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Data Mining

"Drowning in Data yet Starving for Knowledge"
??7?

"Computers have promised us a fountain of wisdom budelivered a flood of data"
William J. Frawley, Gregory Piatetsky-Shapiro, ankriStopher J. Matheus

Data Mining: "The non trivial extraction of implicit, previously unknown, and potentially
useful information from data"
William J Frawley, Gregory Piatetsky-Shapiro and Stopher J Matheus

Data mining finds valuable information hidden in large volumes of data.

Data mining is the analysis of data and the use sbftware techniques for finding
patterns and regularities in sets of data.

Data Mining is an interdisciplinary field involving:
— Databases
— Statistics
— Machine Learning
— High Performance Computing
— Visualization
— Mathematics



Data Mining Software

KDnuggets : Polls : Data Mining Tools You Used in
2005 (May 2005) PollData mining/Analytic tools you
used in 2005 [376 voters, 860 votes total]

« Enterprise-level: (US $10,000 and more)
Fair Isaac, IBM, Insightful, KXEN, Oracle, SAS, and
SPSS

« Department-level: (from $1,000 to $9,999)
Angoss, CART/MARS/TreeNet/Random Forests,
Equbits, GhostMiner, Gornik, Mineset, MATLAB,
Megaputer, Microsoft SQL Server, Statsoft Statistica,
ThinkAnalytics

* Personal-level: (from $1 to $999) : Excel, Seeb5
 Free: C4.5, R, Weka, Xelopes
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Weka Data Mining Software

KDnuggets : News : 2005 : n13 : item2

SIGKDD Service Award is the highest service award in the field of dataimg and knowledge discovery. It is is given
to one individual or one group who has performeadificant service to the data mining and knowledpealvery
field, including professional volunteer serviceslisseminating technical information to the fiedducation, and
research funding.

The2005 ACM SIGKDD Service Awardis presented tthe Weka teamfor their development of the freely-available
Weka Data Mining Software, including the accompagypook Data Mining: Practical Machine Learning oand
Techniques (now in second edition) and much otbeuchentation.

The Weka team includeéan H. Witten andEibe Frank, and the following major contributors (in alphabat order of
last names): Remco R. Bouckaert, John G. Cleally EaCunningham, Andrew Donkin, Dale Fletcheg\&t
Garner, Mark A. Hall, Geoffrey Holmes, Matt Humpyréyn Hunt, Stuart Inglis, Ashraf M. Kibriya, Ried
Kirkby, Brent Martin, Bob McQueen, Craig G. NevWanning, Bernhard Pfahringer, Peter Reutemann, Gabi
Schmidberger, Lloyd A. Smith, Tony C. Smith, KaidiTing, Leonard E. Trigg, Yong Wang, Malcolm Waaad
Xin Xu.

The Weka team has put a tremendous amount of @ftortontinuously developing and maintaining tiistemsince
1994 The development of Weka was funded by a gramh fite New Zealand Government's Foundation for
Research, Science and Technology.

Thekey featuresresponsible for Weka's success are:
— it provides many different algorithms for data mghand machine learning
— isis open source and freely available
— itis platform-independent
— itis easily useable by people who are not datangispecialists
— it provides flexible facilities for scripting expments
— it has kept up-to-date, with new algorithms beadged as they appear in the research literature



Weka Data Mining Software

KDnuggets : News : 2005 : n13 : item2 (cont.)

The Weka Data Mining Software has been downlo@f#rj000 timessince it was put on SourceForge in April
2000, and is currently downloaded at a rate ofd@@onth. The Weka mailing list has ou€r0O0
subscribers in 50 countriesincluding subscribers from many major companies.

There arel5 well-documented substantial projectshat incorporate, wrap or extend Weka, and no dmaty
more that have not been reported on Sourceforge.

lan H. Witten and Eibe Frank also wroteaay popular book "Data Mining: Practical Machine L earning
Tools and Technigue$ (now in the second edition), that seamlessly iratsgr Weka system into teaching
of data mining and machine learning. In additibweyt providedexcellent teaching materialon the book
website.

This book became one of the most popular textbémkdata mining and machine learning, andasy
frequently cited in scientific publications

Weka is dandmark system in the history of the data mining ad machine learningresearch communities,
because it is the only toolkit that has gained suiclespread adoption and survived for an extendeib g
of time (the first version of Weka was released/ddrs ago). Other data mining and machine learning
systems that have achieved this are individuaksyst such as C4.5, not toolkits.

Since Weka is freely available for download aneiffmany powerful features (sometimes not found in
commercial data mining software), it has becomeadrtbe most widely used data mining systems. Weka
also became one of the favorite vehicles for datang research and helped to advance it by makiagym
powerful features available to all.

In sum, the Weka team has made an outstanding conlution to the data mining field.
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Interested in doing an KSc or PhD in Machine Learning here at Wailcate and spending
some titne overseas while working on your project? Then check this out.

Welka Machine Learning Project

A exciting atd potentially far-reaching dewvelopment in computer science is the invention
atd application of methods of machine learning. These enable a computer program to
automatically atalyse alarge body of data and decide what information is most relevant. This
cryrstallised information can then be used to automatically make predictions or to help people
malke decigsions faster annd more accurately.

The owerall goal of our project is to build a state-of-the-art facility for developing machine
learning (MWL) techhigques and to apply them to realworld data mining problemms. Cur team has
incorporated several standard LWL technigques into a software "workbench" called WERK.A, for
Waikato Envvirorument for Knowledge Analysis. With it, a specialist it a particular field iz able
to use ML to derive useful knowledge from databases that are far too large to be analysed by
hand "WEE A 's users are WL researchers and industrial scientists, but it is also widely used
for teaching,

Char objectives are to

malke ML technigques generally awailable;

apply them to practical problems that matter to Mew Zealand industry;
devrelop fiew machine learning algorithins and give them to the world,
comtribute to a theoretical framemrork for the field.

Char thachine learning package is publically available and presents a collection of algorithuns
for solving real-world data mining problems. The software is written entively in Java atd
inncludes a uniform interface to a mumber of standard ML technigues. Please feel free to
browse around.
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"I you have data that you want to analyze and understand, this bock and the
assoctated Weka toollit are an excellent way to start.”

-Jim Gray, Wicrosoft Research
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Using Weka to teach Machine Learning, Data and Webrlg

http://uhaweb.hartford.edu/compsci/ccli/



Machine Learning, Data and Web Mining
by Example
(“learning by doing” approach)

Data preprocessing and visualization
Attribute selection

Classification (OneR, Decision trees)
Prediction (Nearest neighbor)

Model evaluation

Clustering (K-means, Cobweb)
Association rules



Data preprocessing and visualization

Initial Data Preparation
(Weka data input)

 Raw data (Japanese loan data)
« Web/Text documents (Department data)



Data preprocessing and visualization

Japanese loan datagample from a loan history database of a Japédnaede

Clients:si,..., s20
* Approved loan: s1, s2, s4, s5, s6, s7, s8, s9,s9b4 s17, s18, s19
* Rejected loan: s3, s10, s11, s12, s13, s16, s20

Clients data:

* unemployed clients: s3, s10, s12

* loanisto buy a personal computer: s1, s2, s¥%46, s7, s8, s9, s10

* Joanisto buyacar: sl1, s12, s13, s14, s15,14 s18, s19, s20

* male clients: s6, s7, s8, s9, s10, s16, s17,s988,s20

* not married: s1, s2, s5, s6, s7, s11, s13, s54s48

* live in problematic area: s3, s5

e age:sl=18, s2=20, s3=25, s4=40, s5=50, s6=1825%8=28, s9=40, s10=50, s11=18, s12=20,
s13=25, s14=38, s15=50, s16=19, s17=21, s18=253813820=50

* money in a bank (x10000 yen): s1=20, s2=10, s8485, s5=5, s6=10, s7=10, s8=15, s9=20, s10=5,
s11=50, s12=50, s13=50, s14=150, s15=50, s16=36,180, s18=150, s19=100, s20=50

* monthly pay (x10000 yen): s1=2, s2=2, s3=4, s45%4, s6=5, s7=3, s8=4, s9=2, s10=4, s11=8,
s12=10, s13=5, s14=10, s15=15, s16=7, s17=3, s1819610, s20=10

* months for the loan: s1=15, s2=20, s3=12, s4=82] 3, s6=8, s7=8, s8=10, s9=20, s10=12, s11=20,
s12=20, s13=20, s14=20, s15=20, s16=20, s17=268261819=20, s20=30

* years with the last employer: s1=1, s2=2, s3=02s545=25, s6=1, s7=4, s8=5, s9=15, s10=0, s11=1,
s12=2, s13=5, s14=15, s15=8, s16=2, s17=3, s188218, s20=2



Data preprocessing and visualization
Relations, attributes, tuples (instances)

Loan data — CVS format
(LoanData.cvs)



Data preprocessing and visualization

Attribute-Relation File Format (ARFF) - http://wwwvg.evaikato.ac.nz/~ml/weka/arff.html



Data preprocessing and visualization

Download and install Weka - http://www.cs.waikatoma¢-ml/weka/



Data preprocessing and visualization

Run Weka and select the Explorer



Data preprocessing and visualization

Load data into Weka — ARFF format or CVS format (clim “Open file...”)



Data preprocessing and visualization

Converting data formats through Weka (click on “Savg



Data preprocessing and visualization

Editing data in Weka (click on "Edit...”)



Data preprocessing and visualization

Examining data
o Attribute type and properties
* Class (last attribute) distribution



Data preprocessing and visualization

Click on “Visualize All”



Data preprocessing and visualization

Web/Text documents - Department data http://www.cs.ccsu.edu/~markov/

 Download Chl, DMW Book
 Download datasets




Data preprocessing and visualization
Convert HTML to Text



Data preprocessing and visualization

Loading text data in Weka
« String format for ID and content

» One document per line

» Add class (nominal) if needed



Data preprocessing and visualization

Converting a string attribute into nominal

Choose filters/unsupervised/attribute/StringToNaand and set the index to 1



Data preprocessing and visualization

Converting a string attribute into nominal

Click on Apply — document_name is now nominal



Data preprocessing and visualization

Converting text data into TFIDF (Term Frequency velted Document Frequency) attribute format

* Choose filters/unsupervised/attribute/String ToWcedidr
» Set the parameters as needed (see “More”)
* Click on “Apply”



Data preprocessing and visualization

Make the class attribute last

» Choose filters/unsupervised/attribute/Copy
» Set the index to 2 and click on Apply
 Remove attribute 2



Data preprocessing and visualization

» Change the attributes to nominal (use NumericTaBirfilter)
» Save data on a file for further use



Data preprocessing and visualization

ARFF file representing the department data in lyiiarmat (NonSparse) Note the format (see

SparseToNonSparse
iInstance filter)



Attribute Selection
Finding a minimal set of attributes that preserie tlass distribution

Attribute relevance with respect to the class —ramvant attributegccounting

IF accounting=1 THEN class=A (Error=0, Coverageinstance overfitting )
IF accounting=0 THEN class=B (Error=10/19, Coveradi instances low accuracy)



Attribute Selection

Attribute relevance with respect to the class —viaaht attribute gcience

IF accounting=1 THEN class=A (Error=0, Coverage instance)
IF accounting=0 THEN class=B (Error=4/13, CoveradE3 instances)



Attribute Selection (with document_name)



Attribute Selection (without document_name)



Attribute Selection (ranking)



Attribute Selection (explanation of ranking)



Attribute Selection (using filters)

» Choose filters/supervised/attribute/Attribute Setat
» Set parameters to InfoGainAttributeEval and Ranker
* Click on Apply and see the attribute ordering



Attribute Selection (using filters)



Classification — creating models (hypotheses
Mapping (independent attributes -> class)

Inferring rudimentary rules - OneR

Weather data (weather.nominal.arff

Attribute | Rules Errors | Total
error
outlook sunny -> no 2/5 4/14
overcast -> yes 0/4
rainy -> yes 2/5
temperature | hot -> no 214 5/14
mild -> yes 216
cool -> yes 1/4
humidity high -> no 3/7 4/14
normal -> yes 17
windy false -> yes 2/8 5/14
true -> no 3/5




Classification — OneR



Classification — decision tree

Right click on the highlighted line in Result Istd choose Visualize tree



Classification — decision tree

Top-down induction of decision trees (TDIDT, oldoapach know
from pattern recognition):
« Select an attribute for root node and create adbréor each
possible attribute value.
« Split the instances into subsets (one for eachdbra
extending from the node).
* Repeat the procedure recursively for each bramhg only
Instances that reach the branch (those that s&tisfy
conditions along the path from the root to the bn
« Stop If all instances have the same class.

ID3, C4.5, J48 (Weka): Select the attribute thatimizes the
class entropy in the split.



Classification — numeric attributes

weather.arff



Classification — predicting class

Click on Set... Click on Open file...



Classification — predicting class

Right click on the highlighted line in Result leatd choose Visualize classifier errors

Click on the square



Classification — predicting class

Click on Save



Prediction (no model, lazy learning)

test: (sunny, cool, high, TRUE, ?)

» K-nearest neighbor (KNN, 1Bk)
Take the class of the nearest neighbor
or the majority class among K neighbors
K=1->no
K=3 ->no
K=5 ->yes
K=14 -> yes (Majority predictor, ZeroR)

* Weighted K-nearest neighbor
K=5 -> undecided
no=1/1+1/2=1.5
yes=1/2+1/2+1/2=1.5

X 2 8 9 11 12 . 10
Distance(test,X)| 1 2 2 2 2 4
play no no yes yes |yes . yes

 Distance is calculated as the number of diffeegtntbute values
* Euclidean distance for numeric attributes



Prediction (no model, lazy learning)



Prediction (no model, lazy learning)

Departments-binary-test.arff

Departments-binary-training



Prediction (no model, lazy learning)



Model evaluation — holdout (percentage split)

Click on More options...



Model evaluation — cross validation



Model evaluation — leave one out cross validation



Model evaluation — confusion (contingency) matrix

predicted
a |b
a |2 |1
b |2 |0

actual




Clustering — k-means

Click on Ignore attributes



Hierarchical Clustering — Cobweb



Association Rules (A => B)

» Confidencdaccuracy): P(B|A) = (# of tuples containing botlaid B) / (# of tuples containing A).
» Support(coverage): P(A,B) = (# of tuples containing botlard B) / (total # of tuples)



Assoclation Rules



And many more ...

Thank you!



