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Normalization

Normalization is the process of rescaling the values to a specific
value scale (typically 0 - 1)
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Standardization

Standardization is a process of rescaling the values in order for the
mean value to be 0, and standard deviation to have value of 1
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Attribute discretization

Discretization is the process of transformation numeric data into
nominal data, by putting the numeric values into distinct groups,

which length is fixed.

Common approaches:
* Unsupervised:

* Equal-width binning
* Equal-frequency binning
* Supervised — classes are taken into account




Equal- Width Binning

Equal-width binning divides the scope of possible values into N
subscopes (bins) of the same width.

width = (max value — min value) / N

Example: If the scope of the values is between 0 and 100, we should

create 5 subscopes (bins) in the following manner:
Width = (100-0) / 5 =20
Subscopes are: [0-20], (20-40], (40-60], (60-80], (80-100]

Usually, the first and the final subscope (bin) are being expended in

order to include possible values outside the original scope.




Equal-frequency binning

Equal-frequency binning (or equal -height binning ) divides the
scope of possible values into N subscopes where each subscope
(bin) carries the same number of instances.

Example: We want to put the following values in 5 subscopes (bins):

5,7,12, 35, 65, 82, 84, 88, 90, 95

So, each subscope will have 2 instances:

5.7, | 12,35, | 65,82, | 84,88, 90, 95




Discretization 1n Weka

We apply certain Filters to attributes we want to discretize.

Preprocess tab

I Classif

Option: Choose -> Filter |

filters/ unsupervised/
attribute/ Discretize.
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Discretization 1n Weka

Equal-width binning 1s the default option.

. . Discretize -B 10 -M -1.0 -R first-last
* attributelndices — the first-last g - 4

weka.gui.GenericObjectEditor

Value means that Wwe are weka.filters.unsupervised.attribute.Discretize
discretizing all values. We About - |
] An instance filter that discretizes a range of numeric | More |
can also name the attribute attributes in the dataset into nominal attributes.
| Capabilities |
numbers
attributelndices | first-last
* bins - the desired number of
. bins |10
scopes (bins)
desiredWeightOfinstancesPerinterval |-1.0
* useEqualFrequency - false by findNumBins | False )
Frequency blnnlng invertSelection | False v
makeBinary | False :
useEqualFrequency | False -




Discretization 1n Weka

Classify =~ Cluster  Associate = Select attributes = Visu Applylng the f|lter
\ Open file... | | OpenURL.. | | Open DB... [ | Generate... [ | Undo | EQIL... T \
rFilter )
|_Choose | Discretize -B 10 -M -1.0 -R first-last Apply
r Current relation ~Selected attribute
Relation: FisherslrisDataset-weka.filters.unsupervised.attribute.Remove... Name: Sepal Length Type: Nominal
| Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 10 Unique: 0 (0%)
rAttributes No. Label Count
1 '(-inf-4.66)' 9
| All [ | None [ | Invert [ | Pattern | 2 '(4.66-5.02)' 23
3 '(5.02-5.38)' 14
No. Maw 4 '(5.38-5.74) 27
1/@[Sepal Length 5 '(5.74-6.1]' 22
SR 6 '(6.1-6.46] 20
3(_|Petal Length 7 :(6.46—6.82]: 18
4| |Petal Width 8 '(6.82-7.18) 6
S| |Species 9 '(7.18-7.54]' 5
10 '(7.54-inf)' 6
The resulting H
subscopes (bins)
| Class: Species (Nom) 3| | Visualize All |

| Remove

Status
OK

27




Data, before and after discretization

Before

XXXXXXXXXXX

After




Supervised discretization

« What 1f all instances in a bin have one class, and all instances in
the next higher bin have another class except for the first, which
has the original class?

[\ X attribute

I C | d | y discretized.

\ J \ J

class 1 class 2

* Supervised discretization takes the class values in account




Supervised discretization

« Use the entropy heuristic

* In the example weather.numeric.arff, the temperature attribute

64 65 68 69 70 71 72 75 80 81 83 85

yes no yes yes yes no no yes no yes yes no
yes yes

4yes,1no 5yes,4n0
entropy = 0.934 bits

 Choose split point with smallest entropy (largest information
gain)

64 65 68 69 70 71 72 75 80 81 83 85
yes no yes yes yes no no yes no yes yes no
yes yes




Supervised discretization in Weka

weather.numeric.arff
O ® We @ ®
Classify = Cluster Classify =~ Ch
_ Open file.. | | OpenURL.. | | OpenDB.. | | C | Openfile.. | | OpenURL.. | | Open DB..
Filter Fllter
| Choose [Ione weka
Current relation 1V = filters
Relation: weather AllFilter
Instances: 14 Attributes: 5 MultiFilter
Attributes 1 v supervised
v attribute
AddClassification |
AttributeSelection '

Discretize

NominalToBinary

The problem is that during
supervised discretization we are
using the data from the whole
dataset, including the testing data. _

] vy . | 4 instance
This will introduce an error when .

. .pn > unsupervised

measuring classifier performance.




meta>FilteredClassifier

®
[ Preprocess | JEEEl | ciu
L | |
~Classifier v
o weka XoK weka.gui.GenericObjectEditor
v .
W classifiers weka.classifiers.meta.FilteredClassifier
> [ | bayes
) ~About
» [ functions
> [ lazy Class for running an arbitrary classifier on data that has | — |
v & meta been passed through an arbitrary filter.
AdaBoostM1 . Capabilities |
AttributeSelectedClassifier classifier | Choose | j48 -C 0.25 -M 2 ‘l
Bagging
ClassificationViaClustering debug | False s
ClassificationViaRegression
CostSensitiveClassifier | filter | Choose | Discretize -R first-last I
CVParameterSelection
Daggin
999 .~ Open... || Save... || OK .| Cancel |
Decorate
N )
FilteredClassifier
rading
GridSearch
LogitBoost

. Filter... | | Remove filter | |

Close |




Attribute Selection

Attribute Selection (or Feature Selection) 1s the process of choosing
a subset of relevant attributes that will be used during the further
analysis.

It is being applied in cases where the dataset contains attributes
which are redundant and/or irrelevant.

 Redundant attributes are the ones that do not provide more
information than the attributes we already have in our dataset.

* Irrelevant attributes are the ones that are useless in the context of
the current analysis.




Attribute Selection Advantages

Excessive attributes can degrade the performance of the model.

Advantages:

* Advances the readability of the model (because now the model
contains only the relevant attributes)

* Shortens the training time

* Generalization power 1s higher because it lowers the possibility of
overfitting

If the problem 1s well-known, the best way to select attribute is to do

it manually. However, automated approaches also give good results.




Approaches to Attribute Selection

Two approaches:

e Filter method — use the approximation based on the general
features of the data.

»  Wrapper method — attribute subsets are being evaluated by using the
machine learning algorithm, applied to the dataset. The name
Wrapper comes from the fact that the algorithm i1s wrapped
within the process of selection. The chosen subset of attributes is
the one for which the algorithm gives the best results.




Attribute Selection Example

census90-income.arff

Classify = Cluster | Associate = Select attributes | Visualize |
[ Open file... ] | OpenURL.. | | OpenDB.. | | Generate... | Undo \ Edit... [ | Save...
rFilter , _
| Choose | None | Apply |
 Current relation | Selected attribute
Relation: 1990census Name: age Type: Numeric
| Instances: 32561 Attributes: 15 || Missing: 0 (0%) Distinct: 73 Unique: 2 (0%)
- Attributes | || Statistic Value
Minimum 17
| All [ | None [ | Invert [ | Pattern | Maximum 90
Mean 38.582
No. Name StdDev 13.64

. 1®age
2| lworkclass
3| fnlwgt
4| leducation
5| leducation-num

6! |marital-status

7 J occupation | Class: income (Nom)

+| | Visualize All

8| Irelationship

9! Jrace
101 |sex
11| |capital-gain
12| |capital-loss
13| |hours-per-week
14| |native-country
15! lincome

\ Remove

Status
OK




Attribute Selection Example

Classify = Cluster = Associate = Select attributes = Visualize |

|  Openfile.. | | OpenURL.. | | OpenDB.. | | Generate... | Undo \ Edit...
~Filter ‘
[ weka ateSelection.CfsSubsetBval " -5 "weka.attributeSelection.BestFirst -D 1 -N &'
M ﬁl-ters ) B | Selected attribute
AllFilter ]
= - Name: age Ty)
— Mult|F|IFer 15 || Missing: 0 (0%) Distinct: 73 Uniqt
v suDeNl_sed = 1 || Statistic Value
v [ attribute Minimum 17
- AddClassification . We want to apply Maximum 90
~ ClassOrder the attrl_bUte StdDev 13.64
 Discretize SeleCtlon
" NominalToBinary
I Dir;stance

» [ unsupervised

| Class: income (Nom)

4»

| Filter... | | Removefilter | | Close |




Attribute Selection Example

~Filter

. Choose ,’ {AttributeSelection -E "weka.attributeSelection.ClassifierSubsetEval -B weksz

:'Current relati¢ ® OO0 weka.gui.GenericObjectEditor
Relation: 1| weka.filters.supervised.attribute.AttributeSelection
Instances: 7 ,
~ _ ~About
ARrbuLes A supervised attribute filter that can be used to select | More |
attributes.
| All i
. Capabilities |
No.
1(] » |
2] evaluator | weka ifiers.rules,
3] ¥ [ attributeSelection
4|%e search 1 CfsSubsetEval
5 Je S Chi :
6 | - CBaredAmmmEva' ClassifierSubsetEval
70 B Classifiersubsetéval is our choice for the
8 Ir " ConsistencySubsetEval evaluator
9 Jra | CostSensitiveAttributeEval
10(_Jsex "~ CostSensitiveSubsetEval
11| |capital-gain 1 FilteredAttributeEval

17 lommitm]l las-




Attribute Selection Example

Filter

| Choose | AuributeSelection -E "weka.attributeSelection.ClassifierSubsetEval -Bweka.classifiers.bayes.NaiveBay

Current relati; ‘v"’eka.gui.Gene(iCObjectEditor e
Relation: 1! weka.filters.supervised.attribute.AttributeSelection
Instances: 3| { Distinct: 73
! rAbout L
i = Val
Attributes A supervised attribute filter that can be used to select | More | lz;ue
\W attributes. 90
No. N 13.64
1(Jag P . -
2 lw evaluator | Choose | (ClassifierSubsetEval -B weka.classifiers.bayes
3 Ifn P . — :
' — weka.gui.GenericObjectEditor
4(_Jec  search | Choose | 809 2 :
50 Jec weka.attributeSelection.ClassifierSubsetEval
6l_/m { - About
7( Jo¢ | Open... ||
- Classifier subset evaluator:
8 Ire |
9 Jrace Evaluates attribute subset training dat i —
10( Jsex valuates attribute subsets on training data or a NaweBayes 15 |

. . seperate hold out testing set.
11| |capital-gain P 9

12| |capital-loss

classifier

13| |hours-per-week classifier Choose NaiveBayes
14| |native-country
15| lincome

holdOutFile Click to set hold out or test instances

useTraining | True .

\ Remove

——+ | Open... | | Save... | | oK .| Cancel !

Chmbheea




Attribute Selection Example

L e N i a0 ron

weka.gui.GenericObjectEditor

weka.attributeSelection.ClassifierSubsetEval

oose
| About
oose | Classifier subset evaluator: | More |
Evaluates attribute subsets on training data or a | Capabilities | | © J
| s; | seperate hold out testing set. 4| [ Visualize All |
.. T L v
classifier | Choose | NaiveBayes -D
i m - - - - -
holdOutFile [Click to gy e OO0 weka.gui.GenericObjectEditor
weka.classifiers.bayes.NaiveBayes
= = ~About
Class for a Naive Bayes classifier using estimator classes.
\ More \
' Open... | | Sa
' | Capabilities |
lemove
debug | False )
displayModellnOldFormat | False :
useKernelEstimator | False *
We need to discretize useSupervisedDiscretization | True -
the numeric attributes
. Open... || Save... | | OK .| Cancel \




Attribute Selection Example

Filter

. Choose | AutributeSelection -E "weka.attributeSelection.ClassifierSubsetEval -B weka

| Current relatii weka.gui.CGenericObjectEditor

Relation: 1! weka.filters.supervised.attribute.AttributeSelection
Instances: 3|

1 . About
rAttributes —g A supervised attribute filter that can be used to select | More | |
| All attributes.
| Capabilities |
No. l\i.
1 Ja |
) |_\N4; evaluator ‘ Choose | ClassifierSubsetEval -B welka ~laccifiarc havac
30 Ifn , As the search
4| lec |search . Choose | BestFirst -D 1 =N 5| method we choose
5[ Jec ' the BestFirst
6/ Im E
7( lo¢ | Open... || Save... || OK || Cancel L
8| I réwsorsrmg M J
9! Jrace
10| Isex

11[ |capital-gain l I I
12! |capital-loss | I




Attribute Selection Example

Classify = Cluster = Associate = Select attributes = Visualize |

| Openfile.. | | OpenURL.. | | OpenDB.. | | Generate... | Undo [ Edit... ] \ Save... |

Filter

| Choose | AuributeSelection -E "weka.attributeSelection.ClassifierSubsetEval -B weka.classifiers.bayes.NaiveBayes T -H \"Clid | Apply |

k Current relation Selected attribute
Relation: 1990census Name: age Type: N»
| Instances: 32561 Attributes: 15 || Missing: 0 (0%) Distinct: 73 Uniaur
Attributes Statistic L]
Minimum 3 3
| All [ None [ | Invert | | Pattern | Maximum Fllter is set and can
Mean 1
- — e be applied

| 1®age |
2| |workclass
3| Ifnlwgt
4| |education
5| leducation-num

6/ |marital-status ‘ - — v
70 Joccupation | Class: income (Nom) +| | Visualize All |

8| Irelationship
9! Jrace
10| |sex

11| |capital-gain

12| |capital-loss

13| hours-per-week
14| |native-country
15| lincome

\ Remove

30

- Status

OK | Log | < 0




Attribute Selection Example

Classify = Cluster | Associate | Select attributes | Visualize |

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

Filter
| Choose | AttributeSelection -E "weka.attributeSelection. ClassifierSubsetEval -B weka.classifiers.bayes NaiveBayes -T -H y"Cliq Apply

Current relation Selected attribute
Relation: 1990census-weka.filters.supervised.attribute.Attribute... Name: age Type: Numeric
Instances: 32561 Attributes: 7 Missing: 0 (0%) Distinct: 73 Unique: 2 (0%)
Attributes | || Statistic Value
Minimum 17
\ All [ None [ | Invert | | Pattern | Maximum 90
Mean 38.582

No. Name I StdDev 13.64
iD_

2| leducation

3| Irelationship
4| lrace

5| |capital-gain

6! |capital-loss
7( lincome | Class: income (Nom) +| | Visualize All |

The number of
attributes is
reduced to 7

\ Remove

30

Status

OK ||-079\‘~.X0




Search Method 1in Attribute Selection

« Exhaustive search (512 attribute subsets)

* Best First: Forward, Backward, Bi-directional

* searchTermination attribute determines how many all 9
non-improving subsets to allow before terminating s Rles
the search O O

_ o |3 0
0 attributes O O
(ZeroR) O O O O O

o o 8 ~ o Qo
O 1o 8 o [ |0

O o O o

o [ |0

forward backward O
W bidirectional «ues.., ., T W Q

search “"'IH:::::.,)



Recommendations and credits

Weka Tutorials and Assignments (@ The Technology Forge
= Link:

"Data Mining with Weka" and "More Data Mining with Weka":
MOOCs from the University of Waikato. A self-paced session of
"Data Mining with Weka" runs until 23 October June 2015.

e Link:




(Anonymous) survey for your
comments and suggestions:




ANY QUESTIONS?

UROS KRCADINAC
EMAIL:
URL:




