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Example of DBMS, OLAP and Data Mining: Weather data

Assume we have made a record of the weather conditions during a two-week period,
along with the decisions of a tennis player whether or not to play tennis on each
particular day. Thus we have generated tuples (or examples, instances) consisting of
values of four independent variables (outlook, temperature, humidity, windy) and one
dependent variable (play).

[ =2] Viewer

Relation: weather
Mo, 1: outlook 2: temperature 3: humidity 4 windy 5 play

rMorminal Miurmeric Miurmeric Mominal Nominal
1 sunny 25.0 250 FALSE no
e sunny s0.0 aD.0 TRUE no
3 overcast 53.0 6.0 FALSE vyes
q rainy Fo.0 a5.0 FALSE vyes
5 rainy GE.0 20.0 FALSE vyes
] rainy 65.0 FO0.0 TRUE no
T ovearcast G4.0 65.0 TRUE Vves
e sunny TZ2.0 a5 0 FALSE no
g sunny G9.0 FT0.0 FALSE vyes
10 rainy T¥5.0 0.0 FALSE vyes
11 sunny 5.0 T0.0 TRUE VEesS
12 owvercast T2.0 aD.0 TRUE =]
13 owvercast 21.0 750 FALSE vyes
14 rainy ¥1.0 g1.0 TRUE no

| Addinstance | OK | | Cancel |




Data-Base Management System
B Viewer

Relation: weather
Mo, 1: outlook 2: temperature 32: humidity 4 windy 5 play

Mominal Mumeric Mumeric Mominal RNominsal
1 sunny a25.0 850 FALSE no
e sSUnny s0.0 0.0 TRUE no
3 overcast 23.0 836.0 FALSE ves
4 rainy F0.0 5.0 FALSE vyes
5 rainmy G6&8.0 200 FALSE yes
G rainy 65.0 FTO0.0 TRUE no
T overcast G4 .0 650 TRUE Yes
a sunny 720 a50 FALSE no
g sunny 59.0 F0.0 FALSE vyes
10 rainy 5.0 30.0 FALSE ves
11 sunny 5.0 FO.0 TRUE yes
12 owvercast T2.0 0.0 TRUE Ves
13 owvercast 21.0 5.0 FALSE vyes
14 rainy 71.0 a1.0 TRUE no

| Addinstance | @K | | Cancel |

What was the temperature in the sunny days? {85, 80, 72, 69, 75}

Which days the humidity was less than 75? {6, 7, 9, 11}

Which days the temperature was greater than 70? {1, 2, 3, 8, 10, 11, 12, 13, 14}
Which days the temperature was greater than 70 and the humidity was less than 75?
The intersection of the above two: {11}



OLAP: Multidimensional Model (Data Cube)

Dimensions:
« Time: Week 1={1, 2, 3, 4, 5, 6, 7}, Week 2={8, 9, 10, 11, 12, 13, 14}
« Qutlook: {sunny, rainy, overcast}

Unit: play (yes/no)

Week 1 0/2 211 2/0
Week 2 2/1 1/1 2/0

=>» if outlook = overcast then play = yes



Data Mining: Association Rules

Discretize numeric attributes (data pre-processing = Viewer
stage in data mining). Group the temperature values in Relation: weather.symbolic
. . - - . Mo 1: outlook 2: temperature 3 humidity 4: windy 5: play
three intervals (hot, mild, cool) and humidity values in Nominal  Nominal Mominal Nominal Neminal
two (hlgh, norma|)_ 1 sunny hot high FALSE no
2 sunny hot high TRUE no
3 owvercast hot high FALSE vyes
4 rainy mild high FALSE vyes
5 rainy cool normal FALSE vyes
G rainy cool narmal TRUE no
.- . 7 t | I TRUE
1. humidity=normal windy=false 4 ==> play=yes (4, 1) s sunny il hah  FALSE mo
2. temperature=cool 4 ==> humidity=normal (4, 1) ?m sunny m-fé nﬂrma: EEE yes
_ L _ rainy mi naorma | yes
3- outlook—overcast 4 ==> play—yes (41 1) 11 sunny mild narmal TRUE vyes
4. temperature=cool play=yes 3 ==> humidity=normal (3, 1) jllg nuercas: md high | E&JSEE yes
. . overcas 0 narma ! [=35]
5. outlook=rainy windy=false 3 ==> play=yes (3, 1) 14 rainy  mild high TRUE fm
6. outlook=rainy play=yes 3 ==> windy=false (3, 1) — [ ok | [ cancel |
— H H — H —— —
7. outlook=sunny humidity=high 3 ==> play=no (3, 1) foometnes
8. outlook=sunny play=no 3 ==> humidity=high (3, 1)
9. temperature=cool windy=false 2 ==> humidity=normal play=yes (2, 1)

10. temperature=cool humidity=normal windy=false 2 ==> play=yes (2, 1)



Data Mining: Decision Tree and Rules

|4 Weka Classifier Tree Visualizer: 22:37:03 - treesJ48 (w.. — O
Tree View
= zunny = overcast = rainy
= high = harmal =TRIUE =FALSE
weol  wev|  was o)

If outlook = overcast then yes

If humidity = normal and windy = false then yes

If temperature = mild and humidity = normal then yes
If outlook = rainy and windy = false then yes

If outlook = sunny and humidity = high then no

If outlook = rainy and windy = true then no



Data Mining: Prediction

Ed Viewer

Felation: weather.nominal test
Mo, 1: outlook 2: temperature 3: humidity 4: windy 5: play

Mominal Mominal Mominal Mominal Mominal
1 sunny  mild normal  FALSE rd
| Addinstance | | OK | | Cancel |

P(play=yes | outlook=sunny, temperature=mild, humidity=normal, windy=false) = 0.8

P(play=no | outlook=sunny, temperature=mild, humidity=normal, windy=false) = 0.2



Weka Project
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Weka 3: Data Mining Software in Java

Weka is a collection of machine learning algorithms for data mining tasks. The algorithms can either be applied directly to a
dataset or called from your own Java code. Weka contains tools for data pre-processing, classification, regression,
clustering, association rules, and visualization. It is also well-suited for developing new machine learning schemes.

Found only on the islands of New Zealand, the Weka is a flightless bird with an inquisitive nature. The name is pronounced
like this, and the bird sounds like this.

Weka is open source software issued under the GNU General Public License.

We have put together several free online courses that teach machine learning and data mining using Weka. Check out the
website for the courses for details on when and how to enrol. The videos for the courses are available on Youtube.

Yes, it is possible to apply Weka to big datal

Getting started Further information Developers

* Requirements = Citing Weka = Development

+ Download = Datasets = History

+ Documentation + Related Projects = Subversion

- FAQ « Miscellaneous Code - Contributors

= Getting Help = Other Literature = Commercial licenses




12 Years ago ...

KDnuggets : News : 2005 : n13 : item?2

SIGKDD Service Award is the highest service award in the field of data mining and knowledge discovery. It is is given
to one individual or one group who has performed significant service to the data mining and knowledge discovery
field, including professional volunteer services in disseminating technical information to the field, education, and
research funding.

The 2005 ACM SIGKDD Service Award is presented to the Weka team for their development of the freely-available
Weka Data Mining Software, including the accompanying book Data Mining: Practical Machine Learning Tools and
Techniques (now in second edition) and much other documentation.

The Weka team includes lan H. Witten and Eibe Frank, and the following major contributors (in alphabetical order of
last names): Remco R. Bouckaert, John G. Cleary, Sally Jo Cunningham, Andrew Donkin, Dale Fletcher, Steve
Garner, Mark A. Hall, Geoffrey Holmes, Matt Humphrey, Lyn Hunt, Stuart Inglis, Ashraf M. Kibriya, Richard
Kirkby, Brent Martin, Bob McQueen, Craig G. Nevill-Manning, Bernhard Pfahringer, Peter Reutemann, Gabi
Schmidberger, Lloyd A. Smith, Tony C. Smith, Kai Ming Ting, Leonard E. Trigg, Yong Wang, Malcolm Ware, and
Xin Xu.

The Weka team has put a tremendous amount of effort into continuously developing and maintaining the system since
1994. The development of Weka was funded by a grant from the New Zealand Government's Foundation for
Research, Science and Technology.

The key features responsible for Weka's success are:
— it provides many different algorithms for data mining and machine learning
— Isis open source and freely available
— itis platform-independent
— itis easily usable by people who are not data mining specialists
— it provides flexible facilities for scripting experiments
— It has kept up-to-date, with new algorithms being added as they appear in the research literature.



12 Years ago ...

KDnuggets : News : 2005 : n13 : item?2 (cont.)

The Weka Data Mining Software has been downloaded 200,000 times since it was put on SourceForge in April
2000, and is currently downloaded at a rate of 10, 000/month. The Weka mailing list has over 1100
subscribers in 50 countries, including subscribers from many major companies.

There are 15 well-documented substantial projects that incorporate, wrap or extend Weka, and no doubt many
more that have not been reported on Sourceforge.

lan H. Witten and Eibe Frank also wrote a very popular book ""Data Mining: Practical Machine Learning
Tools and Techniques’* (now in the second edition), that seamlessly integrates Weka system into teaching
of data mining and machine learning. In addition, they provided excellent teaching material on the book
website.

This book became one of the most popular textbooks for data mining and machine learning, and is very
frequently cited in scientific publications.

Weka is a landmark system in the history of the data mining and machine learning research communities,
because it is the only toolkit that has gained such widespread adoption and survived for an extended period
of time (the first version of Weka was released 11 years ago). Other data mining and machine learning
systems that have achieved this are individual systems, such as C4.5, not toolKits.

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

In sum, the Weka team has made an outstanding contribution to the data mining field.


http://www.cs.waikato.ac.nz/~ml/weka/book.html

Now ...
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Data Mining:
Practical Machine Learning Tools and Techniques

Machine leamning provides an exciting set of technologies that includes practial tools for analysing data and making
predictions but also powers the Iatest advances in artificial inteligence. We have written a book that provides a highly
accassible introduction to the area but also caters for readers who want to delve into the more mathematical technigues
available in modern probabilistic moedeling and deep lkzaming approaches. Chris Pal has jined lan Witten, Eibe Frank. and
Mark Hall for the fourth edifion, and his expertise in probabilisic models and deep leaming has greatly extended the book's
coverapge. To make room for the new material, we now provide an onfine apprendix on the Weka software. It is an extendad
version of a brief description of Weka included as an appandix in the book. The book continues fo provide references to
Weka implementations of algorithms that it describes. The Weka MOOCSs provide activities similar to the tutonial exercises in
the 3rd ediion. YWe now also provide information on other software: the computational ecosystem for machine leaming has
grown enomously since we have written the third edition in 2011, A table of contents for the fourth edition, indicating where
we have added new material can be found further down this page.
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[+ Weka GUI Chooser

Program Visualization Tools Help

o IE
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Version 3.8.1 Workbench
{c) 15598 - 2016
The University of Waikato Simple CLI
Hamilton, Mew Zealand
¥ Weka Explorer - B
_[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize ]
l Cpen file... J l Open URL... J [ Cpen DB. . J l Generate. . J Undao l Edit... J [ Save.. J
Filter
l Choose ”Nune “ Apply J
Current relation Selected attribute
Relation: weather.symbalic Aftributes: 5 Mame: outlook Type: Mominal
Instances: 14 Sum of weights: 14 Mis=sing: 0 (0%) Distinct. 3 Unique: 0 (0%)
Attributes M. | Label | Count | Weight
| 1 sunny 5 5.0
2 overcast 4 4.0
. Al || Nome || Invert || Pattem | 3 rainy 5 5.0

2 ] temperature
3 (] humidity
4[] windy

5 [ play

[CIass: play (Mom)

v|| visualize Al |
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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)

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 data (a sample from a loan history database of a Japanese bank)

Clients: s1,..., s20
»  Approved loan: sl, s2, s4, s5, s6, s7, s8, s9, s14, s15, s17, s18, s19
* Rejected loan: s3, s10, s11, s12, s13, s16, s20

Clients data:

« unemployed clients: s3, s10, s12

* loan is to buy a personal computer: s1, s2, s3, s4, s5, s6, s7, s8, s9, s10

« loanistobuyacar:sll, sl2,s13, s14,s15, s16, s17, s18, s19, s20

« male clients: s6, s7, s8, s9, s10, s16, s17, s18, s19, s20

e notmarried: s1, s2, s5, s6, s7, s11, s13, s14, s16, s18

* live in problematic area: s3, s5

« age: s1=18, s2=20, s3=25, s4=40, s5=50, s6=18, s7=22, s8=28, s9=40, s10=50, s11=18, s12=20,
§13=25, s14=38, s15=50, s16=19, s17=21, s18=25, s19=38, s20=50

* money in a bank (x10000 yen): s1=20, s2=10, s3=5, s4=5, s5=5, s6=10, s7=10, s8=15, s9=20, s10=5,
$11=50, s12=50, s13=50, s14=150, s15=50, s16=50, s17=150, s18=150, s19=100, s20=50

« monthly pay (x10000 yen): s1=2, s2=2, s3=4, s4=7, s5=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, s18=10, s19=10, s20=10

«  months for the loan: s1=15, s2=20, s3=12, s4=12, s5=12, s6=8, s7=8, s8=10, s9=20, s10=12, s11=20,
512=20, s13=20, s14=20, s15=20, s16=20, s17=20, s18=20, s19=20, s20=30

«  years with the last employer: s1=1, s2=2, s3=0, s4=2, s5=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, s18=2, s19=15, s20=2



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

Fle Edt Fomet Vew telp Loan data — CSV format

LD, sex,married, age, money, pay, months, buy, emp, Tastemp, area, approved a

R T e L (LoanData.csv)

2,f.n
3, f,vw,25,5,4,12,pc,n,0,bad, n
4,f,y,40,5,7,12,pc,y, 2, good, v
5,f,n,50,5,4,12,pc, v, 25, bad, v
&6,m,n,18,10,5,8,pc,vw,1l,good, v
7.m,n,22,10,3, 8, pc, v, 4, good, y - ) -
8,m,y,28,15,4,10,pc,y, 5, good, v e
B,m,y,40,20,2,20,p0c,y,15, good, @_] File Edit ‘Wew Insert Format  Tools Data  Window  Help Type aquestionforhelp [+ & X
10,m,y,50,5,4,12, pc,n, 0, good, nf . . : : :
11,,n,18,50,8,20,car,y, I, goodfid S H 3 5 3V E 4 aB-F 9-0-@=-5F e @B 7UA-
lzsgsysgg!gg!%géégscar!ngzsgug M23 - ﬁ’
13! !r-l! L] ] ? !Car‘! L] L] Dl:l —1
14,1=,n,EE,lSD,lD,ED,ca¥,y,%5,g - 8 | C | b | E | F | > |h Ho | | || I kK | L - | =
15,F,y.50,50,15, 20, car,y, &, oo sey fmarrie age money  pay maonths uy ermp asternp | area approve
16,m,n,19, 50, 7,20, car,y, 2, good| 2 11 n 18 20 - 15 po y 1good  y
17,m,y,21,150,3,20,car,y, 3, goof 3 2f n 20 10 2 20 p i 2|good ¥
18,m,n,25,150,10,20,car,y,2,goj 4 3f ¥ 25 a 4 12 pe n 0 bad n
19,m,y, 38,100,110, 20, car,y,15,09f & 4|f ¥ 40 a 7 12 pe y 2 good y
20,m,y, 50, 50,10, 30, car,y, £, goof & 6f n 50 5 4 12| pe y 25 bad y

7 Gm h 18 10 5 3 pc ¥ 1|good ¥

8 7im h 2 10 3 3 pc ¥ 4 good ¥

g gm ¥ 23 15 4 10| pc ¥ 5 good ¥

10 9m y 40 20 2 20 pc ¥ 15 good ¥

11 10'm y a0 =) 4 12 pc n 0 good n

12 11 f n 18 all 8 20 car ¥ 1/good n

13 12f y 20 all 1 20 car n 2 good n

14 131 i 25 50 5 20 car ¥ 5 good f

15 14 f n 33 150 10 20 car ¥ 15|good ¥

16 15 f ¥ a0 a0 15 20 car ¥ 8 good ¥

17 16 m n 19 a0 7 20 car ¥ 2 good n

18 17 m ¥ 1 150 3 20 car ¥ 3 good ¥

19 18 m n 25 150 10 20 car ¥ 2 good ¥

20 19 m y 38 100 10 20 car ¥ 15 good ¥

21 20/m y &0 a0 10 30 car ¥ 2 good n

22 ¥

M 4 » M| LoanData,/ < el

Ready




Data preprocessing and visualization

Attribute-Relation File Format (ARFF) - http://www.cs.waikato.ac.nz/~ml/weka/arff.html

3 Attribute-Relation File Format (ARFF) - Microsoft Internet Explorer

Fil= Edit Wiew Favorites Tools Help

> 2] \ﬂ \ELI _;\J /._ ) Search ‘:“\? Favorites 6’-‘: = ﬂ - E| ﬁ ﬁ ‘:“i !L Lﬂﬂrlﬂala - Nutepﬂ.d
Address @j http:/ funaw o5 waikato, ac.nzfemlfvekalar fF.hEml EIlE Edlt FQI’ITIEIt EiEW HE":'
Brelation Loanbata ~
Attribute-Relation File Format (ARFF) _ _
@attribute ID numeric
April 4th, 2006 Battribute sex {f,m}
) @attribute married {n,y}
This documerntation 15 superceded by the WekaDoc Wik, Wersion specific docurmnentation is available there: Battribute 442 numeric

@attribute money numeric

. 34x Battribute pay numeric
e 35x dattribute months numeric
@attribute buy {pc,car}
April 1st, 2002 Battribute emp {y.,nr

Battribute lastemp numeric
An ARFF (Attribute-Relation File Format) file is an ASCT text file that describes a list of instances sharing a set of attributes. ARFF files wll@attribute area { gDDd ,bad?

Idachine Learning Project at the Department of Computer Science of The University of Waikiato for use with the Weka machine learning sefll@attrihute appr owved {}.r!| Nt
document descibes the version of ARFF used with Weka wversions 3.2 to 3.3, this i an extension of the ARFF format as described in the d4
written by Tan H. Witten and Eibe Franl (the new additions are sting attributes, date attributes, and sparse instances). ‘data
This explanation was cobbled together by Gordon Paynter {(gordon paynter at ucr edu) from the Weka 2.1 ARFF description, email from 1
myrealtoms com) and Eibe Frank (etbe at cz watkato ac.nz), and some datasets. It has been edited by Bichard Kikby (rlarkby at oz walcat :|2_, ; ' 2’ jz-g ' ig ' % ' jz-a ' pE ¥ :|2_ ' gggg ¥
if wou're interested in seeing the ARFF 3 proposal. 3 ! .I:’ ‘}.f, 75 ! 5 ;1 :’Lz E:IE r’_l}lrb Elgd r'|’ ¥
L L L L L L L L L L L
. 4,T,v,40,5,7,12,pc, ¥, 2,qo0d,y
Overview 5,F,n,50,5,4,12,pc,y, 25, bad, y
L _ - _ N _ _ &,m,n,18,10,5,8,pc,y,1,good, ¥
ATRFF files have two distinct sections. The first section 15 the Header information, which 15 followed the Data information. 7 L, 1, 7 \ 1|:|, 3 \ 8, PC, Y, 4 \ gl:ll:ld Y
g,m 28,15,4,10,pc 5,good
The Header of the ARFF file contains the name of the relation, a list of the attnbutes (the columns i the data), and their types. An example g i m i ;’ 40 i 20 i y. i 20 i EC i ;’ 1 ’5 ggDDay}-’
: P 1 L L 1 L L L L L L L
standard TEIZ dataset loolkes likce this: j_l:l,m,}.f, SI:I, 5,4,12, pe,n, I:I, gDDd, f
¥ 1. Title: Iris Flants Database 11,1:,“,18,EO,E,EO,CEI.F,}"',:L, gDDd!n
5 1z2,f,y,20,50,10,20,car,n,2,good, n
5 2. Sources: _ 13,f,n,25,50,5,20,car,y, 5,goo0d,n
¥ ta) Creator: R.i. Fisher _ 14,f,n,38,150,10,20, car,y,15, good, v
£ {b) Donor: Michael Marshall [(MARSHALL:3PLURio.arc.hnass.gowv) 15 _F }." 5':' 5':' 15 2|:| car }." 8 gl:ll:ld }."
% (] Date: July, 1988 1 1 1 1 1 ! 1 1 ! 1 1
5 16,m,n,1%,50,7,20,car,y,2,000d,n
BRELATICH iris 17,m,,21,150,3,20,car,y,3,qo00d, ¥y
BATTRIEUTE sepallength MNUMERIC 18,m,n,25,15ﬁ,1ﬁ,EG,car,y,E,gDDd,}r
BATTRIBUTE sepalwidth  NUMERIC 19,m,y,38,100,10,20,car‘,y,15,guud,y
@ATTRIEUTE petallength NUMERIC 20,m,y,50,50,10,30,car,y,2,good, n

BATTRIEUTE petalwidth NUMEERIC
BATTRIBUTE class {Iris—-setosa, Iris-versicolor, Iris—virginical




Data preprocessing and visualization

Run Weka and select the Explorer
L+ Weka GUI Chooser ==

Program Yisualization Tools Help
Applications

: KA | Explorer | |

The University

of Waikato Experimenter |

KnowledgeFlc o Weka Explorer

‘Waikato Environment for Knowledge Analysis Preprocess

Version 3.8.1 Warkbench

{c} 1999 - 2016 | Openfle. || OpenURL. || OpenDB.. || Generate.. |

The University of Waikato Simple CLI
Filter

Hamilton, New Zealand

Choose |None
. . Lefi-click to edit properies for this objec
Current relation ~ Selected attribute .
Relation: Mone Attributes: Mone Mame: Mone Type: Mone
Instances: Mone Sum of weights: MNone Missing: Mone Distinct: None Unique: Nane
Attributes
v|| visualize All |
Status

Welcome to the Weka Explorer Log | ’ﬂixﬂ



Data preprocessing and visualization

Load data into Weka — ARFF format or CSV format (click on “Open file...”)

L]

Preprocess

Weka Explorer

Y

| Openfile. ||

Generate... |

OpenURL.. || OpenDB.. ||

Filter

#]

Look In: |[ﬁ' VWeka Data

o (@] (] (&) E) e

Open

| Departments-binary.arff
|| Departments-numric.arff
| Departments-string.arff
| LoanData.arff

| weather.arff

|| weather.nominal.arff

File Mame: LoanData.arff

|| Invoke options dialog

¥

| weather.nominal test.arff

Laok In: |[ﬁ‘Weka Data

Ciictimed: bloee

Open

Y (@ @) @]

Type: Mone

I lmimaam: blomm

[ 8l |

| LoanData.csv

Files of Type: |_ Arff data files (*.arff)

Status

File Mame: LoanData.csv

Files of Type: |_ C3V data files (*.csv)

| Invoke options dialog

Mote:

Some file formats offer additional
options which can be customized
when invoking the options dialog.

")

Welcome to the Weka Explorer

[ Open J|_ Cancel |

[0 | s



Data preprocessing and visualization

Converting data formats through Weka (click on “Save...”)

£ Weka Explorer

B

Preprocess |Classif3-' Cluster || Aszociate | Select attributes | isualize

[ Open file... || openure. || Open DE... Eclt
Filter
5
S in: Weka Dat w 1 ‘_jl H
Current relation Selected attribute el |B Bha A | 2 |!| =)
Relstion: LoanData Mame: 1D 7 ‘!3 ¥ LoanData
Instances: 20 Attributes: 12 Mizsing: 0 (0%%) Distinct: 20
My Recernt
Attributes Statistic Dacurnerts
hlinirnvin -
- H['
[ All l [ Mohe ] [ Irvert Mgt 4
Mest Desktop
Ia. Mame StodDew k
2 : SN ) @ .—J
2l Tmarried = Save My Docurnerts
4| Jage Save in; |@ Weka Dats v | J = || = -
5 L_money A &) LoanData 5113
5] L_lpay It :3 My Cotputer
T o mokiths My Recert .
8L [buy Documetts ‘Q
gl ] emmp - File name: | LoanDiata.arfi |
— F— Mty Metwork
10]|lastemp |— Places Files of type: |Arff data files w | Cancel
" : area Desktop
12 : Elalalgnins

iy Documerts

Status 3}!

bty Computer
O ~—
‘% File: name: | LoatData cov ﬂ]
Iy Metwork

|
Places Files of type: |CSV data files W | Cancel




Data preprocessing and visualization

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

#] Weka Explorer - a

J Preprocess T Classify T Cluster TAssociate T Select attributes T Visualize ]

l Open file.. ] l Open URL... | l OpenDB... | l Generate... | l Undo | l Edit... | l Save...
Filter
Choose |None | Apply |
Current relation ~ Selected attribute
Relation: LeanData Attribuitas: 12 Mames: 10 Tuna: Mumeric
Instances: 20 IEI viEWE'[
Attributes
Relation: LoanData
L Al J L None J L ™ Mol 11D 2 sex 3 married 4 age 5 money 6:pay 7.months 8 huu O amn 40 lactamn 14- aras 42 approved
No. | | Name Numeric Mominal MNominal MNumeric Mumeric Mumeric MNumeric Nom Nominal
1 10 f n 18.0 20.0 2.0 15.0 pc ¥
ngne:rried 2 a0 f n 20.0 10.0 20 300 pc Set all values to... i
;ang:ney 3 a0 f ¥ 3510 50 40 12.0 pc| Setmissingvalues to... n
‘;anagnths 4 4.0 f ¥ 40.0 5.0 7.0 12.0 pc| Replace values with... I
8 [ buy 5 50 f n 50.0 5.0 40 120 pc ) i
Sem 5 60m n 180 100 50 8.0 pc| enameatirioute.. ’
11 area 7 70 m n 220 100 30 8.0 pc| Attribute as class y
SR 8 80 m ¥ 28.0 15.0 4.0 10.0 pc| Delete attribute ¥
9 90 m ¥ 40.0 20.0 20 200 pc| Delete attributes. . i
10 100 m ¥ 50.0 5.0 4.0 120 pc Sort data (ascending) n
1 M0 f n 18.0 50.0 a.0 200 can n
12 120 f y 20.0 500 100 20.0 ca Optimal column width (current) p
Status 13 130 f n 250 0.0 5.0 200 can Optimal column width (all) n
oK 14 140 f n 38.0 150.0 10.0 200 car i o0 guug
15 150 f ¥ 50.0 50.0 15.0 200 car ¥ 3.0 good ¥
16 16.0 m n 19.0 50.0 7.0 200 car ¥ 2.0 good n
17 17.0 m ¥ 21.0 150.0 3.0 200 car ¥ 3.0 good ¥
18 180 m n 25.0 150.0 10.0 200 car ¥ 2.0 good ¥
19 190 m ¥ 38.0 100.0 10.0 200 car ¥ 15.0 good ¥
20 200 m ¥ 50.0 50.0 10.0 300 car ¥ 2.0 good n

Addinstance | | OK | | Cancel |




Data preprocessing and visualization

Examining data

« Attribute type and properties

L7

Welka Explorer = B

J Preprocess T Classify T Cluster T Associate T Select attributes T Visualize ]

| Openfile.. || OpenURL.. || OpenDB.. || Generate.. | | Undo | | Edit... I L Save...
» Class (last attribute) distribution | s
| Choose |None Apply |
L] Weka Explorer = B
Selected attribute
| Preprocess | cassify | Cluster | Associate | Selectattributes | Visualize |
tributes: 12 Mame: age Type: Numeric
weights: 20 Missing: 0 (0%) Distinct: 10 Unique: 4 (20%)
| ©Openfile.. || OpenURL. || OpenDB.. || Generate.. || Unda Il Edit... Il Save.. |
Statistic Walue
Filter Minimum 18
Maximum 50
Pattern |
Choose | None Apply | Mean 3075
StdDev 12.341
Current relation Selected attribute
Relation: LoanData Aftributes: 12 Mame: emp Type: Mominal
Instances: 20 Sum of weights: 20 Missing: 0(0%) Distinct: 2 Unigue: 0{0%) -
Attributes Mo, Label Count Weight I |lCIass:appr0ved[N0m} "’JL Visualize All |
1y 17 17.0
2 n 3 30
L All || Mone || nvert || Fattern |
Ma. Name
11D
2| | sex
3 || married o
4| | age Class: approved (Mom) 'JL Visualize All |
5 || money ;
6 pay
7 | months
8| | buy
 oMemp Log P X0
10 || lastemp | w
11 || area

12 || approved

Status

OK

| L9 | g x



Data preprocessing and visualization

Click on “Visualize All”
Lo Weka Explorer - O

_[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |

| £ | L Save..
D Sex married age
10 10 10
Apply |
Type: Nominal
Unique: 0 {0%)
Weight
17.0
a0
money pay months buy
11
v|| visualize Al |

T T 1 I T 1
] T4 150 2 4.4 15

emp lastemp area approved

16

13

17 15
3
] ' ;
n 2 2 A

|19 | g x0



Data preprocessing and visualization

Click on “Visualize” tab, double-click on a plot to see the 2D projection of the instance space
(] Weka Explorer = &=

[ Preprocess ] Classify ] Cluster TAssociate T Select attributes T Visualize l

Plot Matrix money pay months by emp lastemp
| | | A
5 Weka Explorer: Visualizing LoanData
lastemp o o o o o = p g
O o o - = . =
5 o 500 Lo o |_>(. maney (Mum) 'J |.Y. emp (Mom) J
Qe O o b —
G 8 8 g0 S0 - 8@ g | Colour: approved (Mom) ‘FJ | Select Instance ‘FJ
o o o o o o |_ Clear ||_ Open |L Save | Jitter O
emp Plot: LoanData
gm0 o QOO0 S0 O alooo o o Is w " 18
® 2t -
o o O o o000 I o o " .
by ST ’ 1
«F = oy, 0t .
] Fast (, )
PlotSize: [102] O v 4
]
PointSize: [6] O LU K « y . .
ity 3 * * at
Jitter: ) Select .. ><=<x R . ¥ -
H 1
" . e
[Cnlnur: approved (Mam) q [ Subsa v
Class Colour Class colour
¥o yo
Status

OK Log | w}{ﬂ



Data preprocessing and visualization

Using filters: click on “Choose” in the “Filter” window, select “Discretize”

L#]

Weka Explorer = =

_[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |

L Open file... J L Open URL... J L Open DB... J L Generate... J L Unda J L Edit... J L Save... J
Filter
v (& filters . Apply
| AllFilter )
g | MultiFilter SELCR I REVE
> [ supenised Aftributes: 12 Mame: lastemp Type: Mumeric
v E unsupenised of weights: 20 Missing: 0 (0%) Distinct: 9 Unique: 4 (20%)
v i
A (& atirioute Statistic | value |
- Add —
— Minimum 0
__| AddCluster Maximum 25
| | AddExpression Fattern Mean 55
| AddID StdDeyv 6.732
| AddMoise |
|| AddUserFields
|| Addvalues
| CartesianProduct .
| Center Class: approved (Mom) ‘FJ[ Visualize All J
| ChangeDateFormat
| ClassAssigner
| ClusterMembership
| Copy L
B Discretize v
- »
[ FEilter... J l Remove filter J [ Close J
1
1
5
Status
0K Log ’ﬂl x0



Data preprocessing and visualization

Click in the “Discretize” in the Filter window and choose parameters, then click on “Apply’
] Weka Explorer = =

J Preprocess T Classify T Cluster T.&ssociate T Select attributes T Visualize 1

b]

| Openfile... (| OpenURL.. || OpenDB.. || Generate.. || Undo [ Edit... [ Save...
Filter
| Choose |Discretize -F -B 2 -M -1.0 -R first-last | Apply |
Curre L+ weka.gui.GenericObjectEditor ‘elected attribute
weka filters.unsupenised.attribute. Discretize .
Mame: lastemp Type: Nominal

Ing About Missing: 0 (0%) Distinct 2 Unigue: 0 (0%) Note how the plOt
Attrib An instance filter that discretizes a range of numeric attributes in ||~ More | Mo. Label Count Weight ¢ 2

d the dataset into nominal attributes. —_—— s ; Of 1aStemp

| capaiities | 1 (-inf-2.5] L 11.0

2 (25infy 9 9.0 changed.

attributelndices  first-last

Mo
— bins |2
debug |False "J
desiredWeightOfinstancesPerinterval  -1.0 —
| tlass: approved (Mom) ‘FJ| Wisualize All |
doMNotCheckCapabilities |_Fa|se "J ’
findNumBins | False v
ignoreClass | False v|
invertSelection | False _"J
makeBinary | False "J
useBinNumbers | False "J
useEqualFrequency |.True "J

Statu | Open... | Save... | OK | Cancel

o ]




Data preprocessing and visualization

Web/Text documents - Department data
BER

File Edit Wew Favorites Tools Help 11'

. — n .
- ) < N ) < i o -
Q Back =2 x & |~ Search ‘_-;/_\f:) Favarites -‘\{ = W

Address @1 hkbp: e, arbsci, cosu, edufDepartments, htm

2 School of Arts & Sciences Departments - Microsoft Internet Explorer

S=1E3

¥

File Edit View Favorites Tools  Help
Central Connecticut State University Qe - Q- [x] B (B POseach Slpravories €8 (- o ¥ - HE 53

Address féjhttp:,l',l'www.artsci.ccsu.edu,l'Departrnents,l'Music.html b GD Links
»

The School of Arts and Sciences
Central Connecticut State University

Departments
Department Chars, Locations, Phone Mumbs

Anthropology History Music

Art Mathematical Scig

Biclogical Sciences Meodern Lansuagd

Chermistry Mdusic Smdents majoring in trusic may pursue etther a BS i Music education degree, the

Communication Fhilosophy professional degree that certfies them to teach mmsic in the public schools, or a BA in music,

Computer Science Dhysics/Farth Joid with specializations in etther performance, music history, theory/composition, or jazz studies.

Clrirrinal Justice Folitical Seience Full-tine and assoctate faculty are active m the United States and abroad performng,

Design Psvchology conducting, and presenting scholarly papers. The department's computer lab is equipped

Eoonomics Soriolo with MIDI keyboards and the industry's leading music software. The Music Departm.ent 13

ﬁ Theatre the New. England cente.r for OrE’E Schulwerk traming aqd the host for CQmeghcut's mlddle
_— schoolhigh school music festival and the Summer Music Institute, a national in-service

Geography program for music educators.

PROGEAMS OF STUDY: BS, BA, M3
[ A&F Home | [ A-Z Directory | [ Departments | [ Ak

DEPARTMENT CHATE.

page last updated: 1027704 . .
Darniel D'Addio

Cormments, swppestions: quwelwmastenlecs, edx
<

Location: Welte Hall 101
Phone: 832-2900

Department Website 2




http://www.cs.ccsu.edu/~markov/MDL clustering

a1 < |

@@ @ http:/fwww.cs.cesu. O

File Edit View Favorites Tools

ol

MDL Clustering

Algorithms for unsupervised
attribute ranking, discretization and
clustering available as Java classes

through a command-line interface.
All Weka claszes are alzo included.

Manual

Executable JAR file
Data

Lab Project

Data preprocessing and visualization

Department data document collection

http://www.cs.ccsu.edu/~markov/MDL clustering/data.zip

. departments = =
@ @ - 1 J|ec| data » depart...
MName
LA
. B
< >
2 items Eﬁ

P ]

Zdravko Marlkov

http-/vaw_cs.cesu.edu/~markov/

#100% -

@ * 1 | « departments » A

Mame :
| Anthropology.bd
| Biology.tt

|| Chemistry.bd
| Computer.txt
|| Economics.txt
| Geography. b
| Math.tet

|| Physics.bdt

| Political txt
|| Psychology.t«

|| Sociology.be
< >

11 items

Y )

B
@ = 4 e« departments » B
Mame i
| Artbd

|| Communication.bd

|| English.tt
|| History.td
|| Justicetd

|| Languages.txt
| Music.be

|| Philosophy.tdt
|| Theatre.tst

€

9 itemns



http://www.cs.ccsu.edu/~markov/MDLclustering
http://www.cs.ccsu.edu/~markov/MDLclustering/data.zip

Data preprocessing and visualization
Department data: Create ARFF file

@ Ole hﬁp_n- : http://www.cs.ccsu.edu/~markov/MDL clustering/MDL.jar

File Edit View Favorites Tools * % SimpleCLI - O

Welcome to the WEKR SimpleCLI

MDL Clustering

This interface provides access to the MDL classes and all WEER classes.
[Enter commands in the textfield at the bottom of the window. Use the up

Alg_antluns fc_'r mlsl_lpen'.ised and down arrow3 to move through previous commands. Command must be one of:
attribute ranking, discretization and
clustering available as Java classes java <clagsname> <arga> [ > file]
through a command-line interface. break
All Weka classes are also included. kill
cls
Manual history
Executable JAR file BXit
Data help [<command:]

Lab Project
MDL classes (see http://wWw.cs.ccsu.edu/~markov/MDLclustering/MDlmanual .pdf) =

Zdravko Markov MDLcluster <input file>.arff [compression cutocff] [de] [<output f£ile>.[arff|cav}]
http://www.cs.cesu.edu/~markov/ MDLranker <input file».arff [num of attributes] [<output file>.{arfflcav}] [de]
MDTLdiscretize <input file>.arff <output file>.{arfflcsv} [de]

ARFFstring <input directory> <class label> <output file name>

#100% -

[WEEL classes: see http://wWww.cs.waikato.ac.nz/ml/weka/documentation.html

> java ARFFstring data/departments/A L depth

java ARFFstring data/departments/A B deptd



http://www.cs.ccsu.edu/~markov/MDLclustering/MDL.jar

Data preprocessing and visualization
Department data: Create ARFF file in string format (using SimpleCL1)

1. Create file deptA with the files in folder data/departments/A with class label A:
java ARFFstring data/departments/A A deptA

2. Create file deptB with the files in folder data/departments/B with class label B:
java ARFFstring data/departments/B B deptB

3. Merge deptA and deptB into one file departments-string.arff

4. Add the following ARFF file header in the beginning of departments-string.arff:

@relation departments string
@attribute document name string
@attribute document content string
@attribute document class {A,B}
@data



Data preprocessing and visualization
Loading text data in Weka

« String format for 1D and content
« One document per line
» Add class (nominal) if needed

Weka Explorer = B

J Preprocess | Classity | Cluster | Associate | Selectatiributes | Visualize |

E| departments-string.arff - Notepad
File Edit Format View Help

@relation departments_string

@attribute document_name string
@attribute document_content string
@attribute document class {LQ,B}

@data

"Anthropology.txt”, "Anthropology Anthropology Anthropology o
cultural anthropology, physical anthropology, archaeology, &
subfields, concentrations are offered in biological anthropg
comparison. The anthropology major provides students with a
science background and prepares students for a range of care
marketing and international management. Through independent
with faculty doing research. 5tudents regularly attend profe
and other discipline-related events. Special programs includ
archaeology, internships in applied anthropology, and partic
diversity training institutes. PROGRAM OF STUDY: BA DEPARTME
Diloreto Hall 11@ Phone: 838-2618 Department Website ™,A
"Biology.txt","Biology Biological Sciences The undergraduate
by the Department of Biological Sciences explore the discipl
undergraduate programs are available in medical technology a
interpretation; also available are specialized graduate prog
health sciences. Students preparing for various health and m
primarily by the department’s pre-health professions advison
require a research project or internship. Many laboratories,
experimental garden, controlled environmental rooms, cell cu
facilities, photosynthesis research laboratory, growth chamb
are available for research and instruction. PROGRAMS OF STUD
Ruth Rollin Location: Copernicus Hall 332 Phone: 832-2645 De
Information ",A

L]

Y

| Openfile... || OpenURL. || OpenDB.. | | Generate.. Il Undo | Edit... || Save...
Filter
Choose | StringToNominal -F 1 Apply |
Current relation Left-click to edit properties for this object, right-click/Alt+Shift+left-click for menu
Relation: departments_string Aftributes: 3 Mame: document_name Type: String
Instances: 20 Sum of weights: 20 Mizssing: 0 (0%) Distinct: 20 Unigue: 20 (100%)
Attributes
L All | | None | | Invert || Pattern |
Mo. Name
4 @ document_name
2 || document_content
3 || document_class
|Class: document_class (Nom) VJ[ Visualize All |

Status

oK

Agtribute is neither numerie nor nominal.

o9 | g0



Data preprocessing and visualization

Converting a string attribute into nominal

Choose filters/unsupervised/attribute/StringToNominal, set attributeRange to 1, click on Apply

(] Weka Explorer = B
_[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize ]
[ Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo | | Edit... || Save...
Filter
Choose | StringToNominal -R 1 {_Aeply |
L] weka.gul.GenericObjectEditor LT e
weka filters unsupenised atiribute StringToMominal on: departments_string-weka filter . Aftributes: 3 Mame: document_name Type: Mominal
25 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 20 Unique: 20 (100%)
About
P Mo. | Label | Count | Weight
Converts a range of string attributes (unspecified number of More | 1 Anthropology.tt 1 1.0 A
values) to nominal (set number of values). — 2 Biology.td 1 1.0
Capabilities | Il | [ Mone | [ Invert [ [ Pattern [ 3 Chemistry.bt 1 1.0
4 Computer b 1 1.0
|| Name | 5 Economics bt 1 1.0
SHbHeRsngs | 6 Geographybt 1 10
s TJ 2 [_] document_content E r:Eth._txt » j jE v
gl 3 || documeni_class
doNatCheckCapabilities | False v | Class: document_class (Mom) 'Jl Visualize All |
Open... | | Save... I 1 Ok || Cancel

tatus

5 .
0K Log ‘ 'ﬂ}xﬂ



Data preprocessing and visualization

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

. . . . weka.gui.GenericObjectEditor X|
* Choose filters/unsupervised/attribute/StringToWord\ector IS
13 2
* Set the parameters as needed (see “More”) Avout
. 13 29 ) ) B ) )
[ ] Converts String aftributes into a set of attributes representing | More |
Clle On Apply word occurrence (depending on the tokenizer) information from || . \
= l the text contained in the strings. | Capabiliies |
& Weka Explorer =
J Preprocess T Classify I Cluster I Associate T Select attributes I Visualize ] IDFTransform [False _"J
| Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo || Edit... | Save... TFTransform | False _vJ
Filter attributelndices | first-last
Choose | StringToWordYector -F firstlast W 1000 -prune-rate -1.0 -0 0 -stermmer weka.core sternmers NullStermmer - stopwords-ha | Apply attributeMamePrefix
Current relation Selected attribute debug | False ~
Relation: departments_string-weka filte... Aftributes: 772 Mame: document_name Type: Mominal dictionaryFileToSaveTo |- setme--
Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 20 Unique: 20 (100%) —
doNotCheckCapabilities | False 'J
Altributes MNo. Label Count Weight —
1  Anthropologytt 1 1.0 4 doMotOperateOnPerClassBasis | False 'J
2 Biology.tt 1 1.0 I _
[ Al | | Mome || Invert || Pattem | 3 Chemistry.iit 1 1.0 _ invertSelection | False v
4 Computer.ixt 1 1.0 _
Mo. Mame 5 Economics .t 1 1.0 lowerCaseTokens | False vJ
1 @ document_name F 6 Geography.bdt 1 1.0
2 |_J document_class I 7 Math.bd 1 1.0 : minTermFreq 1
3 [ ] Academic /) o PRusias b ! - _
4 || Accreditation — normalizeDocLength | Mo normalization vJ
5[] Ali | Class: year (Mum) le_ Visualize & —
6| Al outputWordCounts | False vJ

7 L) American
periodicPruning -1.0

a8 [ ] Antar i+ 1.1 1 1+ 1+ 1 1 1 1 1 1 1 1 1 1 1 1 1 J
9 |_| Anthropology -
10 || Awailable saveDictionarylnBinaryForm | False vJ
11 || BA
12 [ BS stemmer | Choose [NullSternmer
13 [_] Beyona F
s o stopwordsHandler | Choose _|NuII
tokenizer | Choose |AlphabeticTokenizer

Status wordsToKeep 1000

oK | Log | ﬂs\

| Open... | Save... | oK | Cancel




Data preprocessing and visualization

Make document_class last attribute
 Choose filters/unsupervised/attribute/Copy
« Set the index to 2 and click on Apply

 Remove attribute 2
L] Weka Explorer = B

J Preprocess T Classify I Cluster I Associate T Select attributes I Visualize ]

| Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo || Edit... ) Save...
Filter
Choose |Copy-R 2 Apply |
Current relation ~ Selected attribute
Relation: departments_string-weka filte... Aftributes: 673 Name: document_name Type: Nominal
Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 20 Unique: 20 (100%)
Altributes MNo. | Label | Count | Weight |
' : 1 Anthropology.t 1 1.0 i
2 Biology.txt 1 1.0
l All | l Mone | l Invert | l Pattern | 3 Chemistry.tit 1 1.0
4 Computer.ixt 1 1.0
MNo. || Name | 5 Economics 1 1.0
1 @ document_name A 6 Geography b 1 10
2 [_] Academic E r::'fth-_m » j jE v
3 [ ] Accreditation e
4[] Ali : == | —
5 (] American | Class: document_class (Mom) 'J[ Visualize All |
6 || Antar

7 | Anthropology

&[] BA AN T (N A S AN S (NN A S AN NS NN NN HNN NS NS NN N
9| |BS

10 [_| Biological

11 || Biology

12 || Board

13 [] Brian E

Status

0K l Log ‘ ‘ﬂ).xﬂ




Data preprocessing and visualization

 Change the attributes to nominal (use NumericToNominal filter)

» Save data on a file for further use

L] Weka Explorer

J Preprocess I Classify I Cluster IAssociate T Select aftributes I Visualize ]

- SN

| Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo

L

| | Save...

Filter
Choose |NumericToNominal -R first-last

Current relation Selected attribute

Aftributes: 673
Sum of weights: 20

MName: Academic
Missing: 0 (0%)

Relation: depariments_string-weka.filte...
Instances: 20 Distinct: 2

Altributes Mo. | Label | Count

Apply |

Type: Mominal
Unigue: 0 (0%)

| Weight

0 17

1
2 1 3
[ All | | Mone [ | Invert || Pattern |

Mo. | | Name |
1| | document_name i

)
3 || Accreditation

4 | Ali

5| | American

| Class: document_class (Mom)

17.0
3.0

v|| visualize All |

6 | | Antar
7 | Anthropology
8 BA
9| | Bs
10 || Biological
11 || Biology
12 || Board
13 || Brian

,‘I'

Status

OK

|90 | g



Data preprocessing and visualization

ARFF department data in binary format (NonSparse and Sparse format, see SparseToNonSparse filter)

] departments.arff - Notepad = B
Eile Edit Format Yiew Help

@relation departments_string-weka.filters.unsupervised.attribute.StringToNominal-R1- )
weka.filters.unsupervised.attribute.StringToWordVector-R2-W188@-prune-rate-1.8-N@-
stemmerweka.core.stemmers.SnowballStemmer-stopwords-handlerweka. core. stopwords.Rainbow-M1-
tokenizerweka.core.tokenizers.AlphabeticTokenizer-weka.filters.unsupervised.attribute.Copy-R2-
weka.filters.unsupervised.attribute.Remove-R2-weka.filters.unsupervised.attribute.NumericToNominal-Rfirst-last

@attribute document_name
{Anthropology.txt,Biology.txt,Chemistry.txt,Computer.txt,Economics.txt,Geography.txt,Math.txt,Physics.txt,Political.t
xt,Psychology.txt,Sociology.txt,Art.txt,Communication.txt,English.txt,History.txt,Justice.txt,Languages.txt,Music.txt
,Philosophy.txt,Theatre.txt}

g depa departments.arff - Notepad = B
Eile Edit Format View Help Eile Edit Format View Help

@attribute writing {0,1} @attribute works {@,1} "
@attribute year {@,1} @attribute writing {0,1}

@attribute document_class {A,B} @attribute year {8,1}

@attribute document_class {A,B}
@data
{6 1,7 1,31 1,44 1,60 1,64 1,67 1,87 1,89 1,121 1,121| @data

1,171 1,176 1,177 1,183 1,187 1,189 1,201 1,218 1,217  Anthropology.txt
1,302 1,312 1,319 1,329 1,335 1,339 1,347 1,352 1,35 ,0,0,0,0,0,0,0,0
1,395 1,405 1,416 1} Biology.txt,8,8,
{@ Biology.txt,s 1,9 1,10 1,26 1,44 1,46 1,54 1,55 1/|9,0,0,0,0,0,0,0,
13166 131?2 131?8 13182 13183 1318? 13199 13284 1328 ChemiSth'tXtJaJ Pl it bk ok ik har' Bl Bl B B B Bt Bl Bl Al Bl Bl A 5tk e ik Bt Bk B Bt B Bl Bl Bl Bl Bl Bt he® 2t e i Il Bt Bt B Bl Bl Bl Bl Bl el A B
1}26d 1}265 1}289 1}298 1}382 1}318 1}328 1}338 1}33 a}a}a}a,ala}aiai S A i b bl b S S A A e e b D B Bl B b R S A 2 e il B B B B s B B Bl e B A A el el B s Dl s B s Il g |
1,383 1,399 1,489 1} Computer.txt,0,1,0,0,0,0,0,1,0,0,1,0,0,1,1,0,0,0,0,0,0,1,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,0,1
{8 Chemistry.txt,4 1,8 1,18 1,19 1,21 1,25 1,26 1,43||,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,¢
1,145 1,152 1,153 1,159 1,161 1,166 1,181 1,195 1,19¢ Economics.txt,1,0,0,8,0,0,1,0,0,0,8,08,0,1,0,0,1,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,8
1,393 1} 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
{0 Computer.txt,2 1,8 1,11 1,15 1,22 1,44 1,48 1,58 1| Geography.txt,0,0,0,0,0,0,1,8,0,0,0,1,0,1,0,1,0,0,0,0,0,0,0,1,0,0,0,1,1,0,1,8,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0
1,128 1,13¢ 1,154 1,166 1,182 1,185 1,188 1,19 1,2e% @,e,e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
1,279 1,295 1,296 1,318 1,334 1,337 1,338 1,363 1,361 Math.txt,0,0,0,0,0,
{8 Economics.txt,1 1,7 1,17 1,34 1,50 1,56 1,64 1,66/ ,0,0,0,0,0,0,0,0,0,
1,161 1,164 1,173 1,175 1,180 1,181 1,198 1,191 1,197|Physics.txt,6,6,1,0,1,9,6,1,6,0,06,0,1,1,0,0,1,0,0,06,8,0,9,0,8,1,9,1,1,0,0,0,1,0,9,0,0,1,9,0,0,1,0,1,0,0,0,9,0,0,0,0,
1,252 1,256 1,258 1,275 1,278 1,280 1,282 1,293 1,30%|0,0,0,0,0,0,0,0,0,0

1,416 1} Political.txt,®,0,0
{a Geography.txt,7 1,12 1,16 1,24 1,31 1,48 1,55 1,6¢ 6,6,9,0,0,0,0,0,8,0, e R R R R e R e R R e e e R R e e R R e e e e e e e S e S
1,242 1,248 1,266 1,269 1,273 1,276 1,281 1,282 1,28¢| Psychology.txt,0,0,0,0,0,0,1,0,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0,0,0,1,1,0,0,1,0,0,0,0,1,0,1,0,0,0,0,1,1,0,1,0,0,0,0,1
1,367 1,391 1,392 1,397 1,403 1,487 1,498 1,410 1,417 ,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,€
{8 Math.txt,7 1,23 1,27 1,38 1,44 1,54 1,55 1,57 1,5¢| Sociology.txt,0,,8,8,0,8,1,

1,182 1,192 1,196 1,203 1,245 1,258 1,275 1,280 1,281|0,0,0,0,0,0,0,0,0,0,0,0,0,

1,387 1,390 1,391 1,396 1} Art.txt,0,0,0,0,0,0,1,0,0,
{8 Physics.txt,3 1,5 1,8 1,13 1,17 1,26 1,33 1,38 1,4|1,0,0,0,0,0,1,1,1,1,0,0,0
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Data preprocessing and visualization

ARFF department data in TF and TFIDF format

eka.gui.GenericObjectEditor

weka filters unsupervised.attribute StringToWordVector

minTermFreq 1

normalizeDocLength LNU normalization

outputWordCounts | True =

periodicPruning  -1.0

=aveDictionaryinBinaryForm {Fa\se

stemmer L Choose ”NullStemmer

stopwordsHandler { Choose ”Null

tokenizer [ Choose ]‘AlphaheﬁcTnkenizer

l Open... Save... 0K

J | J L

Cancel |

Information

TFTransform — Sets whether if the word frequencies should be
transformed into:
log(1+fij)
where fij is the frequency of word i in document {instance) j.

periodicPruning — Specify the rate (x% of the input dataset) at
which to periodically prune the dictionary. wordsToKeep prunes
after creating a full dictionary. You may not have enough memory
for this approach.

stemmer — The stemming algorithm to use on the words.

dictionaryFileToSaveTo — The path to save the dictionary file to -
an empty path or a path - set me - means do not save the
dictionary.

IDFTransform — Sets whether ifthe word frequencies in a
document should be transformed into:
fij*loginum of Docs/num of Docs with word i)
where fij is the frequency of word i in document (instance) j.

X|
L - = - =
r eka.gui.GenericObjectEditor il
weka filters.unsupenvised.attribute. StringToWordVector
About
Converts String attributes into a set of attributes representing Mare
word occurrence (depending on the tokenizer) information from | ————————
the text contained in the strings. Capabiliies
IDFTransform | True
TFTransform | False
h <%
l Open... J l Save... J l OK J l Cancel J
ﬁ

Viewer

X

Relation: departments_string-weka filters unsupenised.attribute StringTeMominal-R1-weka filters unsupemnised.attribute StringToWordVector-R2-W10..

X

i attribute StringToMominal-R1-weka filters.unsupenis ed. attribute StringToWordVector-R2-W100..

.1:d0cument_name 2: document_class 3: Academic 4: Accreditation 5:Ali 6 Al 7: American 8: Antar 9: Anthropology 10: Available 11: BA | [nic 4:Accreditation 5:Ali - 6 Al 7: American 8: Antar 9: Anthropology 10: Available 11:BA 1

Mominal Mominal Numeric Numeric Numeric Mumeric Numeric Numeric Numeric Numeric Mumeric N F MNumeric Mumeric Numeric ~ Mumeric  Numeric Numeric MNumeric Numeric N
1 Anthropologybt A 00 0.0 0.0 0.0 0.0 0.0 3.0 0.0 1.0 |[po 0.0 0.0 0.0 0.0 0.0 898719682 00 022
2 Biologytd A 0.0 00 0.0 1.0 0.0 0.0 00 0.0 oo |0 0.0 0.0 230. 0.0 0.0 0.0 0.0 0.0
3 Chemistry.ted A 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 |Po 0.0 0.0 0.0 1.60943.. 0.0 0.0 0.0 0.0
4 Computertd A 00 1.0 0.0 0.0 0.0 0.0 0.0 10 0.0 |P0 299573237 0.0 0.0 0.0 0.0 0.0 2095732 0.0
5  Economics td A 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 [P 0.0 0.0 0.0 0.0 0.0 0.0 0.0 D22
f Geographybd A 0.0 00 0.0 0.0 0.0 0.0 00 0.0 1.0 |p0 0.0 0.0 0.0 0.0 0.0 0.0 00 022
7 Mathht A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 (PO 0.0 0.0 0.0 0.0 0.0 0.0 00 044
8 Physics.bd A 0.0 0.0 1.0 0.0 0.0 1.0 0.0 0.0 0.0 [po 00 299 0.0 00 209 0.0 0.0 0.0
9 Political bt A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 |po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.44..
10 Psychology b A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 |po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 044
11 Sociology bd A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 |p0 0.0 0.0 0.0 0.0 0.0 0.0 00 022
12 Artt B 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 1.0 |[po 0.0 00 230 0.0 0.0 0.0 0.0 022
13 Communicationtd B 1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0 [P 0.0 0.0 0.0 160943, 0.0 0.0 0.0 022
14 English B 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 10 |[po 0.0 0.0 0.0 160943, 0.0 0.0 0.0 022
15 History bt B 0.0 0.0 0.0 0.0 40 0.0 0.0 0.0 10 [po 0.0 0.0 00 643775, 0.0 0.0 00 022
16 Justice.td B 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 |9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 022
17 Languages.hd B 0.0 00 0.0 0.0 0.0 0.0 00 0.0 20 (po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 044..

18 Musichd B 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 20 (po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 044, !
19 Philosophy bt B 0.0 00 0.0 0.0 0.0 0.0 00 0.0 1.0 |po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 022..
20 Theatre.tt B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20 (po 0.0 0.0 0.0 0.0 0.0 0.0 0.0 044..

I:F;'

< L3 re

Undo

Add instance

Undo

Add instance




Data preprocessing and visualization

Student Projects

* Preprocess.html
 Visualization.html



Projects/Preprocess.html
Projects/Visualization.html

Attribute Selection

Finding a minimal set of attributes that preserve the class distribution

Attribute relevance with respect to the class — irrelevant attribute (accounting)
L] Weka Explorer = B

J Preprocess I Classify T Cluster T Associate T Select attributes I Visualize ]

|  Openfile. || OpenURL. || OpenDB.. || Generate.. || Undo I | Edit... I | Save..

Filter

Choose |StringTovvordvector -R first-last - 1000 -prune-rate -1.0 -C -M 0 -sternmer weka.core.stemmers.Snawball Stemmer -stopw | Apply |

Current relation Selected attribute
Relation: departments_string-wekafilte... Attributes: 673 Mame: accounting Type: Nominal
Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 2 Unique: 1(5%)
Adtributes Mo. Label Count Weight
10 19 19.0
2 1 1 1.0
| All | [ Mone I | Invert | | Fattern
Ma. Name
101 L] Web A

102 | Website
103 L) Wheeler
104 || White =

105 [ Wide |Class: document_class (Mom) 'J[ Visualize All |
106 | World

107 || accelerator

108 @ sccountng g

109 || accredited

110 || activities

111 |_J actuarial

112 || addition

113 ] administration v

Status

oK Lag | ’ﬂaxﬂ

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



Attribute Selection

Attribute relevance with respect to the class — relevant attribute (science)
L] Weka Explorer = B

_[ Prepracess I Classify I Cluster T Associate I Select attributes T Visualize ]

| Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo | | Edit... | | Save...

Filter

Choose |StringTuWurﬂVeclur—Rﬂrst—last—W1DDD—prune—rate—1.D—C—N 0 -stemmer weka.core stermmers SnowballSternmer -stopw | AppIY |

Current relation ~ Selected attribute

Relation: departments_string-weka filte... Attributes: 673 Mame: science Type: Mominal
Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 2 Unigque: 0 ({0%)

Attributes Mo. | Label | Count | Weight |

1 0 13 13.0
2 1 7 7.0

L All || None || Invett || Pattern |

Mo. | | Mame |
o g a1
362 || research
363 | rooms
364 || running

e

365 || scholarships

366 |_ | school

367 || schools
) 2

368 || sciences

370 | seat

371 || sector

72 || seek

373 | select -

374 | | servers ¥

|Class:document_class(Nom} 'J[ Visualize All |

Status

oK . Log ‘ wxu

IF science=1 THEN class=A (Error=0, Coverage = 7 instance)
IF science=0 THEN class=B (Error=4/13, Coverage = 13 instances)



Attribute Selection (with document_name)

] Weka Explorer

J Preprocess T Classify I Cluster T Associate T Select attributes I Visualize ]

| Openfile. || OpenURL. || OpenDB.. || Generate.. || Undo | | Edit.. | | Save..

Filter

Choose | StringToWordvector -R first-last -\ 1000 -prune-rate -1.0-C -N 0 -stemmer weka.core.stermmers SnowhallSternmer -stopwl | Apply |

PSR TP

Selected attribute
L] Weka Explorer = B '
utes: 673 Mame: document_name Type: Mominal
[ Preprocess | Classify | Cluster | Associate | Selectattributes | Visualize | ghts: 20 Missing: 0 (0%) Distinct: 20 Unique: 20 (100%)
Attribute Evaluator _ Mo. | Label | Count | Weight |
1 Anthropologytd 1 1.0 A
Choose |CfsSubsetEval -F 1-E 1 2 Biology.ti 1 1.0
attern | 3 Chemistry.tit 1 10
4 Computer.txt 1 1.0
Search Method - | 5 Economicstt 1 10
- - 6 Geography 1 1.0
Choose |[BestFirst-D1-MN5 ) 7 Math.tt 1 1.0 |
Attribute Selection Mode Attribute selection output = - -
. N 4 | Class: document_class (Nom) "Jl Visualize All |

(®) Use full training set

() Crossalidation === Attribute Selection on all input data ===
\J

i1 11111 -1 1111 1 1 1.1 1 1 11
Search Method:
Best first.
— Start set: no attributes
‘ (Mom) document_class v Search directicn: forward -
. Stale search after 5 node expansions i
Start | Total number of subsets evaluated: 4683
Merit of best subset found: 0.6852
Resuit list (right-click for options) )
Attribute Subset Ewvaluator (supervised, Class (nominal): 673 document_clas:

19:50:24 - BestFirst + CfsSubsetEval CFS Subset Evaluator

Including locally predictive attributes Log ‘ w x0

Selected attributes: 1,362,368 @ 3
document_name

research
science

<L

Status

oK . Log ‘ wx[l



Attribute Selection (without document_name)

L] Weka Explorer

[ Preprocess | Classify | Cluster | Associate | Selectattributes | Visualize |

Select document_name and
click on Remove hosse |crssubseteval 1 € 1

Search Method

(¥ Weka Explorer Choose |BestFirst-0 1 -M 5
_[ Preprocess I Classify I Cluster IAssociate T Select attributes I Visualize ]
Attribute Selection Mode ~ Attribute selection output
[ Open file... ] l OpenURL.. | [ Open DB... | l Generate... (®) Use full training set "
. () Cross—validation Attribute Subset Evaluator (supervised, Class (nominal): &72 :lc:cu.ment_clas_"
Filter CFS Subszet Evaluator
Including locally predictive attributes
Choose ||StringTowWordWector -R first-last -4 1000 -prune-rate -1.0 -C -M 0 -st
— Selected attributes: 7,145,236,242,282,335,361,367,4558,465,511,579,448 1 1
Current relation ~ Selecte ‘ {Nom) document_class v BR
. business
Relation: departments_string-weka filte .. Aftributes: 672 Mz honors
: ) . - Start |
Instances: 20 Sum of weights: 20 Misz )
include
Attributes Mo, | | Resuitlist (right-click for options) ; making =
r " professional
19:50:24 - BestFirst + CfsSubsetEval ressarch
L All I | Mone || Invert || Pattern | 19:55:59 - BestFirst + CfsSubsetEval science
Internships
Mo. | | Name | Languages
1 @ Academic i academic
2 [ ] Accreditation history
3L A special
4 |_| American ) LY
5[] Antar | Class: B
6 || Anthropology al J T
7 BA
al)Bs Status
9 || Biological
10 [ Biology OK Log ‘ < X0
11 |_J Board
12 || Brian L
13| CCsU v

Status

oK l Log | on



Attribute Selection (ranking)

L*]

Weka Explorer

[ Preprocess T Classify I Cluster T Associate TSeJect attributes T Visualize ]

- oI

Attribute Evaluator

| choose J|GainRatiDmtrihuteE\ral

Search Method

l Choose J|Ranker -T-1.7976931348623157E308 -M 1

Attribute Selection Mode

Attribute selection output

(®) Use full training set
() Cross-validation Folds

Seed

10

1

L#]

Weka Explorer

[ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize ]

Search Method:
Attribute ranking.

Attribute Evaluator (supervi
Gain Ratioc feature e

Attribute Evaluator

| choose ]‘GainRatinntlribmeE\ral

Attribute selection output

.0o0172
.0o172
.00172
a0172
a0172
.0o172
.00172
.00172
.0o172
.0o0172

Search Method
{ (Mom}) document_class I' Ranked attribut
anke a riputes:
Choose ‘ -T- M-
- R 0.52115 361 research l JRanker T-1.7976531348623157E308 - -1
l i J S 0.44317 367 acience
Result list {right-click for options) 0.32239 848 special Attribute Selection Mode
0.32239 57% history .
20:02:40 - Ranker + GainRatioAtiributeEv 0.27955 7 B2 (® Use full training set
0.28675 485 Languages (_J) Cross-validation — Folds 10
0.268675 59% literature
0.26675 €07 naticnal Seed 1
0.268675 551 diwverse
0.26675 88 interdiscip
0.26675 458 Internships { (Mom) document_class ir
0.26675 471 Maloney
0.26675 513 active e
_K_ | _U'ﬂ: [T-) +3om l Start J Stop
- TV -
Result list {right-click for options)
Status
20:03:40 - Ranker + GainRatioAttribute Ev
OK

[ T e e s O e Y o O s e e

150
374
372
130
164
114
268
395
366
272
28
29
5]
78
14
101
53

Selected attributes:

center
service
select
assoclate
complete
agencies
leading
summer
schools
linguistics
DEPARTMENT
Department
Fhone
STUDY
CHAIR
Website
Location

361,347,648,579,7,465,599, 607,551, 588, 458,471,513, 528

e

[»
BN J¥ | [ o
Status B
0K Log W x0



Attribute Selectio

_[ Preprocess T Classify T Cluster I Associate T Select attributes T Visualize ]

n (explanation of ranking)

i (=1pd

Open file... Open URL... Open DB... Generate... Undo

L J J J1 J |

Edit... Save...

J J

Filter
Choose | StringToWordvector -R 2 -\ 1000 -prune-rate -1.0 -C -M 0 -stemmer weka.core. stemmers MullSterm

Current relation Selected attribute

Relation: depatments_string-weka filters.unsu... Aftributes: 673 Mame: research

rner -stopwords-handler weka.core sto] | Apply

Type: Nominal

Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 2 Unique: 0 (0%)
Attributes Mo, | Label | Count | Weight |
2 1 g 8.0 X - -
l Al J l None J l Invert J l Pattern J attributes | Visualize
Mao. | | Name | B... J [ Generate. . J [ Undo J [ Edit... J [ Save... J
353 || range i
354 ] real r

355 || regional
356 || regularly
357 || related

358 || relations

358 || relationship | Class: document_class (Nom)

-prune-rate -1.0 -M O -stermer weka.core stemmers. MullStermmer -stopwords-hand | Apply

v|| visualize Al | Selected attribute

360 || relativity

361 || require

363 || rooms

364 || running

365 || scholarships
366 || school

367 || schools

368 || science

369 || sciences

azn [

e

Aftributes: 672 Mame: Location Type: Mominal

of weights: 20 Missing: 0(0%) Distinct: 1 Unique: 0 (0%)
Mo. | Label | Count | Weight
1 1 20 20.0

Pattern

Class: document_class (Mom) "Jl Visualize Al J

Status .
0K Log ’w x0
e.Lv I )
51 [ Leqislative
52 || Living
i

54 ] MA



Attribute Selection (using filters)

 Choose filters/supervised/attribute/AttributeSelection
« Set parameters to InfoGainAttributeEval and Ranker
» Click on Apply and see the attribute ordering

L] Weka Explorer = B
J Preprocess T Classify T Cluster I Associate [ Select attributes T Visualize ]
| Openfile.. || OpenURL. || OpenDB.. || Generate.. || Undo || Edit... | | Save...
Filter
' L] weka.gui.GenericObjectEditor

Choose |AttributeSelection -E "weka attributeSelection. GainRatioAttributeEval * -8 "weka.attributeSelection. Ranker -T-1. 7976931 348 - : : :
weka filters.supenised. attribute AtributeSelection

Current relation ~ Selected attribute About
Relation: depatments_string-weka filte... Aftributes: 672 Mame: research Type: Mom ” . .
Instances: 20 Sum of weights: 20 Missing: 0 (0%) Distinct: 2 Unigue: 0 (0% A supenised attribute filter that can be used to select attributes. More |
Attributes No. | Label | Count | weight (eina b~
' : 10 12 12.0
21 8 8.0 —
[ All || Mone | | Invert || Paftern | debug | False v
Mo, || Name | doMotCheckCapabilities |. False TJ
Sl ) evaluator | Choose | GainRatioAttributeEval
3| special
4 histo — search Choose |Ranker -T-1.79769313486231467E308-M -1
5 H BA - |Class: document_class (Mom) "Ju L—l
6 || Languages
7 literature L Open... I | Save.. | | OK || Cancel
8 || national

9| diverse
10 || interdisciplinary
11 || Internships
12 || Maloney
13 | active

AT

Status

oK - Log ‘ iﬂ,}xﬂ



Attribute Selection (using filters)

Choose filters/supervised/attribute/AttributeSelection and use CfsSubsetEval and BestFirst search.

Then click on Visualize All

[ Open file... J [

Open URL... J [ Open DB... J [

Generate... J [ Undo

Filter

BA
16

making

18

Choose ||AttributeSelection -E "weka attributeSelection CfsSubsetEval -P 1 -E 1" -8 "weka attributeSelect | Internships

Current relation

Relation: departments_string-weka filters.un...
Instances: 20

Attributes: 14
Sum of weights: 20

Attributes
[ All J [ None J l Invert J [ Pattern J
Mo. | | Mame |
10 BA
2 || business
3| honors
4 | | include
5[ making

6 || professional
7 || research
8| | science
a | | Internships
10 || Languages
11 || academic
12 || history
13 || special
14 || document_class

Status

OK

Selected attribute
Mame: BA
Missing: 0 (0%) [

Mo. | Label

10
2 1

3

|
<

~ business
17
3
~ professional
15
5
~ Languages

18

~ document_class

1
..

~ honors

18

~ research

1

~ academic

18

=1o|x]

_ include

17
.:3

~ science

13
- |
0[13] -

~ history

17
.:3

Class: document_class (Nom)

v || visualize Al |

Log

<K




Attribute Selection

Student Projects

« Attribute Selection.html



Projects/Attribute Selection.html

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

L+ Weka Explorer ==
Preprocess | Classify T Cluster T Associate I Select attributes I Visualize ]
Classifier
¥ [ classifiers i
Ly [ﬁ bayes r\
Te Ly [ﬁ‘functinns put
> [ lazy
> ﬁ meta nformation == F_:;
L [ﬁ’ misc
r E. rules weka.classifiers.rules. ZeroR
DecisionTable weather. symbolic
= . : 14
| JRip - s
— outlook
| OneR temperature 1/
__| PART humidity
K windy
- ¥ (g trees Flay
| DecisionStump : 10-£fold cross—-validation

|| HoeffdingTree

Re 148 ifier model (full training set) ===
| LT Hdicts class wvalue: yes
|| RandomForest rn to build model: 0 seconds L
RandomTree ] Y
v e
Close |
St T

oK - Log ‘ ’ﬂlxﬂ



Classification — creating models (hypotheses)

Inferring one-attribute rules - OneR

Weather data (weather.nominal.arff)

L]

Relation: weather.symbaolic

Viewer

Ma. 1: outlook 2: temperature 3: humidity 4: windy 5: play

Mominal MNominal

Nominal
1 sunny
2 sunny
3 sunny
4  sunny
5 sunny
6 owvercast
7 owvercast
g8 owvercast
8 overcast
10 rainy
11 rainy
12 rainy
13 rainy
14 rainy

Nominal

hot

hot

mild
cool
mild
hot

cool
mild
hot

mild
cool
cool
mild
mild

Nominal
high
high
high
normal
normal
high
normal
high
normal
high
normal
narmal
normal
high

FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE

no
no

no

yes
yes
yes
yes
yes
yes
yes
yes
no

yes
no

| Addinstance | | Undo | | OK | [ Cancel |

Attribute | Rules Errors | Total
error
outlook sunny -> no 2/5 4/14
overcast -> yes | 0/4
rainy -> yes 215
temperature | hot -> no 214 5/14
mild -> yes 2/6
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

L+ Weka Explorer
Preprocess | Classify T Cluster Tﬁ.ssnciate T Select attributes T Wisualize ]

Classifier

p

Choose ]|DnER-EI B

Test options
p

Classifier output
N

(®) Use training set

~ Scheme: weka.claszifiers.rules.0neR -B &

(_) Supplied test set Set... Relation: weather.symbolic

. o Inatances: 14

(_) Cross-validation Folds 10 Attributes: =

(_) Percentage split % BB outloock

; temperature
[ MMaore options. .. J humidity
windy
play
{ (Mom) play l. ] Test mode: evaluate on training data
l Start J Stop === (lassifier model (full training set) ===
Result list (right-click for options) outlook:
[ )| sunny -> o
ovVercast -> yes
rainy -» yes
{(10/14 instances correct)
BN J

Status
r )

(0].4 w. x0




Classification — decision tree

Right click on the highlighted line in Result list and choose Visualize tree

& 2 ETIEEED | Weka Classifier Tree Visualizer: 21:19:33 - trees J48 (. — O

Preprocess C.Ia.ssifyT Cluster I Associate T Select attributes T Visualize ] Tree View
Classifier x
;

| Choose [J48-C 0.25-M 2 -

=sunny = overcast = rainy
I
Test options Classifier output 6 - )
[ & - F
T

(®) Use training set
() Supplied test set Set_

() Cross-validation Folds 10

C,l Percentage split % 66

[ Mare options...
{ (Mom) play l" J
| Start J Stop

Result list (right-click for options)
e

21:19:33 -trees 148

=== (lassifier model ([full

J48 pruned tree

oputloock = sunny

cutloock = rainy
| windy = TRUE: no (2.0)

Number of Leaves : 5

Size of the tree : 2

Time taken to build model:

E1S

| humidity = high: no (3.
| humidity = normal: yes
oputloock = overcast: yes (4.

= high
,,f

= harmal

- ~

=TRUE

=FALSE
\

o)
(2.0}
0}

| windy = FALSE: yea (3.0)

0 seconds

J

Status
£

OK

Log

S




Classification — decision tree

Top-down induction of decision trees (TDIDT, old approach know
from pattern recognition):
» Select an attribute for root node and create a branch for each
possible attribute value.
» Split the instances into subsets (one for each branch
extending from the node).
 Repeat the procedure recursively for each branch, using only
Instances that reach the branch (those that satisfy the
conditions along the path from the root to the branch).
» Stop If all instances have the same class.

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



Classification — numeric attributes

Viewer

Relation: weather

1 outlook 2: temperature 3: humidity 4: windy 5: play

Nominal Numeric

sunny a85.0
sunny 20.0
overcast 283.0
rainy 70.0
rainy G3.0
rainy 65.0
overcast 64.0
sunny 720
sunny 9.0
rainy 78.0
sunny 78.0
overcast T20
overcast 281.0
rainy 71.0

Mominal
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
TRUE

Mumeric
285.0
90.0
26.0
95.0
20.0
70.0
65.0
95.0
70.0
20.0
70.0
90.0
75.0
91.0

Mominal
no
no
yes
yes
yes
no
yes
no
yes
yes
yes
yes
yes
no

| £ Weka Classifier Tree Visualizer: 21:26:08 - treesJ48 (..

- SN

-

= overcast

= sunny

= rainy

=TRUE

-~ -t ~ e
ree@ IR IR ree @0

=FALSE

weather.arff
L+ Weka Explorer
Preprocess C.IassjfyT Cluster I Associate T Select attributes T Visualize ] 1
Classifier 3
(P 3
| Choose |J48-C 0.25-M 2 4
5
5]
Test options Classifier output 7
T "
@ Use training set GO T ING ST Ty G G Gy o g
(_J Supplied test set Set.. J48 pruned tree 10
= [ | 1
(_) Cross-validation Folds 10 12
; : = 13
() Percentage split % B6 outlook = sunny 14
| humidity <= 75: wesa (2.0)
l More options... J |  humidity > 75: no (3.0)
oputlock = overcast: yes (4.0} :
oputlock = rainy '_I'ree View
{ (Mom) play I' } | windy = TRUE: no (2.0}
| windy = FALSE: yea (3.0)
Stop
l ikl J SR Numbker of Leaves : 5
Result list (right-click for options)
r Size of the tree : g
21:25:39 -trees.J48
21:26:08 - trees 148 =75 =Th
Time taken to build model: 0 3ec
E | {
Status
£
0K

] Log | w}{ﬂ




Classification — predicting class

Click on Set...

=

-]

Test Instances

Click on Open file...

Relation: weather... Attributes: 5 E Open “
g Instances: 7 Sum of weights: ? _
Look In: [ﬁdata vJ [ﬁj[@]l[ﬁj HRIW=
B l Open file... J l Open URL... J .
Preprocess | Classify | C ilize _ _ _
— - [ weather.nominal.arff [ webkb.counts.arff L_J Invoke options dialog
’ SSer Class [(Nnm}play 'J Dweather.nominal.test.arﬁ Dwebkb.tﬂdf.arﬁ
D weather-nominal.arff |:| webkb-binary.arff S
| Choose [J48-C0.25- | Close |
al T _J» | Somefile formats offer additional
_Testoptions : _ﬁismr““m"t File Mame: weather.nominal test. arff
) Usetraining set outlook = sunny Files of Type: | Arff data files (*.arff) "J
(® Supplied test set Set.. I hum?d?ty = high: no (3.0) _
_ | humidity = normal: wes (2. [ Open J l Cancel J
i) Cross-validation Folds 10 cutlook = overcast: yes (4.0)
) oputloock = rainy | | |
I_J) Percentage split % 66 |  windy = TRUE: no (2.0 m :
. ! (2-0) "l weathernominal.testarff - Notepad - ©
: | windy = FALSE: yes (3.0}
l More options... J i File Edit Format View Help
@ QSIS G EITSn GETes Wurber of Leaves 5 @relation weather.nominal.test
] output model
) Outpul per-ciass stats Size of the tree g @attribute outlook {sunny, overcast, rainy}
B _ @attribute temperature {hot, mild, cool}
|| Dutput entropy evaluation measures @attr*ibute humidity {hlgh, nor"mal}
/] output confusi tri s s
HRH e e Time taken to build model: 0 seconds @attribute windy {TRUE, FALSE}
(/] store predictions for visualization @attr”ibu‘te pla}-’ {}"ES, ﬂD}
[ Error plot point size praportional to margin === Predicticons on test set ===
| | @data
Qutput predict Chi i N
utput predictions l 0ose JPIalnText . . . . SUI"IH}", mlld,nor"mal, F}'—‘LLSE, )
(] Costsensifive evaiuation | Set.. inst# actual predicted error prediction
Random seed for XVal / % Split 1 1 12 1:}’ES 1
] Presemve order for % Split - {n._ ..--"J|l y I |

|| Dutput source code ekaClassifier

| Evaluation metrics...

L oK




Classification — predicting class

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

_mn"

G Weka Explorer
Preprocess | Classify T Cluster Tﬁssnciate T Select attributes T Visualize l
Classifier
| Choose |J48-C0.25-M2
Test options Classifier output

() Use training set

i®) Supplied test set

Set..

outloock = sunny
| humidity = high: no (3.0}

"] weather.nominal.testarff - Notepad

| hnw= normal: yes (2.0)
= B rca3t: yes (4.0)

Click on the square
|| Weka Classifier Visualize: 21:54:37 - treesJ.. — O

[X: outlook (Mom)

.'J [‘r’: temperature (Nom)

M

Colour: play (Mom])

[Select Instance

v

Re.. || Cl.

J[ Op... J[ Sa.. J

Plot: weather.symbolic_predicted

Jitter =

‘a

v

c
File Edit Format View Help ny o oo
@relation weather.nominal.test RUE: no (2.0} by
m O
LRLSE: vyes (3.0) .
@attribute outlook {sunny, owvercast, rainy} *
|| @attribute temperature {hot, mild, cool} ves 3 h
@attribute humidity {high, normal} oo T L
@attribute windy {TRUE, FALSE} res g SUIE ralny
@attribute play {yes, no} OVercast
L @data , Class colour ) -
j 5unny,mild,n0rmal,F,QLSE,n0| build medel: 0 seconds r [ £ Weka: Instance info  — = =
n on test set ===
Time taken to test model on supplied test set: 0 Plot : weka.classifiers.trees.Jdd
Instance: 1
=== Summary === outloock @ sunny
temperature : mild
Correctly Classified Instances Ji] 0 % humidity : normal
Elcnrrectly Claszified Inatances 1 100 % |.,. windy : FALSE
v . . .
< 4 " prediction margin : -1.0
predicted play : ves
Status B
r y rlay : no
oK Log W ¥
AN J y

|

1z




Classification — predicting class

Click on Save

|4 Weka Classifier Visualize: 21:54:37 - trees.J48 (weathers.. — B

[X: outlook (Mom) |'] ["r’: temperature (Mom) |']
Eolnmniaybiom) | Selectinstance | weather.nominal.testerror.arff - Not.. — ©
Res. | Clear || Open || sawe | Jitter === | File Edit Format View Help
Plot: weather.symbolic_predicted @relation weather.symbolic predicted
-
[
0 L @attribute outlook {sunny,overcast,rainy}
m | O ¥ - | @attribute temperature {hot,mild,cool}
lh @attribute humidity {high,normal}
. : : @attribute windy {TRUE,FALSE}
ST ' “ || @attribute 'prediction margin®' numeric
\%) Weka: Instance in... — B ﬂ“

@attribute 'predicted play’ {yes,no}
Class coloy @attribute play {yes,no}
Flot : weka.classifiers.trees.J4d
Instance: 1 @data

outlock : sunny sunny,mild, normal, FALSE, -1,yes,no

temperature : mild

humidity : normal
windy : FRLSE

prediction margin : -1.0
predicted play : vyes
rlay : no

e —




Classification

Student Projects

e Classification.html



Projects/Classification.html

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

lz;:nl

Prediction (no model, lazy learning)

Viewer

Relation: weather.symbaolic
Mo, 1: outlook 2; temperature 3: humidity 4: windy 5 play

« K-nearest neighbor (1BK)
Take the class of the nearest neighbor
or the majority class among K neighbors

Nominal MNominal Nominal Mominal Mominal -
1 sunny  hot high FALSE no K=1->no
sunny  hot high TRUE no K=3 ->no
3  overcast hot high FALSE vyes _
4 rany  mild high FALSE ves K=5 ->yes
5 rainy cool narmal FALSE vyes — . 1011 1
e norma TAE e K=14 -> yes (Majority predictor, ZeroR)
T overcast cool narmal TRUE vyes
8 sunny mild high FALSE no . .
9 sunny  cool normal  FALSE yes » Weighted K-nearest neighbor
10 rainy mild narmal FALSE vyes _ -
11 sunny mild narmal TRUE vyes K_5 -> UﬂdGClded
12 overcast mild high TRUE vyes — —
13 overcast hot narmal FALSE vyes no 1/1+1/2 15
14 rainy  mild high TRUE  no yes=1/2+1/2+1/2=1.5
| Addinstance | | OK | | Cancel |
X 2 8 9 11 12 10
Distance(test,X) |1 2 2 2 . 4
play no no yes yes yes ... yes

« Distance is calculated as the number of different attribute values
» Euclidean distance for numeric attributes



o

Prediction (no model, lazy learning)

Weka Explorer

Preprocess | Classify | Cluster | Associate | Select atiributes | Visualize |

- SN

L~}

weka.gui.GenericObjectEditor

Classifier

Choose |IBK -K 1 4 0 -A"wekacore| | Weathernominaltestl.arff - Notepad = = =i

Test options

l

) Usetraining set

(® Supplied test set Set. |

I_) Cross-validation
I Percentage split

[ Mare oplions...

L] Classifier evaluation options
[+/] output model

] output per-class stats

|_| Output entropy evaluation measures

E Qutput confusion matrix

] store predictions for visualization

|__| Error plot point size proportional to margin

Output predictions | Choose ||PlainText

|| Cost-sensitive evaluation

Random seed for XVal / % Split 1

] Preserve order for % Split

L Evaluation metrics...

File Edit

Farmat Wiew Help

C | @relation weather.nominal.test

@attribute
@attribute
@attribute
@attribute
@attribute

@data

sunny,cool,

outlook {sunny, overcast, rainy}
temperature {hot, mild, cool}

humidity {high, normal}
windy {TRUE, FALSE}
play {yes, no}

high, TRUE, ?

nstance-based classifier

1 nearest neighbour(s)

taken to build model: 0 seconds

Store predictions

redictions on test 3et ===

nat#
1

actual predicted error prediction
0.938

1:72 2:no

wvaluation on test set ===

for classification

weka.classifiers lazy IBk

About

K-nearest neighbours classifier. More |
Capabilities |
KMN 1
batchSize 100
crossValidate | False TJ
debug |False 7]
distanceWeighting |_N0 distance weighting TJ
red
doMotCheckCapabilities |_ False TJ
meanSquared | False TJ
nearesthleighbourSearchAlgorithm | Choose |LinearNNSearch -A "weka.core Euclid
numDecimalPlaces 2
windowsize 0
L Open... | 1 Save... | 1 OK | 1 Cancel |
L

J

e ==




Prediction

Student Projects

e Prediction.html



Projects/Prediction.html

Model evaluation — holdout (percentage split)

Weka Explorer

Preprocess C.Ia.ssifyT Cluster I Associate T Select attributes I Visualize ]

Classifier

| Choose J‘.ms C025-M2

Test options Classifier output
() Use training set Scheme: weka.classifiers.trees.J48 -C 0.2
O Supplied test set Set Belaticn: LoanData
Instances: 20
(_) Cross~alidation Folds 10 Attributes: 12
5 ; D
(®) Percentage split % |66 .
. ied
[ More options... J marris
age
money
bay
{ (Mom) approved |" ] montha
— buy
Start Stop emp
Result list {right-click for options) lastemp
area
11:38:00 - trees.J48 approved
Test mode: split €6.0% train, remainder test

|
emp =

Classifier model (full training set) ===

| buy = pec: vy (2.0)
| buy = car

money <= 50: n (5.0/1.0)
money > 50: v (4.0}
n: n (3.0}

Status

OK

B 11:35:56 - trees.)48

Predictions on test split

inst# actual predicted error prediction
1 l:y 2:n + 1
2 1w 2:n + 1
3 2:n 2:n 1
4 l:y 2:n + 1
5 l:v 2:n + 1
[ l:v 2:n + 1
7 2:n 2:n 1

=== Evaluation on test split

Time taken to test model on test split: 0 seconds
=== Summary ===

Correctly Classified Instances 2
Incorrectly Classified Instances 5

Total Number of Instances 7

Detailed Rccuracy By Class

TF Rate FP Rate Precision Recall
0.000 0.000 0.000 0.000
1.000 1.000 0.286 1.000
Weighted Rwg. 0.286 0.286 0.0g2 0.286

=== (ponfusiocn Matrix

a b <-- classified as
05| a=yv%
02| b=mn

E1S

'
r
25.5714 %
71.4286 % A
F-Measure Class
0.000 ¥
0.444 n
0.127
v




Model evaluation — cross validation

R

=== Predictions on teat data =— A
=
inst# actual predicted error prediction
Weka Explorer 1 2:n 2:n 1
2 1:v 2:n + 1
Preprocess CJassiﬂrT Cluster ]' Associate T Select attributes I Visualize ] 1 2:n 2:n 0.75
Classifier 2 1:y l:y 1
[ B 1 2:n 2:n 1
| Choose ”.us-o 0.25-M 2 2 1:y 1:y 1
A 1 2:n 2:n 0.75
Test options Classifier output 2 1:y l:y 1
M- » 1[ 1 2:n 2:n 0.75
() Use raining set Scheme: weka.classifiers.trees.J48 —C 0.25 -M 2 2 1:y 1:y 1
() Supplied test set Set.. Relation: LoanData 1 2:n 2:n 0.75
@ ) . P Inst?nces: 20 2 1:y 1:y 1
Cross-alidation Folds 10 Attributes: i; 1 2:n 2:n 1
C} Percentage split % 66 sex 2 1:v l:y 1
. 1 1:y l:y 1
lMore options... married . .
[ P J age 2 1:v 1:v 1
money 1 1:v l:y 1
2 1:v l:y 1
bay ‘\‘
{ (Nom) approved l' ] months 1 1:y l:y 1
B buy 2 1:v l:y 1
Start Stop emp
Result list (right-click for options) lastemp === Stratified croas-validation ===
[ 1 area == Summary ==
11:38:00 - trees 43 approved
Test de: 10-£fold -validati
11:41:25 - trees.J48 S8t moas " Frosstvasidation Correctly Classified Instances 13 95 3
——= Classifier model (full training set) === Incorrectly Classified Instances 1 5 3
Total Numbker of Instances 20
J48 pruned tree
__________________ === Detailed Recuracy By Clazs ===
emp = ¥ TF Rate FF Rate Frecision Recall F-Measure Class
| buy = pc: y (8.0) 0.923 0.000 1.000 0.923 0.960 v
I buy = car 1.000 0.077 0.875 1.000 0.933 n
I | money <= 50: n (5.0/1.00 Weighted Avg. 0.950  0.027  0.956 0.950  0.951
| | money > 50: y (4.0)
S =n:n (3.0
™ t ! === Confusion Matrix =—
Status a b <-- claszified as
, 12 1| a=1¥v
OK 0 71 b=n




Model evaluation — leave one out cross validation

Preprocess | Classify T Cluster T Associate T Select attributes T Visualize ]

Classifier

| choose J|J4B—C 0.25-M 2

Test options Classifier output
() Use training set Scheme: weka.classifiers.trees.J48 -C 0.25 -M 2
(_) Supplied test set Set.. Relation: LoanData
Instances: 20
(®) Cross-validation Folds 20 Attributes: 12
. ID
\_J) Percentage split % 66 -
. married
l More options...
age
money
ray
(Mom) approved |' months
S — buy
Start Stop emp
. - - - laste
Result list {right-click for options) e
area
d
11:38:00 - frees.J48 Epprove o
Test mode: 20-fold cross-validation

11:41:25 - trees.J48

11:43:23 - trees . J48

B 11:43:23 - trees.)48

=1olx|

=== Predictions on test data

actual
2:n
2:n
2:n
2:n
2:n

inst#

2:n
2:n
1:v
1:y
1:v
1:¥
1:v
1:%
1:v
1:%
1:y
1:¥
1:y
1:v
1:y

I el e el i el e s e e

=== Stratified cross-wvalidat
=== Summary ===

Total Number of Instances

2:n
2:n
2:n
2:n
2:n
2:n
2:n
1:v
1:y
1:v
2:n
1:v
1:vy
1:v
1:vy
1:y
1:y
1:y
1:v
1:y

ion ==

Correctly Classified Instances
Incorrectly Classified Instances

predicted error prediction

1
W75

W75
.75
.75

e e e e e e e e i i i = I =T =T S =

15

20

=== (laszifier model (full training set) ===

emp =y
| buy = pc: y (2.0)
| buy = car

money <= 50: n {5.0/1.0)
money > 50: y (4.0)
n: n {3.0)

Status

QK

=== Detailed Rccuracy By Class =—=

TF Rate FP Rate Precision Recall

0.923 0.000 1.000 0.923

1.000 0.077 0.875 1.000
Weighted RAwvg. 0.950 0.027 0.956 0.950

=== Confusion Matrix ===

a b <-- claszified as

a=y
0 71 b=n

Iy
-

95 %

F-Measure Class

0.960 ¥
0.933 n
0.951




Model evaluation — confusion (contingency) matrix

predicted

' Weka Explorer - ol x|
Preprocess | Classify I Cluster T Associate I Select attributes T Visualize ] C_U
Classifier > y
_ 3 es | no
Ch JAB - 0.25-M 2 %
oose - 2h- 3 1
Test options ~ Classifier output
() Use training set A no 1 O
inst# actual predicted error prediction r
) Supplied test set 1 1:yes l:yes 0.667
o 2 1l:yes 2:no + 0.75
() Cross-validation 3 1:yes 1:yes 1 d. t d
(® Percentage split % BB 4 liyes l:yes 1 pre ICtE
5 2:no l:yes + 0.667
[ Mare options... J
=== Evaluation on test aplit === c_s yeS no
- -
| {Mom) play v Time taken to test model on test split: 0.02 seconds e
- olyes | TP | FN
Start === Summary ===
Result list (right-click for options} : Correctly Classified Instances 3 &0 % no FP TN
Incorrectly Classified Instances 2 40 %
11:38:00 - trees 148 Total Number of Instances 5 ™
11:41:25 - trees 148
11:43:23 - trees 48 === Detailed RAccuracy By Class ===
114656 - trees.J48 P —_
= TF Rate FP Rate Precision BRecall F-Measure Class PreCISlon f— TP/(TP+FP)
LT = TR 0.750 1.000  0.750 0.750  0.750 ves
0.000  0.250  0.000 0.000  0.000 no Reca” = TP/(TP+FN)
Weighted Awvg. 0.600 0.850 0.600 0.800 0.800
=== Confusicn Matrix ===
a b <-- claszified as
31| &= yes
10 ] b=mno K
v
Status :
0K Log 'ﬂl x0




Model evaluation

Student Projects


Projects/Evaluation.html

Clustering — k-means

Click on Ignore attributes p——p——— x|

weka.clusterers. SimpleKMeans

¥ Weka Explorer About
| Preprocess | Classity | Cluster | Associate | Select attributes | visualize | . .
Cluster data using the k means algorithm. More
,CIusterer | capabiliies |

l Choose J SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 11 -1.25-12-1.0-N 2 -

canopyMaxMumCanopiesToHoldinMemory 100

,{Zluster mode § !EIusterer output canopyMinimumCanopyDensity | 2.0
@ Use training set ) . canopyPeriodicPruningRate 10000
. Final cluster centroids:
) Supplied test set Set..
J B Clusters canopyT1  -1.25
() Percentage split N ; Attribute Full Data 0 1
R.?J HESE - {14.0) {10.0) (4.0} canopyT2  -1.0
() Classes to clusters evaluation ;
(Mom) play outlook sunny Sunny  OVercast debug | False L
temperature mild mild cool ’ ]
i it displayStdDevs | False R
[_i'] Store clusters for visualization humidity high high normal L J
windy FALSE FALSE TRUE distanceFunction l Choose J|EuclideanDis‘tance—R ﬂrst-||
[ Ignnre attributes ] doMotCheckCapabilities [False .']

;B9 Select items “ dontReplaceMissingValues | False .']

Resuit list (1 | outlook Time taken to build model (full training data) : fastDistanceCalc [False ,v]
At lL
temperature L 1
00:03:29 D ) === Mpdel and ewvaluation on training set =—= B EE T lRa”dom "J
humidity
) maxlterations 500
windy Clustered Instances
play numClusters 2
i] 10 { 71%)
1 4 [ 29%) numExecutionSlots 1
presemnvelnstancesOrder [False .']
e E‘-— -""f reduceNumberQfDistanceCalcsViaCanopies [False .']

[ Select ] [ Battern J [ ancel J
Status | seed 10

Ok Log
L [ Open... J [ Save... J l OK J l Cancel J




Clustering — classes to clusters evaluation

Right click on Result list, select Visualize cluster assignments

Click on Save

] Weka Explorer = =
[ Preprocess T Classify T Cluster TAssociate T Select attributes T Visualize ] |22/ Weka Clusterer Visualize: 00:12:43 - SimpleKMeans (.. = ©
Clusterer |_}(: outloak (Mam) TJ |_Y: temperature (Nom) TJ
Choose (SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -1 - | Colour: Cluster (Nom) TJ | Select Instance TJ
| Clear || Open || Save | Jitter O

Cluster mode Clusterer output

Plot: weather.symbolic_clustered

SR ETEE Time taken to build model (full tr x

) Supplied test set o
=== Model and ewvaluation on traini e
I Percentage split

(®) Classes to clusters evaluation Clustered Instances

Mom) pla v
| (Nom)play J 0 10 { 71%)
[+/] store clusters for visualization 1 4 { 29%) Class colour
l Ignore attributes | Cla=ss attribute: play
Classes to Clusters:
l Start |
. . . . 01 < i d t lust
Result list {right-click for options) asalgne | cLuster
: a3 | yes
e o _ 41 | no
00:15:54 - SimpleKMeans
Cluster 0 <-— ves
Cluster 1 <-— no
Incorrectly clustered instances 7.0

o+

N 'y
L . H
B y b .
| weather.nominal.cluster.arff - Notep.. — &

File Edit Format View Help

@Pelation weather.symbolic_clustered

@attribute Instance_number numeric
@attribute outlock {sunny,overcast,rainy}
@attribute temperature {hot,mild,cool}
@attribute humidity {high,normal}
@attribute windy {TRUE,FALSE}

@attribute play {yes,no}

@attribute Cluster {cluster®,clusterl}

@data

8, sunny,hot,high, FALSE, no,clusterd

1, sunny,hot,high, TRUE,no, clusterd
2,overcast,hot,high, FALSE,yes,clusterd
3,rainy,mild,high,FALSE,yes,cluster®
4,rainy,cool,normal, FALSE,yes,clusterl
5,rainy,cool,normal, TRUE,no,clusterl
6,overcast,cool,normal, TRUE,yes,clusterl
7,sunny,mild,high, FALSE,no,cluster®
8,sunny,cool,normal, FALSE,yes,clusterd

J

Status

9,rainy,mild,normal, FALSE,yes,clusterd
1@, sunny,mild,normal, TRUE, yes,cluster@
11,overcast,mild,high, TRUE, yes,cluster®
12 ,overcast, hot,normal, FALSE,yes,clusterl

Ok Log | 13, rainy,mild,high, TRUE,no, clustere



Clustering

Student Projects

 Clustering.html



Projects/Clustering.html

Association Rules (A => B)

» Confidence (accuracy): P(B|A) = (# of tuples containing both A and B) / (# of tuples containing A).
« Support (coverage): P(A,B) = (# of tuples containing both A and B) / (total # of tuples)

L Weka Explorer - O

[ Preprocess T Classify T Cluster TAssociate T Select attributes T Visualize }

Associator

Choose | Apriori-N10-TO-C08-D005-U10-M0O1-5-1.0-c-1

Associator output
Start | f
. ] . A
Resnltllst{ngllt-cllc..._ Generated sets of large itemsets: -
00:28:39 - Apriori Size of set of large itemsets L{l): 12
Size of set of large itemsets L{2): 47
Size of set of large itemsets L{3): 39
Size of set of large itemsets L{4): &
Best rulea found: Ty
1. outlook=ocvercast 4 ==»> play=yes 4 <conf:(l)> lift:({1.36) lew: (0.1} [1l] comv:(l.43)
2. temperature=cool 4 ==> humidity=normal 4 <oconf: (1)» lift: {2} lew:(0.14) [2] conwv:(2)
3. humidity=normal windy=FARL3E 4 ==> play=vyes 4 <conf: (l)> l1ift:(1.56) lewv: (0.1} [1l] conwv:(l.43)
4. outlock=sunny play=nc 3 ==> humidity=high 3 <conf:(l)> lift:{2) lew:(0.11l) [1] conwv:({l.5)
5. outloock=sunny humiditv=high 3 ==> play=no 3 <conf:(l)> lift:{2.8) lew:({0.14) [1l] conw:(l.93)
8. cutlock=rainy play=ye3 3 ==> windy=FRLSE 3 <conf: (l)>» 1lifc: {1.75) lew:(0.09) [1l] conw:({l.29)
7. cutloock=rainy windy=FALSE 3 ==> play=yes 3 <conf: (l)>» lift:({1.56) lew:(0.08) [1l] conwv:({l.07)
2. temperature=cocl play=yes 3 ==> humiditv=normal 3 <conf:(l)> lift:{2) lew:(0.11) [1] comwv:(l.3)
9. outloock=sunny temperature=hot 2 ==> humidity=high 2 <oonf: (1)» lift:(2) lew: (0.07) [1] conwv:{l)
10. temperature=hot play=no 2 ==»> putlook=sunny 2 <conf: (1l)>» lifrc: (2.8) lewv:(0.09) [1] conw:({l.29)
r
< T

Status

0K - Log ‘ W}{U



Assoclation Rules

Student Projects

e Assoclation.html



Projects/Association.html

Document classification and clustering

Predict the class of the Theatre document

1. Create a training set — all departments excluding Theatre
(data collection)

2. Use Binary, Term Frequency or TFIDF representation
(data preprocessing)

3. Select a relevant subset of attributes (attribute selection)

4. Use J48, IBK, and Naive Bayes (classification)

5. Evaluate all models by cross validation (model
evaluation)

6. Choose the best model and predict the class of Theatre
(prediction)

7. Cluster the training set with K-means compare the
cluster centroids with Theatre



Document classification and clustering
Teaching resources and student projects based on Weka

« Zdravko Markov and Daniel T. Larose, Data Mining the Web:
Uncovering Patterns in Web Content, Structure, and Usage, Wiley 2007
(free excerpts: Chapter 1, TOC, Index)

o Lecture slides; dmw1.pdf, dmw2.pdf, dmw3.pdf, dmw4.pdf, dmw5.pdf

e Data sets: http://www.cs.ccsu.edu/~markov/dmwdata.zip
e Clustering.html

http://www.cs.ccsu.edu/~markov/MDLclustering/

http://www.cs.ccsu.edu/~markov/DMWprojects - =
: @@‘ @ hitp:/fwww.cs.cosu... O -

{ Y. I@ http:/fwww.cs.ccsu.edu/- O j 5 (2 Zd... | 2 C.. |
Fle Edit View Favorites Tools Help MDL Clustering
Zdravko Markov and Daniel T. Larose, Data Mining the Web: Alporithms for unsupervised
Uncovering Patterns in Web Content, Structure, and Usage, Wiley, attribute ranking_ discretization and
April 2007, clustering available as Java classes

through a command-line interface.
All Weka classes are also included.
Student Projects
Manual

Executable JAR file
Data

Lab Project

Web Document Classification
Probabilistic Reasoning with Naive Bayes and Bavesian Networks

Relational Learning for Web Document Classification
Web User Profiling

Zdravko Markov
7 dravko Markov hitp/www.cs.cosu.edu/~markov/

hitp://www.cs.ccsu.edu/~markov/ ®100% -



http://www.wiley.com/WileyCDA/WileyTitle/productCd-0471666556.html
http://www.cs.ccsu.edu/~markov/dmw1.pdf
http://www.cs.ccsu.edu/~markov/dmw2.pdf
http://www.cs.ccsu.edu/~markov/dmw3.pdf
http://www.cs.ccsu.edu/~markov/dmw4.pdf
http://www.cs.ccsu.edu/~markov/dmw5.pdf
http://www.cs.ccsu.edu/~markov/dmwdata.zip
Projects/Clustering.html
http://www.cs.ccsu.edu/~markov/MDLclustering/
http://www.cs.ccsu.edu/~markov/DMWprojects/

