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Abstract MUSASHI is a set of commands that enables us to efficiently execute various types of data manipulations in a

flexible manner, mainly aiming at data processing of huge amount of data required for data mining. Data format which

MUSASHI can deal with is either an XML table written in XML or plain text file with table structure. In this paper we shall

present data mining oriented CRM systems based on MUSASHI, which are integrated with the marketing tools and data mining

technology. Everybody can construct useful CRM systems at extremely low cost by introducing MUSASHL
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1. Introduction

MUSASHI is a set of commands developed for the
processing of a large amount of data required for data
mining in business field and open-source software for
achieving efficient processing of XML data [1][2][3]{4].
We have developed a data mining oriented CRM system
that runs on MUSASHI by integrating several marketing
tools and data mining technology. Discussing the cases
regarding simple customer management we shall describe
general outlines, components, and analytical tools for

CRM system which we have developed.

With the progress of deflation in recent Japanese
economy, retailers in Japan are now under severe pressure.
Many of these enterprises are now trying to encompass
and maintain loyal customers through the introduction of
FSP [51[6].
as one of the CRM systems to accomplish effective sales

FSP (Frequent Shoppers Program) is defined

promotion by accumulating purchase history of the
customers in its own database and by recognizing the
nature and the behavior of the loyal customers. However,
it is very rare that CMS system such as FSP has actually
contributed to successful business activities of the

enterprises in recent years.



There are several reasons why the existing CRM system
cannot contribute to the acquisition of customers and to
the attainment of competitive advantage in the business.

First of all, the cost to construct CRM system is very high.

In fact, some of the enterprises have actually spent a large
amount of money merely for the construction of data
warehouse to accumulate purchase history data of the
customers and, as a result, no budget is left for carrying
out customer analysis. :

Secondly, it happens very often that data are actually
accumulated while technique, software and human
resources in their firms to analyze these data are in
shortage, -and the analysis of the customers is not in
progress. Therefore, in many cases, the enterprises
simply accumulate the data but do not carry out the
analysis of the customers. '

In this paper, we shall introduce a CRM system which
can be constructed at very low cost by the use of the
open-source software MUSASHI, which can be adopted
freely even by a small enterprise. The components of
the system comprise marketing tools and data mining
technology, which we developed so far through joint
research activities with various types of enterprises.
Thus, it is possible to carry out the analysis of the

customers without building up a new analytical system.

2. C-MUSASHI in Retailers

C-MUSASHI is defined as a CRM system that runs on
MUSASHI, by which it is possible to process the
purchase history of a large number of customers and to
analyze consumer bechavior in detail for an efficient
customer control. Fig. 1 shows the positioning of
C-MUSASHI in a system for daily operation of the
retailers.

By using C-MUSASHI, everybody can build up a CRM
system without introducing data warchouse through the
processes given below. In POS registers used in recent
years output the data called electronic journal, in which
all operation logs are recorded. Store controlier collects
the electronic journals from the registers in the stores and
accumulates them. The electronic journal data is
converted by “MUSASHI journal converter” to XML data
with minimal data loss.

The framework of such system design provides two
advantageous features. First, the loss of data is
minimized. In the framework given above, no data will
be lost basically. If new data is needed to discover new

knowledge, the data can be provided from XML data if it

can be obtained from the operation of POS registers.

= G_MUSASHI
(GRM Systoms)

Fig. 1 C-MUSASHI system in the retailers

Secondly, the burden of the system design can be
extensively reduced. Because all of the data are
accumulated, necessary data can be easily extracted later.
Therefore, these schemes can flexibly cope with the
changes in the system.

However, if all operation logs at the POS registers are
accumulated on XML data, the amount of data may
become enormous which in turn leads to the decrease of
the processing speed. In this respect, we define a
table-type data structure called XML table. A system is
built up by combining XML data such as operation logs
with XML data and XML table data.
using pure XML and XML table depending on the

purposes, MUSASHI aims to construct an efficient system

Thus, by properly

with high degree of freedom.

Based on the purchase data of the customers thus
accumulated, the following systems are built up: store
management system for the basic data processing in stores
such as accounting information, merchandising system for
commodity control and price control, and C-MUSASHI,

which will be explained in the succeeding sections.

3. Components of C-MUSASHI

Software tools of C-MUSASHI are categorized into two
groups: those for basic customer analysis and CRM
systems using data mining technique.  The former

provides basic information necessary for the

implementation of CRM strategy. The latter is a system
to discover new knowledge to carry out effective CRM by
using data mining technique.

In this section, we shall introduce the tools for basic

customer analysis. Basic tools in C-MUSASHI have



several tools usually incorporated in general CRM
systems: decil analysis, RFM analysis, customer attrition
analysis, and LTV measurement. They are used for basic
C-MUSASHI also has many other
We will present here only a

customer analysis.
tools for customer analysis.
part of them here.

3.1. Decil analysis

In decil analysis, based on the ranking of the customers
derived from the amount of purchase, customers are
divided into 10 groups with equal number of customers,
and then basic indices such as average amount of
purchase, number of visits to the store, etc. are computed
for each group [5][6]. = From this report, it can be
understood that all customers do not have equal value for
the store, but only a small fraction of the customers
contribute to most of the profit in the store.

3.2. RFM analysis

RFM analysis [6][7] is one of the tools most frequently
used in the application purpose such as direct-mail
marketing. The customers are classified according to
three factors, i.e. recency of the last date of purchase,
frequency of purchase, and monetary factor (purchase
amount). Based on this classification, adequate sales
promotion is executed for each customer group. For
instance, in a supermarket, if a customer had the highest
purchase frequency and the highest purchase amount, and
did not visit to the store within one month, sufficient
efforts must be made to bring back this customer from the
stores of the competitors.

3.3. Customer attrition analysis

This analysis indicates what fraction of customers in a
certain customer group would continuously visit the store
in the next period (e.g. one month later) [7]. In other
words, this is an analysis to indicate how many customers
have gone away to the other stores. These numerical
values are also used for the calculation of LTV as
described below.

3.4. LTV (Life Time Value)

LTV is a net present value of the profit which an
average customer in a certain customer group brings to a
store (an enterprise) within a given period [7]{8]. It is
calculated from the data such as sales amount of the
customer group, customer maintaining rate, and discount
rate such as the rate of interest on a national bond.

Long-term customer strategy should be set up based on

LTV, and it is an important factor relating to CRM system.

However, the component for calculation of LTV prepared
in C-MUSASHI is very simple and it must be customized

depending on enterprises to use it.

These four tools are minimally required as well as very
important for CRM in business field. It is possible to set
up various types of marketing strategies based on the
results of analysis. However, they are general and
conventional, and then do not necessarily bring new
knowledge to support differentiation strategy of the

enterprise.

4. CRM Systems Based on the data mining
technique
In this section, CRM system based on the data mining
which discovers new
CRM
strategy from the purchase data of the customers. General

technique will be presented,
knowledge wuseful for implementing effective

CRM system commercially available simply comprises
the processes of retrieval and aggregation for each
customer group, and there are very few CRM systems in
which analytical system that can deal with large-scale
data equipped with data mining engine is available in
actual business field. In this section, we explain our
system that can discover useful customer knowledge by

integrating the data mining technique with CRM system.
4.1. Systems structure of C-MUSASHI and four
modules

Fig. 2 shows a structure of CRM system using
C-MUSASHI.
accumulated as XML table is preprocesses by a core
system of MUSASHI.
provided as retail support information in two different

Customer purchase history data

The preprocessed data is then

ways.

In the first approach, the data preprocessed at the core
of MUSASHI is received through WEB server. Then, the
data is analyzed and provided to the retail stores by
existing application software such as spread-sheet or data
In this case, C-MUSASHI is only in

charge of preprocessing of a large amount of data.

mining tools.

In the second approach, the data is directly received
from the core system of MUSASHI.
by the use of data mining engine in MUSASHI, and useful

Rules are extracted
knowledge is obtained from them. In this case,
C-MUSASHI carries out a series of processing to derive
prediction model and useful knowledge. Whether -one of
these approaches or both should be adopted by the
enterprise should be determined according to the existing

analytical environment and daily business activities.
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Fig. 2 System structure of C-MUSASHI

CRM system in C-MUSASHI which integrates the data
mining technique consists of four modules corresponding
to the life cycle of the customers [8][9][10].
each product has its own life cycle, each customer has life

Just as
cycle as a growth model. Fig. 3 shows the time series
change of the amount of money used by a typical
customer. Just like the life cycle of the product, it
appears that customer life cycle has the stages of

introduction, growth, maturation, and decline.
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Fig. 3 Customer life cycle and four CRM modules

It is not that all customers should be treated on equal
basis. Among the customers, there are bargain hunters
which purchase only the commodities at the discounted
price and also the loyal customers who give great
In the stage @,

the loyal customers are discriminated from among the

contribution to the profit of the store.
new customers. We developed an early discovery
module to detect loyal customers in.order to attract the
customers who may bring higher profitability.

In the stage @, an analysis is required to promote new
customers and quasi-loyal customers to turn them to the
loyal customers. For this purpose, we developed a decil
switch analysis module. In the stage @, merchandise
assortment is set up to meet the requirements of the loyal
customers. . A basket analysis module was prepared for

the loyal customers in order to attain higher satisfaction

and to raise the sales for them. In the final stage @, for
the purpose of preventing the loyal customers from going
away to the other competitive stores, analysis is
performed using the customer attrition analysis module.
Detailed description will be given below on these

modules.
4.2. Early discovery modules to detect loyal
customers from newcomers

This module is a system for constructing a predictive
model to discover from new customers within short time
after the first visit to the store those who will become
loyal customers in future and to acquire knowledge to
capture these customers. = The user can select the
preferred range of the customer groups classified in
Sections 3.1 and 3.2 and the period to be analyzed. The
new customers are then classified into loyal customers
and non-loyal ones.

The explanatory attributes are prepared from the
purchase data during the specified period such as
one-month or during the number of visits to the store
from the first visit. Sales ratio of the product category
for each customer (the ratio of sales amount of the
product category to total sales amount) is generated in the
module. When a model is built up by using the data
mining engine of MUSASHI, a model for predicting loyal
customers can be constructed from the above data joined
together by using the model generating command
“xtclassify”.

As a result, the model tells us which category of
purchasing features these new prospective loyal
customers have. Such information provides valuable
implication when loyal customers are obtained from the
competitive stores or when it must be determined on
which product category the emphasis should be put when
a new store will be opened.

4.3. Decil switch analysis module

Decil switch analysis module is a system to find out
what kind of changes of purchase behavior of each
customer group based on decil give strong influence on
the sales of the store. Given two periods, the following
processing will be automatically started: The changes of
purchase behavior of the customers during the two
periods are calculated, and the customers are classified
into 110 customer groups according to the decil value of
both periods. For instance, the customers who was
classified as decil 3 in the preceding period are to be
classified as one of decil 1 through 10 or as the customers

who did not visit the store in the subsequent period. For



each of these customer groups, the difference between the
purchase amount in the preceding period and that in the
subsequent period is calculated, which makes it clear how
the changes of sales amount of each of the customer
groups give strong influence on total sales amount of the
store.

Next, judging from the above numerical values
(influence on total sales amount of the store), the user
decides which of the following data he/she wants to see,
e.g., decil switch of all customers, loyal customers of the
store, or quasi-loyal customers. If the user wants to see
the decil switch of quasi-loyal customers, sales ratio of
each product category for each customer group in the
preceding period is calculated, and a decision tree is
generated, which shows the difference in the purchased
categories between the quasi-loyal customers whose decil
increased in the subsequent period (decil-up) and those
whose decil value decreased (decil-down). Based on the
rules obtained from the decision tree, the user can judge
which product category should be recommended to
quasi-loyal customers in order to increase the total sales

of the store.
4.4. Basket

customer
For the purpose of increasing the sales amount of a

analysis module of the loyal

store, the most important and also minimally required
condition is to keep loyal customers exclusively for a
store. In general, the loyal customers tends to continue to
visit a particular store. As far as the merchandises and
services to satisfy these customers are provided, it is
easier to continuously keep these customers to the store
than to make efforts to acquire the new customers. This
module is to find out the merchandises preferred by loyal
customers according to the result of the basket analysis
on their purchase data.

From the results obtained by this module, it is possible
not only to find out which product category the loyal
customer prefers, but also to extract the most frequently
purchased merchandise and to indicate the product
belonging to C rank in ABC analysis. In the store
control practiced in the past, if sales amount of the
products preferred by the loyal customers is not very
large, then the product often tends to disappear from the
sales counter. Based on such information extracted from
this module, the store manager can display the particular
merchandise on the sales counter which loyal customer
prefers and can pay special attention so that the

merchandise will not be out of stock.

4.5. Customer attrition analysis module

Customer attrition analysis module is a system for
extracting the purchase behavior of the loyal customers
who left the store and to provide information for effective
sales promotion in order to regain such loyal customers.
When the user defines the loyal customers, the group of
the customers is extracted, who had been loyal customers
continuously for the past four months and had gone
thereafter to the other stores. Using the sales ratio of
product category preceding the attrition of the customers
as explanatory variable, a classification model of the
customer group is generated. By elucidating which
group of customers is more easily diverted to the other
store and which category of products these customers had
been purchasing, the store manager can obtain useful
information on the improvement of merchandise lineup at

the store to keep loyal customers.
4.6. The case of decil switch analysis module in
a supermarket
Since we cannot discuss all of the cases of the above
four modules in this paper, we will analyze the data of a
large-scale supermarket and try to find out the possibility
to promote quasi-loyal customers to loyal customers by

using decil switch analysis module.
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Fig. 4 Changes of sales amount for each decil switch

group

In the supermarket used in this research, the sales
increased more than those of the other stores during the
period we are concerned with. The purpose of the analysis
is to elucidate the reason in terms of features of the
purchase behavior of the customers. .

First, two periods, i.e. April and May of 2003, werc set
up for analysis. Fig. 4 shows the changes of the
purchase amounts in April and May of the customer

groups classified according to the decil values of both



periods. In the figure, the portion indicated by a circle
shows that the sales for the quasi-loyal customers groups
(the customers with decil 2 -4) in April increases in May.
From the figure, it is clear that the sales increase of
quasi-loyal customers makes great contribution to the
increase of the total sales amount of the store.

Next, focusing on the quasi-loyal customers, let us try
to carry out decil switch analysis by using decision tree.
In the rules obtained from the decision tree, there is some
interesting information. For instance, it was found that
the customer who had purchased higher percentage of the
product category such as milk, eggs, yoghurt, etc., which
are easily perishable, shows high purchase amount in the
subsequent period. Also, it was discovered that the
customers who had been purchasing drugs such as
medicine for colds or headache exhibited the increase in
decil value in the subsequent period.

The store manager interpreted these rules as follows: If
a customer is inclined to purchase daily foodstuffs at a
store, total purchase amount of the customer including
other categories can be maintained at high level. As a
result, the customer may have a sense of comfort, relief
and sympathy with the store and would be more likely to
Based

on such information, the store manager is carrying out

buy other goods relating to health such as drugs.

sales promotion to keep the store in such atmosphere as to
give the customers a sense of comfort, relief and

sympathy to the store.

5. Conclusion

In this paper, we have introduced a CRM system called
C-MUSASHI which can be constructed at very low cost
by the use of the open-source software MUSASHI. We
have explained components and software tools of
C-MUSASHI. In particular, C-MUSASHI contains several
data mining tools which can be used to analyze purchase
behavior of customers in order to increase the sales
amount of a retail store. However, we could not explain
the details of all of the modules in this paper. In some
of the modules, sufficient analysis cannot be carried out
in actual business. We will try to offer these modules to
the public as soon as possible so that those who are
concerned in business field would have an advantage to
use the modules. In future, we will continue to make
improvement for the construction of effective CRM
systems by incorporating the comments and advices from
the experts in this field.

In C-MUSASHI, a typical decision tree tool and basket

analysis tool ware used as data mining technique. A
number of useful data mining algorithms are now

provided by the researchers. We will continuously try to

utilize and incorporate these techniques into C-MUSASHI,
and we will act as a bridge between the research results

and actual business activities.
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