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Abstract:

The world around us is changing all the time. For businesses, knowing what is
changing and how it has changed is also crucial. One of the most important aspects of
surviving in a dynamic market is to know and adapt to changes happening in customer
behavior. In Fast Moving Consumer Goods (FMCG) Distribution Company, this issue
has more importance. Because of the variety of FMCGs products, distribution
companies and their different strategies, the purchasing behavior of customers may
change many times during a period and the competition become tougher. The purpose
of this study is to help Kalleh Company as a manufacturer and distributor of food
products in Iran market to mine changes happening in their customer behavior.

Mining changes has several steps includes data collection, data preprocessing,
customer segmentation, mining customer behavior patterns and change mining. For
customer segmentation, we use Customer Value Matrix. For mining pattern of
behavior, we use Apriori algorithm and maximal frequent itemsets. We have different
kinds of changes based on the literature, added/perished rules, emerging pattern and
unexpected changes. Also, there are two measures of similarity and unexpectedness to
measure the change. In this study, one time we calculate changes based on these
measures from the literature. Then, we modified these measures to calculate the
difference between ordinal attribute to bring their information in the calculation of
changes. Our contribution is modifying these change measure to bring more
information and higher accuracy in change mining. The result presented in the
chapterf. Marketing managers can apply these detected changes to be responsive
accurately and timely to the changes in the market. In addition, they can use it to
evaluate different marketing campaigns to build stronger relationship with their
customer and knowing the market better. There are many implications for mining
changes in macro in micro aspects of businesses and also in marketing campaigns and
manufacturing.
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V,YBackground of the study:

The world around us changes continuously. Knowing and adapting to changes is
an important aspect of our lives. For businesses, knowing what is changing and how it
has changed is also essential (Liu et al, Y+++). One of the most important aspects of
surviving in a dynamic market is to know and adapt to changes happening in customer
behavior. Moreover, in recent years, there has been the explosive growth in the amount
of information (Min, S., H., Han, 1., Y+ +°). In general, Fast moving consumer goods
(FMCQG) distribution companies collected huge amount of data from their customers
and their purchasing transactions. In this gathered data, we can find interesting hidden
information about the customers and their behaviors.

The traditional approach for marketing decision making for marketing
promotions, campaigns and market research in FMCG distribution companies is to
focus more on their internal expert opinions. These experts include the marketing
managers and also sales managers who are in constant touch with their salespeople and
merchandisers who bring them market information.

However, this kind of decision making process ignores the customer data and
their behaviors. Furthermore, in today’s world where the market is highly competitive
and products are overwhelming, customers face with various products and various
providers with different marketing strategies (Hossein Javaheri, S., Y++A). In such a
situation, customer behavior changes all the time due to such a dynamic market (Chen
et al, Y++°). When the marketing manager became aware of some changes in the
market by sales team; he/she does not have any idea about how and where to start
understanding these changes and their reasons. It results to design a wide time-
consuming and costly market research which its result maybe did not reach on time to
the marketing department to react to these changes. Also in such a market, there are
many promotion campaigns by company itself and competitors that it is difficult to
analyze the effectiveness of them in the market. So, in the competitive environment,
there is a need to mine customer data and their transactions to find changes in customer
purchasing behavior which is an effective and efficient way to respond to their needs
timely and accurately. As a result, many FMCG distribution companies in Iran are
trying to move away from traditional way for planning their marketing campaigns,
promotions and market research by understanding changes happening in their
customers’ purchasing behavior. Change mining helps managers to make better
marketing strategies.

A\



V., YProblem definition:

Kalleh Company is a private manufacturer and distributor of food product in Iran.
It produces different categories of food product from dairy products to ice cream and
meats and sauces. It has more than )+ different categories and about A+ products.
Now, the company is faced with the challenge of increasing competition. There are
some reasons behind it. First, according to the high variation of products, it should
compete in different food market like dairy, ice cream and meat. It results to compete
with many competitors with different product categories and different marketing
strategies. Also there are some powerful governmental companies that make
competition tougher for Kalleh. So in such a market, the customer behavior may
change by the trend of companies’ strategies in the market and also by changing their
need by themselves.

Kalleh Company in order to answer to the changes in customer purchasing
behavior timely and not being behind the customer needs and the competition need to
mine changes in the customer purchasing behavior. The goal of Kalleh Company is to
mine changes in purchasing behavior of the customers in different segments to respond
to these changes timely and accurately to increase its return on investment (ROI).

\,¥Purpose of this study:

The purpose of this study is to mine changes in customer purchasing behavior. In
order to reach this goal we need to building customer purchasing patterns of customers
based on the customer, product and transaction data collected in databases.

Data mining techniques can help us to reach this goal. According to (Song et al,
Y+ V), data mining is the process of exploration and analysis of large quantities of data
in order to discover meaningful pattern and rules. Many of data mining Studies has
focused on developing techniques to build precise models to predict customer’s
behavior, and to set up marketing strategies and customization. According to (Nemati
& Barko, Y++); cited by Nemati, H.R., Barko, C. D., Y++Y), most of data mining
applications (VYY) are centered on predicting customer behavior. Comparatively little
attention has been paid to discover changes in databases collected eventually (Liu et
al., Y+ ++). From literature review, what is obvious is too much time spent on worrying
about “absolute” numbers, like Lifetime Value. However, what they should really be
observing is “relative” numbers — change over time. Highest potential ROI customers
from a marketing viewpoint are Customers who are in the process of changing their
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behavior either accelerating their relationship with you, or ending their relationship
with a company (Novo, j., Y+ +A). In many applications, mining changes can be more
crucial than producing precise prediction models, which are in the center of existing
data mining researches. Regardless of how the model is accurate, it is inactive by itself
because it can only predict based on patterns mined in the old data. Acting based on
the built model should not guide to actions that may change the environment because
otherwise the model will stop to be correct (Liu et al.,, Y+++). Prediction model
building is more appropriate in areas where the environment is comparatively steady.
However, in many business conditions, constant human interference to the
environment is a fact. Businesses simply cannot let nature take its course. They
constantly need to do actions in order to provide better services and products by
finding the attractive changes and steady patterns in customer behaviors. Still in a
comparatively steady environment, changes are also unavoidable due to internal and
external issues (Liu et al., Y+ ++).

From these viewpoints the question: ‘Which patterns exist?’ as it is responded by
state-of-the art data mining technology, is replaced by the question: ‘How do patterns
change?’ (Bottcher, M., et al, Y++7). Actually, discovery of interesting and earlier
unidentified changes in customer, product and transaction data, not only let the user
monitor the influence of past business decisions but also to get ready today’s business
for tomorrow’s needs (Bottcher, M., etal, Y+ + 7).

Major changes often need instant concentration and actions to modify the
existing practices and/or to change the domain condition (Liu et al, Y+ ++). By using
change mining methodology, Kalleh Company can detect different kinds of changes
happening in the customer purchasing behavior to build stronger relationship with the
customers. Also, understanding changes in customer behavior can assist managers to
set up effective and efficient promotion campaigns.

(Liu et al, Y+« +) mentioned that there are two main goals for mining changes in a
business environment:

"To follow the trends": The main feature of this kind of applications is the word
"follow". Companies like to know where the trend is going not to be left behind. They
need to investigate customers' changing behaviors so as to provide products and
services that suit the changing needs of the customers.

"To stop or to delay undesirable changes": In this kind of applications, the
keyword is "stop". Companies like to know undesirable changes as soon as possible
VY



and to plan corrective measures to stop or to delay the pace of such changes.

The overall procedure consists of several steps. In the literature, there are some
methods for change mining in the dynamic situation. According to (Song et al, Y+ +)),
the majority of data mining techniques like association rules and neural networks
cannot be used alone because they cannot manage dynamic situation well. (Song et al,
Y++Y)and (Chen et al, Y+ +°) developed a methodology for mining changes. They used
association rule to detect interesting association relationships among a large set of data
items which introduced by (Agrawal et al., Y34Y). The methodology detects all kinds
of changes. According to (Chen et al, Y:+:°), Change mining has several steps
including data preprocessing, customer segmentation, mining association rule and
change mining. In the first customers are segmented based on their behavioral
variables, recency, frequency and monetary (RFM). Then by building association rule
with customer behavioral variable (RFM), customer data and transaction data, we
describe the customer purchasing behavior in two different time snapshots, and in the
end we compare generated rules for each segment to mine changes in the customer
purchasing behavior. To mine changes, various algorithms and techniques should be
used. In order to implement these algorithms and techniques, an extensive
programming is needed. Finally, we combined all of the algorithms to build a change
mining package.

\,£Research question:

Based on the problem discussion that we have above, the purpose of this study is
to mine changes in customer purchasing behavior. In order to reach this purpose, the
research question will be as followed: How businesses can be responsive to the
changes of customer behavior in dynamic market. In addition, how businesses can
detect and access to the changes happened in the customer behavior pattern to be
responsive accurately and timely.

V,°Research motivation:

Recently, we have watched an explosion of data produced and collected by
individuals and organizations. This fast growth in data and databases made the
problem of data overload (Li, X. B., Y++°). More recently, increased computing
power has led to greater elasticity in the models one can use and the amount of data
that can be stored and processed (Bolton, R. J., Y++£) and as a result, data mining
techniques have came out and flourished in the past several years to encounter this
demand (Li, X. B., Y+ +°). Organizations are starting to understand the importance
of data mining in their marketing strategies.
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In this situation, businesses currently face the challenge of a constantly evolving
market where customer needs are changing all the time (Chen et al, Y+ +2). In such an
environment, knowing the changes and responding rapidly and correctly to them, has a
high importance. While customer needs change over time, if businesses could not meet
their need, they would lose their customers who are their ROI resources. Some works
have been done in change mining in retailing. One of the businesses that change
mining can help it to improve, is FMCG distribution business that face a dynamic
markets by huge variation of products and competitors in the market. The purpose of
the change mining is following the trends that are happening in the customer
purchasing pattern, detecting the changes and respond to them timely to satisfy
customers more and meet their needs.

\, Demarcation: This study focus on mining changes in customer purchasing
behavior based on the customer and purchasing transaction stored in a database.
Change mining has been done by data gathered from a database of FMCG Distributor
Company in Iran. Most of the literature reviewed is about mining changes in customer
purchasing behavior. Our work focus on building customer behavior patterns by
association rule mining and the comparison of these built rules. These patterns just
based on their previous transactions.

\,YResearch outline: This thesis consists of five chapters. The first chapter is
introduction that gives a brief background about subject followed by research question,
objectives, and motivation. Chapter Y is a literature review, consists literature review
on data mining, association rule, change mining and customer segmentation. Chapter¥
is about our research methodology including data preprocessing, market segmentation,
mining customer behavior and change mining. Chapter¢ is about the results and
analysis. Chapter © is the last chapter that contains conclusion, limitation, and further
research.
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ChapterY: Literature Review

Review of Mining Customer Behavior
Review of Data Mining

Review of Association Rule Mining
Review of Change Mining

Review of Customer Segmentation
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Y. YMining Customer Behavior: Different methods to describe customer
behavior exist in the literature. Among them, there are various types of conjunctive
rules to build customer behavior pattern including association rules and classification
rules (Agrawal R. et al, Y4271 & Breiman L., et al., Y3A¢ cited on Adomavicius, G.,
Tuzhilin, A., Y+ +))

Using rules to describe customer behavior has certain advantages. Besides being
descriptive way to portray behaviors, a conjunctive rule is a well-studied concept and it
is used widely in data mining, expert systems, and many other areas. In addition,
researchers have proposed many rule discovery algorithms in the literature, especially
for association rules (Adomavicius, G., Tuzhilin, A., Y++)). To discover rules that
describe the behavior of customers, we can use various data mining algorithms, like
Apriori for association rule mining.

Association rules were initially applied for market basket analysis to find the
relationships between product items purchased by customers at retail stores (Agrawal,
Imielinski, & Swami, Y44Y; Srikant, Vu, & Agrawal, Y34V cited by Chen et al, Y+ +?).
In a research of customer behavior, we can apply association rule to find the
correlations between customer demographic variables, purchased product and product
databases (Song et al, Y+ +)).

In this chapter, we will have a review of data mining, then association rules. Then
the next topic will be the change mining of customer behavior in the literature. And
following by that finally we will have a brief review of customer segmentation.

Y. YReview of Data Mining
Y. Y,) Data mining: in brief

Today, size of databases can be very large. Within this data you can find hidden
strategic information. But when you have a huge amount of data, inducing meaningful
conclusions is not easy. The novel answer is data mining being used both to increase
revenues and to reduce costs. Many people use data mining as a synonym for another
popular word, Knowledge Discovery in Database. In rotation other people define Data
Mining as the core process of KDD.

The KDD processes are shown in Figure Y,) (Han, J., & Kamber, M., Y+ +7),
Usually KDD has three processes. First one is preprocessing executed before data
mining techniques applied to the right data. The preprocessing includes data cleaning,
integration, selection and transformation. The main process of KDD is the data mining

process. In this process different algorithm are applied to produce hidden knowledge.
1



The last process is post-processing comes evaluating the mining result according to
users’ requirements and domain knowledge.

Regarding the evaluation results, if the result is satisfactory the knowledge can be

presented; else we have to run some or all of those processes again till we get the
satisfactory result (Han, J., & Kamber, M., Y+ + 7).

C Graphical User Interface)

I

C Pattern Evaluation
~A

v
( Data Mining Tools
A

Knowledge basg

v

[ Data Repositories )

Data Cleaning & Integration

Other

\_//
F Databaseﬂ ga Wareh@ Repositories

- N~ S~

Figure Y,): Knowledge Discovery in Database Processes
(Song et al, Y+ +V) defines data mining as a process of exploration and analysis of

large quantity of data to discover meaningful patterns and rules. (Feelders et al, Y« ++)
define the process of data mining as follows:
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Definition

Acquisition
of Background r«---
Knowledge

Selection |,
of data
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of data

Analysis and

Interpretation
Reporting
and Use

Source: (Feedlers etal, Y+« +)
Figure Y,Y the major steps in data mining Process

The data mining returns potential is immense. Innovative organizations
worldwide are already using data mining to attract higher-value customers, to
configure their product offerings differently to increase sales, and to minimize losses
due to mistakes or fraud.

Y. ¥.Y Data mining Functions: (Dunham, Y+ Y) categorizes data mining to two
categories, one is descriptive and the other one is predictive (Figure ¥,Y).

Data Mining

Predictive Descriptive

AN TANN

Classification Regression Time Series Prediction Clustering Summarization Association Sequence
Analysis Rules Discovery

Source: (Dunham, Y+ +Y)

Figure Y,¥: Classification of DM techniques

The first and simplest analytical step in data mining is to describe the data-
summarize its statistical attributes such as means and visual review like charts and
YA



graphs, and correlations among variables. The most important step is right data
selection, data gathering and data exploration. Sometimes data description alone
cannot provide an action plan. You must build a predictive model based on patterns
determined from known results, and then examine that model with a new sample data.
A good model should never be the same as reality, but it can be a useful guide to know
your business. And after all we should empirically verify the model (Twocrows.com,
Y+ +02). In the next section, we explain briefly three important data mining techniques.

Y. ¥.¥ Classification in brief:

Based on (Han and Kamber, Y+ +%), Classification is automatic model building
that can classify a class of objects so as to predict the classification or missing attribute
value of future objects whose class may not be known. The process has Y steps. In the
first step, a model is built to describe the characteristics of a set of data classes or
concepts based on the collection of training data set. Because data classes or concepts
are predefined, this step is also known as supervised learning. In the second step, the
model is used to predict the classes of future data or objects. There are several
techniques for classification (Han and Kamber, Y+ +7). In Classification by decision
tree many researches are done and plenty of algorithms have been designed, Murthy
did a extensive survey on decision tree induction (Murthy, Y39A; cited by Han, J., &
Kamber, M., Y+ +7). Bayesian classification is another technique that can be found in
(Duda and Hart, Y2VY cited by Han, J., & Kamber, M., Y++7). Nearest neighbor
methods are also talked about in many statistical texts on classification, such as (Duda
and Hart, Y4VY, cited by Han, J., & Kamber, M., Y++1) and (James, )3A®, cited by
Han, J., & Kamber, M., Y+ 7). Besides, there are many other machine learning and
neural network techniques used to help building the classification models.

Y. Y,¢ Clustering in brief: As we mentioned before, classification can be
taken as supervised learning process, clustering is another mining technique similar to
classification. However clustering is an unsupervised learning process. "Clustering is
the process of grouping a set of physical or abstract objects into classes of similar
objects" (Han, J., & Kamber, M., Y+ +7), so that objects within the same cluster must
be similar to some extend, also they should be dissimilar to those objects in other
clusters. In classification each record belongs to a predefined class, while in clustering
there is no predefined class. In clustering, objects are grouped together based on their
similarities. (Han, J., & Kamber, M., Y+ +1)Similarities between objects are explained
by some similarity functions; usually similarities are quantitatively defined as distance
or other measures by corresponding domain experts. (Han, J., & Kamber, M., Y++1)
Most clustering applications are used in market segmentation. When they cluster their
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