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Abstract. The key words of this study are data visualization, RFM model and 
customer relationship management. Taking Wal-Mart as a research case, analyze the 
number of goods and stores in Wal-Mart supermarkets in four years (2011-2014) 
through data and visualize the results. Using visualize tool to analyze sales and com- 
modity and present the results in a chart. It is particularly important to retain customers 
and improve customer retention rates in an environment of increasingly fierce compe- 
tition among supermarket retailers. First, the supermarket retail data is visualized to 
make the data set more intuitive and easy to understand. Then the supermarket can 
choose the RFM (Regency, Frequency, Monetary) analysis method to distinguish cus- 
tomer value, so as to provide marketing services for different customers. The applica- 
tion of RFM first conducts basic evaluation through data visualization methods, and 
has a general grasp of retail data, then conducts RFM modeling to obtain the customer's 
RFM score, finally differentiates customer value. 

Keywords: customer segmentation, retail enterprises, RFM model. 
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1 Introduction     

The key words of this study are data visualization, RFM model and customer 
relationship management. Taking Wal-Mart as a research case, it is particularly 
important to retain customers and improve customer retention rates in an 
environment of increasingly fierce competition among supermarket retailers. 
First, the supermarket retail data is visualized to make the data set more intuitive 
and easy to understand. Then the supermarket can choose the RFM (Regency, 
Frequency, Monetary) analysis method to distinguish customer value, so as to 
provide marketing services for different customers. The application of RFM first 
conducts basic evaluation through data visualization methods, and has a general 
grasp of retail data, and then conducts RFM modeling to obtain the customer's 
RFM score, and then differentiates customer value, so that supermarkets can 
design different products with different RFM scores. customer's marketing 
strategy. If supermarkets want to better maintain customers, they must first 
identify the value of different customers, and then carry out targeted marketing 
and services, so as to increase the rate of return and even improve customer 
loyalty. 

For general retention customers, general retention customers and general 
development customers that create low value for supermarkets, their activity is 
low and may be lost, so marketing costs should be reduced, and they can be 
reawakened by giving "electronic coupons" and email reminders to stimulate the 
next consumption. For customers of general value, you can set up a package 
purchase, how much you will get free when you spend, and apply for stored-
value cards or joint bundled sales to increase the unit price of customers. It is 
important to retain customers and develop customers. You can exchange gifts at 
the store, participate in free activities, Increase the frequency of visits to the store 
by means of member activity days. It is important to keep customers, remind 
them whether they need to repurchase by time period, or conduct a return visit 
to the product appropriately to remind customers of the existence of the online 
store. Important value customers with high three indicators are very important 
resources for supermarkets. Supermarkets must maintain good interaction with 
these customers, regularly provide reminder services and design some 
promotional activities for them, so as to increase their loyalty. 

2 Literature Review 

2.1 Changes in retail statistics in the era of big data  

Big data refers to a large amount of diversified data that is difficult to handle with 
traditional database management tools. At present, it is generally believed that big data 
has three characteristics (3V): the first volume is that the data capacity is very large, 
and the second Velocity is that the data growth rate is very fast, and the processing 
speed is very fast. 
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The third Variety is that data types are becoming more and more diversified [1]. 
With the advancement of data collection and storage technology, the retail industry has 
gradually formed big data in the retail industry. Through mining and analysis of these 
data, it can bring huge commercial value and service innovation to retail companies, 
such as better understanding and insight into consumers, so as to achieve precision 
marketing, or change the supply chain model to achieve refined management of goods 
Wait. But before that, it is necessary to understand which aspects of big data 
competition have brought changes to the retail industry in order to make good use of 
retail big data in a targeted manner. 

In terms of data collection in the retail industry. The data collection work carried 
out by the retail industry mainly focuses on a series of data such as the purchase 
behavior of its customers, the sales of goods, and the financial status of the enterprise. 
The enterprise uses these data to make analysis and decision-making on daily 
production and operation. In the traditional statistical method, the original data 
collection behavior of enterprises is often mainly based on random sampling of 
customer groups to conduct questionnaire surveys, collect various sales reports and 
financial statements, and then process, analyze and apply these original data. Under this 
data collection method, the data collected by the retail industry is mostly structured 
data, and its application has great limitations. Now and in the future, the information 
generated by various daily behaviors is in a state of explosion. The efficiency of 
traditional data collection methods is getting lower and lower, and it can’t keep up with 
the rhythm of information generation. It can no longer meet the needs of enterprises to 
innovate in production and operation in the new era. Therefore, retail enterprises 
urgently need to undergo major changes in data collection methods. It now appears that 
the direction of this change will be carried out simultaneously in online and offline data 
collection, and the structure of the collected data will shift from structured data to semi-
structured or even unstructured data. Specifically, we can collect a series of online 
behavior data of customer groups on the Internet and store them for sorting and analysis. 
At the same time, due to the development of the Internet of Things and cloud computing 
technology, we can also collect consumers’ physical information through electronic 
devices. A series of offline behavior data of the store [2]. In terms of online data 
collection, we will mainly collect information left by customers on retail websites, 
including a series of click behaviors stored in browser cookies and website transaction 
behaviors directly stored in the backend of the system. 

2.2 Customer value segmentation method  

From the perspective of customer relationship management, there are three main 
methods for customer value segmentation: ABC classification, CLV analysis, and RFM 
analysis. 

 
(1) ABC classification 
 
The ABC classification method is based on the twenty-eight rule [3]. The ABC 

analysis rule is an upgraded application of the twenty-eight rule. The common point of 
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the two is to distinguish the primary and secondary analysis objects. The difference is 
that the two categories are different. The analysis objects of the twenty-eight rule are 
two types. ABC analysis can be divided into three categories. According to the value 
created by customers for the enterprise, customers are divided into different categories 
such as high-end customers, large customers, medium customers, and small customers. 
High-end customers and major customers are classified as category A, their number is 
20% of the total number of customers, and their sales accounted for 70% to 80% of the 
total sales; category B customers contribute 10% to 20% of the sales, and the rest are 
the total number of customers of C, B and C customers is about 80%. After the 
customers are classified by the ABC classification method, the management and 
maintenance of the customers can be carried out in a targeted manner. The focus of 
resources and time will be tilted to the A customers and the maintenance will be carried 
out, while the secondary maintenance will be carried out for the B customers and the C 
customers. Only simple maintenance is required. 

 
(2) CLV analysis method 

 
CLV refers to the Customer Lifetime Value (Customer Lifetime Value) [4], which 

refers to the value created by the customer for the company during the entire life cycle 
of the company. In a broad sense, CLV refers to the present value of all profits obtained 
from a customer during the entire process of maintaining a trading relationship with a 
customer. CLV includes current value and future value. What companies really care 
about is the future profit of customers. Therefore, CLV in a narrow sense only refers to 
the future value of customers. The CLV analysis method uses the current value and 
future value of customers as the horizontal and vertical coordinates, and can divide 
customers into: VIP customers, improved customers, maintenance customers and 
abandoned customers. The divided VIP customers will be regarded as the most valuable 
customers and become the core of the business; the improved customers are called the 
most growing customers and can focus on training; the maintenance customers are 
ordinary customers, and general maintenance is enough; The type of customer is 
considered to be a negative customer who can't bring enough to balance the related 
service costs for the company, and should be abandoned. 

 
(3) RFM analysis method 
RFM is a customer segmentation method based on online store customer 

consumption behavior data proposed by Arthur Hughes of the American Database 
Marketing Research Institute, which takes the most recent consumption (Regency), 
consumption frequency (Frequency) and consumption amount (Monetary) as important 
Indicators to analyze and segment customers. The most recent consumption (Regency) 
refers to the time from the last consumption among the customers' multiple 
consumptions. In theory, the closer the customer is to the last consumption, the better, 
and marketers can measure consumer loyalty from this. Frequency refers to the number 
of purchases made by consumers in a certain period of time. According to this indicator, 
customers who buy most often have the highest loyalty. Monetary refers to the total 
amount of products purchased by customers in a certain period of time. The higher the 
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sum of the customer's purchase amount over a period of time, the greater the value that 
the customer creates for the company [5]. 

3 Data and Methodology 

3.1 Data  

 The data source is the kaggle platform, which is a four-year retail data set of global 
large supermarkets with detailed data. The data set is "superstore_dataset2011-
2015.csv", with a total of 51,290 records and a total of 24 features. 24 features are row-
id, order-id, order-date, ship-date, ship-mode, customer-id, customer-name, segment, 
city, state, country, postal-code, market, region, product-id, category, sub-category, 
product-name, sales, quantity, discount, profit, shipping-cost, order-priority. 

 

 

Fig. 1. Data Display 

Data cleaning refers to the process of discovering and correcting identifiable errors 
in data files, including checking data consistency and dealing with invalid and missing 
values. The consistency check is to check whether the data meets the requirements 
based on the reasonable value range and mutual relationship of each variable. This ar-
ticle first checked the data consistency and found that the data this time did not exceed 
the normal range, logically unreasonable or contradictory data. Afterwards, the data 
was checked for missing values, and data with missing values was deleted. 
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3.2 Methodology 

As an important resource of an enterprise, customers also have a life cycle. 
Customer life cycle value refers to the value created by customers for the 
company during the entire process of contact with the company. The typical 
customer life cycle value includes the investigation period, the formation period, 
the stability period and the recession period. At present, one of the more 
common and recognized models used to evaluate customer value is the RFM 
model. The RFM model was first proposed by Hushes, and it includes R 
(Recency), F (Frequency), the three variables of M (Monetary) are all 
consumption data from customers. Proximity (R) represents the time between 
the customer’s last transaction and the current time. The smaller the value, the 
greater the possibility that the customer and the company will have another 
transaction; the frequency (F) represents the customer’s interaction with the 
company within the analyzed time period. The number of transactions, the larger 
the value, it indicates the customer's loyalty to the company.[6] 

(1) Customer value model based on product category 

Based on the above analysis, this paper proposes a multi-level customer value seg-
mentation model based on the RFM model (see Figure 2).  

Fig. 2. RFM ustomer lifetime value 
 

According to the nature (price, life cycle or use) of each product of the retail en-
terprise, the products are classified, assuming that they are divided into three categories: 
A, B, and C, and then the RFM model based on the three categories of A, B, and C 
products are constructed respectively, as shown in the figure As shown in 1, the lifetime 
value of an individual customer is the sum of the customer value of the three types of 
products A, B, and C. The customer value of various products is to consider only one 
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category of products, and then use the traditional RFM model to calculate the customer 
value of the corresponding product. The calculation formula for the lifetime value of 
an individual customer is as follows: 

Vold=WRR+WFF+WMM 
Vnew=αAVA+βBVB+γCVC=αARFMA+βBRFMB+γCRFMC (2) 

Among them: Vold represents the lifetime value of individual customers in the 
traditional RFM model, R, F, and M represent the standard value of the proximity, fre-
quency and amount of individual customers who regard all the products of the company 
as a whole, and WR, WF and WM represent three The relative weight of the variable, 
the sum is 1;  

Vnew represents the lifetime value of individual customers of an enterprise with a 
multi-level model. VA, VB, and VC represent the value of product A, product B, and 
product C of individual customers. RFMA, RFMB, and RFMC represent product A, 
product B, and product C of individual customers, respectively The RFM value, the 
previous coefficient represents the relative weight of various products. 

 

3.3 Data analytic process 

(1) Sales situation 
 

a. Sales 

At this part, first, build a sub-data set of overall sales. Group and sum the sub-
data set, according to year and month. And then, split the data into one table per year. 
Build sales table, rename the row and column names and show as a picture. From 
this picture, we can know: sales in the second half year are higher than the first half. 
And with the increase in years, the sales have also increased. And then, calculate the 
growth rate and total annual sales: 

Calculate the growth rate： 
rise_12=sales_sum[1]/sales_sum[0]-1 

rise_13=sales_sum[2]/sales_sum[1]-1 

rise_14=sales_sum[3]/sales_sum[2]-1 

rise_rate=[0,rise_12,rise_13,rise_14] 
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Fig. 2.sales situation 

 
And then, Check the Area stacked chart. 

 
Fig. 3. Area stacked 

 

From this picture as we can know: The supermarket's sales are seasonal. The first 
half year is off-season, the second half year is busy-season. In the first half year, sales 
in June were high, in the second half year, sales in July were low. 

b. Sales quantity 

Build sales volume table. 
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Fig. 4 sales volume  

 

And then, calculate sales quantity growth rate and the total annual sales quantity. 

Calculate sales quantity growth rate： 

rise_12=quantity_sum[1]/quantity_sum[0]-1 

rise_13=quantity_sum[2]/quantity_sum[1]-1 

rise_14=quantity_sum[3]/quantity_sum[2]-1 

rise_rate=[0,rise_12,rise_13,rise_14] 
 

 

c. Profit 

Build profit table. 
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Fig. 5 profit table 

 
And then, calculate annual total profit and profit rate. 

profit_rate= profit_sum/ profit_sum 

 
Fig. 6 annual total profit and profit rate 

 
The annual profit, like the sales, is increasing year by year. It shows that the busi-

ness situation is reasonable. Profit margins are generally stable. 

(2) Commodity situation 

First, check the top 10 products of sales volume and products of sales. It can be seen 
that most of the highest sales volume are office supplies, and most of the highest sales 
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are electronic products and furniture with higher unit prices. And then, check the top 
10 products of profit, the result is half of them are electronic products in top 10 products 
of profit, and we can focus on increasing the sales of these products so that can increase 
overall profits. 

Next step is analyze the sales of different types products. According to the product 
type and sub-category, combine into a new category. And then, group the new category, 
calculate the sales and profit. And sort. Cumulative proportion of sales of each category 
of goods. 

 

Fig. 7  the top 10 products of sales volume and products of sales 

As we can see, different types of goods have different sales. Nearly half of the total 
sales of goods accounted for 84%.The profit of Tables is negative, that means this prod-
uct is belonging to loss status. By checking the original data, l found that most of  Tabels 
are discounting. I think that can explain why the Tables profit are negative. 

 

（3）User situation 

Find out the proportion of different types customers. As we can see, in the past 
four years, ordinary consumers accounted for the largest proportion of customers, 
reaching 51.7%. And then check the number of different types of customers every year. 
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Fig. 8 proportion of different types customers 
 

 
Fig. 9 the number of different types of customers every year 
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As we can see, each type of customer maintains a growth trend every year, and the 
customer structure is still very good. And then, check the annual sales contributed by 
different types of customers. 

 
Fig. 10 annual sales contributed 

Sales contributed by all types of customers are increasing every year. And ordinary 
consumers contribute is the most. Next step is customer order behavior analysis. Check 
the distribution of users’ first and last purchase date 

 
Fig. 11 distribution of users’ first and last purchase dates 

 

As we can see, after the beginning of 2013, the new users growth trend is slow.The 
number of new customers is decreasing year by year. 
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（4）RFM model 

The RFM model is an important tool and method to measure customer value and 
customer profitability. 

R (Recency): The interval of the customers’s last transaction time. The larger the 
R value, the longer date of the customer transaction time. 

F (Frequency): The number of customer transactions in the most recent period. 
The larger the F value, the more frequent customer transactions. 

M (Monetary): The amount of customer transactions in the most recent period. 
The larger the M value, the higher the customer value, and vice versa. 

First, build the RFM table. 

 
Fig. 12 RFM table 

 

According to RFM Model define, the maximum transaction date of all users is the 
standard, and the time interval for each transaction is R. The number of orders for each 
customer is F, and the total sales is M. Then mark the customer value and divide the 
customer into 8 levels (2 x 2 x 2).[16] 

Level 1: Important Value Customers 

Level 2: Important Keep customers 

Level 3: Important Retention Customer 

Level 4: Important Development Customers 

Level 5: General Value Customers 

Level 6: General Keep Customers 

Level 7: General Retention Customers  

Level 8: General Development Customers 
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Level 1: Important Value Customers 

Belonging to corporate loyal users, according to the life cycle, certain marketing 
strategies are required to extend the user loyalty time, such as VIP services, permanent 
discount strategies, etc., marketing strategies that give users a sense of honor; 

Level 2: Important Keep customers 

There has been a recent purchase behavior, and the consumption amount is higher 
than most users, but the purchase frequency is low. It is necessary to stimulate users to 
repurchase and increase their loyalty to the brand. You can regularly send information 
such as new products, popular items, discounts, etc. through text messages and emails 
to attract users. increase the frequency of purchases; 

Level 3: Important Retention Customer 

The most recent consumption time is long, but the consumption frequency and 
total amount are high, indicating that they are loyal customers who have not patronized 
for a period of time (will be lost soon), and we need to take the initiative to contact 
them to restore them. We can communicate by telephone to arouse users' awareness of 
the brand. Develop personalized marketing strategies based on user feedback, such as 
sending large coupons; 

Level 4: Important Development Customers 

  The historical consumption amount is high, but the purchase frequency is low. 
There has been no purchase behavior recently, and it has tended to be lost. The core 
demand is to stimulate users to repurchase and increase the impression of products and 
brands. Profits, such as the free trial, buy one get one free and other services 

Level 5: General Value Customers 

  Recently purchased, the purchase frequency is high but the total consumption 
amount is low. The unit price of this part of users is low. You can try to advertise on 
the site and off the site, such as YouTube and other platforms, to increase brand expo-
sure and increase the unit price of customers; 

Level 6: General Keep Customers 

  There has been purchase behavior recently, and the purchase frequency and con-
sumption amount are relatively low. From the perspective of the user life cycle, it is in 
the introduction period and growth period. It is necessary to take the initiative to contact 
the product by phone, care for the use of the product, provide good after-sales service, 
and increase the user's awareness of the brand. Reliability and amount increase the re-
purchase rate and consumption amount; 

Level 7: General Retention Customers and Level 8: General Development Cus-
tomers. 

Users are already in the churn stage, they can either do not do marketing, or try to 
reach them at a lower cost. 
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The RFM analysis application is for customer grouping, that is, the three indicators 
are divided into two types: "high" and "low", those higher than the average value are 
"high", and those lower than the average value are "low". Therefore, there are three 
things to do: calculate the average of each indicator score; define each  variable as 
"high" if the score is above the average and "low" if it is below the average; according 
to the three variables "high" and "low" to define customer types; such as “high”, “high” 
and “high” for high-value customers. 

Fig. 13 8 levels of RFM model 
 

 
Fig. 14 RFM model result 

R   F   M   Level 

High High High Level 1: Important Value Customers 

Low High High Level 2: Important Keep customers 

High Low High Level 3: Important Retention Customer 

Low Low High Level 4: Important Development Customers 

High High Low Level 5: General Value Customers 

Low High Low Level 6: General Keep Customers 

High Low Low Level 7: General Retention Customers 

Low Low Low Level 8: General Development Customers 
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Compare based on the average value, if the value greater than average value, It is 
1, otherwise it is 0. Then analysis of new users, active users, inactive users and regres-
sion users. 

 
Fig. 15 compare the average value result 

And then define the state function and mark the state 

 
Fig. 16 state function and mark the state 

（5）results 

It can be found that the number of new customers is decreasing every year, that 
means the new customer obtainment rate is low. The results of user situation analysis: 

1. Ordinary consumers account for the largest proportion of all customers, but the 
customer structure is still balanced, and the number of customers is increasing every 
year. 

2. By observing the latest purchase date, it can be found that users have basically 
not lost and the rate of returning is high. This shows that the customer's stickiness is 
very high. 

3. However, after 2013 year, the growth of new users has been slow, Managers 
can put advertising and other promotion strategies, to attract more new users. 

4. Identify different customer groups by RFM, it can measure customer value and 
customer profitability, and that can make personalized communication and marketing 
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services, to provide strong support for more marketing decisions, and create greater 
benefits for the company. 
 

4 Analysis conclusion and discussion 

Through the above division and comparison of customers, we found that it is more 
reasonable to divide customers into four categories. We refer to the four types of cus-
tomers as new users, active users, inactive users, and returning users. 

Active customers obtain high value through the company's products and services. 
These customers also create high value for the company through high profit margins, 
strong customer loyalty and long-term retention. This kind of relationship is mutually 
beneficial, customers get higher value, and the company also gets customer loyalty and 
higher profits. Therefore, for such customers, companies should invest in marketing 
resources to the greatest extent, pay attention to their needs from the early stage of 
product development, and communicate effectively with them. In terms of marketing 
strategy, products or services should be provided according to their requirements, and 
personalized services can be provided in terms of transaction conditions, settlement 
methods, and delivery. 

What the new customer represents is an unequal and unstable relationship.New 
customers can create higher value for the company. Such customers may include those 
newly acquired customer groups, their experience is unstable, they may be considering 
why you should choose your product in the first place; they may also be long-term 
stable customers, but they remain loyal to the company due to inertia. In short, these 
customers are very sensitive, if they do not adopt an active marketing strategy, they 
may turn to competitors. Companies can increase their value growth by paying more 
marketing efforts, providing better products and more service support. Companies 
should take the initiative to communicate with these customers and take corresponding 
special measures for their unmet needs. So that they will not develop into inactive cus-
tomers. 

With the gradual deepening of the "customer-centric" marketing concept in vari-
ous industries, research on customer value and other related data mining-based cus-
tomer relationship management will receive increasing attention. At present, major 
companies have fully realized the importance of customer value and satisfaction to the 
company, and are actively carrying out related projects. The customer segmentation in 
this research is one of the current research focuses. After having a certain understanding 
of customers, further research should be carried out on customers' consumption habits 
and spending power. It can also in-depth evaluation of customer loyalty and analysis of 
the reasons for the decline in customer loyalty, so that the company's customer rela-
tionship management level is more perfect. Therefore, the research of customer value 
based on data mining has broad research prospects. In order to improve the competi-
tiveness of enterprises, enterprises need to analyze customer value, retain high loyal 
customers and tap potential value customer groups, formulate effective competition 
strategies, concentrate enterprise resources, and enhance their own advantages. The 
RFM method still has broad market application prospects. The recent purchase date, 
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purchase amount, and purchase frequency can not only be combined to identify cus-
tomers, but they also have individual indicators. It has important meanings, for exam-
ple, the customer obtains the customer’s life cycle through the analysis of the most 
recent purchase date, etc. 

The supermarket obtains consumer data through the back-end database and calcu-
lates the customer RFM level to distinguish the value of different types of customers, 
and formulates targeted marketing plans to promote more consumption by members 
with low consumption intentions and high consumption quotas, and promote members 
with low consumption quotas to increase Consumption quota, thereby creating greater 
value for the enterprise. 

 For general retention customers, general retention customers and general devel-
opment customers who create low value for the supermarket, their activity is low and 
may be lost. Marketing costs should be reduced. They can be re-awakened through 
coupons or email reminders to stimulate them. Time consumption. For general-value 
customers, you can set up package purchases, how much you can get when you spend, 
store-value cards or joint bundling sales, etc. to increase the unit price of customers. 
Important customers and important development customers can be exchanged for gifts, 
participate in free activities, Increase the frequency of visits to the store by means such 
as member activity days. It is important to keep customers, remind them whether they 
need to repurchase according to the time period, or properly conduct product telephone 
return visits to remind customers of the existence of offline supermarkets. Important 
value customers with high three indicators are very important resources for supermar-
kets. Merchants must maintain good interaction with these customers, regularly provide 
reminders and design some promotional activities for them, so as to increase their loy-
alty. 
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