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Attribute Selection (1)

m Attribute selection involves searching through all possible
combinations of attributes in the data to find which subset of
attributes works best for prediction.

= Attribute selection consists basically of two different types of
algorithms:

= evaluator — determines the merit of single attributes or
subsets of attributes

= search algorithm — the search heuristic
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Attribute Selection (2)
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ﬁ Attribute Selection: First Example (1)

1 4 f\Weka Explorer _[O] %]
Preprocessl Classify | Cluster | Associate Select attributes | Wisualze |
| Attribute Evaluator

| |otsubettva < | Evaluates the worth of a subset of
| Serch e attributes by considering the individual

Choose  [Bestirst D1 115 P

predictive ability of each feature along
Alrbuts Secion otk with the degree of redundancy between them
' % Use Full training set

" Cross-validation  Folds |10 i
1 Seed Il

¢ (Nom) Type j
|
Start | Stop | /

~Result list (right-click For options)

~Attribute Selection Mode

Searches the space of attribute \
subsets by greedy hill climbing
augmented with a backtracking facility.
Forward or Backward Search

can be selected

- J

Status
| { oK Log I ‘ x0
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Attribute Selection: First Example (2)

=== Attribute Selection on all input data ===

Search Method:
Best first.
Start set: no attributes
Search direction: forward
Stale search after 5 node expansions
Total number of subsets evaluated: 12
Merit of best subset found: 0.887

Attribute Subset Evaluator (supervised, Class (nominal): 5 class):
CFS Subset Evaluator
Including locally predictive attributes

Selected attributes: 3,4 : 2
petallength
petalwidth
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Attribute Selection: Second Example (1)

[ \-_-JE a txplorer

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

~Attribute Evaluator Evaluates the worth of an attribute by
Choose  |InfoGainAttributeEval < , measuring the information gain
with respect to the class

~Search Method
Choose |Ranker -T -1,7976931348623 1ZE308=hl=1

~Attribute Selection Mode | - Attribute selection output

(¢ Use full training set === Run information ===
" Cross-validation Folds IID

o '—1 Evaluator: weka.attributeSelection. InfoGainittri

Search:weka.attributeielection.Ranker -T -1.7976931

(o)l v Relation: iris
om) class |
Instances: 150
Attributes: 5
stat | sz |
sepallength
~Reanlk lick frinkk-rlick Far antinneY—— sanalwidrh

Ranks attributes by
their individual evaluations.
L A selection threshold can be fixed
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Attribute Selection: Second Example (2)

=== Attribute Selection on all input data ===

Search Method:
Attribute ranking.

Attribute Evaluator (supervised, Class (nominal): 5 class):
Information Gain Ranking Filter

Ranked attributes:

1.418 3 petallength
1.378 4 petalwidth
0.698 1 sepallength
0.376 2 sepalwidth

Selected attributes: 3,4,1,2 : 4
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\Attrlbute Selectlon Wrapper Method (2)

Weka Explorer

| | Preprocess CIassnfy CIuster Associate Vlsuallze Forecast
| - Attribute Evaluator Evaluates the worth of a set of
| Choose |’Wrapper‘5ubsetEval —Bweka.classifiers.q( g e B B ':"‘I:FAULT —— ‘ Ettr'butes by US|ng d SpeC|f|C C|aSSIerr
~Search Method

| Choose | ’BestFirst -D1-NS ‘

- Attribute Selection Mode
() Use full training set

r Attribute selection output

() Cross-validation Folds |10
Seed |1
| (Nom) class s |
| Start | Stop
4 e 00 weka.gui.GenericObjeftEditor
[Resulbllist{ng=clicioforioptions) weka.attributeSelection.WrapperSubsetEval
About
WrapperSubsetEval: |T|
Evaluates attribute sets by using a learning scheme. [ Capabilities |
IRClassValue
classifier | Choose | 48 -C 0.25 -M ZV
-~Status
OK doNotCheckCapabilities | False il
evaluationMeasure | Default: accuracy (discrete class); RMSE (numeric class) ail
folds S
seed 1

threshold 0.01

Open... [ | Save... [ | OK [ | Cancel
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Attribute Selection: Wrapper Method (2)

=== Attribute Selection on all input data ===

Search Method:
Best first.
Start set: no attributes
Search direction: forward
Stale search after 5 node expansions
Total number of subsets evaluated: 11
Merit of best subset found: 0.947

Attribute Subset Evaluator (supervised, Class (nominal): 5 class):
Wrapper Subset Evaluator
Learning scheme: weka.classifiers.trees.J48
Scheme options: -C 0.25 -M 2
Subset evaluation: classification accuracy
Number of folds for accuracy estimation: 5

Selected attributes: 4 : 1
petalwidth
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Attribute Selection as a Filter

Weka Explorer
Classify Cluster Associate Select attributes

Visualize |

| Openfile... | | Open URL... | | Open DB... | | Generate... | Undo ( Edit... | | save.. |
Filter
[i weka uteSelection.CfsSubsetEval " -S "weka.attributeSeIection.Bei | Apply |
v @ filters
. — I H
 AllFilter Selected attribute .
“ MultiFilter Name: sepallength Type: Numeric
= X Missing: O (0%) Distinct: 35 Unique: 9 (6%)
¥ [ supervised S e
. tatistic alue
v t t
- aLr:::Jde | ificati Minimum 4.3
] Classification ml Maximum 7.9
aj AttributeSelection ﬁ Mean 5.843
Y ClassOrder StdDev 0.828
" Discretize | —
Y NominalToBinary
L
> [ instance | Class: class (Nom) | | Visualize All |
» [ unsupervised

5 X 7.9
| Filter... | | Remove filter | | Close
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Attribute Selection as a Filter (setting
parameters)

Weka Explorer
Classify Cluster Associate Select attributes VisualizeJ

[ Open file... ] Open URL... ] | Open DB... || Generate... J Undo

Filter

| Choose | ‘AttributeSelection —E "weka.attributeSelection.CfsSubsetEval " -S "weka.attributeSelection.BestFirst -D 1 -N 5"

~Current relation — =

weka.gui.GenericObjectEditor |
Relation: iris
Instan::es: '1;-‘0 A weka.filters.supervised.attribute.AttributeSelection L Di
~Attributes About |
| A supervised attribute filter that can be used to select ( |
|‘ All | | None | l‘J attributes. - .
( |
No. Name
1[_Jsepallength 1
2[_Jsepalwidth evaluator | Choose | Icfssubse(Eval ‘
3|_|petallength
4 | talwidth T rhonco
S class search | Choose ||gestFirst-D 1-N5 |
| Open... || Save... | | OK | | Cancel |
ey
e O O weka.gui.GenericObjectEditor

weka.attributeSelection.CfsSubsetEval

About

CfsSubsetEval : |— 34

Evaluates the worth of a subset of attributes by | :
considering the individual predictive ability of each ——————
feature along with the degree of redundancy between

them.

locallyPredictive | True asl

missingSeparate | False 2

Cancel
| Remove
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Attribute Selection as a Filter
(results)

Classify = Cluster | Associate = Select attributes = Visualize |
| Openfile.. | | OpenURL.. | | OpenDB.. | | Generate.. | | Undo | | Edit... | | Save...
Filter

| Choose

| Attributeselection -E "weka.attributeSelection.CfsSubsetEval " -S "weka.attributeSelection.BestFirst -D 1 -N 5"

[ Current relation [ Selected attribute
Relation: iris-weka.filters.supervised.attribute.AttributeSelect... Name: petallength Type: Numeric
Instances: 150 Attributes: 3 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
[Attributes Statistic Value
Minimum 1
| All | [ None | [ invert | [ Pattern | |||Maximum 6.9
Mean 3.759
No. Name StdDev 1.764
| 1/@petallength
2[_|petalwidth
3[ Jclass
| Class: class (Nom) +| | Visualize All |
| Remove
Status
oK

| Log \‘\xo
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Now we can switch to the
classify module and perform
a cross validation analysis....

...Is it a correct way to act?
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Classification and Attribute Selection (1)

(#)Weka Explorer

Preprocess Classify | Cluster | Associate | Select attributes | Visualze |

(
D

attribute selection
before being passed
on to a classifier

imensionality of training and\
--C0. test data is reduced by

J

~Classifier
Choose IAttributeSeIectedtlassilier -E "weka,attributeSglection. CsSubsetEval =<5 -uieka.athributeSelection BestFirst -D 1 -N 5" -W weka.classifiers. trees. )4
L
~Test options ~(Classifier output
" Use training set \
) B sepalyideh
(" Supplied test set Set, ., BN (# weka.gui.GenericObjectEditor
" Cross-validation  Folds IlD std.  weka.classifiers.meta. AttributeSelectedClassifier
(* Percentage spit % |66 UEIQI.I About
preci
More options... | Dimensionality of training and test data is reduced by More
petalle | Atribute selection before being passed onto a classifier. Capabilties
{Nom) class LI Lean
std.
St [ v dassfier  Choose  [148-C0.25 12 |
preci
~Result list (right-click for options) debug IFaIse j
12:28:51 - lazy.IBk petalwi
12:29:08 - lazy. Bk — evaluator  Choose ICfsSubsetEvaI |
12:31:38 - bayes NaiveBayes std.
weigh search  Choose IBestFirst D1-NS l
preci
Open... | Save... oK Cancel |
Time taken tn hiild madel: N aepnanda

13



Universita di Pisa

Classification and Attribute Selection (2)

Selected attributes: 3,4 : 2

petallength
petalwidth
=== Evaluation on test split ===
=== Summary ===
Correctly Classified Instances 49 96.0784 %
Incorrectly Classified Instances 2 3.9216 %
Kappa statistic 0.9408
Mean absolute error 0.0396
Root mean squared error 0.1579
Relative absolute error 8.8979 %
Root relative squared error 33.4091 %

Total Number of Instances 51
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Command Line Attribute Selection: An
Example

= Generating new training and test files

java weka.filters.supervised.attribute.AttributeSelection \
-E "weka.attributeSelection.CfsSubsetEval " \

-S "weka.attributeSelection.BestFirst -D 1 -N 5" \

b\

-i <Training.arff> \

-0 <TrainingSel.arff> \

-r <Test.arff> \

-s <TestSel.arff>

s Generating and testing a classifier
java weka.classifiers.trees.J48 -t TrainingSel.arff —T TestSel.arff
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Classification and Filtering Data (1)

(#)Weka Explorer

Prepracess Classify I Cluster | Associate | Select attributes | Visualize |
~Classifier

Choose IFiIteredl:lassiﬁer -F "weka. filters. MultiFilker -F \"weka.filters.supervised.instance.Resample -B 0.0 -5 1 -Z 50.0\" -F \"weka.filters.supervised. attribute. Discretize -R first-last\" -W weka.classifiers.trees, 148 -- -C 0,25 -M 2

~Test options ~Classifier output
L tfai"i"g et @wekgui.ﬁnicobictEditr [ ] ) ] \
" Supplied test set et weka, classifiers. meta. FilteredClassifier The Stl’UCtU re Of the ﬂlter IS based eXC|USIVG|y
; Coss-vokdton Fos [10 ook on the training data and test instances
* Percentage split % |66 i i i i .
o i s nsaeion || will be processed by the
— filter without changing their structure

(Nom) class ﬂ g classifier Choose IJ48-CD.25-M2 I \ /

Start Sty l debug IFaIse E]
~Result list (right-click For options)
12:28:51 - lazy.IBk

12:29:08 - lazy.IBk H
12:31:38 - bayes.NaiveBayes @ Open... | Save... I OK | Cancel |

meta, Attribute
. i - ; ; i
@attribute pe |#)weka.gui.GenericObjectEditor X

@attr:}hute pe] weka.filters, MultiFilter
@attribute cl:

filter Choose IMultiFiIter -F "weka. filters.supervised.instance.Resample -E 0.0 1

About
Gdata Applies several filters successively. More
W weka.gui.GenericArrayEditor
Classifier Mo
748 pruned tri gepq IFalse ;I

filters |2 weka.filters.Filter |

petalwidth <=

petalwidth > | Open... | Save... OK Cancel |
| petalwidtl
| | petallength <= 4.9: Iris-versicolor {48.0/1.0)
| | petallength > 4.9

| | | petalwidth <= 1.5: Iris-virginica (3.0)

|

1

Delete | Edit | Up I Down |

| | petalwidth > 1.5: Iris-versicolor (3.0/1.0)

watalwiderh w1 70 Trdioormivainica (A8 N1 NN
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i Exercise 11

Perform the classification by using the three different
meta classifiers (select a classification algorithm and three
different attribute selection methods) and the Pima
Diabets dataset with a 5-fold cross validation.

Which is the best attribute selection method?
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