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Preface

In today’s era of digital transformation, information has become the cornerstone of progress
and innovation. The ability to uncover actionable insights from data and effectively use
business intelligence tools is a skill that spans industries, domains, and geographies. This
book is carefully crafted to provide readers with the knowledge, techniques, case studies,
and practical applications required to thrive in this transformative era.

The book is divided into eight thoughtfully designed chapters which offers a balanced
blend of theoretical understanding and practical exercises. It provides a gradual progression
that takes readers from foundational concepts to advanced analytics to prepare them to
navigate the complexities of real-world data challenges.

The journey begins with Chapter 1, which introduces the basics of data mining and
business intelligence. This chapter highlights the significance of these fields, explains
core principles and emphasizes the importance of leveraging data effectively. Readers
are also introduced to key differences between online analytical processing (OLAP) and
online transactional processing (OLTP) systems. Chapter 2 focuses on pre-processing
techniques, regression, and classification methods. It equips readers with essential tools to
improve data quality and build reliable predictive models, laying a strong foundation for
tackling real-world challenges.

Chapter 3 presents association rule mining, which is key to discovering patterns and
relationships in data. This chapter explains metrics such as support, confidence and lift
while introducing algorithms like A priori for identifying valuable insights. Chapter 4
discusses clustering techniques and their applications across various domains. It provides
practical examples to illustrate foundational methods like k-means clustering, as well as
advanced algorithms for grouping and analyzing data effectively.

The middle chapters explore the domain of business intelligence. Chapter 5 introduces its
fundamentals, examining the driving forces, market dynamics, and tactical applications
that define this transformative field. Chapter 6 puts these ideas into practice by exploring
business intelligence architecture, concepts such as slicing and dicing and utilizing Power
BI to model data and create impactful dashboards.

As the book progresses, Chapter 7 introduces innovative methodologies such as text
mining, cognitive analytics, and big data analytics. These approaches equip readers with
techniques to handle structured, semi-structured, and unstructured data effectively. The
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final chapter, Chapter 8, discusses the ethical dimensions of data mining and business
intelligence. It reflects on issues such as data governance, transparency, and responsible
data practices, emphasizing the importance of trust and accountability in handling data in
today’s digital environment.

This book is thoughtfully written to be clear and useful for readers from various
backgrounds, including students, professionals, and lifelong learners. With its clear
explanations, practical examples, and comprehensive coverage, data mining and business
intelligence provides a valuable resource for mastering the concepts and applications
of these fields. It is hoped that this book inspires curiosity, fosters critical thinking, and
empowers readers to unlock the potential of data to create meaningful and impactful
solutions in their respective areas of study and work. Through practical examples,
comprehensive explanations, sand a structured approach, this book aims to equip readers
with a solid understanding of digital systems and technology. Whether you are a beginner
or an experienced learner, I hope this book will serve as a valuable resource in your journey
of exploring the foundations of data-driven insights.

Chapter 1: Introduction to Data Mining and Business Intelligence - This chapter briefly
narrates the fundamental principles of data mining and business intelligence tools and
techniques. Readers will gain an overall idea of how to use various techniques to extract
meaningful information from large datasets. It also covers the scope, issues, and future
trends.

Chapter 2: Regression and Classification Techniques with Applications - This chapter
initially describes various pre-processing techniques with examples explained using
R. Application of important supervised learning algorithms and applications of these
algorithms on datasets from multiple functional areas are explained. Finally, ensemble
algorithms are explained to improve the accuracy of prediction.

Chapter 3: Concept and Application of Association Rule Mining Algorithm - Association
rule mining is an unsupervised learning algorithm that is used to decipher the best rules
from frequent item sets to derive business insights. The most popular application of
association rule mining is market basket analysis, which predicts the buying behaviors
of customers in market place. Key metrics used to evaluate these algorithms are support,
confidence and lift. These metrics evaluate the reliability, significance and strength of the
generated rules to derive business decisions.

Chapter 4: Clustering - This chapter discusses clustering as an unsupervised learning
algorithm which is used to group similar items based on their attributes. Here, different
types of clustering algorithm like k-means clustering, hierarchical and density-based
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clustering are discussed with examples using R. Few advanced clustering algorithms are
discussed to deal with very large datasets.

Chapter 5: Introduction to Business Intelligence - This chapter lays a solid foundation
of elementary concepts of business intelligence. It covers basic defection, markets, various
key vendors, scopes, benefits, and future trends to prepare the readers with groundworks
to further delve into business intelligence applications.

Chapter 6: Business Intelligence Architecture, Query and Reporting Practices - This
chapter discusses the architecture of business intelligence, data reconciliation process,
concept of data marts, OLAP cubes, and various data modelling, dashboards, and
visualization techniques. Various applications are discussed using Power BI exercises for
the readers.

Chapter 7: Advanced Data Mining and Business Intelligence Techniques - This chapter
narrates advanced data mining techniques to deal with large volume of data of various
functional domains to extract meaningful insights. This chapter covers topics like text
mining, big data, edge analytics, cognitive analytics and real-time analytics to integrate
with data mining and business intelligence tools for making informed decisions in
organizations. Organizations gain strategic intent by uncovering diamonds from large
datasets.

Chapter 8: Data Mining and Business Intelligence Ethical Framework - The lifeblood
of data mining and business intelligence is data. Primary responsibility and challenges of
data governance revolve around data collection, access, preservation, security, privacy, and
democratization. Fairness, transparency, and trust can be achieved through a proper ethical
framework based on good data governance practices. This chapter discusses inhibiting and
facilitating forces of ethical directions of data mining and business intelligence to ensure
trust, transparency, lowering costs incurred in organizations, and social implications for
society as a whole.
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CHAPTER 1

Introduction to
Data Mining and
Business Intelligence

Introduction

In this chapter, we will discuss the fundamentals, techniques, applications, and challenges
of data mining and business intelligence. We will initially focus on its importance and
motivation to grasp the subject foundationally. The difference between Online Analytical
Processing (OLAP) and Online Transactional Processing systems (OLTP) is explained
through real-life examples. Emerging trends of data mining and business intelligence, top
vendors, tools, and markets for data mining and business intelligence, are explained to
build a foundation for subsequent chapters.

Structure

This chapter covers the following topics:
e Reasons for studying data mining
e Evolution
e Introduction to OLTP, OLAP and data mining
e Associated fields of data mining
e Data mining techniques

e Business intelligence techniques
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e Leading vendors of data mining

e Introduction to business intelligence

e Motivations

e Leading vendors of business intelligence
e DPrivacy issues

e Future trends

Objectives

After going through this chapter, you will understand the fundamental principles of
data mining and business intelligence tools, techniques, markets, and privacy concerns.
Readers will also gain an overall idea of how to deal with various techniques to extract
meaningful information from large datasets.

Reasons for studying data mining

Although organizations today are sinking in data, they are starving for knowledge. Massive
data is generated from social media, e-commerce transactions, online forums, Internet of
Things (IoT) devices, and several streaming platforms. So, for competitive advantages,
firms need to derive hidden patterns and insights from data. There is a curiosity to know
the following;:

e How to make use of data assets?

e How can organizations make the best use of generated data?

e How to decipher the gap from stored data to knowledge?

e  What are the limitations of database queries in fetching the following results:
o Generate a list of customers likely to purchase products or services.

o Who are the prospects likely to respond to our advertising campaign?

In the correct context, data is abundant, and multiple data mining tools are readily available.
It is not an uphill task to gather data in a warehouse. Similarly, computing power is cheap,
and there is tremendous pressure on companies to build their strategic intent. Hence, it
becomes indispensable to apply these tools and techniques to derive diamonds out of data
for survival and excellence in the current business world.

"Data is like a faint light when you are lost in a dark room. Follow it, try to make sense of
it, and you might actually know where you are and what is around you."

- David Sides
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Evolution

Data mining is a blend of statistics, mathematics, computer science, machine learning,
and big data. Though there is no fixed timeline, its inception was in the late eighteenth
century with the development of Bayes’ theorem based on conditional probability.
Currently, the Bayes theorem is applied extensively in data mining. Regression as a basic
prediction technique in data mining was developed during the early nineteenth century.
These rich applications strengthened the field of statistics, followed by the application of
computing by the Alan Turing model and neural networks by the mid-twentieth century.
Charlee Babbage surprised the entire human civilization with the power of computing by
a machine. However, Turing took a step forward with the Turing machine model, which
stated that a machine can also think like a human. Similarly, the introduction of neural
networks laid the foundation for data mining by developing a model in 1943.

A drastic development in data mining happened after the mid-twentieth century due
to databases, genetic algorithms, and further evolutionary computation in the era of
computing. Real business applications gained momentum during the last decade of the
twentieth century due to data warehousing and data mining as a prediction technique
with the introduction of data science. Due to the rapid development of social media, big
data, cloud usage, and IoT applications, there was an increased usage of data mining in
all functional areas of business during the twenty-first century. The stages of evolution of
data mining are specified in Figure 1.1:

to use of IoT, Cloud, Social media and

Rapid applications of data mining due
big data during 21* century
[

business application during last

Datamining and data warehousing in
decade of 20% century
3

capability of computers and neural

Alan turing model with thinking
network during mid 20% century

Basic prediction using regression in
early 19 century

[y

Introduction of Conditional
Probability during 18" century

Figure 1.1: Evolution of data mining
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Introduction to OLTP, OLAP and data

mining

Daily business transactions are captured in databases as online transaction processing
in real-time. These OLTP transactions are captured online or offline. These transactions
are common in all business activities like manufacturing, retail, sales, and finance. OLTP
transactions are user-friendly and can be operated and managed by end users. Response
time to these queries is quite fast. For example, withdrawal of money from ATMs,
purchasing products online, and booking tickets are a few examples of OLTP systems.
The volume of OLTP transactions is quite high, but transactions are small. Multiple users
can access the OLTP system. So, a concurrency control mechanism is required to avoid
data access by many users simultaneously. These transactions are basically database
transactions. As past data is updated with new data, historical data cannot be retained
for decisional analysis. However, OLAP systems are built offline, based on aggregate

data from OLTP systems. These are offline systems that require huge resources, and the
response time is high compared to OLTP systems.

The extracted data from OLTP systems is cleaned, transformed to a single format, and
loaded into the data warehouse. Then OLAP queries are applied to these summary data.
The queries touch a very large amount of data. Updates to OLAP systems are usually
periodic and infrequent. As queries are complex, an individual query requires lots of
resources. OLAP technology is based on a multidimensional data model. Ad-hoc queries
can be applied linking functional areas like sales, marketing, operations, finance, and
accounting for decisional analysis. OLAP uses cubes to store multiple categories of data.
Usually, cubes have three dimensions. Say, for example, we take an example of a retail
multidimensional model. The categories of dimensions can be product, customer and time
dimensions. Actual transactions are stored as facts centrally. Further, analysis can be done
using OLAP tools through multiple operations smoothly to derive insights from data. OLTP
transactions are real-time transactions and OLAP transactions are offline transactions. So,
OLTP and OLAP transactions are analyzed separately. There are three reasons for which
we cannot mix both OLTP and OLAP queries. Firstly, performance requirements of OLTP
and OLAP queries are not same. Since, OLTP queries require very less response time, and
data should be always consistent. OLAP queries can saturate CPU time and consume lots
of resources. Secondly, data modeling is different for both OLTP and OLAP. OLTP contains
many tables with complex entity relationship models. However, OLAP contains very few
dimension tables and a single fact table, which comprises transactions or facts. So fewer
joins among tables are required as the architecture is different from OLTP. Thirdly, OLTP
targets only a single source, whereas OLAP integrates data from multiple sources. So,
OLTP and OLAP queries cannot be mixed. However, these queries are quite useful based
on the requirements of different kinds.

Data mining techniques are applied to datasets to find hidden patterns and forecast
future outcomes. The data mining technique uncovers hidden insights from data to
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facilitate decision-making. There are multiple applications of data mining in business.
Telecommunication companies that use data mining techniques to predict when their
customer will leave their company to join other competitors. In retail, the data mining
technique helps decipher customers to whom we can go for product bundling promotional
offers based on past transaction history and preferences. Data mining techniques also
predict the life insurance policies the customers are likely to purchase in the future.

You may refer to Figure 1.2 to go through the difference between OLTP, OLAF, and data
mining:

Data Mining
® Which 10 customers offer the best profit?
* Finding trends and pattems from large
dataset
» Creation of actionable information from
Data

OLTP OLAFP

Purch duct online f
e aseax;a::nun LSk = Which arethe top 10 selling

3 A
Multiple short transactions and . CP"’d‘I-'““Dld in 5mazondnn||n.e.
query touch few data ™ W L J omplex transactions and queries

Multiple updates of data in real- are complex
il g * Infrequent updates of data offline

Figure 1.2: Difference between OLTP, OLAP and data mining

From the purchase history, data mining techniques can identify the pattern and association
among purchased products. Subsequently, marketers can plan for techniques like cross-
selling, upselling, and product bundling.

Associated fields of data mining

Some associated fields of data mining are:

e Statistics: As a branch of applied mathematics, statistics deals with data collection,
organization, interpretation, and presentation of data. As a related field of data
mining, statistics is used to understand, described, and check the distribution
pattern of data and also predicts using many statistical tools, like regression and
clustering. Data visualization is an important contribution to statistics. Scatter
plots, heat maps, histograms, and boxplots help to understand data pattern. To



