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Preface

I have made this report file on the topic Data Mining, | have tried my best to elucidate all the
relevant detail to the topic to be included in the report. While in the beginning | have tried to give
a general view about this topic.

My efforts and wholehearted co-corporation of each and everyone has ended on a successful
note. I express my sincere gratitude to .............. who assisting me throughout the pr
this topic. I thank him for providing me the reinforcement, confidence and most im tly the

track for the topic whenever | needed it.
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Introduction

Data mining, the extraction of hidden predictive information from large databases, is a powerful
new technology with great potential to help companies focus on the most important information
in their data warehouses. Data mining tools predict future trends and behaviors, allowing
businesses to make proactive, knowledge-driven decisions. The automated, prospective analyses
offered by data mining move beyond the analyses of past events provided by retrospective tools
typical of decision support systems. Data mining tools can answer business questions that
traditionally were too time consuming to resolve. They scour databases for hidden pattegns,
finding predictive information that experts may miss because it lies outside their expectations.

Most companies already collect and refine massive quantities of data. Data mining techniques
can be implemented rapidly on existing software and hardware platforms to‘enhance the value of
existing information resources, and can be integrated with new products and systems as they are
brought on-line. When implemented on high performance client/server onparallel processing
computers, data mining tools can analyze massive databases te deliver answers to questions such
as, "Which clients are most likely to respond to my next prometional“matling, and why?"

This white paper provides an introduction to the basic technologies of data mining. Examples of
profitable applications illustrate its relevance to today’s businessienvironment as well as a basic
description of how data warehouse architectures can evelve to deliver the value of data mining to
end users.
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The Scope of Data Mining

Data mining derives its name from the similarities between searching for valuable business
information in a large database — for example, finding linked products in gigabytes of store
scanner data — and mining a mountain for a vein of valuable ore. Both processes require either
sifting through an immense amount of material, or intelligently probing it to find exactly where
the value resides. Given databases of sufficient size and quality, data mining technology can
generate new business opportunities by providing these capabilities:

o Automated prediction of trends and behaviors. Data mining automatesgthe\process of
finding predictive information in large databases. Questions that traditionally required
extensive hands-on analysis can now be answered directly from the data®— quicklysA
typical example of a predictive problem is targeted marketing. Data miningiuses data on
past promotional mailings to identify the targets most likely to_maximizesreturn on
investment in future mailings. Other predictive problem® include forecasting bankruptcy
and other forms of default, and identifying segments of a pepulationidikely to respond
similarly to given events.

o Automated discovery of previously unknown patternsyData mining tools sweep
through databases and identify previously hidden patteras'in one step. An example of
pattern discovery is the analysis of retail sales data totidentify seemingly unrelated
products that are often purchased together, Other pattern discovery problems include
detecting fraudulent credit card transa€tions,andudentifying anomalous data that could
represent data entry keying errors;

Data mining techniques can yield the benefitsief automation on existing software and hardware
platforms, and can be implemented omynew systems as existing platforms are upgraded and new
products developed. When data mining teols are implemented on high performance parallel
processing systems, they canianalyze'massive databases in minutes. Faster processing means that
users can automatically experiment with more models to understand complex data. High speed
makes it practical forgusers to analyze huge quantities of data. Larger databases, in turn, yield
improved predictions.

Databases can feylarger in both depth and breadth:

o More columns. Analysts must often limit the number of variables they examine when
daing hands-on analysis due to time constraints. Yet variables that are discarded because
they,seem unimportant may carry information about unknown patterns. High
performance data mining allows users to explore the full depth of a database, without
preselecting a subset of variables.

e More rows. Larger samples yield lower estimation errors and variance, and allow users
to make inferences about small but important segments of a population.

A recent Gartner Group Advanced Technology Research Note listed data mining and artificial
intelligence at the top of the five key technology areas that "will clearly have a major impact
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across a wide range of industries within the next 3 to 5 years."2 Gartner also listed parallel
architectures and data mining as two of the top 10 new technologies in which companies will
invest during the next 5 years. According to a recent Gartner HPC Research Note, "With the
rapid advance in data capture, transmission and storage, large-systems users will increasingly
need to implement new and innovative ways to mine the after-market value of their vast stores of
detail data, employing MPP [massively parallel processing] systems to create new sources of
business advantage (0.9 probability)."3

The most commonly used techniques in data mining are:

o Artificial neural networks: Non-linear predictive models that learn through trainingaand
resemble biological neural networks in structure.

« Decision trees: Tree-shaped structures that represent sets of decisions:{Ihese decisions
generate rules for the classification of a dataset. Specifig,decistonytree methods include
Classification and Regression Trees (CART) and Chi Square Automatic Interaction
Detection (CHAID) .

« Genetic algorithms: Optimization techniques that‘usesprocesses such as genetic
combination, mutation, and natural selection in‘a‘design based on the concepts of
evolution.

« Nearest neighbor method: A technique that classifies each record in a dataset based on a
combination of the classes of the ksreeord(s) most similar to it in a historical dataset
(where k 3 1). Sometimes called the k-nearest neighbor technique.

o Rule induction: The extraction of‘useful if-then rules from data based on statistical
significance.

Many of these technologies have been in use for more than a decade in specialized analysis tools
that work with relatively'small volumes of data. These capabilities are now evolving to integrate
directly with industry-standard data warehouse and OLAP platforms. The appendix to this white
paper provides a glossary ofidata mining terms.
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Data Mining Processes

Data mining is a promising and relatively new technology. Data mining is defined as a process of
discovering hidden valuable knowledge by analyzing large amounts of data, which is stored in
databases or data warehouse, using various data mining techniques such as machine learning,
artificial intelligence(Al) and statistical.

Many organizations in various industries are taking advantages of data mining including
manufacturing, marketing, chemical, aerospace... etc, to increase their business effigiency.
Therefore the needs for a standard data mining process increased dramatically. A gdata,mining
process must be reliable and it must be repeatable by business people with little or.no knewledge
of data mining background. As the result, in 1990 a cross-industry standard proeess for data
mining (CRISP-DM) first published after going through a lot of workshops,‘and cantributions
from over 300 organizations.

Let’s examine the cross-industry standard process for data miningin greaterdetail.

The Cross-Industry Standard Process for'Data'Mining (CRISP-DM)

Cross-Industry Standard Process for Data Mining (GRISP-DM)*consists of six phases intended
as a cyclical process as the following figure:

Business —_— Data
understanding | ™| undersianding
Data
preparation
Deployment B l T
o
Data Modeling
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Cross-Industry Standard Process for Data Mining (CRISP-DM)

Business understanding

In the business understanding phase:

First, it is required to understand business objectives clearly and find out whatf@re the
business’s needs.

Next, we have to assess the current situation by finding about the resources, assumgptions,
constraints and other important factors which should be considered.

Then, from the business objectives and current situations, we need to create,data mining
goals to achieve the business objectives within the current situation.

Finally, a good data mining plan has to be established tayachieéve both business and data
mining goals. The plan should be as detailed as possible.

Data understanding

First, the data understanding phase starts with_inittal data/.collection, which we collect
from available data sources, to help us getgfamiliar with the data. Some important
activities must be performed including data lead and data integration in order to make the
data collection successfully.

Next, the “gross” or “surface” properties ofiacquired data needs to be examined carefully
and reported.

Then, the data needs to be explored bystackling the data mining questions, which can be
addressed using queryifggfrepartingiand visualization.

Finally, the data quality. must be €xamined by answering some important questions such
as “Is the acquired data complete?”, “Is there any missing values in the acquired data?”

Data preparation

The data preparation typieally consumes about 90% of the time of the project. The outcome of
the data preparatieniphase is the final data set. Once available data sources are identified, they
need to betselegted, cleaned, constructed and formatted into the desired form. The data
exploration task at'a greater depth may be carried during this phase to notice the patterns based
on business'understanding.

Modeling

First, modeling techniques have to be selected to be used for the prepared dataset.

Next, the test scenario must be generated to validate the quality and validity of the model.
Then, one or more models are created by running the modeling tool on the prepared
dataset.

Finally, models need to be assessed carefully involving stakeholders to make sure that
created models are met business initiatives.
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Evaluation

In the evaluation phase, the model results must be evaluated in the context of business objectives
in the first phase. In this phase, new business requirements may be raised due to the new patterns
that has been discovered in the model results or from other factors. Gaining business
understanding is an iterative process in data mining. The go or no-go decision must be made in
this step to move to the deployment phase.

Deployment

The knowledge or information, which we gain through data mining process, needs.to be
presented in such a way that stakeholders can use it when they want it. Based'onithesbusiness
requirements, the deployment phase could be as simple as creating a report o as complex as a
repeatable data mining process across the organization. In the deployment phase;the plans for
deployment, maintenance and monitoring have to be created fomimplementation and also future
supports. From the project point of view, the final report of the project needs to summary the
project experiences and review the project to see what need todmproved €reated learned lessons.

The CRISP-DM offers a uniform framework for experience documentation and guidelines. In
addition, the CRISP-DM can apply in various industries with ‘different types of data.
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Data mining Architecture

Data mining is described as a process of discover or extracting interesting knowledge from large
amounts of data stored in multiple data sources such as file systems, databases, data
warehouses...etc. This knowledge contributes a lot of benefits to business strategies, scientific,
medical research, governments and individual.

Business data is collected explosively every minute through business transactions and stored in
relational database systems. In order to provide insight about the business processes «fata
warehouse systems have been built to provide analytical reports that help businesgyusersto make
decisions.

Data is now stored in databases and/or data warehouse systems so should wedesigh a data
mining system that decouples or couples with databases and data warehouse systems? This
question leads to four possible architectures of a data mining.system‘as follows:

« No-coupling: in this architecture, data mining system does notutilize any functionality of
a database or data warehouse system. A no-coupling data mining system retrieves data
from a particular data sources such as file system, progesses data using major data mining
algorithms and stores results into file system, The no-ceupling data mining architecture
does not take any advantages of database or'dataywvarehouse that is already very efficient
in organizing, storing, accessing and retrieving data: The no-coupling architecture is
considered a poor architecture for dataumining system however it is used for simple data
mining processes.

e Loose Coupling: in this architecture, data mining system uses database or data
warehouse for data retrievalg In l6gse'eaupling data mining architecture, data mining
system retrieves data fromPdatabase er data warehouse, processes data using data mining
algorithms and stores the result inthose systems. This architecture is mainly for memory-
based data mining system.thatidoes not require high scalability and high performance.

« Semi-tight Coupling: in semi-tight coupling data mining architecture, beside linking to
database or data warehquse system, data mining system uses several features of database
or data warghousessystems to perform some data mining tasks including sorting,
indexing, aggregation. . .etc. In this architecture, some intermediate result can be stored in
database‘er data warehouse system for better performance.

« Tight«€oupling: in tight coupling data mining architecture, database or data warehouse
Is. treated as'an information retrieval component of data mining system using integration.
All'the features of database or data warehouse are used to perform data mining tasks.
This, architecture provides system scalability, high performance and integrated
information.

Let’s examine the tight-coupling data mining architecture in a greater detail.

Tight-coupling data mining architecture
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Data Mining Architecture
There are three tiers in the tight-coupling data mining architecture:

1. Data layer: as mentioned above, data layer can be database‘and/or data warehouse
systems. This layer is an interface for all data seurces{Data mining results are stored in
data layer so it can be presented to end-user gmformuof reports or other kind of
visualization.

2. Data mining application layer is,used toretrieve data from database. Some
transformation routine can be performethhere to transform data into desired format. Then
data is processed using various data mining algorithms.

3. Front-end layer provides intuitive'and friendly user interface for end-user to interact
with data mining system. Data miningfesult presented in visualization form to the user in
the front-end layer.
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Data Mining Techniques

There are several major data mining techniques have been developing and using in data mining
projects recently including association, classification, clustering, prediction, sequential patterns
and decision tree. We will briefly examine those data mining techniques in the following
sections.

Association

Association is one of the best known data mining technique. In association, a pattérn‘is
discovered based on a relationship between items in the same transaction. That’s 1§, the re@son
why association technique is also known as relation technique. The association technigue ‘istised
in market basket analysis to identify a set of products that customers frequently purchase
together.

Retailers are using association technique to research customerisdpuying habits. Based on
historical sale data, retailers might find out that customers always,buyserisps when they buy
beers, and therefore they can put beers and crisps next to each'etherto save time for customer
and increase sales.

Classification

Classification is a classic data mining techniguesased on machine learning. Basically
classification is used to classify each item in a'set of‘data into one of predefined set of classes or
groups.

Classification method makes use of mathematical techniques such as decision trees, linear
programming, neural network’and statistics. In classification, we develop the software that can
learn how to classify the data‘items,into groups.

For example, we can ‘applyiclassification in application that “given all records of employees who
left the companygpredict Wwho will probably leave the company in a future period.” In this case,
we divide the secords ofiemployees into two groups that named “leave” and “stay”. And then we
can ask ourgata,mining software to classify the employees into separate groups.

Clustering

Clustering1s a data mining technique that makes meaningful or useful cluster of objects which
have similar characteristics using automatic technique. The clustering technique defines the
classes and puts objects in each class, while in the classification techniques, objects are assigned
into predefined classes.

To make the concept clearer, we can take book management in library as an example. In a
library, there is a wide range of books in various topics available. The challenge is how to keep
those books in a way that readers can take several books in a particular topic without hassle. By
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using clustering technique, we can keep books that have some kinds of similarities in one cluster
or one shelf and label it with a meaningful name.

If readers want to grab books in that topic, they would only have to go to that shelf instead of
looking for entire library.

Prediction

The prediction, as it name implied, is one of a data mining techniques that discovers sélationship
between independent variables and relationship between dependent and independgntivariables.

For instance, the prediction analysis technique can be used in sale to predictrefit for the future
if we consider sale is an independent variable, profit could be a dependent variablex Then based
on the historical sale and profit data, we can draw a fitted regression curve thatis.used for profit
prediction.

Sequential Patterns

Sequential patterns analysis is one of data mining technigue that'seeks to discover or identify
similar patterns, regular events or trends in transaction data,overs@ business period.

In sales, with historical transaction data, businesses can identify a set of items that customers buy
together a different times in a year. Then businesses camuse this information to recommend
customers buy it with better deals based aftheir ptirehasing frequency in the past.

Decision trees

Decision tree is one of the mgst used data mining techniques because its model is easy to
understand for users. In decistenstree technique, the root of the decision tree is a simple question
or condition that has multiple answers.

Each answer then, feadsito'a set of questions or conditions that help us determine the data so that
we can make the fipal decision based on it. For example, We use the following decision tree to
determine whether,0x not to play tennis:
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& Outlook

Starting at the root node, if the outlook is overcast then we s
rainy, we should only play tennis if the wind is week. And i
tennis in case the humidity is normal.

We often combine two or more of those data mining t %
process that meets the business needs.

S
N

(id definitely play tennis. If it is
i n e should play

ether to form an appropriate
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Application

Data mining is a process that analyzes a large amount of data to find new and hidden information
that improves business efficiency. Various industries have been adopt data mining to their
mission-critical business processes to gain competitive advantages and help business grows. This
tutorial illustrates some data mining applications in sale/marketing, banking/finance, health care
and insurance, transportation and medicine.

Data Mining Applications in Sales/Marketing

Data mining enables businesses to understand the hidden patterns inside historical purchasing
transaction data, thus helping in planning and launching new marketing campaigas 1, prompt-and
cost effective way. The following illustrates several data mining applicationsiin sale and
marketing.

« Data mining is used for market basket analysis to provide Tformation on what product
combinations were purchased together, when they werehought.and in what sequence.
This information helps businesses promote their mostyprofitablé products and maximize
the profit. In addition, it encourages customers to purchase related products that they may
have been missed or overlooked.

e Retail companies uses data mining to identify customer’s behavior buying patterns.

Data Mining Applications in Banking+,Finance

« Several data mining techniquesie.gy, distributedvdata mining have been researched,
modeled and developed to help credit'eard fraud detection.

« Data mining is used to 1dentifyacustomers loyalty by analyzing the data of customer’s
purchasing activities sweh as,the data of frequency of purchase in a period of time, total
monetary value of all‘purehasesand when was the last purchase. After analyzing
those dimensions;, the relative measure is generated for each customer. The higher of the
score, the more,relativedoyal the customer is.

« To help bank toyetam credit card customers, data mining is applied. By analyzing the
past data, data mining can help banks predict customers that likely to change their credit
card.affiliation so they can plan and launch different special offers to retain those
customers:

o Credit card'spending by customer groups can be identified by using data mining.

« % The hidden correlation’s between different financial indicators can be discovered by
using data mining.

e From historical market data, data mining enables to identify stock trading rules.

Data Mining Applications in Health Care and Insurance

The growth of the insurance industry entirely depends on the ability of converting data into the
knowledge, information or intelligence about customers, competitors and its markets. Data
mining is applied in insurance industry lately but brought tremendous competitive advantages to



www.studymafia.org

the companies who have implemented it successfully. The data mining applications in insurance
industry are listed below:

o Data mining is applied in claims analysis such as identifying which medical procedures
are claimed together.

o Data mining enables to forecasts which customers will potentially purchase new policies.
o Data mining allows insurance companies to detect risky customers’ behavior patterns.
o Data mining helps detect fraudulent behavior.

Data Mining Applications in Transportation

o Data mining helps determine the distribution schedules among warehouses and outlets
and analyze loading patterns.

Data Mining Applications in Medicine

« Data mining enables to characterize patient activities to'see ineoming office visits.
« Data mining helps identify the patterns of successful'medical therapies for different
illnesses.

Data mining applications are continuously developing i varieus industries to provide more
hidden knowledge that increases businegss efficiencysand grows businesses.
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Advantages and Disadvantages of Data Mining

Data mining is an important part of knowledge discovery process that we can analyze an
enormous set of data and get hidden and useful knowledge. Data mining is applied effectively
not only in business environment but also in other fields such as weather forecast, medicine,
transportation, healthcare, insurance, government...etc. Data mining has a lot of advantages
when using in a specific industry. Besides those advantages, data mining also has its own
disadvantages e.g., privacy, security and misuse of information. We will examine those
advantages and disadvantages of data mining in different industries in a greater detail.

Advantages of Data Mining

Marketing / Retail

Data mining helps marketing companies build models based(n historical data‘to predict who
will respond to the new marketing campaigns such as direct mail, onlineymarketing
campaign...etc. Through the results, marketers will have appropriate approach to sell profitable
products to targeted customers.

Data mining brings a lot of benefits to retail companies.in the same way as marketing. Through
market basket analysis, a store can have an appropriate preduction arrangement in a way that
customers can buy frequent buying prodacts together with pleasant. In addition, it also helps the
retail companies offer certain discounts for partieular products that will attract more customers.

Finance / Banking

Data mining gives financial institutionsiaformation about loan information and credit reporting.
By building a model from historical'eustomer’s data, the bank and financial institution can
determine good and bad loans.“In"addition, data mining helps banks detect fraudulent credit card
transactions to protect credit cards owner.

Manufacturing

By applying'data,mining in operational engineering data, manufacturers can detect faulty
equipmentsiand determine optimal control parameters. For example semi-conductor
manufacturers has a challenge that even the conditions of manufacturing environments at
differentwvafer production plants are similar, the quality of wafer are lot the same and some for
unknown reasons even has defects. Data mining has been applying to determine the ranges of
control parameters that lead to the production of golden wafer. Then those optimal control
parameters are used to manufacture wafers with desired quality.

Governments

Data mining helps government agency by digging and analyzing records of financial transaction
to build patterns that can detect money laundering or criminal activities.
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Disadvantages of data mining

Privacy Issues

The concerns about the personal privacy have been increasing enormously recently especially
when internet is booming with social networks, e-commerce, forums, blogs. ... Because of
privacy issues, people are afraid of their personal information is collected and used in unethical
way that potentially causing them a lot of troubles. Businesses collect information about their
customers in many ways for understanding their purchasing behaviors trends. Howeyer
businesses don’t last forever, some days they may be acquired by other or gone. At this time the
personal information they own probably is sold to other or leak.

Security issues

Security is a big issue. Businesses own information about their employeesiandcustomers
including social security number, birthday, payroll and etc. However. haw properly this
information is taken care is still in questions. There have been‘alet of'¢cases that hackers
accessed and stole big data of customers from big corporation such'as Ford Motor Credit
Company, Sony... with so much personal and financialinformation available, the credit card
stolen and identity theft become a big problem.

Misuse of information/inaccurate anformation

Information is collected through data mining mtended, for the ethical purposes can be misused.
This information may be exploited by tinethical people’or businesses to take benefits of
vulnerable people or discriminate against'a,group of people.
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Conclusion

Comprehensive data warehouses that integrate operational data with customer, supplier, and
market information have resulted in an explosion of information. Competition requires timely
and sophisticated analysis on an integrated view of the data. However, there is a growing gap
between more powerful storage and retrieval systems and the users’ ability to effectively analyze
and act on the information they contain.

Both relational and OLAP technologies have tremendous capabilities for navigatingsmassive
data warehouses, but brute force navigation of data is not enough. A new technolagical leap is
needed to structure and prioritize information for specific end-user problems. The data mining
tools can make this leap.

Quantifiable business benefits have been proven through the integration of datasmining with

current information systems, and new products are on the horizéen that will bring this integration
to an even wider audience of users.
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