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EXTENDED ABSTRACT

Introduction

Customer relationship management (CRM) refers to all processes and technologies
that are used in companies and organizations to identify, encourage, expand, maintain and
provide service to customers. In this article, using data mining methods, a new model is
presented to classify and predict the assignment of customers to different categories. For
this purpose, a proposed combined LRFM method with the concepts of quantiles and data
mining methods was proposed to categorize customers. In this method, first, customers
are placed in different categories based on the LRFM model and statistical data. For this
purpose, concepts of quartiles and outlier data were used. Then, with the help of data
mining classifiers, multi-class predictive models of customer categories were created. This
step included removing redundant features and selecting superior features in the data set
before creating predictive models.

Methodology

The proposed method of this article consists of two parts. First, the method of
customer categorization is discussed, and in the second part, the class of customers
is determined.

Customer categorization

The proposed method of this article to categorize customers is a method based on the
LRFM model. The proposed method for categorizing customers included 3 steps. At first,
customer data was extracted. This data can have a different structure in each set.
Therefore, extracting and refining these data is considered as the first step of the proposed
method. The purpose of refining customer data was to correct or, if necessary, remove
unwanted or null values provided by customers. The presence of these values has adverse
effects on the quality of the final results of data analysis. In the second step of this method,
the parameters related to the LRFM model were divided into two 3- and 5-part forms, and
the result of the LRFM value was obtained from the product of these values. In the last
stage of the proposed method, first, second and third quartiles were used to place
customers in different categories. These three values showed well the state of data
dispersion in a data set with skewness.

Determining the class of customers

In the method used in this article to classify and build decision-making models, first,
irrelevant features were removed from the data set. Then, with the help of feature
selection methods, redundant features were also removed. In the final step, a decision-
making model was built with the help of the remaining features, and finally this model was
tested and its accuracy used to determine the class of other records. Here, irrelevant
features are those features whose presence or absence has no effect on the decision-
making process. In addition, in this article, Pearson's criterion was used to select useful
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features. Uncorrelated variables were kept and one of each pair of positively or negatively
correlated variables was removed.

Results and discussion
In the present work, a data set containing 1134 information records of the sale of
products of Sarchin Khorasan Company was used. The data set had 12 features.

Categorizing customers

Because of the popularity of the K-Means method in categorizing customers, in order to
compare the results, a classification structure based on K-Means was also implemented. In
addition, in order to determine the best number of clusters in K-Means, with the help of
this met Silhouette parameter, customers were categorized into four different clusters.

Also, the selected features for the LRFM model were as follows:

—  The features of purchasing a product or similar products were used for Recency.

—  The number of visits the store was used to characterize Frequency.

—  The number of products purchased by each customer was used for Monetary.

— To characterize the Length of the customer companionship period, the visit
feature of the company products was used.

The LRFM formula used in this article was the product of the first 4 parameters and the
sum of their results with the fifth parameter. Furthermore, based on the values of the
quantiles, the customers were divided into four categories: gold, silver, bronze and
ordinary customers. The choice of number 4 was to match and compare the results of this
method with the results of the combination of K-Means and Silhouette. Customers with
LRFM value less than or equal to 5 (first quartile) were categorized as normal customers,
customers with LRFM value greater than 5 and smaller equal to 6 (second quartile) as
bronze customers, customers with LRFM value greater than 6 and smaller equal to 10
(third quartile) as silver customers and other customers (LRFM value greater than 10) as
gold customers.

Evaluation of classifications

To evaluate the results, 13 different classifiers were used in IBM SPSS Modeler 18
software. In addition, the dataset was divided into training set (including 66% or 753
records) and test set (including 34% or 381 records).

Considering that four different classes of customers were defined in this data set, the
problem was a multi-class problem. Thus, to evaluate the results of multi-class models, we
used the relationships of the article (Skolova and Lapalmi, 2009). In multi-class models,
two microscopic and macroscopic procedures were defined for this purpose. The
difference between these two procedures was that in the microscopic model, the average
of all sample values in different classes was used. However, in the macroscopic model, the
average values obtained for the classes were used. Since the SPSS Modeler software was
not able to analyze the performance of multi-class models, the results of determining the
class of each class were collected and entered into MATLAB.
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Reviewing the results shows that, in general, the used classifiers with the outputs of the
proposed method performed much better. While in the results of classification with K-
Means, the best classification accuracy was related to the logistic regression class, which
was close to 100%; in the results of the proposed method, six classifiers were able to
obtain 100% accuracy. This obvious superiority indicates that the performance of the
proposed method for customer clustering was quite effective.

In addition, the average results for microscopic parameters in classification with K-
Means were higher than the similar values in the proposed method. However, in the
macroscopic parameters of the observed procedure, it was completely the reverse. This
shows that the combination method of K-Means and Silhouette was focused on improving
the result of individual class recognition, and in contrast, the proposed method was based
on improving the result of group recognition. These observations can be used to determine
the desired method. The selected evaluation approach can be a tool for determining
organizational goals for CRM and how to interact with customers.

Conclusion

In this article, a novel method for categorizing and predicting the category of each
customer was presented. The results show that the outputs of the proposed method
performed better not only in the individual evaluation of the class members, but also in the
performance of group recognition of customers.
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