
Concept and Applications 
of Data Mining

Week 1



TopicsTopics

• IntroductionIntroduction

• Syllabus 

• Data Mining Concepts 

• Team Organization



Introduction SessionIntroduction Session

• Your name and major

Th d fi iti f d t i i• The definition of data mining

• Your expectation from this courseYour expectation from this course



Course SyllabusCourse Syllabus

S ll b• Syllabus



Data Mining ApplicationsData Mining Applications



Classes of Data-Mining Applications in 2003
Data‐Mining Applications Percentage

Banking 13Banking 13

Bioinformatics/biotech 10

Direct marketing/fundraising 10

F d d t ti 9Fraud detection 9

Scientific data 9

Insurance 8

l

Source: 

Telecommunication 8

Medical/pharmaceuticals 6

Retail 6
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e‐Commerce/Web 5

Other 4

Investment/stocks 3

uggets.com

Manufacturing 2

Security 2

Supply chain analysis 2

m

Travel 2

Entertainment 1







Newsweek, May 22, 2006



Market Basket AnalysisMarket Basket Analysis



CC

Figure 9

C
hem

C
hem 9.14 A

 C
h

m
istr

m
istr hem

ical d

ry Inf
ry Inf d

atabase

form
form

e
.

m
atic

m
aticcs 

cs 



What is Data Mining?What is Data Mining?

Source: Cover page of Advanced in Knowledge Discovery and Data Mining ,
edited by U Fayyad G Piatesky‐Shapiro P Smyth and R Uthurusamy MIT Pressedited  by U. Fayyad,  G. Piatesky Shapiro, P. Smyth and R. Uthurusamy, MIT Press



How Much Information in 2003How Much Information in 2003

• http://www.sims.berkeley.edu/research/proje
cts/how‐much‐info‐2003/cts/how much info 2003/



What is Data Mining?What is Data Mining?

• Misnomer??

• Gold Mining vs. Sand (Rock) Mining

• Knowledge Discovery from Data (KDD)

K l d t ti• Knowledge extraction

• Data/pattern analysis

• Data archaeology

• Data dredgingData dredging



Data Mining is an Interdisciplinary 
and Multidisciplinary Field

Data Mining is an Interdisciplinary 
and Multidisciplinary Fieldand Multidisciplinary Fieldand Multidisciplinary Field

DATABASE DATABASE 
TECHNOLOGYTECHNOLOGY

MACHINE MACHINE 
LEARNINGLEARNING

STATISTICSSTATISTICS
&& MATHMATH INFORMATIONINFORMATION

DATA DATA 
MININGMINING& & MATHMATH

THEORYTHEORY

INFORMATION INFORMATION 
RETRIEVALRETRIEVAL

OTHER  OTHER  
DISCIPLINESDISCIPLINES
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Figure 1.4 Data mining as a step in the process of knowledge discovery



Architecture of a Data Mining 
System System 

Graphical User Interface

Pattern/Model Evaluation

Data Mining Engine Knowledge-
Base

Database or 
Data Warehouse Server

Data World-Wide Other Info

data cleaning, integration, and selection

Database Data
Warehouse

o d de
Web RepositoriesDatabase

Figure 1.5 Architecture of a typical data mining system



Data Mining and Stakeholdersa a g a d S a e o de s
Increasing potential
to support End UserM kibusiness decisions

End User

Business

Making
Decisions

Data Presentation Business
Analyst

Data Presentation
Visualization Techniques

Data Mining
K l d Di Data

Analyst

Knowledge Discovery

Data Exploration
Statistical Analysis, Querying and Reporting

DBA
OLAP

y y g p g

Data Warehouses / Data Marts

Data SourcesData Sources
Paper, Files, Information Providers, Database Systems, OLTP



Data Types - Perspective on StructureData Types Perspective on Structure

• Structured 

S i t t d• Semi‐structured

• UnstructuredUnstructured

20



Structured Data (1)Structured Data (1)

• Data is organized in semantic entitiesg

• Similar entities are grouped together 
( l ti l )(relations or classes) 

• Entities in the same group have the sameEntities in the same group have the same 
descriptions (attributes, features) 

21



Structured Data (2)Structured Data (2)

• Descriptions for all entities in a group 
(schema) 

• Attributes 
d f d f– Have same defined formats 

– Have predefined lengths 
– Follow same orders

22



Semi-structured Data (1)Semi structured Data (1)

• Semi‐structured data are organized in g
semantic entities

Si il titi d t th• Similar entities are grouped together 

• Entities in same group may not have sameEntities in same group may not have same 
attributes

23



Semi-structured Data (2)Semi structured Data (2)

• Attributes
– Order of attributes not necessarily important
– Not all attributes may be required
– Size of same attributes in a group may differ
– Type of same attributes in a group may differ 

24



XMLXML
<bank‐1>

<customer>
H /<customer_name> Hayes </customer_name>

<customer_street> Main </customer_street>
<customer_city> Harrison </customer_city>
<account>

<account_number> A‐102 </account_number>
<branch_name>  Perryridge </branch_name>
<balance> 400 </balance>

</account></account>
<account>

…
</account>

</customer>
.
.

</bank 1></bank‐1>
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Unstructured Data (1)Unstructured Data (1)

• Masses of computerized data 
– which do not have a data structure 
– which is easily readable by a machine

26



Unstructured Data (2)Unstructured Data (2)

“Merrill Lynch estimates that more than 85 percent of 
all business information exists as unstructured data –
commonly appearing in e‐mails, memos, notes from 
ll d icall centers and support operations, news, user 

groups, chats, reports, letters, surveys, white papers, 
marketing material research presentations and Webmarketing material, research, presentations and Web 
pages.”‐‐ DM Review Magazine, February 2003 Issue



Data Types – Perspective on 
Representation

• Numeric and categoricalNumeric and categorical

• Quantitative and qualitative

• Nominal and ordinal

• Static and dynamic (temporal)

28



Numeric and Categorical Data (1)Numeric and Categorical Data (1)

• Numeric dataNumeric data
– Real number data,  integer number data
– Properties– Properties

• Order relations (2 < 5)
• Distance relation (d(2.3, 4.2) = 1.9)Distance relation (d(2.3, 4.2)   1.9)
• Equality relation (2 = 2)

29



Numeric and Categorical Data (2)Numeric and Categorical Data (2)

• Categorical (symbolic) valuesCategorical (symbolic) values 
– Equality relation 

• Blue = Blue or Rea <> BlueBlue = Blue or Rea <> Blue

– Categorical values can be converted to a numeric 
values

• Gender (male, female)  (0, 1)

30



Quantitative and Qualitative DataQuantitative and Qualitative Data

• Quantitative data
– Numeric values are quantitative values
– Height, weight, salary

• Qualitative data
N i l– Nominal

– Ordinal

31



Nominal DataNominal Data

• Utility customer type (residential, commercial, 
industrial, governmental)

• Use different symbols, characters, and 
numbersnumbers

• These values can be coded alphabetically as A, 
d i ll dB, and C, or numerically as 1, 2, and 3

• Order‐lessOrder less

32



Ordinal DataOrdinal Data

• The rank of the student in a class

O di l i bl i i l i bl f• Ordinal variables is a categorical variable for 
which an order relation is defined but not a 
di t l tidistance relation

• The ordered scale need not be necessarilyThe ordered scale need not be necessarily 
linear; difference between 4th and 5th students 
are different to that of 14th and 15th studentsare different to that of 14 and 15 students

33



Static and Dynamic DataStatic and Dynamic Data

• Static data
– Attribute values do not change with time

• Dynamic data
Att ib t l h ith ti– Attribute values change with time

34



Data RepositoriesData Repositories

• Transactional database

• Relational database• Relational database

• Data warehouse

• Advanced database

• Data stream

• The World Wide WebThe World Wide Web

35



Transactional DatabaseTransactional Database

TID List of item_IDs
T100 I1, I2, I5

T200 I2  I4T200 I2, I4
T300 I2, I3
T400 I1, I2, I4
T500 I1, I3
T600 I2, I3
T700 I1  I3T700 I1, I3
T800 I1, I2, I3, I5
T900 I1, I2, I3

36

Table 5.1 Transactional data for an AllElectronics branch
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Data Warehouse (Mart)Data Warehouse (Mart)

38

Figure 1.7 Typical framework of a data warehouse for AllElectronics



Table 3.1 Comparison between OLTP and OLAP systems

39



Star Schema of a Data 
Warehouse for SalesWarehouse for Sales

40Figure 3.4 Star schema of a data warehouse for sales



Table 3 3 A 3 D view of sales data for AllElectronics  according to the Table 3.3 A 3-D view of sales data for AllElectronics, according to the 
dimensions time, item, and location. The measure displayed is dollar_sold (in 

thousands).



Data Cube for SalesData Cube for Sales

42

Figure 3.1 A 3-D data cube representation of the data in Table 3.3, 
according to the dimensions time, item, and location. The measure 

displayed is dollar_sold (in thousands).



Fig
opco gure 3.10.

perations o
om

m
only Exam

ple
on m

ultid
used

 for d es of Typic
d

im
ension

d
ata w

a
r ca

l O
LA

P 
nal d

ata c
rehousing cube, 

g

43



Advanced DatabasesAdvanced Databases

• Object‐relational databases

• Temporal databases

• Sequence databases

• Time‐series databases

• Spatial databases

• Saptio‐temporal databasesSaptio temporal databases

• Text databases

H t d t b• Heterogeneous databases



Data StreamsData Streams

Th f f d h ibl• The features of data stream: huge or possibly 
infinite volume, dynamically changing, flowing 
i d t i fi d d ll i lin and out in a fixed order, allowing only one 
or a small number of scans, and demanding 
f t ( ft l ti ) tifast (often real‐time) response time



The World Wide Web (1)The World Wide Web (1)

• The WWW serves a huge, distributed, global g , , g
information service center for news, 
advertisements, consumer information, , ,
financial management, education, 
government, e‐commerce, and many other g , , y
information services



The WWW (2)The WWW (2)

• The challenges for KDg
– Size
– Complexityp y
– Dynamic
– DiversityDiversity
– Relevance



Lab ActivitiesLab Activities

• Introduction to R

• Organize your team
– Each team consist of three (four) students
– Email your team information (names and email addresses) to 

the instructor by the end of today’s lab session

• Read the chapter 2 of the lecture text book and do team 
homework assignment #1

• Read the chapters 1, 2 and 3 of the lab text book

• Brainstorm on the topic of you group projectBrainstorm on the topic of you group project



(Team) Homework Assignment #1(Team) Homework Assignment #1

• Do Example 2.1, 2.6, 2.7, and Exercise 2.18. 
Note that you need to use R for 2 18 (b)Note that you need to use R for 2.18 (b).

• Prepare for the results of the homework p
assignment

• Due date
– beginning of the lecture on Friday February 4th. 



Next Week TopicsNext Week Topics

• Data types and data repositories (Section 1.3)

• Data preprocessing (Ch. 2)


