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What is WEKA

 Developed at Univ of Waikato in New Zealand

* A collection of state-of-art machine learning
algorithms and data preprocessing tools

 Provide implementation of
— Regression
— Classification
— Clustering
— Association rules
— Feature selection
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Knowledge Flow

« Experiment 1:
— Type: Classification
— Feature selection: GainRatio; Ranker (top 3)
— Algorithm: ID3
— Training: Weather_nominal.arff
— Test: Weather_nominal.arff
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 Source file (ARFF)

4

Erelatinn weather. symbolic

[fattribute outlook {sunny, overcast, rainy)
[fattribute temperature {hot, mild, cooll
[fattribute humidity fhigh, normal?}
[fattribute windy [TRUE, FALSE}

[fattribute play {we3, no}

W =1 mon s L

[data

10 sunny . hot high,FALSE no

11l sunny, hot high,TRUE no

12 owvercast,hot high, FALSE  ves
13 rainy,mild high, FAL3E  ves

14 rainy,cool, normal  FALSE  ves
15 rainy,cool, normal , TRUOE no

le owvercast,cool, normal ,TRUE  ves
17 sunny,mild high, FALSE no

15 sunny,cool  normal ,FALSE  ves
19 rainv,wmild,normal FALSE  ves
20 sunny,mild,normal , TRUE  ves

=21 owvercast,mild, high, TRUE  ves
22 owercast,hot,normal ,FALSE ves
=253 rainy,mild, high,TRUE no
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< Weka KnowledgeFlow Environment

|0 | @]

Data 3

Tisnalimer Pl:

Kl

~knowledge Flow Layouk

II—

A

Correctly Claszified Instances 14 100
Incorrectly Classified Instances
Kappa statistic

Mean ahsolute error

o
&
4

Boot mean sgquared error

e

Felative abgolute error
Foot relative squared error
Total Number of Instances 14

o o o o - O

e

=== Detailed Accuracy By Claszs === —

TP Rate FP ERate Precision Fecall F-Measure Class
1 1] 1 1 1 yes
1] 1 1 1 no

[

=== Confusion Matrix ===

weather ah <-- glassified as
=smbol ic & a0 | a-= ves
05 | b =no

-Skakus ll I _’I

Dane.
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Explorer

« Do the same experiment...
« Experiment 1.
— Type: Classification
— Feature selection: GainRatio; Ranker top 3
— Algorithm: ID3
— Training: Weather_nominal.arff
— Test: Weather_nominal.arff
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i weka Explorer -0l x|
Cpen file. .. | Open URL. .. | Cpen DE... | Lrde Edit. .. SEWE, .. |
~Filter
Choose INunE | Aoy |
—Current relation —Selected attribuke
Relation: Mone Mame: Mone Twpe: Mone
Instances: Mone Attributes: Mone Missing: Mone Diskinck: Mone Unigue: Mone
—akbribukes
&l [ane Inwert
LI Yisualize All |
Remove |
Stakus
’7'u'u'elccume ko the Weka Explarer — w i

M
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i weka Explorer

=101 %]

Open URL. .. | Open CE... Unda | Edit. .. Save.., |
~Filker
Choose INunE | ARply |
—Current relation —Selecked attribute
Relation: weather, symbalic Mame: outlook Type: Maorminal
Instances; 14 Akkribukes: 5 Missing: 0 (0% Diskinct: 3 nique: 0 (0%%:)
—Akbribukes Label Caunt
SNy =)
all | Mone | Invert | overcask 4
rairry =)
Ma, Marme
2" kemperature
3 Ihurmidity
4 ([ windy
S\ play ICIass: play (Mom) ll YWisualize All |
Remove |

Skatus
’7 04




=EANUS

National University
Explorar o
| S— |
£ wWeka Explorer O] x|
Freprocess | Classihfl Clusterl P.ssu:u:iatel Select attril:uutesl 'u'isualizel
Cpen file, .. | Cpen URL, ., | Cpen DE. .. | Urda | Edit. .. SAVE.., |
~Filker

Choose IAttrihuteSelectiun -E "weka. attributeSelection. GainRatioAttributeEval " -5 "weka, attribute Selection. Ranker -T -1 .?9?6931348623| apply |

~Current relation—— [E3 weka.gui.GenericObjectEditor _|- _||:| EI
Relation: weather.syr weka.filkers, supervised, atkribute, AtkributeSelection ; T_WE: Morninal
Instances; 14 nincks 3 Unique: 0 (0%&)
Abouk
—Atkribukes—————— Zount
A supervized attribute filter that can be used to select Maore | 3
all | attrinntes 4
S
Mo, evaluatar Choose IEainRatiuAttrihuteE?al |
2™ [kemperaty search Ranker -T -1,7976931345623157E303 -M 3 |
3 [hurmidity
4|[ jwindy Open. ., | Save.., oK Cancel |
S |play

I'H.I-CI:-}. P LTIy

Remowve |

LI Yisualize all |
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i Weka Explorer

Cpen file, ..

| Open URL. .. |

Freprocess | Classihfl Clusterl .ﬂ.ssnciatel Select attril:uutesl 'u'isualizel

Open DE. ..

| IInda

Edit. ..

=101 %]

~Filker

Save... |

—Current relakion

Choose IAttrihuteSelectiun -E "weka, attributeSelection, GainRatioattributeEval " -3 “weka, attributeSelection. Ranker -T -1 .?9?6931348623"

Instances: 14

Relation: weather,symbalic-weka. filkers, supervised, atkribute, Akkribuke, .

Akkribukes: 4

—Selected attribute

Mame: outlook

| Apply the current Filker |
Type: Mominal

Missing: 0 (0% Diskinct: 3 Unique: 0 (0%%)
—httributes Label Counk
SNy =)
all | Mone | Invert overcast 4
rairry =)
Ma, Marme

2™ Ihurmidity

3 windy

4| |play

Remove

ICIass: play (Mom)

LI Yisualize Al |
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i Welka Explorer

Preprocess  Classify | Clusterl Associate | Select attribukes 'u'isualizel
—Classifier

Choose IId3 |

—Test options —Classifier outpuk

" Supplied kest set Sk, |

" Cross-walidation  Falds |1IZI

" Percentage split A IEuEu

More opticns. .. |

(Marn) play ﬂ

Start Stop |

~Result lisk fright-click For options)
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i Weka Explorer =10l x|

Preprocess Classify | Clusterl Associate | Select attril:uutesl 'u'isualizel

~Classifier
Choose IId3 |
—Test options —Classifier oukpuk
o GO L &
% |Ise training set : N
™ Supplied test set Seb. .. Correctly Classified Instances 14 100 E
Incorrectly Classified Instances ] ] %
™ Cross-validation  Folds |1III Y ]
Kappa statistic 1
" Percentage split 2 IEvE- Mean absolute erraor 0
Mate aptians, .. | Root mean squared error ]
Relative absolute error ] %
Foot relatiwve zquared error ] %
(Mom) play vl Total Number of Instances 14

Start B | === Detailed Accuracy By Class ===

~Result list {right-click For options)
TP Rate FP Rate Preciszion Recall F-Measure Claszz

1 ] 1 1 1 Yes
1 ] 1 1 1 no

=== [Confusion Matrix ===

ah == clazzified as
90| a-= ves
05 | b =no

Skaktus
’70}( Log W w0
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wWhy Knowledge Flow

e There are some jobs we cannot do in explorer ...
— Combine feature selection
— Build more complicated systems

« KF describes the process more clearly

— Never regard the training and test data to be
separate in the previous example in explorer

« KF help us to access some mid-process info of
the machine learning method

— Cross Validation
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Cross Validation

« Experiment 2:
— Type: Classification
— Feature selection: GainRatio; Ranker top 3
— Algorithm: ID3
— Training: Weather_nominal.arff (CV)
— Test: Weather_nominal.arff (CV)
— CV type: 3-folder CV
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What do we view In this case?
Textl VS. Text2 (1)

g Text ¥iewer
~Result lisk ~Texk ~Result lisk ~Texk

g Text ¥iewer

16:39:31 - weather, symbiolic Brelation weather.symbolic

16:39:35 - weather . symbolic
16:39:35 - weather, symbalic?
16:39:35 - weather, symbalics

16:39:31 - weather . symbiolic Brelation weather.symbolic
: - weather, symbalic

16:39:35 - weather, syvmbalicz
16:39:35 - weather, symbalic3

Fattribute cutlook {zunny,overc
Fattribute temperature fhot,mil

Fattribute outlook {3unny,owercast,rainy!
Fattribute temperature fhot,mild,cooll

Hattribute humidicy {high,norma Battribute humidity {high,normal?
Hattribute windy {TRUE,FAL3IE} Battribute windy [TRUE,FALSE}
Rattribute play [yesz,nol Battribute play [yes,no}

Hdata Fdata

sunny hot, high, FALSE  no rainy,cool,normal , TRUE no
owercast, hot normal ,FALSE ,ves sunny,mild, high, FALSE  no
owercast,mild high, TRUE, yes owercast,cool,normal , TRUE, yes
sunny,cool,normal FALSE  yes rainy,cool,normal ,FALSE ,yes

sunny ,hot, high, TRUE o rainy,mild, high, FALSE ves

sunny,mild, normal , TRUE  yes
owercast hot high, FALSE ves
rainy,mild,normal , FALSE ,ves
rainy,mild, high, TRUE 1o
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Textl VS. Text2 (2)

2 Teut Yiewer £ Text Viewer

~Result lisk Text ~Reesult list ~Text
16:39:31 - weather.symbolic ||| grelacion weather.symbolic 16:39:31 - weather.symbolic || Grelation weather.symbolic

16:39:35 - weather symbolic 16:39:35 - weather svmbolic

- weather symbaolic?

eather . svmbolic2

fattribute outlook {sunny,owverc |f -
16:39:35 - weather . svmbolic3

[fattribute temperature {hot,mil

fattribute outlook {3unhy,overcast,rainy}
Fattribute temperature [(hot,mild,cooll

16:39:35 - weather . symbaolic3

Battribute humidity {high,norma Fattribute humidity {high,normal}
Battribute windy {TRUE,FALSE} Fattribute windy {TRUE,FAL3E}
Rattribute play {ye=z,nol fattribute play {yez,no}l

[Fdata [Fdata

sunny,nild, high,FAL3E ;no tainy,mild, high, TRUE,no
rainy,cool normal , TRUE  na sunny hot high, FALSE  no
sunny,nild,normal , TRUE, yes owercast, hot,high, FALSE ,ves
sunny, hot, high, TRUE  no sunny,cool  normwal ,FALSE (yes
rainy,nild, high,FAL3E,ves overcast,mild, high, TRUE,ves

rainy,nild,normal ,FALSE ,yes
rainy,cool normal  FALSE ,yes
overcast,cool normal , TRUE ,ves
overcast hot,normal ,FALSE ,ves
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Textl VS. Text2 (3)

E-Teutﬁewer

g Text Yiewer

—Result list ~Text ~Result list ~Texk

1669:31-wea&mr5ymhd¢ Brelation weather.sywbolic 16:39:31 - weather.symbolic || prelation weather.symbolic

16:39:35 - weather symbaolic 16:539: 35 - weather,symbalic

16:39:35 - weather . svmbolic2 i V303 ;

: o yrtli“ Battribute outlook {sunny,overc }539,33 weather,symbolic2 Battribute outlook {sunnhy,overcast,raity?
o - Weathet, syrmbolca . . A
. Battribute temperature {hot,mil Rattribute temwperature [hot,mild,cool}

Battribute hunidity {high,norma Fattribute hunidity {high,normal}
Battribute windy {TRUE,FALSE} Rattribute windy [TRUE,FaL3E!}
fattribute play {yesz,nol Fattribute play {yes,nol
fdata Rdata
sunny  hot high,FALSE no sunny hot high, TRUE  no
sunny,nild, high,FALSE no sunny,wild, normal  TRUE , ves
rainy,cool, norwal  TRUE  no rainy,nild,normal , FALSE,ves
rainy,mild, high,TRUE fa overcast, hot,normal , FAL3E, yes

rainy,cool ,normal ,FALSE ,yes
sunhy,cool ,normal  FALSE  yes
overcast,mild, high, TRUE yez
rainy,mild, high,FALSE ,ves
owvercast, hot high,FALSE yes
owercast,cool normal ,TEUE , ves

Copyright 2006 © Dong Difeng



Cross Validation

Text3 VS. Text4 (1)

g Text Yiewer

—Result list

16:3931 - weather . symbalic
16:39:35 - weather  symbalic-we
16:39:35 - weather  symbaolic-we?
16:3% 35 weather  symbaolic-wed

27 - weather, symbalic-me
16:51:27 - weather symbaolic-we?
16:51:28 - weather . symbalic-we

~Texk

frelation 'weather.symbolic-weka.filters.

humidity {high,normall
outlook {sunny,overcast,rainy}
temperature {hot,mild,cool}

play {yes,no}

Hattribute
Fattribute
Fattribute
fattribute

[data

high, sunny , hot,no
normal ,overcast, hot,yes
high,overcast, mild,ves
normal  sunny,cool ,yes
high,sunny , hot, no
normal  sunny,nild,yes
high,owvercast, hot,ves
normal  rainy,mild,yves
high,rainy,mild, no

Rl |

g Text ¥iewer

NUS

National University
of Singapore

—Result list

16:39:31 - weather, symbalic
16:39:35 - weather, symbalic-we
16:39:35 - weather, symbalic-wez
16:39:35 - weather, symbalic-wes
27 - weather, symbolic-we
16:51:27 - weather, symbalic-wez
16:51: 28 - weather, symbalic-we

~Texkt

Frelation 'weather.sywbolic-weka.filte

Rattribute
Fattribute
Fattribute
Rattribute

humidity {high,normall
outlook {sunhy,overcast,ral
Cenperature {hot,mild,cool?

play {ves,no}

Rdata

normal ,rainy,cool o
high,sunny,nild, no
normal ,overcast,cool,yes
normal ,rainy,cool,ves
high,rainy,mild,ves
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Text3 VS. Text4 (2)

g Text Yiewer

g Text Yiewer

~Result list ~Texk —Result list ~Texk
16:39:31 - weather.symbolic Brelation 'weather.symbolic-weka.filters. |[16:3%:31-weather.symbalic Brelation 'weather.symbolic-weka.filte
16:39:35 - weather . symbalic-we 16:39:35 - weather . symbalic-we
16:39:35 - weather . symbalic-we? Battribute hunidity {high,nornal} 16:39:35 - weather . symbalic-we? Battribute hunidity {high,normal}

16:39:35 - weather . symbalic-we3
16:51:27 - weather . symbalic-we

16:39:35 - weather . symbalic-we3
16 51:27 - weather, symhn:-lln: -lE

fattribute outlook {3unhy,owercast,rai:
Battribute windy [TRUE,FLL3E}

fattribute outlook {3unhy,overcast,rainy}
Fattribute windy [TRUE,FLL3E}

51 L .5 : 127 - weather, symbalic-we ]

16:51; 28 weather. symhn:-lln: -lE Staeia Lty AR ) 16:51; 28 weather . symbalic-we Eeia Lty AR )
[fdata [fdata
high,sunny,FALSE o high,rainy,TRUE 1o
normal ,rainy, TRUE no high,sunny,FALSE o
normal , sunny, TRUE , ves high,overcazt, FALIE , yes
high, sunny, TRUE 1o normal  sunny, FALSE  ves
high,rainy, FALSE yes high,overcast, TRIE  ves

normal ,rainy, FALSE  ves
normal ,rainy, FALSE yes
normal ,overcast,TRUE ,,yves
normal ,overcast,FALSE ,ves

Rl | Rl |
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Text3 VS. Text4 (3)

2 Text Viewer L Text Viewer

~Resulk list ~Texk ~Resulk list ~Text
16:39:31 - weather symbalic frelation 'weather.symbolic-weka.filters. |[[6+39:31 - weather . symbalic Brelation 'weather.symholic-weka.filte
16:39:35 - weather . svmbolic-we 16:39:35 - weather . svmbolic-we

16:39:35 - weather . svmbolic-wez
16:39:35 - weather . svmbolic-we3
16:51:27 - weather . svmbolic-we

16:51:27 - weather . svmbolic-wez

16:39:35 - weather . svmbolic-weZ
16:39:35 - weather . svymbolic-we3
16:51:27 - weather . svmbolic-we

16:51:27 - weather . svmbolic-weZ

Battribute outlook [sunny,owvercast,rai
Fattribute humidity {high,normal}

Battribute outlaoock {zunny,owercast,rainy}
Hattribute humidity {high,normall
Hattribute temperature [hot,mild,cool!
Hattribute play {yes,nol

Fattribute tewmperature {hot,mild,cool}l
Fattribute play {ves,no}

et symbolic-we 28 - weather . symbolic-we
Hdata [data
sunny, high, hot  no sunny, high hot, no
sunny high,nild, no sunny, normal mild,yes
rainy,hormal ,cool  no rainy,normal mild,yes
rainy, high,nild, no owvercast, normal hot,yes

rainy,normal ,cool,yes
sunny hormal ,cool ves
overcast, high,nild,ves
rainy high,nild,ves
overcast, high, hot,ves
overcast,normal ,cool,ves

Rl | Rl |

Copyright 2006 © Dong Difeng



- 1
=ANUS

National University

Cross Validation e

£ 16:51:27 - Model: 1d3 2 16:51:27 - Model: 1d32 i 16:51:28 - Model: 1d3 N [w[
=== [Clasgsifier model === === [Clagsifier model === === Classifier maodel ===
Gcheme: 143 Jchene: Id3 Jchene: Ids
Relation: weather.symbolic— | Relation: weather.aymbolic- | Belation: weather.symbolic-weka.filters.supervized. attribute. i
Traininhg Fold: 1 Training Fold: 2 Training Fold: 3
Id3 Id3 Id3
humidity = high outlook = sunny outlook = sunny
|  outlock = sunny: no | humidity = high: no | humidity = high: no
| outlook = overcast: yes | humidity = normal: ves | humidity = normal: yes
|  outloock = rainy: no outlook = overcast: yes outlook = overcast: yes
humidity = normal: yes outlook = rainy outlook = rainy: yes
| windy = TRUE: no
|  windy = FAL3IE: ves
4 | Rl | Rl | i

Copyright 2006 © Dong Difeng



.2
=ANUS
%

National University
of Singapore

| Cross Validation
Evaluation of result

4 Text Yiewer -0 x|
~Result lisk ~Text
16:39:35 - 1d3 Incorrectly Classified Instances & 14,2357 % ﬂ
lEl:El::E:'Il:Ei KE[IJIJE[ St-Elt-iSt.iE D- EEEB
Mean absolute error 0.1786
Foot mean squared error 0.4009
Relative absolute error 37.234 %
Foot relative scquared error g2.7516 %
Total NMumber of Instances 14
=== Detailed ALccuracy By Class ===
TP Rate FP Rate Precision Fecall F-Measure Class
0.8389 0.2 0.589 0.889 0.539 VEeS
0.8 0.111 0.8 0.8 0.8 no
=== Confusion Matrix ===
a b <-- tlassified as
g1l | a= ves
l1d ] b =nno
=
Kl | 8

@



)
=ANUS
%

National University
of Singapore

Cross Validation

e Conclusion:

— Source data are separated into several folders for
cross validation

— Feature selection is done for each training folder
(only training) folder separately

— Different trees are build in different cases
— The evaluation of classification is by overall results
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Cross Validation

« Experiment 3:
— Type: Classification
— Feature selection: GainRatio; Ranker top 2
— Algorithm: ID3
— Training: Weather_nominal.arff
— Test: Weather_nominal.arff
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Ranker top 3 VS. Ranker top 2

£ 16:51:27 - Model: 1d32 £ 17:08:31 - Model: 1d32 -0 x|
=== [lassifier model === === [lassifier model ===

Schene: Id3 Schene: Ids

Felation: weather.symbolic-weka.fili|Relation: tweather.aymbolic-weka. filters. superviszed. attribute. b
Training Fold: 2 Training Fold: Z

Id3 Id3

outlook = sunny outlook = sunny

| humidity = high: no | humidity = high: no

| humidity = normal: yes | humidity = normal: yes

outlook = overcast: yes outlook = owercast: yes

outlook = rainy outlook = rainy

|  windy = TRUE: no | humidity = high: wes

|  windy = FAL3E: wes | humidity = normal: yes
4] | Kl I o
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Cross Validation

e Conclusion:

— Attribute “windy” was ignored. In this case, the
classifier only consider the attribute that was kept
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