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DATA MINING CONCEPTS WHITE PAPER

INTRODUCTION

This paper is intended for anyone who is interested in applying Data Mining techniques in practical
business and commercial situations. Specifically, it describes the value that data mining brings to the area
of business analysis and how it complements traditional reporting systems and techniques. The
foundation of Data Mining techniques will be described and followed with concrete examples of use.

BENEFITS OF DATA MINING

Today's competitive marketplace demands that companies aggressively manage their customers and the
invaluable information they posses related to their customers. It is in this area that data mining can be of
tremendous value by analyzing the massive amounts of collected data and finding hidden information,
which can allow you to better understand your customers and anticipate their behavior. BTS builds data
mining software applications that help you to uncover the hidden information about your customers that
resides in the multitude of transactional systems. Equipped with this information, organizations will be
capable of enhancing your customer relationships and increasing your understanding of their habits,
which enables them to:

® Profile customers and understand their behaviors

e Target profitable customers with the correct set of offerings
e Increase retention of existing customers and avoid churn

e Reduce costs related to customer acquisition

e Improve profit margins

DATA MINING OVERVIEW

In a nutshell, Data Mining (DM) enables organizations to find hidden patterns in, and develop
predictions based upon, the large volumes of data stored in their operational systems and a variety of
independent data stores. A company can discover associations of events, patterns, and attributes that
would normally be unseen by the naked eye via the implementation of a variety of DM algorithms and
their associated methodologies. DM can also help organization to perform a variety of complex analysis
including demand forecasting, what if analysis, and marketing program effectiveness.

TooL COMPARISONS

There are a number of categories in which to classify BI tools found in the marketplace (See Figurel). It is
important to first understand the various categories and how DM compares. The first grouping is that of
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current state reporting which provides a surface level view of information and is useful for tactical
operational decisions. This can be sub-divided into two areas traditionally known as Ad-hoc and Query
& Reporting. The Query & Reporting tools generally provide information derived from SQL queries that
are preconfigured by a vendor or IT department, and can be characterized as static and parameterized.
Ad-hoc reports, while also based on SQL queries, differ in that they are configured by a business analyst
on an as-needed basis. These reports can be characterized as inflexible and user-centric. The next category
is that of OLAP Reporting, which is capable of providing an additional level of sophisticated analysis.
OLAP Reporting applications use the multi-dimensional characteristics of Data Marts to provide more
diverse capabilities to assist with business functions such as enterprise budgeting and financial reporting,
demand planning, and market analysis. The characteristics of Data Marts allow the flexible traversing of
data by enabling the easy retrieval of summarized data, "slicing & dicing" data into separate marts based
on business unit or operational function, and simplifying the reporting process through user interfaces
that are more flexible than writing SQL-based queries.

Trend and Prediction tools take the sophistication of OLAP Reporting to yet another level. While OLAP
Reporting could potentially detect some patterns in the company data, it is, by definition, based on a slice
of information. This limiting factor can be thought of as a filter. The fact that an analyst uses a-priori
business knowledge, or assumptions, to create the originating dataset can also be considered a filter. By
contrast, DM algorithms directly analyze all data, removing the inhibiting filters, and finding patterns
that would otherwise be unseen. These "hidden" patterns are not only useful for understanding trends
and behaviors, but can be used for predicting the outcome of business decisions.
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EXAMPLES

DM is particularly useful in the area of customer management. This includes understanding customers
past purchasing behaviors, creating a custom offering and predicting the outcome of specialized
marketing campaigns. A couple concrete examples of CRM applications that can be offered using DM are
as follows:

e Customer Profiling Application - allowing customers to be segmented based on their subscribed
services, activities and behavior. Figure 2 below shows a Decision Tree analysis for call-
forwarding subscription. As deduced from the tree, a targeted campaign directed for similar
services can be launched to target those households with 3 adults or more since that particular
segment has the most consistent success with past call-forwarding subscription.
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Figure 2 — Customer Profiling Example — Decision Tree

e Another example is a real-time environment used in online sales. As already implemented in
many online stores, Real-time Recommendations Applications as depicted in Figure 3 provide
cross-sell and up-sell recommendations based on factors such as the customer's profile, past
transactions and demographic information. These same techniques can be applied to systems that
enable telephonic-based sales and support organizations.
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Figure 3 - Real-time Cross-sell Recommendations
Examples of other usages of Data Mining applications are as follows:

e Predicting the probability that a certain event will occur:
0  Offering x will be subscribed by group y.
= Method: Based on information about past similar services, the new offering can
be predicted for its success or failures.
0  Credit check process
* Method: By correlating historical information about customers' profiles and their
past performance, a probability of credit problem can be predicted
0 Likelihood of a positive feedback for a marketing campaign.
* Method: Analyze market segment with its attribute and predict the success rate
of the new campaign.
0 Likelihood of customer churn or Employee attrition .
= Method: Based on historical information, the probability of a churn or attrition
for a specific customer or employee can be calculated
e Profiling or clustering of customers
0 Customer segmentation for a product or service. Customers can be segmented and profiled
individually for a subscribed service or a product purchase
0 Association of Product sales X and Y. Through correlation, sales of products can be
individually associated with others. Besides marketing, this helps operational and supply
chain planning.

DATA MINING TECHNICAL CONCEPTS

The technical foundation of Data mining is to learn based on past information and decisions. As more
samples and cases are processed, the learning development becomes more and more accurate to handle a
variety of conditions. The methods in which algorithms can learn are characterized by two categories.

UNSUPERVISED LEARNING ALGORITHMS

Unsupervised learning is a process where goal(s) are specified to direct the learning development of the
algorithm to reach its prediction. For unsupervised learning, no specific dependent variable is specified
and all independent variables are provided into the system for processing. This is found in Clustering
techniques where the application groups similar instances together into clusters of data points. Each
cluster is then described in the form of allocation of features within the segment and a fit distribution can
be measured. Once a cluster model is created, a new case can be routed into the model to find its best-fit
cluster.

As shown Figure 4 below, a visually rich tool can clearly show the feature distributions for each cluster.
In the bottom of the diagram distribution and allocation characteristics of the clusters are displayed.
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Figure 4 - Clustering Example

Clustering has a wide range of applicability that varies from customer segmentation analysis used for the
purpose of targeted marketing campaigns, to profile segmentation of problematic or profitable customers
for financial credit or fraud analysis.

An example of a basic clustering algorithm is K-means where, for k clusters, the algorithm iteratively
minimizes the distance of a case to the mean by adjusting the position of the mean in each cluster. The
iteration ends when no global mean distance can be further improved. There can be a few variations of K-
means that are offered by a specific vendor, essentially to improve performance and to support more
variability of its inputs.

SUPERVISED LEARNING OR PREDICTIVE ALGORITHMS

With target objectives set by the data analyst, predictive algorithms are capable of learning and
predicting new cases based on trends and patterns found in historical information. Classification is a
predictive technique that requires its target goals to be presented as true or false. Decision-tree is an
example of a Classification technique. More complex and sophisticated mathematical solutions are
needed to predict a number, such as prediction of the future revenue or a business performance score.
One of the more generally used algorithms in prediction is a family of non-linear solutions called Neural
Nets. Neural Nets solve complex regression problems and can be adapted for classification as well. The
most widely implemented Neural Nets employ a layer of hidden units or neurons that are fully
connected with its inputs and outputs. As the number of hidden unit increases, the complexity of the
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solutions becomes more and more non-linear. Figure 5 illustrates an example of a prediction result of
BMW owners based on customer profiling and purchasing habits.

Name | Income | Married | Cartier Own BMW
. Joe FE0K Single Yes R Yes .

Tc';;; John | $90K Married | Yes Yes Train the modd

Jack $75K Single No No
Predict. Prob.

Test Sam $A5K Single No No 90%

daa Susan | 5K Single Yes Yes 85% i
Salinas| $120K | Married | No Yes 53% [redict based onthe mode

Figure 5 — Prediction Result
SUMMARY

Data Mining can be of tremendous benefit to organizations by enhancing their customer
management capabilities and, thereby, improving their capabilities in a competitive marketplace.
The phenomenal amount of data stored by today's companies prohibits manual analysis by even
the most skilled personnel. The powerful algorithms that are employed by Data Mining solutions
enable an organization to:

¢ Find hidden patterns in the data

e Better understand and predict customer behavior
e Better understand and predict the outcome of business decisions

The BTS Group, LLC is a technology services company that assists business owners and executives use technology
and business process analysis to reach their strategic objectives. We implement the appropriate combination of
consulting, managed and sourced services that enable successful completion of their initiatives and the quantifiable
measurement of that success. For more information on how BTS can help you get more from your technology,
contact us at info@thebtsgroup.com.

.=
Page 9 of 9
Copyright © 2011 The BTS Group, LLC All Rights Reserved.



