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1. Introduction

Abstract

The study used the association rule mining method to conduct data analysis on the
purchase records of 999 products from 4624 customers of a large Taobao online
store, in order to quantitatively describe the association relationship between prod-
ucts. By using support and confidence indicators, businesses can calculate the ratio
of the number of customers who purchase two products at the same time to the total
number of customers to obtain the correlation probability. This model can help
businesses develop more targeted promotional strategies, improve sales efficiency,
and increase customer satisfaction and loyalty. In order to verify the feasibility and
effectiveness of the model, data simulation experiments were conducted and the
theoretical results of the model were compared with actual data. The experimental
results indicate that the theoretical results of the model are consistent with actual
data, further verifying its feasibility. In addition, actual promotional strategies were
adjusted for some products, and changes in sales data were observed. The results
indicate that the promotion strategy developed using this model can effectively im-
prove sales efficiency, and increase customer satisfaction and loyalty.
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With the popularity of online shopping, the importance of e-commerce platforms continues to increase. Taobao, as one

of the largest online shopping platforms in China, plays a key role in this field. In order to understand the correlation
between customer shopping behavior and products, and improve sales efficiency, we conducted compliance data crawling
for a large Taobao online store and collected purchase records of 999 products from 4624 customers over a period of time.
These records are given in the form of shopping times, and each number represents the internal number of the online store
where the product was purchased. The main objective of this study is to establish a mathematical model to quantitatively
describe the correlation between different products, especially which products are often purchased by the same customer.
In order to achieve this goal, we will use indicators such as support and confidence to mine the correlation relationships
between products from shopping records [1].
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2. Model establishment and solution

2.1 data preprocessing

In order to establish the commodity correlation relationship model, we first need to preprocess the shopping data. Our
data includes the purchase records of 4,624 customers for 999 items, where each line represents one customer's purchase,
and the number of corresponding purchases represents the number of items purchased [2].

x;; We converted the data into a purchase record matrix X in the form of 0-1, which indicates whether the i th customer
purchased the j th item. This can be expressed by the following formula:

_ 4 If the i th customer buys the j th item
Xy = {0, If the i th customer does not buy the j th item
In this way, we transform the original shopping data into a 0-1 matrix, in which 4624 lines represent different customers
and 999 columns represent different goods, making the follow-up analysis more convenient and can more accurately quan-

tify the correlation between goods.
2.2 Model building

The core of the model building is to establish the probabilistic model of the correlation relationship of the purchased
goods. Here, we use support (Support) and confidence (Confidence), which are common in association rule mining, as
indicators to quantify the degree of association [3].

Calculate the probability of association (support):

We will use the following formula to represent the association probability (i. e., correlation degree) of purchased goods
jand k P (j, k):

p(j, k) = Ll @-1)

among:

P(j, k): Represents the correlation probability of the goods j and k, that is, the probability that they are purchased by the
same customer.

Cjk| |- Is the intersection number of customer groups buying goods j and k, namely the number of customers buying both
jand k.

N: Is the total number of customers, with 4,624 customers here.

The core idea of this probabilistic model is that we quantify the degree of correlation between goods by calculating the
ratio of the size of the customer group that buys both j and k to the total number of customers. If this ratio is large, indicating
that goods j and k are often purchased by the same customer, the association is stronger.

Calculate confidence:

Confidence represents the probability of buying the item k, the conditional probability.

Confidence(j - k) = % (2-2)
j
among:
Confidence(j — k): Represents the confidence from purchase j to purchase k.
[Cix|: Is the intersection number of customer groups who buy goods j and k, namely the number of customers who buy
both j and k.
[C;|: Is the number of customers who buy commodity j, namely the total number of customers who buy j.
These formulas are used to calculate the probability of association and confidence between goods given shopping data.
This information can be used to understand which products are often bought together, which can help e-commerce plat-
forms develop relevant strategies [4].

2.3 Numerically solved

We first counted the number of purchased frequencies of each product, and made the purchase frequency map and the
word cloud map, as shown in Figure 1 below.

Through the observation of the word cloud map, products with product numbers 829, 368, 914, 937, and 956 have been
proven to be the most popular and best-selling. These insights are crucial for market analysis and sales strategy development,
as they can help businesses better meet customer needs, plan inventory, and improve product market competitiveness.
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Figure 1. Number of commodity purchases.
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Use MATLAB programming: write MATLAB code to calculate the purchase probability P (j, k) and. The final combi-
nations of the top 10 support levels are shown in Table 1 below: Confidence(j = k)Confidence(k = j)

Table 1. Association rules for both combinations

Commodity A Commodity B Support Confidence A=>B Confidence B=>A Average confidence
529 368 0.071135135 0.307764266 0.250380518 0.279072392
829 368 0.066378378 0.284522706 0.233637747 0.259080227
489 368 0.062486486 0.332949309 0.219939117 0.276444213
682 368 0.061837838 0.355279503 0.217656012 0.286467758
368 217 0.060540541 0.213089802 0.308030803 0.260560303
368 419 0.057513514 0.202435312 0.286947141 0.244691227
368 937 0.055783784 0.196347032 0.330345711 0.263346371
368 510 0.055351351 0.194824962 0.271186441 0.233005701
692 368 0.055135135 0.317955112 0.194063927 0.25600952
914 368 0.055135135 0.315203956 0.194063927 0.254633941

Pie chart of the average confidence in both combinations obtained from the average confidence visualization in Table 1.
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Figure 2. Pie chart of mean confidence for both combinations.

According to the promotion network model, the confidence distribution of each portfolio is balanced, but it is particularly
noteworthy that the average confidence of 529-368 portfolios, probably because there are unique complementarity or other
advantages between them, provides valuable insights for the market strategy, help to further optimize the promotion strat-
egy and improve sales performance [5].
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Figure 3. Schematic diagram of the two commodity relationships.

Fig. 3 shows the two commodity relationships. According to the two commodity support network model diagram in
Fig. 4, it is obvious that commodity 368 and other commodities are closely linked, in particular, the 368-829 and commodity
829 have a relatively high support degree of about 0.066. This observation reveals the wide application of 368 products in
different combinations, especially the combination with 829, which has significant potential in the market. This insight can
provide strong guidance for marketing decisions and encourage further exploration and utilization of the potential ad-
vantages of this commodity portfolio to increase sales and market share [6].

3. Conclusion

These results indicate the purchasing relationship and the correlation between the commodities. For example, if you
operate these goods on an e-commerce platform, you can take measures based on these results, such as putting the relevant
goods together to increase sales or recommending the relevant goods to customers in your shopping cart to increase the
transaction value. In addition, customers can be understood based on confidence, which helps to customize personalized
recommendations and promotion strategies.
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