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Data Mining at the
Intersection of Many Disciplines

Pattern
Recognition

Machine
Learning

Management Science &
Information Systems

Mathematical
Modeling



[Data Mining
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Classification

e

.

L

Regression

A Taxonomy for Data Mining Tasks

Learning Method

Popular Algorithms

Classification and Regression Trees,

»[Association ]
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Link analysis
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Sequence analysis

Supervised ANN, SVM, Genetic Algorithms

Supervised Decision trees, ANN/MLP, SVM, Rough
g sets, Genetic Algorithms

Supervised Linear/Nonlinear Regression, Regression

trees, ANN/MLP, SVM

Unsupervised

Apriory, OneR, ZeroR, Eclat

J

‘-»[Clustering ]

Outlier analysis ]

Unsupervised

Unsupervised

Expectation Maximization, Apriory
Algorithm, Graph-based Matching

Apriory Algorithm, FP-Growth technique

Unsupervised

K-means, ANN/SOM

Unsupervised

K-means, Expectation Maximization (EM)




Data Mining
Software

Commercial

— SPSS - PASW (formerly

Clementine)

— SAS - Enterprise Miner
— IBM - Intelligent Miner
— StatSoft — Statistical Data

Miner
— ... many more

Free and/or Open Source

— Weka
— RapidMiner...

SPSS PASW Modeler (formerly Clementine)
RapidMiner |

SAS/ SAS Enterprise Miner
Microsoft Excel

R

Your own code

Weka (now Pentaho)

KXEN

MATLAB

Other commercial tools
KNIME

Microsoft SQL Server
Other free tools

Zementis

Oracle DM

Statsoft Statistica

Salford CART, Mars, other
Orange

Angoss

C4.5,C5.0, See5

Bayesia

Insightful Miner/S-Plus (now TIBCO)
Megaputer
Viscovery

Clario Analytics

Miner3D

Thinkanalytics

M Total (w/ others) B Alone
= - -
0 20 40 60 80 100

Source: KDNuggets.com, May 2009
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Data Mining Process

* A manifestation of best practices
* A systematic way to conduct DM projects
* Different groups has different versions

* Most common standard processes:
— CRISP-DM
(Cross-Industry Standard Process for Data Mining)

— SEMMA
(Sample, Explore, Modify, Model, and Assess)

— KDD
(Knowledge Discovery in Databases)



Data Mining Process:
CRISP-DM
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Data Mining Process:

CRISP-DM
Step 1: Business Understanding Aecounts for
Step 2: Data Understanding L ~85% of total
project time
Step 3: Data Preparation (!)

-

Step 4: Model Building
Step 5: Testing and Evaluation
Step 6: Deployment

* The process is highly repetitive and
experimental (DM: art versus science?)



Data Preparation —
A Critical DM Task

: Real-world
Data

Data Consolidation

Il

Data Cleaning

Il

Data Transformation

Collect data
Select data
Integrate data

Impute missing values
Reduce noise in data
Eliminate inconsistencies

Normalize data
Discretize/aggregate data
Construct new attributes

. J

Il

[ Data Reduction ]

Reduce number of variables
Reduce number of cases
Balance skewed data

Well-formed
Data




Data Mining Process:
SEMMA

Sample
(Generate a representative
sample of the data)

Assess

(Evaluate the accuracy and
usefulness of the models)

Explore
(Visualization and basic
description of the data)

Model Modify

(Use variety of statistical and (Select variables, transform
machine learning models ) variable representations)




Cluster Analysis

Used for automatic identification of
natural groupings of things

Part of the machine-learning family
Employ unsupervised learning

Learns the clusters of things from past data,
then assigns new instances

There is not an output variable
Also known as segmentation



Cluster Analysis
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Clustering of a set of objects based on the k-means method.
(The mean of each cluster is marked by a “+”.)




Cluster Analysis

* Clustering results may be used to
— |dentify natural groupings of customers

— |dentify rules for assigning new cases to classes
for targeting/diagnostic purposes

— Provide characterization, definition, labeling of
populations

— Decrease the size and complexity of problems
for other data mining methods

— |Identify outliers in a specific domain
(e.g., rare-event detection)



Example of Cluster Analysis

Point P P(x,y)

p01 a (3, 4)
p02 b (3, 6)
p03 ¢ (3, 8)
p04 d (4, 5)
p0S e 4, 7)
p06 f (5, 1)
p07 g (5, 5)
p08 h (7, 3)
p09 i (7, 5)
p10 ] (8, 9)



Cluster Analysis for Data Mining

e How many clusters?
— There is not a “truly optimal” way to calculate it

— Heuristics are often used

1.
2.
3.
4.

Look at the sparseness of clusters

Number of clusters = (n/2)Y2 (n: no of data points)
Use Akaike information criterion (AIC)

Use Bayesian information criterion (BIC)

* Most cluster analysis methods involve the use of a
distance measure to calculate the closeness between
pairs of items

— Euclidian versus Manhattan (rectilinear) distance

16



k-Means Clustering Algorithm

* k:pre-determined number of clusters
e Algorithm (Step O: determine value of k)

Step 1: Randomly generate k random points as initial
cluster centers

Step 2: Assign each point to the nearest cluster center
Step 3: Re-compute the new cluster centers

Repetition step: Repeat steps 2 and 3 until some
convergence criterion is met (usually that the
assignment of points to clusters becomes stable)



Cluster Analysis for Data Mining -

k-Means Clustering Algorithm

Step 2
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Similarity and Dissimilarity Between Objects

* Distances are normally used to measure the similarity or
dissimilarity between two data objects

 Some popular ones include: Minkowski distance:

N _ q _ q _ q
d(i, j) q\/(|xl.1 w7l b, —x 1)

dimensional data objects, and g is a positive integer

 Ifg=1,dis Manhattan distance

d(l,])=\xl.1—le|+\xl.2—xj2|+...+|xl.p—x. |

Jp



Similarity and Dissimilarity Between Objects
(Cont.)

 |fg=2,dis Euclidean distance:

d(, j)= J(pci1 ¥, "+, ¥ Pl % )

— Properties

* d(ij)=0

e d(i,i)=0

* d(i,j) = d(j,i)

* d(i,j) = d(i,k) + d(k,j)

* Also, one can use weighted distance, parametric Pearson

product moment correlation, or other disimilarity measures
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Euclidean distance vs
Manhattan distance

* Distance of two point x, = (1, 2) and x, (3, 5)

Euclidean distance:
= ((3-1)2+ (5-2)2)1”2
= (22 + 32)112

= (4 + 9)172

(13)1/2

3.61

Manhattan distance:

(3-1) + (5-2)
2+ 3
5



The K-Means Clustering Method

 Example
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K-Means Clustering

Step by Step
Point P P(x,y)
p01 a (3, 4)
p02 b (3, 6)
p03 ¢ (3, 8)
p04 d (4, 5)
p05 e 4, 7)
p06 f (5, 1)
p07 ¢ (5, 5)
p08 h (7, 3)
p09 i (7, 5)
p10 |j (8, 5)



K-Means Clustering

Step 1: K=2, Arbitrarily choose K object as initial cluster center
10

Point P P(x,y)
9 p01 a (3, 4)
3 p02 b (3, 6)
p03 ¢ (3, 8)
! 004 d  (4,5)
6 M,=(8,5 pOd> e 4, 7)
c ® p06 f (5, 1)
p07 g (5, 5)
1 » 008 h  (7,3)
; m, =3, 4) 009 | (7, 5)
, p10 j (8, 5)
1 Initial m1 (3, 4)
Initial m2 (8, 5)



Step 2: Compute seed points as the centroids of the clusters of the current partition

Step 3: Assign each objects to most similar center
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K-Means Clustering

Point P P(x,y)
p01 a (3,4)
p02 b (3,06)
p03 ¢ (3,8)
p04 d (4,5)
p05 e (4,7)
p06 f (5,1)
p07 g (5,9)
p08 h (7,3)
p09 i (7,95)
p10 | (8,9)
Initial m1 (3, 4)
Initial m2 (8, 5)

m1 m2
distance distance
0.00 5.10
200 5.10
400 5.83
1.41 4.00
3.16 4.47
3.61 5.00
224  3.00
4.12 2.24
4.12 1.00
5.10 0.00

Cluster

Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster2
Cluster2
Cluster2
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Step 2: Compute seed points as the centroids of the clusters of the current partition

Step 3: Assign each objects to most similar center
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Euclidean distance
b(3,6) <->m1(3,4)
— ((3 3)2 + (4_6)2 )1/2

0 1=(02+ (-2)3)2
= (0 + 4)172
K- = (4)"2

= 2.00

Point P P(x)y) disrtT:nce disrtgice Cluster
p01 a (3,4) 0.00 5.10  Cluster1
p02 b (3,6) 2.00 510  Cluster1
p03 c¢ (3,8 4.00 5.83 Clusteri
p04 d (4,5 1.41 4.00 Cluster1
p05| Euclidean distance ster
p06| b(3,6) €—>m2(8,5) ster1
po7| = ((8-3)7 + (5-6)°)">  Istert
p08| = (52 + (-1))"2 ster2
p09 = (25 t 1)1/2 ster2
p10 = (26)1/2 ster2
=5.10
Initial m1 (3, 4)
Initial m2 (8, 5)
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Step 4: Update the cluster means,
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Repeat Step 2, 3,
stop when no more new assignment
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K-Means Clustering

Point

m1

(3,4) 1.43
(3,6) 1.22
(3,8) 2.99
(4,5) 0.20
4,7) 1.87
(5,1) 4.29
(
(
(
(

-~ O O O T D

5,5) 1.15
7,3) 3.80
7,5) 3.14
8,5) 4.14

> @

m1 (3.86, 5.14)
m2 (7.33, 4.33)

m2

P(x.y) distance distance

4.34
4.64
5.68
3.40
4.27
4.06
2.42
1.37
0.75
0.95

Cluster

Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster2
Cluster1
Cluster2
Cluster2
Cluster2
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Step 4: Update the cluster means,
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Repeat Step 2, 3,
stop when no more new assignment
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K-Means Clustering

Point

P01
p02
p03
p04

m1

(3,4) 1.95
(3,6) 0.69
(3,8) 2.27
(4,5) 0.89
4,7) 1.22
(
(
(
(
(

-~ O O O T

5,1) 5.01
5,5) 1.57
7,3) 4.37
7,5) 3.43

> @

m1 (3.67, 5.83)
m2 (6.75, 3.50)

m2

P(x.y) distance distance

3.78
4.51
5.86
3.13
4.45
3.05
2.30
0.56
1.52
1.95

Cluster

Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster2
Cluster1
Cluster2
Cluster2
Cluster2
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stop when no more new assignment pg;nt
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K-Means Clustering

P01
p02
p03
p04

m1

(3,4) 1.95
(3,6) 0.69
(3,8) 2.27
(4,5) 0.89
4,7) 1.22
(5,1) 5.01
(
(
(
(

-~ O O O T

5,5) 1.57
7,3) 4.37
7,5) 3.43

> @

m1 (3.67, 5.83)
m2 (6.75, 3.50)

m2

P(xy) distance distance

3.78
4.51
5.86
3.13
4.45
3.05
2.30
0.56
1.52
1.95

Cluster

Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster2
Cluster1
Cluster2
Cluster2
Cluster2
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K-Means Clustering (K=2, two clusters)

stop when no more new assignment pg;nt
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K-Means Clustering

p01
p02
p03
p04

m1

P Pxy) distance distance

(3,4) 1.95
(3,6) 0.69
(3,8) 2.27
(4,5) 0.89
4,7) 1.22
(5,1) 5.01
(
(
(
(

-~ O O O T

5,5) 1.57
7,3) 4.37
7,5) 3.43

> @

m1 (3.67, 5.83)
m2 (6.75, 3.50)

m2

3.78
4.51
5.86
3.13
4.45
3.05
2.30
0.56
1.52
1.95

Cluster

Cluster1
Cluster1
Cluster1
Cluster1
Cluster1
Cluster2
Cluster1
Cluster2
Cluster2
Cluster2
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Case Study 1 (Cluster Analysis — K-Means using SAS EM)

BESHEEVE— (SASEM % B 5#7)

Banking Segmentation

CNT_TEM | CNT_ATM | oNT_POS | oNT_csc | ent_toT
1 1360[34.0 30 po 49.0
2 J000052004/44.0 17.0 50 18.0 240
3 240(122.0 26.0 ].m ]ssn pls.o
4 J0000P6625/82.0 3.0 6.0 10 520
5 15020.0 150 20 20 .0
6 [00009451283.0 20.0 49.0 30 155.0
7 3.0 9.0 9.0 170 108.0
3 |00009806222.0 5.0 9.0 10 70
9 12277921.0 2.0 p.o ]m ]sl.o
10 j000125838(127.0 3.0 20 30 135.0
11 000137317/52.0 20.0 ]zo ]m) psn
12 j000147696(101.0 40.0 20 10 150.0
13 [000150206(156.0 52.0 £0.0 40 2920
14 000160501310 20 420 120 117.0
15 j000176820(107.0 30 ]zo ]m [us.o
16 j000187724/54.0 14.0 7.0 240 9.0
17 000189200920 30 ]zo }zo pmo
18 J000198327/44.0 210 170 30 910
19 146.0 30 20 10 1520
20 7960139.0 5.0 20 40 500
21 |180.0 30 }zo ]I0.0 [m.o
2 j000224317/46.0 14.0 20 10 630
23 0 30 p.o ]m pm
24 J00020024(15.0 3.0 20 10 210
25 1082/13.0 30 20 10 190
2% J00025326065.0 30 20 10 710
2 10[35.0 30 20 10 410
28 J00061717/11.0 5.0 20 10 19.0

15.0 0 20 .0 210

o Enterprise Miner - EM_Projectl
WP WRE) RV) BER) HO) REW) REIH)

e 1= a8 LTSS ER R Y3 2

0 T,
IFTEE: CaseStady
B WML

(mz] e=.]

) ‘\")‘e i} mm| a-|m

= ER-& S |
(P FRIBE) BRV) REW)

Balan &

&6 1
ita 56275
5t 617

E& 3 ]
ste 18638
L 20.4¢

ohT_csc

CNT_TEM

B2
g 16181
B 177
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B AR A 3%, BA

« BRE L - profile.sas7bdat

Name Model Role | Measurement Description
Level
ID %ﬁ) Nominal Customer ID
CNT_TBM Input Interval Traditional bank method transaction count
CNT_ATM Input Interval ATM transaction count
CNT POS Input Interval Point-of-sale transaction count
CNT CsC Input Interval Customer service transaction count

CNT TOT Input Interval Total transaction count




ITHE P 2B T RAR

* ST B 89

RIBEERZHBETBM ~ ATM ~ POS ~ CSCHEATEF &5 o

7B SR F 2L

A 3 8L PR 2

AR R

GEX & 9%

DR S BCRER R ER BRI
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SAS Enterprise Miner (SAS EM)
Case Study
* SAS EM E K [E A4 BR
— Step 1. #73% & £ (New Project)
— Step 2. ¥73¢ E k£ (New / Library)
— Step 3. & 3 Bk} 2R IR (Create Data Source)
— Step 4. Z /42 & (Create Diagram)
* SAS EM SEMMA AR 42

36



Download EM_Data.zip (SAS EM Datasets)
http://mail.tku.edu.tw/myday/teaching/1022/DM/Data/EM Data.zip

e x = 9] =
= C' [J mail.tku.edu.tw/myday/teaching/1022/DM/Data/EM_Data.zip w =

BEENEEEES L ANOHRFATESEREE - ZEASE..

FFA TChrome
EER T THSH- TN

~ 8 66 MHOD

< Google 3 Google ElmiEi Gmail Google 3 YouTube
@ chrome Eaas  gRES BURENAE - | SLEAESES o
B EM_Datazip Y 8 BETFAATE. x
|
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Upzip EM_Data.zip to C:\DATA\EM_Data

@Qv\ » SH§ » System (C) » DATA » EM_Data

HAoEE ~ MAZREEE ~

PRL -
4 g System (C)
4 DATA
EM_Data
4 EM_Projectl
DataSources
Meta
Reports
System
Workspaces
g EM_Datazip
dyna

-~

eclipse-java-key _

ipcedu
jdk-7uS1-apidc¢
a MSOCache
PerfLogs
Program Files
ProgramData
temp
test-files - 2013
WebEditor

Windows

4 &g H

-

HAEsE ~ FIEE R

credit.sas7bdat
#@7Y: SAS Data Set

ing2006.sas7bdat
#E4Y: SAS Data Set

profile.sas7bdat
#8748 SAS Data Set

webstation.sas7bdat
#4Y: SAS Data Set

B0 Mol ™5
|4 || =M Dot I
- 0O @

& HRA: 2013/4/21 T4 05:22
/361 KB

{2 B 2013/5/29 T4 01:20
#1134 MB

& HRA: 2006/9/23 T4 10:08
/539 MB

gt HAA: 2006/9/25 £ 01:45
/495 MB




Upzip EM_Data.zip to C:\DATA\EM_Data

@Qv“ » i » System (C) » DATA » EM_Data

L0 et

ke :EE'

A EhE
& System (C)
DATA
EM_Data
EM_Projectl
DataSources
Meta
Reports
System
Workspaces
H EM_Datazip
dyna

MAZERREE ~

P

eclipse-java-key _

ipcedu
jdk-7uS1-apidc
a MSOCache
PerfLogs
Program Files
ProgramData
temp
test-files - 20132
WebEditor

Windows

4 {E1EE

-

HEsHS ~

A

=i

[ creditsas7bdat
4 ing2006.sas7bdat
(4 profilesas7bdat

FIRERN

(5] webstation.sas7bdat

(RS L

2013/4/21 T4 05:22
2013/5/29 T4 01:20
9/23 T4 10:08
9/25 9 01:45

2006

20086,

—

SAS Data Set

SAS Data Set

SAS Data Set

SAS Data Set

361 KB
13,729 KB

5,521 KB

v‘#,‘

EZENM Dats




VMware Horizon View Client
softcloud.tku.edu.tw
SAS Enterprise Miner

TKU Software Cloud -
Windows 7

PColP »

40



SAS Locale Setup Manager
- English Ul



SAS Enterprise Guide 5.1 (SAS EG)

J e A

&5 eclipse - ## #HMIEMEEE(
= 84)

L N A2

Microsoft Silverlight 4 SDK - ST (%58 ~ |
Microsoft Silverlight 5 SDK - 7 (E58
Microsoft SQL Server 2008
Microsoft SQL Senver 2012
Microsoft Visual Studio 2010
Microsoft Visual Studio 2012
NetBeans X
OpenOffice.org 3.4.1
R B A
SAS

G SAS 9.3 (P (B Lt
J 3 (P (ERD)
& SAS 9.3 (3D .
S SAS Deployment Manager Lt
e
M1 SAS GRAPH ODS 9.3 BI4Rea 2 = 2 220 e

[ sASIML Studio 121
(&) sas .L.ocale Setup Manager 3.1 R
Additional Languages

Utilities AR S

KRB EFERIEEFIR

BARTRREN - SEEELE
MERER - BHEREWA - BB
RBERTREEFVRESE - T2
HIEBES IR - GoogleElmiFHs... &
BAIRHESREROFAEEREER
MR - ERIEOBAEHER -

 RAEERTEREWER - BREAR
AE -

» RS SAERARIERAD - ARESR TR
SHLE FEEFM. B -

 RIEEEAREBEB212AZE KE
26215656-2129 BIRIRTS -

AR ERBHER - BRERRAER
i BiEaaMEEEER -




SAS Enterprise Miner 12.1 (SAS EM)

J e A

&5 eclipse - ## #HMIEMEEE(
= 84)

L N A2

Microsoft Silverlight 4 SDK - ST (%58 ~ |
Microsoft Silverlight 5 SDK - 7 (E58
Microsoft SQL Server 2008
Microsoft SQL Senver 2012
Microsoft Visual Studio 2010
Microsoft Visual Studio 2012
NetBeans X
OpenOffice.org 3.4.1
R B A
SAS

=z

Y SAS 93 (P (B s

& SAS 9.3 (3D -

S SAS Deployment Manager

SAS Enterprise Guide 5.1 R
M, SAS Enterprlse Miner 12.1 I'[’Eﬁa ==
- SEMENE

@ s4SIML Studio 121
[&] sAs Locale Setup Manager3.1 R

Additional Languages
Utilities AR S

KRB EFERIEEFIR

BARTRREN - SEEELE
MERER - BHEREWA - BB
RBERTREEFVRESE - T2
HIEBES IR - GoogleElmiFHs... &
BHEHESKREROAEERB SR
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EM_Lib.Profile

EM_LIB.PROFILE = Noh <"
ID | CNT_TBM | CNT_ATM | CNT_POS | CNT_CSC | CNT_TOT

1 [000041360:34.0 3.0 3.0 9.0 49.0 -
2 000052004/44.0 17.0 5.0 18.0 84.0 S
3 000057340(122.0 26.0 320 36.0 216.0

4 |000076885/42.0 3.0 6.0 1.0 52.0

5 000089150200 150 2.0 2.0 39.0

6 000094512(83.0 20.0 49.0 3.0 155.0

7 |000096396/33.0 9.0 49.0 17.0 108.0

8 [000098062{22.0 5.0 9.0 1.0 37.0

9 |00012277921.0 27.0 2.0 1.0 51.0

10 000125838(127.0 3.0 2.0 3.0 135.0

11 000137317/52.0 20.0 2.0 1.0 85.0

12 [000147896/101.0 40.0 8.0 1.0 150.0

13 000150206(156.0 52.0 80.0 4.0 202.0

14 000160501310 2.0 42,0 12,0 117.0

15 000176820/107.0 3.0 2.0 1.0 113.0

16 |000187784/54.0 140 7.0 24.0 99.0

17 [000189200/92.0 3.0 2.0 2.0 99.0

18 [000198327/44.0 27.0 17.0 3.0 91.0

19 000200237/146.0 3.0 2.0 1.0 152.0

20 [000207980[39.0 5.0 2.0 4.0 50.0

21 [000227355(180.0 3.0 2.0 100 195.0

22 |000228317146.0 140 2.0 1.0 63.0

23 |000228906/25.0 3.0 2.0 10 310

24 |000229984]15.0 3.0 2.0 1.0 210

25 |000241022(13.0 3.0 2.0 1.0 19.0

26 [000253260/65.0 3.0 2.0 1.0 710

27 [000257910(35.0 3.0 2.0 1.0 41.0

28 [000261717]11.0 5.0 2.0 1.0 19.0

2a_1000266600(15.0 3.0 2.0 1.0 210 Y
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