder for noise reduction, and finally verified it on the
data set. The results showed that the noise reduction autoencoder had better generalization ability
[3]. Zhao Wei statistically analyzed the repetitiveness of teaching syllabus knowledge points of 28
courses of a school's safety engineering major, built relevant data sets, and then used Apriori
algorithm to analyze the correlation data of courses, and then proposed the possible causes and
corresponding impacts based on the calculation results [4]. In order to effectively enhance the
operation and maintenance level and management control level of power distribution terminal
equipment, Ge Yonggao proposed an automatic diagnosis method for intelligent distribution
terminal equipment defects based on Apriori algorithm [5].

In addition, Papadakis H summarized the methods in the whole research field of collaborative
filtering recommendation system, and classified each method according to the tools and
technologies used for easy understanding [6]. Ajaegbu C proposed an algorithm, which aimed to
balance the current three traditional measurement metrics in the direction of cold start. The
proposed algorithm not only alleviates the shortcomings of the three traditional algorithms in data
sparseness or cold start, but also retains the good features of the existing project-based collaborative
filtering algorithm [7]. Wang F first proposed a trust-based collaborative filtering (TBCF) algorithm
to perform basic rating prediction with existing collaborative filtering methods, and then proposed a
collaborative filtering method with user-project-trust records [8]. Edstamap used Apriori algorithm
to obtain information about commaodities in a database transaction of an eyeglasses company, so
that these results could be used to promote the sales and marketing of eyeglasses [9]. Raj S
proposed a new approach, the spark-based Apriori algorithm (SARSO) for reducing shuffle
overhead. This algorithm uses partitioning method to limit the movement of key-value pairs
between cluster nodes, thus reducing the necessary communication caused by Spark shuffle
operation [10]. The research on collaborative filtering and Apriori algorithm has made remarkable
progress, but it has not been studied in combination with county economy. In view of this, this
paper aims to explore the function mechanism of "Village Supermarket” and "Village BA" in the
county economy of Hunan Province by using collaborative filtering and Apriori algorithm. By
combining the advantages of these two algorithms, this study is expected to reveal the key factors in
rural economy more accurately, and provide data support and strategy suggestions for promoting
local economic development.
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3. Method
3.1 Implementation of Collaborative Filtering

Collaborative filtering algorithm is used to find the purchasing behavior pattern of users and
recommend goods or services based on the exploration of the mechanism of "Village Supermarket"
and "Village BA" in the county economy of Hunan Province [11-12]. First of all, it is necessary to
collect the transaction data of users in "Village Supermarket" and "Village BA", including user ID,
commodity ID and related rating or purchase behavior, as shown in Table 1:

Table 1: Transaction data

Transaction| User | Product | Purchase Quantity Total Rating Review Recommended Related
1D ID ID Date Amount Content Product I1Ds
TXN1345 | UO1 | P1501 [2024-04-01 3 450.00 | 4.8 | Great value Yes P4632
TXN1346 | U02 | P0502 [2024-04-02 2 300.00 | 4.2 |Good quality No P1512
TXN1347 | U03 | P7769 [2024-04-03 1 180.00 | 5.0 Excellent Yes P1103
TXN1348 | U04 | P2254 [2024-04-04 4 720.00 | 3.5 | Abitpricey No P5533
TXN1349 | U05 | P1400 [2024-04-05 2 250.00 | 4.5 | Satisfactory Yes P1001

The basic contents of Table 1 include transaction ID, user ID, product ID, purchase date,
purchase quantity, total amount, rating, evaluation content, whether to recommend and associated
product ID. By collecting and analyzing this data, it is possible to gain insight into customer
purchasing behavior and preferences and optimize product management and marketing strategies.

Data cleaning is performed first to deal with missing values and outliers to ensure data quality. A
user-product matrix is then constructed, with rows representing users, columns representing
products, and elements in the matrix representing the number of times users rated or purchased the
product. The Pearson correlation coefficient is then used to calculate the similarity between users or
between goods:
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User-based collaborative filtering finds other users with similar interests to the target user, while
commaodity-based collaborative filtering finds other goods that are similar to the target product.
After that, recommendations are generated based on items that similar users like and that target
users have not yet purchased:
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Finally, appropriate evaluation indexes are used to evaluate the performance of the
recommendation system, and the algorithm parameters are adjusted according to the evaluation
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results to optimize the recommendation effect. In the implementation process, it is necessary to pay
attention to data sparsity and cold start problems, and adopt other techniques such as matrix
decomposition or deep learning recommendation models to solve these problems. Through
collaborative filtering algorithms, the role of "Village Supermarket” and "Village BA" in county
economy can be better understood, and more personalized recommendation services can be
provided for users [13-14].

3.2 Association Rules of the Apriori Algorithm

Analyzing transaction data to discover frequent itemsets and association rules is the main
purpose of Apriori algorithm in exploring the mechanism of "Village Supermarket™ and "Village
BA" in the county-level economy of Hunan Province, and its role cannot be ignored [15-16]. Firstly,
it is necessary to collect transaction data that includes customer ID, product ID, and purchase
quantity, and convert this data into a transactional database format, where each row represents a
shopping basket and each column represents a product. This study identifies the item sets of all
individual products in the transaction database as candidates for frequent item sets. This study
calculates the support for each individual item set and filters out frequent item sets based on a set
minimum support threshold. In this study, these frequent item sets were used to generate
higher-order candidate item sets, and Apriori attribute was applied for pruning to delete candidate
item sets that could not become item sets. This study generates all possible rules for each set of
frequent items and calculates their confidence, that is, the probability that one set of items will
appear and another will appear. Then, based on the set confidence threshold, strong association
rules are filtered out, and the frequent itemsets and strong association rules obtained are analyzed to
understand the correlation between products, such as the combination of products purchased
simultaneously.

3.3 Collaborative Filtering and Application of Apriori Algorithm

Using user behavior data to discover potential purchase patterns and user preferences is the
characteristic of collaborative filtering, while Apriori algorithm extracts frequent and association
rules. The combination of these two technologies can reveal the correlation between commodities
and the purchase behavior patterns of users. Exploring the mechanism of "Village Supermarket” and
"Village BA" in the county economy of Hunan Province needs to combine collaborative filtering
and Apriori algorithm, which can provide a comprehensive analysis method [17-18].

Users' purchase history to predict other goods they may be interested in makes collaborative
filtering help "Village Supermarket" and "Village BA™ better meet customer needs and improve
customer satisfaction and loyalty. For example, if the system finds that a user often buys a specific
health food, it can recommend other similar health products.

Knowing which goods are often bought together can help "Village Supermarket™ and "Village
BA" to optimize the commodity placement and inventory management, which is also one of the
functions of Apriori algorithm. Combining these two technologies, this study can deeply understand
the relationship between customers' buying behavior and goods. Personalized recommendation
provided by collaborative filtering can increase sales and customer satisfaction, and the association
rules discovered by Apriori algorithm can help formulate more effective marketing strategies and
improve inventory turnover [19-20].

4. Results and Discussion

In this study, a series of comparative experiments are set up to compare Apriori algorithm with
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FP-Growth algorithm and Eclat algorithm, compare their performance in coverage, diversity and
calculation efficiency, and deeply understand the advantages and disadvantages of these algorithms
in analyzing the transaction data of "Village Supermarket” and "Village BA".

At the beginning of the experiment, it is necessary to collect and clean the transaction data from
"Village Supermarket” and "Village BA" to ensure the data quality. Usually, according to the
proportion of 70% training set and 30% test set, the Apriori algorithm is applied to mine frequent
itemsets and association rules, and the support and confidence thresholds are set. Similarly,
FP-Growth algorithm is applied to the training set to construct FP-tree and mine itemsets, and the
support threshold is set, and then Eclat algorithm is run to mine itemsets from the training set data.
Then, the coverage, diversity and computational efficiency of each algorithm are calculated by
using 9 sets of data sets. Coverage is evaluated by the number of recommended commaodities in the
total commodities, diversity is expressed by Herfindal index, and calculation efficiency is evaluated
by recording the running time of the algorithm and memory usage. Then comparing the
performance of three algorithms on these indicators, use statistical tests to determine the
significance of performance differences, analyze the performance of each algorithm on "Village
Supermarket” and "Village BA" data sets, and discuss the influence of algorithm selection on the
performance of recommendation system.

4.1 Coverage Rate

In order to further understand the recommendation effects of different algorithms in practical
applications, this study designed a series of coverage comparison experiments to evaluate the
comprehensiveness of three frequent itemset mining algorithms, FP-Growth, Eclat and Apriori,
when recommending products. The result is shown in Figure 1:
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Figure 1: Comparison of coverage

According to the data in Figure 1, Apriori algorithm has the highest coverage rate of 96%, while
Eclat algorithm and FP-Growth algorithm only have the highest coverage rate of 85% and 79%,
respectively, which indicates that Apriori algorithm can recommend most products and provide
users with a wide range of choices. In contrast, the Eclat and FP-Growth algorithms do not work
well.

4.2 Diversity

Diversity is a key metric that measures the abundance of different items in the recommended list.
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A highly diverse recommendation system can cover a wide range of product categories and provide
users with diverse choices, thereby increasing user satisfaction and the attractiveness of the system.
In this study, Herfindahl index was used to measure it, and the comparison results are shown in

Figure 2:
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Figure 2: Diversity comparison

Figure 2 shows that the Herfindahl index of Apriori is lower than that of Eclat and FP-Growth
algorithms in all data sets. Among them, the minimum value of the Herfindahl index of the Apriori
algorithm is 0.07, and in the same situation, the minimum value of Eclat is 0.15, while the
minimum value of FP Growth is 0.27. In the compared datasets, the Herfindahl exponent of the
Apriori algorithm is generally lower than that of the Eclat and FP Growth algorithms, indicating
that the Apriori algorithm provides higher diversity on these datasets. The minimum value of the
Herfindahl index of the Apriori algorithm is 0.07, indicating that in some cases, it can evenly
distribute recommended products, providing users with a wider range of choices.

4.3 Computing Efficiency

These experiments aim to quantify the time and resource consumption of each algorithm in the
process of mining frequent itemsets, so as to reveal which algorithm is more cost-effective and
scalable in practical application. This study uses the execution time to measure it, and the result is
shown in Figure 3:
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Figure 3: Comparison of computational efficiency

As can be seen from Figure 3, the execution time of Apriori algorithm is kept at a low level, the
highest is only 3.2s, but the execution time of Eclat and Apriori is higher than that of Apriori. The
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execution time of Eclat algorithm is up to 3.7s, and that of Apriori is up to 4.1s, which indicates that
under these specific experimental conditions, Apriori algorithm can effectively process data sets and
generate results quickly.

5. Conclusion

A series of operations have proven that the Apriori algorithm performs well in terms of execution
time and maintains a lower computational cost. This algorithm performs well and can provide a
wide range of product recommendations to meet the needs of different customers, which is crucial
for county-level economic entities such as "Village Supermarket” and "Village BA" because it helps
to increase the range of customer choices and shopping experience. This diversity has a positive
effect on improving customer satisfaction and promoting sales. Future research can further explore
how to optimize algorithm parameters to improve computational efficiency, and how to combine
these algorithms with other technologies such as deep learning to better adapt to constantly
changing data characteristics and business needs. In summary, the combination of collaborative
filtering and Apriori algorithm provides valuable insights into the mechanisms of "Village
Supermarket” and "Village BA" in the county-level economy of Hunan Province. Through these
findings, this study can provide more accurate data analysis and recommendation strategies for
these county-level economic entities, thereby promoting local economic development and
prosperity.
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