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Normalizacia

Normalizacija je svodenje vrednosti na neki opseg (obiéno 0 - 1)

FishersIrisDataset.arff
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Standardizacya

Standardizacija je svodenje srednje vrednosti na 0, a standardne
devijacije na vrednost 1
FishersIrisDataset.arff
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Diskretizacija atributa

Diskretizacija je proces transformacije numeri¢kih podataka u
nominalne tako Sto se numeric¢ke vrednosti smeStaju u odgovarajucée
grupe kojih 1ma konacan bro;.

Najceséi pristupi diskretizacije su:
* Nenadgledani pristupi:

* Jednake Sirine opsega (Equal-width binning)
* Jednaka pojavljivanja u opsezima (Equal-frequency binning)
« Nadgledani pristup — uzima u obzir klase




Jednake Sirine opsega

Jednake Sirine opsega (eng. Equal-width binning) deli opseg moguéih
vrednosti na N podopsega iste Sirine.

Sirina = (maks. vrednost — min. vrednost) / N

Primer: Ako je opseg posmatranith vrednosti 1izmedu 0 — 100,
moZemo kreirati 5 podopsega na sledeéi naéin:

Sirina = (100 -0) / 5 = 20
Opsezi su: [0-20], (20-40], (40-60], (60-80], (80-100]

Obiéno se prvi i1 poslednji opsezi prosiruju kako bi ukljuéili vrednosti
van opsega.




Jednaka pojavljivanja u opsezima

Jednaka pojavijivanja u opsezima (eng. Equal-frequency ili equal-height
binning) deli opseg moguéih vrednosti na N podopsega gde svaki
podopseg sadrzi 1st1 broj instanci.

Primer: Pretpostavimo da Zelimo da smestimo u 5 podopsega
vrednosti:

5,7,12, 35, 65, 82, 84, 88, 90, 95
Podopsege éemo podeliti tako Sto ée svaki sadrZati po dve instance:

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




Diskretizacyja u Weka-1

Atributi se diskretizuju tako Sto se nad njthovim vrednostima primeni
odgovarajuéi Filter.

'm Classif
Na Preprocess tabu se \ Open file... [ | Open URL... Open DB...
bira opcija Fllter
. . ] weka ast
Choose -> Filter1u Iy @ fiters ;
 AllFilter
folderu | MultiFilter Attributes: §
. 1 = ised I
filters/ unsupervised/ v @8 ureopervsed I
attribute se odabira filter e L Invert ‘
Discretize. 8 | e
AddExpression
“ AddID
| AddNoise
7 AddValues
" Center
| ChangeDateFormat
" ClassAssigner
b Cop
| FirstOrder
" InterquartileRange
FishersIrisDataset.arff | Filter.. | | Removefilter | | Close




Diskretizacyja u Weka-1

Po defaultu se primenjuje Diskretizacyja sa jednakim Sirinama

opsega.

* attributeIndices - vrednost
first-last oznaGava da
diskretizjemo sve atribute.
Mogu se navesti 1 redni
brojevi atributa

* bins - Zeljen1 broj opsega

* useEqualFrequency — true ako
se korist1 diskretizacija sa
jednakim pojavljivanjima u
opsezima, false ako se koristi
Diskretizacija sa jednakim
Sirilnama opsega

kDiscretize -B 10 -M -1.0 -R first-last
|® O 0 weka.gui.GenericObjectEditor

weka.filters.unsupervised.attribute.Discretize
About

An instance filter that discretizes a range of numeric
attributes in the dataset into nominal attributes.

More

Capabilities

attributelndices | first-last

bins 10

desiredWeightOfinstancesPerinterval |-1.0
findNumBins | False

ignoreClass | False

invertSelection | False

makeBinary | False

useEqualFrequency | False




DiSkretizaCija u Weka-i Pritiskom na Apply

se primenjuje -
odabrani filter

Classify =~ Cluster  Associate = Select attributes = Visu

\ Open file... | | OpenURL.. | | Open DB... [ | Generate... [ | Undo | EQIL... T - \
Filter y
| Choose | Discretize -B 10 -M -1.0 R first-last Apply
rCurrent relation 1 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%)
- Attributes 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. M 4 '(5.38-5.74) 27
1|@[Sepal Length 5 '(5.74-6.1)' 22
— S 6 '(6.1-6.46])' 20
3(_|Petal Length 7 :(5~45-6-82]: 18
4| |Petal Width 8 '(6.82-7.18) 6
S \7\Species 9 '(7.18—7.54]’ 5
10 '(7.54-inf)’ 6
Dobijeni podopsezi ‘
vrednosti
| Class: Species (Nom) 3| | Visualize All |
27
[ Remove
Status

OK




Podaci pre 1 posle diskretizacije

Podaci pre
diskretizacye

XXXXXXXXXXX

Podaci nakon
diskretizacije




Nadgledana diskretizacya

« Sta ako sve instance u jednom binu pripadaju jednoj klasi, a sve
instance drugog bina pripadaju drugoj klasi osim prvog koji
pripada prvoj klas1?

[\ X attribute

....... | - | q - Y discretized>
L J J
Y |
class 1 class 2

 Nadgledana diskretizacija uzima u obzir 1 klasu




Nadgledana diskretizacya

« Jedan od pristupa je koristiti entropiju

* U primeru weather.numeric.arff, kod atributa temperature

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,4no
entropy = 0.934 bits

« Uzima se razdelnik sa najmanjom entropijom (najve¢om
informacionom dobiti)

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




Nadgledana diskretizacyja u Weka-1

weather.numeric.arff

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

Problem je Sto prilikom nadgledane
diskretizacije koristimo podatke iz
celog dataset-a, pa samim tim i
test podatke nad kojima ¢cemo
posle vrsiti testiranje performansi » [ instance
klasifikatora > unsupervised

Discretize

NominalToBinary




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 |




Selekcyja atributa

Selekcija atributa (eng. Attribute Selection 1li1 Feature Selection) je
proces odabira podskupa relevantnih atributa koji ée se koristiti.

Primenjuje se u slu€ajevima kada se u datasetu nalaze atributi koji su
redundantni 1li nerelevantni.

 Redundanti atributi su oni koji ne pruZaju nikakve dodatne
informacije u odnosu na veé selektovane atribute.

* Nerelevantni atributi su oni koji ne pruZaju nikakve informacije u
datom kontekstu.




Prednosti primene selekcije atributa

Suvisni atributi mogu degradirati performanse modela.

Prednosti selekcije atributa:

* Poboljsava citljivost modela time Sto se model sastoji samo 1z
relevantnih atributa

 Kracée vreme treniranja

« Poveéana generalizacija time S§to smanjuje moguénosti za
overfitting

Najbolji nadin za selekciju atributa je ruéno ukoliko se dobro poznaje
problem koji se reSava. I automatizovani pristupi selekcije daju dobre
rezultate.




Pristupi selekcije atributa

Postoje dva pristupa:

» Filter metoda — koriste se procene na osnovu generalnih svojstava
podataka

Wrapper metoda — podskupovi atributa se evaluiraju primenom
algoritma masinskog ucéenja koji ¢ée se koristiti nad skupom
podataka. Naziv Wrapper se koristi 1z razloga Sto je algoritam
ucenja “zapakovan” u samom procesu selekcije. Bi¢e odabran
onaj podskup atributa za koje dati algoritam uéenja daje najbolje
rezultate.




Primer selekcyje atributa

census90-income.arff

Classify = Cluster | Associate = Select attributes | Visualize |
[ Open file... ] | OpenURL.. | | OpenDB.. | | Generate... | Undo \ Edit... [ | Save...
Filter ’ ;
| 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%)
rAttributes Statistic Value
Minimum 17
| All [ | None [ | Invert | | Pattern | Maximum 90
Mean 38.582
No. Name StdDev 13.64

. 1®ee |
2| lworkclass
3| |fnlwgt
4| leducation
5| leducation-num
6! |marital-status
7! _|occupation
8! |relationship
9! lrace
101 Isex
11| |capital-gain
12| |capital-loss
13| |hours-per-week
14| |native-country
15! lincome

\ Remove

- Status
OK

| Class: income (Nom)

Visualize All

A
v




Primer selekcyje atributa

Classify = Cluster = Associate = Select attributes = Visualize |

. Openfile... | | OpenURL.. | | OpenDB.. | | Generate... | Undo ] Edit...
~Filter -
[ weka teSelection.CfsSubsetBval " -5 "weka.attributeSelection.BestFirst -D 1 -N &'
1V = ﬁl_ters ) 1 Selected attribute
7 AllFilter ]
. - Name: age Ty}
= MultlFllFer 15 || Missing: 0 (0%) Distinct: 73 Uniq:
M superVI'sed < | || Statistic Value
v [ attribute Zelimo da Minimum 17
- AddClassification . . Maximum 90
i Attributeselection [ hitlEtine ||| Mean 38.582
™ ClassOrder selekciju atributa StdDev 13.64
 Discretize —
| NominalToBinary
I [Eir;stance

» (] unsupervised

| Class: income (Nom)

4»

| Filter... | | Remove filter | | Close |




Primer selekcyje atributa

~Filter
. Choose ’ AttributeSelection -E "weka.attributeSelection.ClassifierSubsetEval -B weks
~Current relatic ® O O weka.gui.GenericObjectEditor -
Relation: 1| weka.filters.supervised.attribute.AttributeSelection
Instances:
: ~About
Attributes A supervised attribute filter that can be used to select | T— |
| attributes.
| Capabilities |
No.
evaluator | weka sifiers.rules,
3() ¥ [ attributeSelection
4 _Je search ° CfsSubsetEval
5[_Je © ChisquaredAttributeEval Kao vrstu evaluatora
?8 - CIassifierSubsetEvall _ _blramo
9( Jra 7 CostSensitiveAttributeEval
10|;|sex ~ CostSensitiveSubsetEval
11| |capital-gain ' FilteredAttributeEval
17 lommitml las~




Primer selekcyje atributa

Filter

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

Current relati; weka.gui.GenericObjeCtEditor e
Relation: 1! weka.filters.supervised.attribute.AttributeSelection
Instances: 3| About [ Distinct: 73
i 4 | val
il A supervised attribute filter that can be used to select | More | lz;ue
\W attributes. 90
No. N 13.64
1[Jag . o
2 |w €valuator |_Choose | ClassifierSubsetEval -B weka.classifiers.bayes
3: :2: oy |— l e OO0 weka.gui.GenericObjectEditor
5 \:\ec weka.attributeSelection.ClassifierSubsetEval

6‘7"“‘ | { - About

7 ot Open... '
8 lre | | Classifier subset evaluator: |
9/ |race Biramo —

Evaluates attribute subsets on training data or a

. 1S
i?:ilzggital-gain seperate hold out testing set. NalveBayes —‘
12| |capital-loss klasifikator
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 !

L




Primer selekcyje atributa

L e N i a0 ron

weka.gui.GenericObjectEditor

weka.attributeSelection.ClassifierSubsetEval

aezee About
oose | Classifier subset evaluator: | More |
Evaluates attribute subsets on training data or a | Capabilities | = |
| s; | seperate hold out testing set. 4| | Visualize All |
S, v
classifier | Choose | NaiveBayes -D
m - - - - -
holdOutFile [Click to gy (3) O 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 &l
useKernelEstimator | False 2
PosSto su neki atributi -
R i i izati rue H
numerlckl, potrebno useSupervisedDiscretization
ih je diskretizovati
je diskretizovat | open.. | [ Ssave.. | | OK | | Cancel |




Primer selekcyje atributa

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
[ butes A supervised attribute filter that can be used to select | More | |
| All attributes.
. Capabilities |
No. l\i.
1 )at |
20w evaluator ‘ Choose | ClassifierSubsetEval -B welka ~laccifiarc havac
3( Ifn Kao metodu
4| lec |search . Choose | BestFirst -0 1 =N 5 pretrazivanja
51 lec biramo BestFirst
6l 'm ¥
7( lo¢ | Open... | Save... | OK |  Cancel L
8| réwsrorsmmge M J
9! lrace
101 JIsex

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




Primer selekcyje atributa

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 y"Cli¢ | Apply
Current relation Selected attribute
Relation: 1990census Name: age Type: M o
Instances: 32561 Attributes: 15 Missing: 0 (0%) Distinct: 73 Unie-
Attributes Statistic . . v q o
i Filter je podeSen i
| All [ None [ | Invert | | Pattern | Maximum > AL R .
Mo moze biti primenjen
No. Name ey nad atributima

| 1®age |
2| |workclass
3| Ifnlwgt
4| |education
5| leducation-num
6! |marital-status
7! loccupation
8| Irelationship
9! Jrace
10| |sex
11| |capital-gain
12| |capital-loss
13| hours-per-week
14| |native-country
15| lincome

\ Remove

- Status
OK

| Class: income (Nom)

Visualize All

A
v




Primer selekcyje atributa

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 y"Cli¢ | 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 StdDev 13.64
D_

2| |education

3| Irelationship
4| Irace

5| !capital-gain
6! |capital-loss
7| lincome

A

| Class: income (Nom) +| | Visualize All |

Broj atributa je
redukovan na 7

Remove

30

- Status

OK |L0—9\‘x0




Metod pretrage kod selekcyje atributa

« Exhaustive search (512 podskupova atributa)
* Best First: Forward, Backward, Bi-directional

* searchTermination atribut odreduje koliko all9
podskupova koji ne poboljSavaju performanse s Rles
testirati pre nego Sto prekine pretragu

0 attributes
(ZeroR)

O
9O o

00O
OO0OO0O
OCO00O00O0O
OCOO0OO0OO0O
000000900 ®

forward backward
searc59 bidirectional seess.,,, . W

search “"'IH:::::.,)



Preporuke 1 zahvalnice

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:




(Anonimni) upitnik za vase kritike,
komentare, predloge:
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